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KNOWLEDGE TRANSMISSION BY STORY TELLING
Malaria Education of School-Aged Children in the Kwahu-
Eastern Region, Ghana
“ANANSI TRICKS MRS. MOSQUITO”

Edward A. Gotfried D.O., FACOS
Director of the NYIT Center for Global Health

Abstract

We developed an educational tool to teach Ghanaian children the benefit of using
malaria bed-nets to increase awareness/prevention of Malaria. Puppets, Comic books, and
Videos demonstrated a visual approach constructed upon the ancient Ashanti art of “story
telling”, using Anansi the Spider. Traditional or indigenous characters in stories make
learning more enjoyable to children, guiding them towards comprehensive understanding.
The knowledge achieved serves as a foundation for health education. Through myths and
legends, we pass on our visions, values, feelings and memories in a way that is both enjoyable
and entertaining. The best stories are those that motivate, inspire and connect — stories that
make students feel some emotion and allow them to see themselves in similar situations.
Students treasured the book, ANANSI TRICKS MRS. MOSQUITO. Older students read it to
their younger siblings; elders in African societies encourage such teaching as transmission of
knowledge.

Keywords: Malaria, education, story telling, anansi

Introduction

The World Health Organization, (WHO 2012) reports, “Malaria - an entirely
preventable and treatable disease - takes the life of an African child every minute”.* Malaria
accounts for one in five of all childhood deaths in Africa and of the 660,000 annual malarial
deaths worldwide, over 75% occur in African children less than 5 years old. Malaria also
causes severe morbidity in children, such as anemia, low birth-weight, epilepsy, and
neurological problems, which compromise the health and development of millions of children
living in malaria endemic areas.> The most vulnerable communities in the world continue to
lack sufficient access to long-lasting insecticidal nets, (LLINS). In several sub-Saharan
African countries, the rapid, widespread implementation of insecticide treated nets, which can
prevent malaria by protecting those sleeping under them from the bites of night-flying malaria
parasite-carrying mosquitoes, has been accompanied by significant reductions in child deaths.
These are real life findings that reflect the results of clinical trials and support continued
efforts to scale-up and maintain LLIN coverage in sub-Saharan Africa.?

Main Text

In 2011 The NYIT Center for Global Health began developing an educational tool to
teach children in Oworobong, Ghana the benefit of using long lasting insecticide treated
malaria bed-nets. We decided on a West African folktale with characters to which children
could relate. Our goal was to increase awareness of malaria and it’s prevention in Oworobong
Ghana during a three-week-long outreach project designed to provide health care during the
summer of 2011. In the end we developed a multidisciplinary project with the NYIT School
of Education, and the NYIT College of Osteopathic Medicine. The project involved students



and faculty of the NYIT Center for Global Health performing a play with rod puppets; our
puppets were about 2 feet tall and were manipulated by sticks or rods. They were created to
be lightweight and durable in the extreme heat and humidity of West Africa. The play was
presented at schools during the day, and since there was no electricity it was performed using
flashlights and headlamps at night. Students and faculty of the NYIT Center for Global Health
performed the puppet play during their 3-week outreach project to Oworobong Ghana.
Translation was delivered in Twi, the native language of Ghana, and English because school
children are taught in English. Approximately 500 Ghanaian students, 100 at each of 5 village
primary school sites located about a 1 to 12 hour hike from Oworobong, saw these
performances. A question and answer session was conducted following each performance of
the play. Children demonstrated immediate recall of the signs and symptoms of malaria, the
mosquito as the disease vector, and the benefit of prevention by using a bednet. Fifty malaria
bed-nets, donated by the manufacturer Best Net®, were given to teachers at the schools for
further distribution.

In 2012 educational content was reinforced by the development of an illustrated book,
created and published by the Publications and Advertising Office at NYIT. As English is the
official language of Ghana, the story was written in English with the character names in Twi.
Several hundred copies of the book were brought to Oworobong and given to children at the
end of each performance of the play. The book ANANSI”TRICKS MRS. MOSQUITO
quickly became a “treasure”. Books had never been given to children in Oworobong. Older
students read it to their younger siblings and friends. ** Based upon the
illustration of Gerald McDermott

Sibling teaching is encouraged by elders in African societies, and is seen as
transmission of knowledge. It is characterized by the inclusion of traditional games, singing,
dancing, use of riddles and storytelling. Some of the songs and stories observed during sibling
teaching have moral lessons or values embedded in them. Therefore, along with learning in a
pleasurable atmosphere by listening to stories children learn the values that are upheld in their
society.® Many African societies readily practice sibling teaching and care-giving, part of
children’s training for responsibilities they will be expected to perform in the future as adults
and parents. Older children then have the skills necessary to teach their younger siblings
various concepts or values and young children are likely to pay attention to their older brother
or sisters.

The innovative project collaboratively produced at NYIT, which utilizes rod-puppets,
graphic comic books, and videos reconstructs this ancient art of “story telling”, or in the
Ashanti culture, established in Ghana during the 11th or 12th century Anansesem ° “ Spider
tales”, to advance health, well-being and disease prevention.® Many Ashanti folktales focus
on Anansi the Spider, the popular trickster character of Ashanti folklore, who serves
alternately as hero, villain, moral inspiration, and comic relief. His presence in Ashanti
folklore appears to be ancient, for he figures not only in humorous tales but also in some that
have the character of creation myths. Anansi is responsible for the moon, (or sun), being in the
sky. Anansi is also the owner of all stories that are told, and therefore when a man wishes to
tell a tale he first acknowledges that it belongs to Anansi.”® Using traditional or indigenous
characters in stories makes learning enjoyable to children, and guides them towards a more
comprehensive understanding. The knowledge achieved by children in this fashion may serve
as a foundation for health education. Storytelling is a fundamental part of human culture.
Through myths, folktales and legends we pass on our visions, values, feelings and memories
in a way that is enjoyable and entertaining. The best stories are those that motivate, inspire
and connect with students — stories that make them feel some emotion and allow them to see
themselves in similar situations. “Every mythology has to do with the wisdom of life as
related to a specific culture at a specific time” ° When children are able to “reflect upon and
integrate information with what they already know they will remember it better”. *“Stories




provide a simple way of combining verbal and visual information. If the story is sufficiently
clear or dramatic, it will almost certainly stimulate visual images complementing the story
line, providing a vicarious experience that results in a greater likelihood of being
remembered.”**

“It is crucial to realize that any thinking done about development in Africa  without
including the arts is redundant thinking” *?

In this area of Ghana where there is limited infrastructure, minimal resources for the
delivery of health care or its evaluation, perhaps research utilizing observational methods
might be appropriate.’® Does utilizing Story-telling as a transmission of knowledge, such as in
Anansi Tricks Mrs. Mosquito, result in an increased use of long-lasting insecticidal nets,
(LLINS), and in the reduction of Malaria cases in children under the age of 5 in rural Ghana?
On our subsequent visits we will evaluate how many books remain as well as how many bed-
nets are being utilized, and whether there is a reduction in childhood malaria cases.

Here is a description by a medical student of his participation and experience with the
Anansi Play during the summer outreach project of 2012. “At many of the schools we acted
out the Anansi play only to be amazed at the interest and interaction shown by the kids simply
from cardboard puppets and strings. The plays best night was the first night. After a full day
of practicing the puppets (i.e. figuring out how to hold them best without being crooked,
ensuring they were up against the white cloth the entire time, making sure the puppets shook
as the translators served as their voices and ironing out all other details) we finally debuted the
play to a giant audience of locals from around Oworobong. Spotlights consisted of 6-7
headlamps shining brightly from all angles. Each person's puppet slowly became ‘their'
character over time as we mastered how to put the puppets in and out and how to
appropriately 'act' each one. By our 5™ or 6™ showing, the play had been done so many times
there were very little mistakes. All we needed to find each time was two sticks to hold up the
backdrop and a group of engaging children - both of which seemed plentiful. Personally, what
made me most proud was that we were actually helping the community’s when everyone was
opened to questions after the play was over. To see the kids ask about malaria and how it can
spread showed me that they were in fact learning from the play and took it to heart. This was
one oiomy primary goals of the entire trip - to promote health and wellbeing in anyway that |
can.”

It is clear from this passage that the medical student was participating in his own
learning even as he brought lessons to the community in Ghana. The skills acquired by our
medical student(s) through the theatrical performance of the Anansi story included “the
altruistic joys of teaching and of compassion” and the realization that a simple puppet show
and story book could change a child’s life. This project provides a wonderful example of “the
arts leading the way”, % in a form of medical humanities that promotes what A. Kleinman has
called the *“interpersonal skills of kindness, respect, compassion and communicative
competence, are the building blocks of what it means to be a physician™ .**

Our use of a Ghanaian folktale character, Anansi the Spider, as the protagonist in our
created story, allows for the transfer of knowledge to the listener. We created the story to
appeal to children primarily and discovered that adults equally enjoyed it. It was constructed
to encourage the use of long lasting insecticide treated bed nets in communities where Malaria
was prevalent. “Ever since human beings have communicated and socially interacted with
each other, stories have played a vital role in exchanging and propagating complex ideas and
disclosing knowledge. In every culture, different stories exist and have been used to preserve
and pass on knowledge from generation to generation. Stories are in a certain intrinsic sense
interesting, because they are an attractive high-priority memory booster. With purpose and a
meaning behind it, stories will draw and grasp the attention of any audience and in this sense

will outperform any logical argument”. *°



“Storytelling is one of the oldest forms of communication and is an integral part of
most cultures. Stories are familiar and comfortable, which perhaps contributes to their
widespread appeal as a potential knowledge transfer strategy. We all can remember the allure
of stories as children and how stories were used as a strategy to teach important life lessons.
Storytell1i7ng—both the telling and the listening—is a hard-wired human instinct (Gardner,
2008).”

“Stories can be shared as a way of simplifying complex issues or capturing the
attention of others. It's thought that stories “work” through establishing an emotional
connection with the reader and then provoking an emotional response that may facilitate
enhanced knowledge retention. A simple anecdote or story may be more powerful in
persuading individuals to adopt a particular approach to health care than only the results from
rigorous research.”*® We utilized our Anansi story as a way to teach children, and parents, the
benefits of using Insecticide Treated Malaria Bednets. In the long term we must look for
“Behavioral changes” that result in more consistent use of bed nets and the reduction of
Malaria.

In 2011 The NYIT Center for Global Health began developing an educational tool to
teach children in Oworobong, Ghana the benefit of using long lasting insecticide treated
malaria bed-nets. We decided on a West African folktale with characters to which children
could relate. Our goal was to increase awareness of malaria and it’s prevention in Oworobong
Ghana during a three-week-long outreach project designed to provide health care during the
summer of 2011. In the end we developed a multidisciplinary project with the NYIT School
of Education, and the NYIT College of Osteopathic Medicine. The project involved students
and faculty of the NYIT Center for Global Health performing a play with rod puppets; our
puppets were about 2 feet tall and were manipulated by sticks or rods. They were created to
be lightweight and durable in the extreme heat and humidity of West Africa. The play was
presented at schools during the day, and since there was no electricity it was performed using
flashlights and headlamps at night. Students and faculty of the NYIT Center for Global Health
performed the puppet play during their 3-week outreach project to Oworobong Ghana.
Translation was delivered in Twi, the native language of Ghana, and English because school
children are taught in English. Approximately 500 Ghanaian students, 100 at each of 5 village
primary school sites located about a 1 to 12 hour hike from Oworobong, saw these
performances. A question and answer session was conducted following each performance of
the play. Children demonstrated immediate recall of the signs and symptoms of malaria, the
mosquito as the disease vector, and the benefit of prevention by using a bednet. Fifty malaria
bed-nets, donated by the manufacturer Best Net®, were given to teachers at the schools for
further distribution.

In 2012 educational content was reinforced by the development of an illustrated book,
created and published by the Publications and Advertising Office at NYIT. As English is the
official language of Ghana, the story was written in English with the character names in Twi.
Several hundred copies of the book were brought to Oworobong and given to children at the
end of each performance of the play. The book ANANSI”TRICKS MRS. MOSQUITO
quickly became a “treasure”. Books had never been given to children in Oworobong. Older
students read it to their younger siblings and friends. ** Based upon the
illustration of Gerald McDermott

Sibling teaching is encouraged by elders in African societies, and is seen as
transmission of knowledge. It is characterized by the inclusion of traditional games, singing,
dancing, use of riddles and storytelling. Some of the songs and stories observed during sibling
teaching have moral lessons or values embedded in them. Therefore, along with learning in a
pleasurable atmosphere by listening to stories children learn the values that are upheld in their
society.* Many African societies readily practice sibling teaching and care-giving, part of
children’s training for responsibilities they will be expected to perform in the future as adults




and parents. Older children then have the skills necessary to teach their younger siblings
various concepts or values and young children are likely to pay attention to their older brother
or sisters.

The innovative project collaboratively produced at NYIT, which utilizes rod-puppets,
graphic comic books, and videos reconstructs this ancient art of “story telling”, or in the
Ashanti culture, established in Ghana during the 11th or 12th century Anansesem ° “ Spider
tales”, to advance health, well-being and disease prevention.® Many Ashanti folktales focus
on Anansi the Spider, the popular trickster character of Ashanti folklore, who serves
alternately as hero, villain, moral inspiration, and comic relief. His presence in Ashanti
folklore appears to be ancient, for he figures not only in humorous tales but also in some that
have the character of creation myths. Anansi is responsible for the moon, (or sun), being in the
sky. Anansi is also the owner of all stories that are told, and therefore when a man wishes to
tell a tale he first acknowledges that it belongs to Anansi.”® Using traditional or indigenous
characters in stories makes learning enjoyable to children, and guides them towards a more
comprehensive understanding. The knowledge achieved by children in this fashion may serve
as a foundation for health education. Storytelling is a fundamental part of human culture.
Through myths, folktales and legends we pass on our visions, values, feelings and memories
in a way that is enjoyable and entertaining. The best stories are those that motivate, inspire
and connect with students — stories that make them feel some emotion and allow them to see
themselves in similar situations. “Every mythology has to do with the wisdom of life as
related to a specific culture at a specific time” ° When children are able to “reflect upon and
integrate information with what they already know they will remember it better”. *Stories
provide a simple way of combining verbal and visual information. If the story is sufficiently
clear or dramatic, it will almost certainly stimulate visual images complementing the story
line, providing a vicarious experience that results in a greater likelihood of being
remembered.”**

“It is crucial to realize that any thinking done about development in Africa  without
including the arts is redundant thinking” *?

In this area of Ghana where there is limited infrastructure, minimal resources for the
delivery of health care or its evaluation, perhaps research utilizing observational methods
might be appropriate.’® Does utilizing Story-telling as a transmission of knowledge, such as in
Anansi Tricks Mrs. Mosquito, result in an increased use of long-lasting insecticidal nets,
(LLINS), and in the reduction of Malaria cases in children under the age of 5 in rural Ghana?
On our subsequent visits we will evaluate how many books remain as well as how many bed-
nets are being utilized, and whether there is a reduction in childhood malaria cases.

Here is a description by a medical student of his participation and experience with the
Anansi Play during the summer outreach project of 2012. “At many of the schools we acted
out the Anansi play only to be amazed at the interest and interaction shown by the kids simply
from cardboard puppets and strings. The plays best night was the first night. After a full day
of practicing the puppets (i.e. figuring out how to hold them best without being crooked,
ensuring they were up against the white cloth the entire time, making sure the puppets shook
as the translators served as their voices and ironing out all other details) we finally debuted the
play to a giant audience of locals from around Oworobong. Spotlights consisted of 6-7
headlamps shining brightly from all angles. Each person's puppet slowly became ‘their’
character over time as we mastered how to put the puppets in and out and how to
appropriately 'act' each one. By our 5™ or 6™ showing, the play had been done so many times
there were very little mistakes. All we needed to find each time was two sticks to hold up the
backdrop and a group of engaging children - both of which seemed plentiful. Personally, what
made me most proud was that we were actually helping the community’s when everyone was
opened to questions after the play was over. To see the kids ask about malaria and how it can
spread showed me that they were in fact learning from the play and took it to heart. This was



one m;omy primary goals of the entire trip - to promote health and wellbeing in anyway that |
can.”

It is clear from this passage that the medical student was participating in his own
learning even as he brought lessons to the community in Ghana. The skills acquired by our
medical student(s) through the theatrical performance of the Anansi story included “the
altruistic joys of teaching and of compassion” and the realization that a simple puppet show
and story book could change a child’s life. This project provides a wonderful example of “the
arts leading the way”, ' in a form of medical humanities that promotes what A. Kleinman has
called the *“interpersonal skills of kindness, respect, compassion and communicative
competence, are the building blocks of what it means to be a physician” .**

“Ever since human beings have communicated and socially interacted with each other,
stories have played a vital role in exchanging and propagating complex ideas and disclosing
knowledge. In every culture, different stories exist and have been used to preserve and pass on
knowledge from generation to generation. Stories are in a certain intrinsic sense interesting,
because they are an attractive high-priority memory booster. With purpose and a meaning
behind it, stories will draw and grasp the attention of any audience and in this sense will
outperform any logical argument”. *°

“Storytelling is one of the oldest forms of communication and is an integral part of
most cultures. Stories are familiar and comfortable, which perhaps contributes to their
widespread appeal as a potential knowledge transfer strategy. We all can remember the allure
of stories as children and how stories were used as a strategy to teach important life lessons.
Storytell1i7ng—both the telling and the listening—is a hard-wired human instinct (Gardner,
2008).”

“Stories can be shared as a way of simplifying complex issues or capturing the
attention of others. It's thought that stories “work” through establishing an emotional
connection with the reader and then provoking an emotional response that may facilitate
enhanced knowledge retention. A simple anecdote or story may be more powerful in
persuading individuals to adopt a particular approach to health care than only the results from
rigorous research.”*® We utilized our Anansi story as a way to teach children, and parents, the
benefits of using Insecticide Treated Malaria Bednets. In the long term we must look for
“Behavioral changes” that result in more consistent use of bed nets and the reduction of
Malaria.

Avrticle 27.1 of the UN Declaration of Human Rights states:

@ Everyone has the right freely to participate in the cultural life of the community, to
enjoy the arts and to share in scientific advancement and its benefits.™

Conclusion

Our use of a Ghanaian folktale character, Anansi the Spider, as the protagonist in our
created story, allows for the transfer of knowledge to the listener. We created the story to
appeal to children primarily and discovered that adults equally enjoyed it. It was constructed
to encourage the use of long lasting insecticide treated bed nets in communities where Malaria
was prevalent. The use of folktales and indigenous characters to teach with can be easily
adapted to any culture and for any desired Knowledge Transfer. Folktales have the ability to
educate children, and provide entertainment and communication, as well as being repositories
of culture and value.™
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GENETIC MUSCLE DISEASES:
NEW INSIGHT INTO THE BASIS OF THE MYOTONIC
DYSTROPHIES

Bjarne Udd, Prof. of Neurology in Neuromuscular Disorders
Director of the Finnish Neuromuscular Diseases Center,
Tampere University and University Hospital, Finland

Introduction

Neuromuscular diorders can be divided into 1) myopathies, primary disease of the
muscle fiber, 2) myasthenias, diseases caused by defects of the neuromuscular junction and 3)
neurogenic muscular atrophies, caused by the defects of the motor nerve. Muscular
dystrophies are a heterogeneous group of myopathies. They are genetic disorders caused by
muscle fiber degeneration often causing progressive weakness and wasting and they can be
further divided into the following

Myotonic dystrophies — DM1 andDM?2

Dystrophinopathies - DMD, BMD

Facioscapulohumeral - FSHD

Limb-girdle — LGMD subtypes

Distal muscular dystrophies

Congenital dystrophies - CMD

Oculofaryngeal - OPM, OPDM

Emery-Dreifuss - X-EMD, AD-EMD

Other and unclassified muscular dystrophies

Myotonic dystrophy (Dystrophia myotonica, DM) is the most common inherited
muscular dystrophy in adults. Two different types of myotonic dystrophy have been
identified. Both myotonic dystrophy type 1 (DM1, Steinert’s disease [OMIM #160900]) and
type 2 (DM2, [OMIM #602668]) are dominantly inherited disorders caused by repeat
expansion mutations. The estimated prevalence of DM1 is 1/8000 (Harper 2001), while in
DM2 the prevalence has not been established, but is considered to be even as common as
DM1 in many European populations (Udd 2006).
DM1 was described one hundred years ago and the (CTG)n trinucleotide repeat expansion
mutation in the 3"untranslated region (UTR) of the DMPK gene was identified in 1992. The
gene is located in chromosome 19q13.3 (Brook; Fu; Mahadevan 1992). The mutation
underlying DM2 disease is a (CCTG)n tetranucleotide expansion located in the first intron of
ZNF9 gene on chromosome 3g21 (Liquori 2001). The repeat expansion size in DM1 may vary
from more than 50 to more than 3000 repeats and there is a gross correlation between repeat
length and disease severity. The number of repeats in the expansion mutation causing DM2
varies from 75 to 11000. No correlation in the disease severity and the size of the expansion
mutation has been shown in DM2. There is no clear evidence for anticipation in DM2 as there
is in DML, in which successive generations inherit increasing disease severity with decreasing
age of onset due to increased size of the repeat expansion (Day 2003). In both DM1 and DM2
the molecular pathomechanism is based on RNA gain-of-function. Transcription of the
repeats into mutant (CUG)pm1/(CCUG)pmz-containing RNAS is both necessary and sufficient
to cause disease by formation of ribonuclear foci and interference of the splicing of
downstream “effector” genes through trans-acting splicing factors, namely muscleblind 1
(MBLN1) (Osborne 2006, Ho 2005) and CUG binding protein 1 (CUGBP1) (Timchenko

8



2006) . Several ‘effector’ genes including, CLCN1 (chloride channel-1), INSR (insulin
receptor), TNNT2 (cardiac troponin T), TNNT3 (skeletal fast troponin T), ZASP, ATP2Al
(SERCA1) and MAPT (microtubule-associated protein tau) show aberrant splicing in DM1,
and in DM2. (Charlet-B N 2002, Mankodi 2002, Maurage 2005, Savkur 2004)

DM1 and DM2 mutations

The DM1 mutation was identified in 1992 as an expanded trinucleotide (CTG)n repeat
track in the 3" untranslated (UTR) region of the dystrophia myotonica protein kinase coding
gene (DMPK; OMIM *605377) (Brook; Fu; Mahadevan 1992)In DM1 patients the repeat
sizes range from 50 — 4000 (150 — 12,000 bp), whereas normal individuals have 5 — 37
repeats. Repeat lengths 38 — 49 are considered a premutation allele pool, showing decreased
stability. The DM1 mutation length predicts the clinical outcome so some extent: classical
DM1 100 — 1,000 repeats; congenital >2,000 repeats.

The mutation causing DM2 was identified in 2001 in the first intron of the zinc finger
9 (ZNF9) protein coding gene CNBP (ZNF9; OMIM *116955) (Liquori 2001). This means
that both DM1 and DM2 mutations consist of long uninterrupted repeat tracks, which are
thermodynamically less stable than the normal alleles, which show a more complex pattern
with interrupting sequences.

Symptoms

Both DM1 and DM2 are progressive multisystemic disorders with both shared and
distinct clinical features and pathomechanisms. The core symptoms expressed at various
degrees in DM2 include proximal muscle weakness, muscle pain, myotonia, posterior
subcapsular iridescent cataracts, tremors, cardiac conduction defects, and endocrinological
disturbances such as increased insulin resistance and male hypogonadism.Laboratory findings
include elevated creatine kinmase (CK), hypo IgG, positive autoimmune serology (Tieleman
2009) and elevated liver enzyme y-glutamyl transferase (Udd 2003, Day 2003). Many of the
clinicamanifestations are similar in classical adult onset DM1, although with also clearly
distinct features: more severe weakness of distal and facial muscles, including ptosis leading
to dysphagia and respiratory deficiency. The congenital DM1 form and the early childhood
onset form with mental retardation in DML are not observed in DM2 (Harper 2001, Turner
2010).

Muscle histopathology in myotonic dystrophies

Muscle histopathology in DM1 and DM2 share some general common chronic
myopathic features, such as high number of central nuclei and fiber size variation which were
initially reported to be quite similar (Ricker 1994, Thornton 1994). The muscle pathology is
progressive, with end-stage pathology showing severe reduction in fiber number and size
accompanied with fatty and connective tissue replacement in the most severely affected
muscles (Harper 2001). In DM1, ring fibers and sarcoplasmic masses are more frequent, and
type 1 fibers are generally more affected (Harper 2001).

In general, muscle wasting in DM2 is less prominent, and in accordance with this,
severe muscle fiber loss is not usually encountered. The biopsies show usually mild to
moderate myopathic changes, and more severe fatty replacement and fibrosis, typically
starting in the interfascicular space, is observed only in proximal muscles of older patients
with considerable muscle weakness. The number of internalized nuclei is greater in type 2
fibers in DM2, and in type 1 fibers in DM1, further reinforcing the observation that the
distinct fiber populations are differentially affected in DM1 and DM2 (Bassez 2008, Pisani
2008). Fiber atrophy is seen in most biopsies; small angulated fibers and atrophic nuclear
clump fibers, similar to those in neurogenic atrophy, are a frequent finding, (Day 2003, Vihola
2003, Schoser 2004), whereas small group atrophy is less common and fiber type grouping is



not observed (Vihola 2003, Schoser 2004). In addition, there is a number of rather infrequent
findings in DM2 muscle, including occasional moth-eaten fibers, rimmed vacuolar and
ragged-red fibers (Vihola 2003, Schoser 2004). Necrotic fibers, ring fibers, targetoid fibers,
and subsarcolemmal or sarcoplasmic masses are rarely seen in DM2,

However, it was only after using the immunohistochemical method for fiber type
differentiation in the muscle sections, that the preferential fiber type 2 atrophy was fully
recognized in DM2 (Vihola 2003), even though the possibility of it had been suggested
previously (Bassez,G. 2001). Schoser et al. later confirmed the finding with a larger set of
samples (Schoser 2004). It should be noted, that there is hypertrophy of both fiber types in
DM2 (Vihola 2003), and also atrophy of type 1 fibers occurs in DM2, however, to lesser
extent: percentage of atrophic type 1 fibers is lower than that of type 2 fibers (Vihola 2003,
Schoser 2004), and practically all very atrophic fibers (< 5um) are of type 2 in DM2; whereas
in DM1, the very atrophic fibers occur later in muscle histopathology, together with other
signs of advanced pathology, and typically express both fast and slow myosin isoforms.

No clear correlation has been observed between the pattern of muscle
histopathological findings and the clinical muscle phenotype, regarding myotonia, cramps,
weakness and myalgia, or the order of onset of symptoms (Schoser 2004). Internalized nuclei
and scattered nuclear clump fibers may be prominent even in clinically asymptomatic muscle.

Pathomechanisms in myotonic dystrophies

The main molecular pathomechanism underlying the myotonic dystrophies is
dominant RNA gain-of-function (Mankodi 2000, Liquori 2001, Lee 2009). The expansion
mutation, (CCTG)n in DM2 and (CTG)n in DM1, is transcribed but not translated, and the
mutant RNA itself is necessary and sufficient to induce the molecular events leading to
clinical symptoms. The mutant repeat RNA species are retained in the nucleus, where they
aggregate and sequester RNA-binding proteins, forming the ribonuclear inclusions typical of
DM1 and DM2 (Taneja 1995, Liquori 2001). According to the present knowledge, the mutant
RNA exerts its toxic effect via disturbing the distribution and function, and hence the
equilibrium between the two antagonistic splicing factors, MBNL1 (muscleblind-like 1) and
CUGBP1 (CUG-binding protein 1), resulting in aberrant mRNA splicing, translation, and
turnover.

The MBNL and CUGBP1 act as antagonist splicing regulators, often/sometimes
promoting opposite splicing events in their mutual target genes, and their binding sites are
distinct (Ho 2004). Both of them regulate multiple alternative splicing events. The important
downstream effect of the dysregulation of these two antagonistic splicing factors is the
aberrant splicing in myotonic dystrophies, resulting in inappropriate embryonic splicing
pattern, which is considered the main cause of direct symptoms. More than 20? aberrant
splicing events have been identified in DMs, summarized in table x. Of these, at least CLC1
has been linked to myotonia (Charlet-B 2002, Mankodi 2002, Wheeler 2007); insulin receptor
(IR) to insulin resistance (Savkur 2001); and cTNT (cardiac troponin T) to cardiac problems
(Philips 1998).

The atrophy of type 2 fibers in DM2

In this thesis work the concept of very atrophic fibers is used referring to the pool of
very small fibers with a diameter < 6 um. They are characteristic for DM2 where they appear
very early in the disease course, even in clinically unaffected muscles. Morphologically, they
fall into at least three categories: (1) nuclear clump fibers, (2) extremely small fibers (< 6 um)
with very little cytoplasm and none to few nuclei (in the plane of sectioning), and (3) very
thin, angulated fibers. Most of these fibers are round and scattered. They seem to represent a
unique pool of fibers, because they form a distinct population apart from larger type 2A fibers.
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They may be encountered in DM1, but only in later stages of pathology, less numerous
compared to DM2 and in DML1 they may also express slow MyHC.

It is not clear if (1) and (2) represent distinct fiber populations. Examination of
longitudinal sections suggests that they may represent a single population of fibers, which
show differential morphology depending on the number of nuclei trapped inside the slim
fibers at the section site.

The nuclear clump fibers in DM2 are morphologically indistinguishable from those
seen in neurogenic atrophy, where they form as an end product of denervation atrophy in the
absence of re-innervation. However, no primary neurogenic involvement has been shown in
myotonic dystrophies, which is supported by the lack of fiber type grouping.

Protein expression in very atrophic fibers

We carried out further studies on protein expression in DM2 and DM1 muscles to
identify possible differences between them, which could lead to better understanding of their
differential muscle and fiber type involvement. In addition, due to the presence of nuclear
clump fibers in myotonic dystrophies, similar to neurogenic atrophy, we also included a group
of patients with various neurogenic disorders.

Altogether, we characterized the expression of 14 proteins, which are involved in
muscle contraction and Ca2+ handling, regeneration, denervation, and apoptosis, by
immunohistochemistry. A subset of the proteins show preferential expression in type 2 fibers
as described below. Myosin heavy chain (MyHC)-encoding genes (MYH1,2, -3, -7 and -8) are
differentially regulated in fast and slow fibers, and during muscle development. The
expression of MyHC-Ila isoforms in the highly atrophic fibers of DM2 was confirmed with
three different monoclonal antibodies raised against fast type myosin heavy chains. As a new
finding, we showed that the population of very small fibers in DM1 co-expressed myosins fast
Ila and beta/slow, in contrast to DM2, where they expressed only type lla. In neurogenic
atrophies, virtually all small atrophic fibers expressed MyHC-lla, showing moderate to high
co-expression of MyHC-beta/slow. The MyHC-pn is widely used as a regeneration marker
(Dubowitz 2007). There was high expression of the MyHC-pn isoform in very atrophic fibers
in all groups. Since the majority of very atrophic fibers in progressive neurogenic atrophy
without any regeneration activity express MyHC-pn, this may be turned on and expressed also
by other mechanisms than regeneration. MyHC-emb positive fibers were absent in most
biopsies, showing expression in a few DM fibers only in the biopsies with advanced muscle
pathology.This observation is congruent with its reported expression mostly in small
basophilic regenerating fibers having survived severe injury such as withmuscular dystrophies
and other necrotic myopathies (Dubowitz 2007). A similar finding was observed with the
transcription factor myogenin (MYOG), and the intermediate filament protein vimentin (VIM),
which appear early during myogenesis and serve as regeneration markers in muscular
dystrophies (Dubowitz 2007, Olive 1997).

Neural cell adhesion molecule (NCAM-1) has distinct roles in myogenesis,
synaptogenesis, and synaptic maintenance (Covault 1986). It is transiently re-expressed after
denervation and during re-innervation, decreasing progressively as regeneration proceeds
(Winter 1999). Hence, it has been a candidate marker for recently occurred denervation
atrophy. Interestingly, we found that one third of the atrophic fibers in DM2 abundantly
expressed NCAM-1, outnumbering the small fibers in DM1, and even more intriquingly, the
severely atrophic fibers in neurogenic atrophies. In fact, the pattern of NCAM-1 expression
was different in the latter group, showing positive signal more frequently in intermediate-large
fibers, which was not encountered in any specimens in myotonic dystrophies. The usage of
NCAM expression as a marker of neurogenic atrophys thus seems to be very limited.

Because we were preoccupied with the question why the highly atrophic type 2 fibers
persist in the DM2 muscle, we investigated the expression of the oncoprotein BCL2 (BCL2)

11



in the muscle biopsies. Apoptosis is required during normal tissue remodeling, development
and regeneration. BCL2 inhibits cells from entering apoptosis, but it also has a distinct effect
on cell cycle (Cory 2003). Apoptosis is not generally involved in muscular dystrophies as a
pathomechanism (Dubowitz 2007). In order to verify this we used an Ab raised against
activated Caspase-3 (CASP3), a cysteine protease playing a key role in executing apoptosis in
many cell types, and a commonly used marker for apoptosis (viite). To our surprise, the
majority of the very atrophic fibers in DM2 expressed BCL2. In contrast, in DM1 BCL2
immunoreactivity was present in only one biopsy, in which approximately 5% of the very
small fibers were positive. In neurogenic atrophies, BCL2 positive fibers were moderately
common, albeit with a lot of dispersion among the samples (range 1-100% positive cells).
Caspase-3 was not detected in DM2 biopsies, supporting the prevailing concept of apoptosis
not playing a major role. However, the combined high BCL2 expression and absent Caspase-3
could offer a partial explanation to the persistence of the very atrophic, non-functional type lla
fibers in DM2: the anti-apoptotic BCL2 might prevent the cells from entering apoptosis.
Another interesting finding in DM2 was revealed when serial sections, stained for MHCpn
and BCL2, were examined. Mutually exclusive expression of these markers was often
observed. We do not have a specific explanation to this finding at the moment.

We observed reduced sarcolemmal labeling of dystrophin and neuronal nitric oxide
synthase (nNQOS) in the very atrophic fibers in DM2. However, these findings, although not
reported with DM2 before, are likely not specific, as several sarcolemmal proteins are
reported to show low immunoreactivity in MyH-pn positive, small atrophic fibers (Dubowitz
2007). We also studied two proteins preferentially expressed in, but not restricted to fast type
2 fibers: the fast skeletal muscle troponin T (fTnT/TNNT3), a sarcomeric thin filament
component, and the Ca’* ATPase SERCA1 (ATP2A1), both of which are involved in
regulation of muscle contraction (Wu 1994, Brandl 1986). SERCAL1 was expressed in
majority of the atrophic fibers in all groups, whereas fTnT showed moderate to high
expression in atrophic fibers in DM2 and DM1, and high expression in neurogenic atrophies.
Unfortunately, even though not strictly following the fast-slow fiber distribution, neither of
these proteins were differentially expressed in very atophic and regular type 2 fibers, thus
giving no further insight into the question why a subpopulation of type Ila fibers are subject to
severe atrophy in DM2.

It should be noted that the neurogenic atrophies was the most heterogeneous group,
relative to MyHC-pn, NCAM-1 and BCL2 expression in the very small, atrophic fibers,
showing more dispersion in results and greater standard deviation values. This is
understandable because of their divergent etiologies.

Satellite cells

Defective myoblast-myotube differentiation in cultures from satellite cells have been
reported with DM1. Similar findings have not been observed in DM2. However, repeatedly in
our DM2 cell cultures myoblast proliferation after 4-5 passages has been limited even if
differentiation seemed to be normal.

Pax7 is expressed in quiescent skeletal muscle satellite cells, and considered an
appropriate protein marker (Relaix 2005). The number of satellite cells has been reported to
decline with age (Sajko 2004). As a separate experiment, we assessed the number of skeletal
muscle satellite cells in DM2 (n=4), DM1 (n=5), neurogenic atrophy (n=4), and healthy
control (n=1), approximately 200 fibers were included per biopsy, counting all fibers in
randomly selected fields. The number of Pax7 positive cells in satellite cell position was
proportioned to the total number of fibers; the results are indicated as the number of Pax7+
cells (in satellite cell position) per 100 muscle fibers counted:
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DM2 DM1 NA C
25 20 20 7
NA, neurogenic atrophy; C, healthy control

There were other Pax7+ cells present in the interstitial space of the biopsies examined,
which likely represent a distinct pool of progenitor cells and these were not included in the
numbers of satellite cells. The results indicate that the number of spindle-shaped, Pax7+
positive cells in satellite cell position was increased in all diases groups, compared to control
biopsy. We observed the highest number of Pax7+ cells in DM2. The reported proportion of
satellite cells in human muscle normally varies between 3-6% of all muscle fiber nuclei
(Sajko 2004), which is in accordance with our control muscle. The number of satellite cells is
affected by age and muscle type. The increase of satellite cells in DM2, DM1 and neurogenic
atrophy is probably caused by basic attempts to regenerate in response to muscle injury. The
results are congruent with previous reports of DM2 and DM1 indicating unaffected satellite
cell proliferation (Furling 2001, Pelletier 2009).

Conclusion

Defective control of gene expression which leads to abnormalities in a large number of
proteins expressed in the muscle fibers is one component of the molecular pathology
underlying the myotonic dystrophies. To a major extent these abnormalities are based on
abnormal splicing events due to malfunction of MBLN1. According to the global impact of
the primary mutations on RNA-metabolism also other machineries in the muscle cell such as
translation and turnover handling are affected. Considering these large scale molecular
changes, any therapy towards a limited sector of abnormal gene and protein expression may
not be very successful, and approaches to directly eliminate the mutant transcripts generated
by the primary repeat expansion mutations should be the target in the search for curative
treatment.
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Abstract

Objectives: To evaluate the frequency of lung cancer in the Pathology department of
Sanatorio Adventista del Plata (SAP PD) Libertador San Martin, Entre Rios, Argentina during
the years 1966-2010. Determine in both genders the smoking as relating it to different
histological types. Verify increased adenocarcinoma. Locate the frequency of lung cancer
compared to other cancers in the SAP PD.
Methods: A descriptive, retrospective study. It included 383 men and 72 women diagnosed
with lung cancer, from 35 to 86 years of age, between 1966 and 2010 in the SAP PD. File
Data pathology were compared with the medical records of every patient, assessing smoking.
It was appealed to techniques used in immunohistochemistry. Data were processed using
Excel.
Results: Lung cancer is prevalent in the male sex ratio of 5.3:1. Thirty six percent of male
cases were squamous cell carcinoma and 54% of cases involving women were
adenocarcinomas. 90% were severe smokers and 93% smoked for over 20 years. Until the
decade of the 80’s squamous cell carcinoma was the most frequent in the SAP PD, however,
adenocarcinoma incidence increased, reaching 40% in the last decade. Of all cancers, lung
cancer, does not exceed 5%, with the most frequent being skin cancer.
Conclusions: Lung cancer is more common in men smokers. Adenocarcinoma rise is
observed. The incidence of lung cancer in the SAP PD decreased in the last decade.

Keywords: Lung tumors, smoking, histology, gender

Introduction

Major causes of lung cancer and cancer in general, include carcinogens such as
cigarette smoke, lonizing Radiation and viral infections. Exposure to these agents cause
cumulative changes over DNA  cells, genetic alterations accumulate progressively
transforming epithelium that lines the bronchi of the lung. As there is more extensive
damage, lung cancer develops. (10)

Lung cancer (LC) mainly the type of non-small cell (NSCLC) is the second most
frequent type of cancer, if men and women are considered together. Most cases are diagnosed
between 55 and 75 years, with a peak incidence between 65 and 70 years. It is a serious public
health problem: it is the leading cause of cancer death for both sexes in the U.S. (160,000
deaths estimated in 1999) (1).

The most important factor in the development of these neoplasms is associated with
the habit of cigarette smoking. The fact is supported by several observations that proved
changes in the death rate from lung cancer that evolve in parallel with the prevalence of
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smoking, the risk of developing LC is 11 to 17 times higher in women and men, respectively,
compared between smokers and non- smokers, there is a dose-response with the number of
cigarettes smoked per day relationship; suppression of using tobacco leads to a significant,
although slow and gradual decrease in risk. (2, 3) has also reported that carcinogens are the
link between nicotine addiction and lung cancer (3), requires metabolic activation to exert
their effects, and substrate are detoxifying metabolic reactions. The balance between
activation and detoxification varies markedly for each individual, and affects the cancer risk
in relation to the expression of critical genes such as tumor suppressor gene p53 and K-ras
oncogene.

In turn, the incidence of adenocarcinoma has increased significantly in the past two
decades, and today is the most common form of lung cancer in women (4.5) and also in many
studies in men (6,7). However, the basis of changes in the incidence in women and the
predominant histological type, has not been elucidated (6,7). One possible factor is the
increased consumption of tobacco in women, but this only highlights the lack of knowledge
about why women tend to have a higher incidence of adenocarcinoma, as the histologic types
associated with smoking are squamous cell carcinoma and small cell carcinoma being the
most important risk factor remain to be smoking (4 , 8). Furthermore studies show that
adenocarcinoma has increased, equaled and even surpassed the incidence of squamous cell
carcinoma that occupied the first place. (9)

Objectives: To assess the frequency of lung cancers in the Pathology department of
Sanatorio Adventista del Plata, Libertador San Martin, Entre Rios, Argentina, during the years
1966-2010. Determine the smoking habit in every case of lung cancer as compared to men
and women. Establish a relationship between smoking and histological types of tumors
detected. Verify the increased frequency of adenocarcinoma versus squamous cell carcinoma.
Find the frequency of lung cancer in relation to all registered cancers in the SAP PD cancers.

Main Text
Method

Observational, descriptive and retrospective study. It included 383 men and 72 women
diagnosed with lung cancer, ranging in age from 35 to 86, between 1966 and 2010, identified
retrospectively in the SAP PD. Those extrapulmonary metastases were also added, with high
evidence (smoking, histology and immunohistochemistry identification) corresponding to
primary lung cancer. Exclusion criteria were patients with lung metastases, no conclusive
evidence of primary lung tumor.

Reports obtained from the files of the SAP PD were compared with the medical
records of every patient, assessing the different variables related to smoking (number of
cigarettes smoked daily, years of smoking, time elapsed since cessation, family history, etc..)
Where that was not possible to reach an accurate diagnosis, immunohistochemical techniques
were applied for typing.

Data were processed using Microsoft Excel to statistically assess measures of central
tendency and data categorization.

Among the limiting factors include the lack of medical records from the early years of
the research, as well as the omission or lack of measurable record of substance abuse in
medical records.
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Results

Table 1

Total number of cases according to
gender

# men 383
# women 72
# of cases 455

Given the data seen in table 1, shows that the proportion of lung cancer in men was
84.18% while that for women was the 15.82%, which gives a ratio of 5.3:1. The average age
of the patients was 62 years, showing a dispersion of 51 (86 years for senior, 35
minor). Regarding the origin of patients recorded in medical records, of 131 cases, 89 % were
from the province of Entre Rios, 6% from Santa Fe and 4.5% from other places.
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Figure 1. Occupation

As shown in Figure 1, most of observed patients were retired at the time of diagnosis,
without mentioning the activity previously carried out in their medical records. Notably,
within occupations, 17% of patients who performed agricultural activities, had a diagnosis of
squamous cell carcinoma, which translated to 38% of the cases.

Table 2

Number of
Farmers cases
Squamous cell 8
Adenocarcinoma 5
Small cell 5
Large cell 3
Total 21

Shown in table 2 these farmer patients that perform related tasks, have higher
prevalence of squamous cell carcinoma, a total of 9 smokers and 12 non-smokers.
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Table 3

Frequency according to WHO classification of lung cancer

N ° cases Percentage

Non small cell

Squamous cell 140 30.7%
Adenocarcinoma 128 28.1%
Large cell 69 15.1%
Small cell

Small cell 88 19.3%
Other

Undifferentiated 18 4.1%
Adenosquamous 7 1.5%
Carcinoid 4 0.9%
Sarcoma 1 0.2%
Total 455 1

When viewed, the total number of cases, in table 3, obtained between the years 1966 to
2010, one could say that squamous cell carcinoma has been most frequent in the sum of the
period studied. However it is the object of this research to evaluate the tendency in the
evolution of the time.

Small Cell
Large cell

Adenocarcinoma

Squamous cell

0 20 40 60

Figure 2. Lineage more prevalent in women since 1966 to 2010
Note: values expressed in percentages

The prevalence of tumors of the lung depending on its lineage, distributed according to
gender can be seen in figures 2 and 3.In the case of women it is observed that
adenocarcinoma is the most frequent and the squamous cells to the male gender.

Small Cell
Large cell
Adenocarcinoma

Squamous cell

0 10 20 30 40

Figure 3. Lineage more prevalent in men from 1966 to 2010
Note : values expressed in percentages

19



Table 4

Smoking

NE
Daily amount cases
Smoker severe (> 16 cig.) 56
Smoker moderately (5-15)
Smoker mild (< 5 cig.)
Years of smoking
Smoke less than 20 years 3
Smoke for over 20 years 40
Years of smoking cessation
Ex. smoker less than 5 years ago 10
Ex. smoker between 5 - 10 years 4
Ex. smoker more than 10 years 10
Other
Not smoker 13
Unreported 43
Records not found 322

In table 4, there are variables to consider in the patient that smokes. These are; daily
amount smoked, years of smoking and time of quitting smoking. The majority of patients, is
cataloged within the range of active smoker and severe, smoking 16 cigarettes a day for more

than 20 years.
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Figure 4. Evolution over time of the lung cancer in the SAP PD

Figure 4 shows the evolution in time of the different lineage of Lung Tumors, noting a
marked rise of adenocarcinoma in the 80's, and a marked drop in the squamous carcinoma
throughout the decades especially in the 90's. Large-cell is the most steady remaining in time,
while small cell tumor presents a marked decline accompanying Squamous. Also a clear
descent of all Lung Tumors, can be seen, by the end of 2010.
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Table 5
Location of carcinoma of lung in relation to the rest of

carcinomas.

Type of Cancer of the 90' N ° cases Percentage
Skin 1250 22
Mama 612 11
Colon 581 10
Prostate 551 10
Bladder 537 10
Cervix 289 5
Straight 226 4
Stomach 203 4
Kidney 168 3
Ovary 142 3
Thyroid 137 2
Lung 124 2
Endometrium 105 2
Lymphoma 103 2
Other 552 10

As shown in table 5, skin carcinoma is with a wide difference, the most frequent in the
SAP PD, followed by carcinoma of breast and colon, placing the carcinoma of lung in twelfth
place.
Table 6

Location of carcinoma of lung in relation to the rest of the

carcinomas

Type of Cancer of the 70' N ° cases Percentage
Skin 451 21
Prostate 259 12
Bladder 208 10

Mama 199 9

Colon 130

Stomach 115 5

Lung 105 5

Other 721 33

In table 6 lung cancer ranks seventh in frequency in relation to the rest of carcinomas.

Conclusion

As can be seen in the results, lung cancer is much more common in men than in
women and its main risk factor is the use of tobacco. The majority of patients who enter the
smoking habit, do so in severe range (more than 16 cigarettes per day) and for more than 20
years, significantly increasing the risk of contracting lung cancer. According to Jean Charles
Soria,” The use of tobacco in women has risen sharply. This is a worldwide phenomenon,
searched through the strategies of the tobacco industry, since women, as usual, when they do
something, they do it big. Unfortunately, they become prey of cigarette smoking. The second
problem that we have is that tobacco use begins increasingly at a younger age. Men used
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to begin to smoke at the age of military service and now women begin smoking in
adolescence, even at a school age. This is something very serious, because the risk of lung
cancer from smoking doesn't relate to the amount smoked as much as the length of time being
a smoker. People are not aware of this fact, it is more dangerous to smoke five cigarettes a
day for five years, than smoking five packs of cigarettes for one year. Cancer risk is much
higher when a duration of consumption is more than 20 years, and this now makes women
less than 40 years of age, younger, with children, with a diagnosis of lung cancer ™.

In the present study, histological changes are seen in recent decades. It follows the
abrupt descent of squamous cell carcinoma, and the marked rise of adenocarcinoma,
confirming other studies. However the incidence of the lung cancer in general at the SAP PD
has dropped significantly in the last decade.

Add Jean Charles Soria "There is a new phenomenon that is increasing and that
increase is seen around the world although it is stronger in Asian countries, which is a gene
mutation: EGFR (Epidermal Growth Factor Receptor). This is one of the main reasons for
cancer in non-smokers, what Americans call "undeserved cancer" (cancer not deserved),
because the person never smoked, but has cancer. It is a cancer whose precise origin is
unknown, but is linked to a mutation in a gene, which currently represents 10% of all lung
cancers. In Asian countries, gets to represent 30% of the cases. In Argentina, where there is a
European genetic background, we are at 10%. ~

Currently in the world they are reviewing classical lung cancer classifications,
inserting the molecular aspects of each tumor in particular. In this way, you can identify
specific mutations in each case, and guide the therapeutic targets.

Statistical increase from other types of cancer, may be due to a true increase in
incidence, as well as better diagnostic methods incorporated into the SAP.

Although indirectly, since it was not part of the objectives of this research, can be seen
to skin cancer in all the decades it has been the most frequent in SAP PD, which can be
explained by the ethnicity of the majority of the patients coming to the service, as well as by
exposure to the Sun to which they experience on a daily basis through rural work. Such data
may be relevant, to implement plans for the prevention and early diagnosis of skin cancer.

It would be very useful having a digitized database in SAP, which systematically
would record the risk factors and family history of each patient, as a starting point for new
statistical research. In this way, although for reasons of physical space, old medical records
should be discarded, data essential for medical institutions that values its own statistics,
should be preserved. Of course, more important will be the necessary awareness in each
doctor, to collaborate in the accurate and comprehensive record of such data of their patients.
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Abstract

The detailed analysis of 561 operations performed laparoscopic cholecystectomy
(LCE) and their complications. Concluded that during this period LCE became the operation
of patients’ choice with a benign gall bladder diseases, and the key to a successful
implementation of LCE are good technical equipment of operating room, highly professional
preparation of surgeons performing laparoscopic surgery, a meticulous preoperative
examination of patients, strict adherence to the rules of performing laparoscopic surgery and
attentive postoperative supervision of patients.

Keywords: Laparoscopic cholecystectomy, intraoperative complications, postoperative
complications

Introduction

In recent years is observed a steady upward tendency in the number of patients with
cholelithiasis. According to the statistical researches of the last years every fifth woman and
every tenth man are suffering from cholelithiasis.

In the past 20 years, laparoscopic cholecystectomy becomes the gold standard of the
treatment of calculous cholecystitis. Operation became available not only in leading clinics,
but in regional hospitals also * 3. Widespread introduction of laparoscopic surgery is
predetermined by their obvious advantages over laparotomic interventions and primarily
related to minimizing injury of the abdominal wall and early rehabilitation of patients. At the
same time, the number of complications after laparoscopic surgery remains a significant .

Although the total number of complications and mortality in the LCE is considerably
less, than in open surgery. To dangerous complications arising directly during the
intervention, most authors include the extrahepatic bile ducts injury, damage of abdominal
organs, massive bleeding in the zone of operation. Among complications of postoperative
period most commonly found biliary peritonitis, bleeding, and abdominal abscesses > 7. At
emergence of intraoperative complications make transition to open operation. The
investigations conducted by Lee H.K. (2005) defined that conversion at a laparoscopic LCE
averages 6,2%.

The development of postoperative hernias in patients in locations of trocar wounds
occurs in 0,1-0,3 % of patients. Complications such as migration clips or gallstones to the
peritoneal cavity were not known in open surgery. Frequency of other complications of LCE
does not exceed 1:1000 operations .

Among the lethal complications due to surgical intervention, there are bilious
peritonitis, a necrosis of the liver right lobe as a result of damage and ligation of a hepatic
artery, injury of an aorta, destructive pancreatitis. Thus, lethality varies from 0 to 0,1%.(Choi
J.Y. etal., 2006)

Problems of prevention, diagnosis and treatment of complications during LCE are far
from a final decision.
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Careful study of the features of LCE detection of complications and hazards of the operation
would increase the safety and effectiveness of this intervention through the development of a
complex of preventive measures.

In connection with the above stated, we studied the frequency of complications in LCE.

Materials and methods

There was conducted a retrospective analysis of 731 medical records of hospitalized
patients, who were operated on for calculous cholecystitis in various forms of its
manifestations in the surgical department of the Regional hospital named G. Sultanov in
Pavlodar city. During the period from 2008 — 2012 yeas LCE performed on 561 (76,7 %)
operations , the traditional cholecystectomy performed 170 (23,3 %) operations.

Among patients who underwent LCE majority were patients most of working age from 20 to
60 years - 459 (81,8 %) people, older than 60 years were 102 ( 18,2%) patient. 156 men were
operated ( 27,8 %) , women - 405 (72,2 %).

In the anamnesis at 54 (9,6%) patients there were various operations on abdominal
organs and small pelvis, and also other parts of body. Before LCE 76 patients had undergo
more than one operation. Painful attacks the day before or on admission were in 56,4% of
cases. The average duration of a disease was equal to 5,3 £ 0,4 years.

Method of treatment

All operations are carried out under the endotracheal anesthesia. Operating team
consisted of a surgeon, assistant and scrub nurse. Nasogastric tube, urinary catheter and the
lower limb bandage or elastic bandages was mandatory.

The operation was performed with a stand and a set of tools the company «Karl
Storz». LCE was performed according to standard procedures: the imposition of a
pneumoperitoneum, the introduction of trocars, revision abdominal cholecystectomy and
removal of the gallbladder from the abdomen. Virtually all operations used atraumatic clamps,
thus avoiding unnecessary injury of organs and tissues, and as a result of them - hemorrhage
and perforation.

At 100 % of the operated patients the operation was ended by drainage of sub hepatic
space. Drain was removed on second day in the absence of active discharge (serous fluid, bile)
from the abdominal cavity.

Duration of surgery was ranged from 25 to 185 minutes, depending on the nature of
the morphological changes of organs and tissues, on average 40-60 minutes.

Research methods. In work used clinical, laboratory, radiological investigation,
statistical methods of research.

Results of research. During the investigation there was established, that within five years there
is a tendency to prevalence of laparoscopic cholecystectomy over traditional cholecystectomy
performed by open way. (picture 1).
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Picture 1- Correlation between LCE and traditional cholecystectomy for 2008-2012 period

The presented chart (Figure 1) shows that percentage of LCE remains high annually
and the average traditional cholecystectomy performed only to 23% of patients.
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In preoperative period revealed the following concomitant diseases in patients

undergoing LCE: arterial hypertension, ischemic heart disease, obesity I- 1V degree, bronchial

asthma, and cirrhosis, umbilical hernia. Data are presented in table 1.
Table 1- Concomitant diseases in patients undergoing LCE

No Concomitant disease S:ggrty of patients %
1 Avrterial hypertension 404 72
2 Ischemic heart disease 353 63
3 Obesity I- 1V degree 107 19
4 Bronchial asthma 39 7
5 Cirrhosis 19 3,4
6 Umbilical hernia 24 43

According to table 1, the arterial hypertension more often was revealed (72%),
coronary heart disease (63%) is on the second place, and obesity of different degree (19%), in
7% (39 people) cases - COPD. The associated diseases complicated technically performance
of LCE such as cirrhosis and umbilical hernia made 3,4% (19 people) case and 4,3% (4,3
persons) case respectively.

LCE performed 93 (16.6%) patients with chronic calculous cholecystitis, and 468
(83.4 %) patients with acute calculous cholecystitis.

In 557 (99,3 %) patients carrying LCE was successful , and in 4 ( 0,7 %) cases, the
observations made on the conversion of traditional cholecystectomy . The reasons for the
transition to laparotomy were: severe scar- inflammatory changes in the neck of the
gallbladder in three cases and in one case, severe bleeding from the gallbladder bed.

Intraabdominal complications in the early postoperative period after LCE diagnosed in
9 (1,6%) patients. Bile in sub hepatic space was observed in one patient, which resolved
conservatively, two patients on the second day after surgery to drain tube has been actively
secretes bile. However peritoneal out phenomenon, bile leakage stopped at 5 second night
drainage deleted 7 - eighth day, respectively. In the future recovery. One patient formed
billiary fistula, fistula closed in a month alone, two patients developed acute pancreatitis,
which in the conservative treatment was arrested. One patient developed postoperative billiary
peritonitis. Patient underwent relaparotomy, sanitation and drainage of the abdominal cavity,
eliminate sources of bile leakage - suturing the gallbladder bed. The patient was discharged
out with recovery. Nausea and vomiting after LCE observed in 8,9% (50 people) patients,
pain in the shoulders (frenikus - symptom) — 11,9% (67 people) patients. The characteristic of

complications is presented in the table 2.
Table 2 — Characteristic of complications after LCE

Ne | Type of complication Suantlty of cases %

1 | Biloma in subhepatic space 1 0,2
2 | Choleresis through drainage tube 2 0,4
3 | Biliary fistula 1 0,2
4 | Acute pancreatitis 2 0,4
5 Biliary peritonitis 1 0,2
6 | Nausea and vomiting 50 8,9
7 | Pain in the shoulders (phrenicus - symptom) 67 11,9

In connection with the small injury, applied the anterior abdominal wall, the
postoperative period in patients after LCE flowed easier than after a similar traditional surgery
performed by laparotomy. Already in the first days after the intervention of pain moderately
disturbed patients, reducing the dosage of narcotic analgesics , or opt out of their use. The use
of antibiotics is solved individually. On the second day the patient starts walking, bowel
function was restored on the third day after surgery. General condition of patients allowed to
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discharged them for 3-4 days after the LCE, however, often patients out on 5-6-th day, given
that some of the complications can appear in the later period.

Discussion. As a result of our study confirmed once again that the operations LCE
become the patients’ choice procedure with cholelithiasis. Implementation merged into
clinical practice of such concomitant diseases like heart diseases, enuresis, chronic ischemic
heart disease, arterial hypertension (AH) (Il B, heart rhythm disorders, hormone-dependent
bronchial asthma (BA), obesity and extreme extent possible to successfully perform in such
diseases and conditions *°,

Transfer from laparoscopic to open cholecystectomy in the above cases, as well as
V.S. Savelyev, S.I. Emelyanov ' ' is not a complication of surgery. Traditional
cholecystectomy should be considered as the most appropriate in this situation type of
operating.

Cholecystectomy by open way at sudden disrepair in work of the laparoscopic video
equipment which isn't giving in to immediate elimination, and existence of the great technical
difficulties connected with formation of dense infiltrate and rough cicatricial adhesions in a
hepatoduodenal zone, provides prevention of serious complications.

Blunders runtime LCE help avoid the following measures : careful consideration of all
risk factors (renounced adhesions , infiltration of gall bladder, etc.); timely operation
cholelithiasis; optimal intraoperative gall bladder and bile ducts , conducting operations in a
planned manner; accounting anomalies gall bladder , ducts and blood vessels , increasing the
qualification of the surgeon ; clear vision elements gall bladder and duct during surgery , and
should not be stopped at the gate of the liver bleeding in a blinded fashion . Injury prevention
and gall blader duct during surgery is more promising than their treatment effects *>** .

Use of complex measures for prevention of complications developed by us at LCE allowed to
reduce the average duration of in-patient treatment from 10,5 to 4,5 days.

Conclusion

Thus, intraoperative complications LCE are not inevitable character. Observing
technique of surgical interventions, most of them can be avoided or eliminate them without
resorting to laparotomy. We see prospects for reducing these complications more careful
preoperative evaluation of patients, particularly the elderly, with a long history, severe
concomitant diseases and complications of gallstone disease in antibiotic prophylaxis, as well
as dynamic control in the postoperative period.
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Abstract

Our research is dedicated to the problem of the development of the future doctors’
subject competencies in Medical deontology by means of Cooperative learning structures. In
this article we are going to review the findings on the initial level of the future doctors’
subject competencies in Medical deontology in terms of the motivational component within
the framework of the experimental part of the investigation. Our main task is to reveal the
gaps in the motivational component of the future doctors’ subject competencies in Medical
deontology and to suggest Cooperative learning as a technique to improve the deontological
education. The initial level of the development of the future doctors’ subject competencies in
Medical deontology has been evaluated by us in terms of three components — motivational,
cognitive and behavioral the essence of which is represented in criteria and the latter are
reflected in indicators. In this article we will review the findings on the motivational
component. The initial level of the development of the motivational component of the
competencies in Medical deontology has been determined in terms of the professional needs
and interests of the medical students, the indicators of which include awareness of a career
choice, type of motivation to study at the higher medical educational establishment
(“professional” motives, motives of “personal prestige”, “pragmatic” and “educational”
motives, external factors), prevailing personality orientation (humanistic, professional, social,
business, and antisocial), motivation for communication, self-improvement and self-
development motivation, recognition of the practical significance of the academic course
“Deontology in medicine”, an interest in ethical and deontological education.

Keywords: Medical deontology, subject competencies, motivational component, personality
orientation, motivation for communication, self-perfection, self-development.

Introduction

Nowadays a majority of the requirements connected with the medical duties
performance are considered from the deontological perspective. This statement is confirmed
by the investigation on the public expectations carried out by the scientists from MacGill
University in 2008 (Table 1).
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Table 1. Expectations; society and doctors.
Society < Doctors
Healer’s role.
Guaranteed competency.
Access to high quality health services
Altruistic approach to professional duties.
Morality, honesty, integrity, ethical behavior.
Loyal and trustful relationships.
Responsibility/transparency.
Respect autonomy of the patient.
. Source of the objective information.

10. Healthy lifestyle promotion and prevention of the diseases.
Source: Richard L. Gruess, Sylvia R. Gruess. Expectations and Obligations: Professionalism and Medicine’s
Social Contract with Society. Perspectives in Biology and Medicine, Volume 51, Number 4 (autumn 2008) by the
John Hopkins University Press. http://assets.muhc.ca/PDF/Cruess/Paper-Social-Contract.pdf

©CoNoR~®WN R

Deontological education must become a priority in any medical curriculum. The
faculty members must ensure a comprehensive development of a personality of a future
doctor. The review of the professional and scientific literature allows us to define Medical
deontology as professional ethics of medical specialists that deals with the issue of the
professional conduct of the medical personnel, the morality of which is predetermined by
moral, ethical and legal duties to satisfy the needs of the patients, colleagues and society.
Deontology originates from moral or ethical theories according to which our actions and
activities must be controlled and estimated in terms of our public and professional duties
(Edward N. Zalta, 2007). Medical deontology serves as a fundamental basis for the formation
and development of the medical culture and plays an important role in the socialization of a
future doctor. The faculty must take into account the importance of the Medical deontology
for successful career growth and provide continuous deontological education for the medical
students.

Our research is dedicated to the problem of the development of the future doctors’
subject competencies in Medical deontology by means of Cooperative learning structures. In
this article we are going to review the findings on the initial level of the future doctors’
competencies in Medical deontology in terms of motivational component within the
framework of the experimental part of the investigation. Our main task is to diagnose the gaps
in the motivational component of the future doctors’ subject competencies in Medical
deontology and to suggest Cooperative learning (Kagan, 1994) as a technique to improve the
deontological education.

Main Text

The initial level of the development of the future doctors’ subject competencies in
Medical deontology has been evaluated by us in terms of three components — motivational,
cognitive and behavioral the essence of which is represented in criteria and the latter are
reflected in indicators. In this article we will review the findings on the motivational
component. Under a criterion we will understand key signs, parameters of that or other
component of readiness that enable us to estimate the degree of its development. Empiric
indicators are quantitative or qualitative indexes with the help of which the research can be
carried out. We generalize criteria, indicators and techniques implemented by us in the present
research of the motivational component of the basic deontological education in the table
(Table 2).
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Table 2. Evaluation of the level of the development of the future doctors’ subject competencies in Medical
deontology in terms of the motivational component.

Component | Criterion Indicator Technique
Motivational | Professional needs | Awareness of a career | Questionnaire
and interests of the | choice. “Professional needs
medical students. Type of motivation to | and interests of the
study at the higher | medical  students”
educational medical | (author’s
establishment. guestionnaire).
Prevailing personality
orientation.
Motivation for

communication.
Motivation for  self-
perfection and self-
development.
Recognition of the
practical significance of
the  academic  course
“Deontology in medicine”.
Interest in ethical and
deontological  education
and self-education.

On persuasion of the most psychologists and teachers the motivational sphere of any
personality can be determined by considering a personality orientation. A concept
“personality orientation” was introduced by a well-known scientist S.L.Rubinstein. He
asserted that needs, interests, inclinations, tastes, tendencies and attitudes as well as a personal
outlook and personal beliefs are psychological forms in which the personality orientation is
reflected and character is demonstrated. Moreover, we find out the essence of the personality
orientation in the real attitude of a person to other people and through them to himself, his
professional activities and to the things of the objective world. Interpersonal relations
predetermine the personality development (Rubinshtein, 2002).

llyin in his work “Motivation and motives” emphasizes that almost all psychologists
define the personality orientation as a combination or system of the motivational formations
and phenomena (llyin, 2002).

The actions of any person are coordinated by activities and aims. Only a stable
prevailing of a necessity or interest, which together appear to serve as long-term motivational
attitudes, can form the main lifeline. Frequently, such are social attitudes associated with
interpersonal and public relations, and personal attitude toward professional activities (llyin,
2002).

The motivation stipulated by a sense of duty is regulated by an individual himself and
does not depend on his condition. His attitude can be sooner described as “I must...” than “I
wish ...” llyin states that a sense of duty actually gives a special psychological value to
motivation and human behavior as well as bears evidence of the social maturity (llyin, 2002).

Therefore, the initial level of the development of the motivational component of the
subject competencies in Medical deontology has been determined in terms of the professional
needs and interests of the medical students, the indicators of which include awareness of a
career choice, type of motivation to study at the higher medical educational establishment
(“professional” motives, motives of “personal prestige”, “pragmatic” and “educational”
motives, external factors), prevailing personality orientation (humanistic, professional, social,
business, and antisocial), motivation for communication, self-improvement and self-
development motivation, recognition of the practical significance of the academic course
“Deontology in medicine”, an interest in ethical and deontological education.
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Consequently, the level of the development of the future doctors’ subject
competencies in Medical deontology during the period dedicated to the basic deontological
education has been determined by us according to the medical students’ achievement of
certain levels of the development of the relevant components, namely: high, middle, and low.
We suggest the description of the indicated levels.

Motivational component

High level

1. High level of awareness of a career choice.

2. Domination of “professional” and “educational” motives to study at the higher
medical educational establishment.

3. Domination of the humanistic and social personality orientation that is

demonstrated in readiness to help others, altruistic behavior, and highly moral attitude of a
doctor to any individual.

4, Continuous  self-perfection and self-development, especially, of the
professional and personal qualities.

5. Recognition of the practical significance of the academic course “Deontology
in medicine”.

6. Stable interest in ethical and deontological education and acknowledgment of
the necessity to make it available to the students during the whole period of medical studies.

7. Constant readiness to contact and interact with people, to be a group member,

herewith having a great necessity in affiliation, that is, establishment of trust-based
relationships and mutual understanding during communication.

Middle level

1. Middle level of awareness of a career choice.

2. Domination of external factors as motives to study at the higher medical educational
establishment.

3. Domination of professional and business personality orientation.

4. Incontinuous self-perfection and self-development, especially, of the professional and
personal qualities.

5. Recognition of the practical significance of the academic course “Deontology in

medicine”, but there exists uncertainty if a medical student has got an interest in ethical and
deontological education and acknowledges a necessity to make it available to the students
during the whole period of medical studies.

6. Variable readiness to contact and interact with people, to work in the group, herewith a
necessity in affiliation is not enough, that is, establishment of trust-based relationships and
mutual understanding during communication is not a top priority for a medical student.

Low level

1. Low level of awareness of a career choice.

2. Domination of “pragmatic” motives and motives of “personal prestige” to study at the
higher medical educational establishment.

3. Domination of antisocial personality orientation.

4. A lack of self-perfection and self-development, especially, of the professional and
personal qualities.

5. A medical student does not recognize the practical significance of the academic course
“Deontology in medicine”, a lack of interest in ethical and deontological education as
well as acknowledgment of the necessity to make it available to the students during the
whole period of medical studies.
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6. A lack of readiness to contact and interact with people, to work in the group, herewith

a necessity in affiliation is low, that is establishment of trust-based relationships and

mutual understanding during communication is completely neglected by a medical

student.

We have diagnosed the level of the motivational component of the subject competencies
in Medical deontology by means of the author’s questionnaire “Professional needs and
interests of a medical student”.

On the basis of the analysis of the groups of subject competencies in Medical deontology
and content-analysis of the psychological, pedagogical and professional literature carried out
within the framework of the preparatory stage of this research we have developed a
questionnaire with the purpose of determination of the initial level of the development of the
future doctors’ motivational component of the subject competencies in Medical deontology.
The choice of questionnaire survey as a diagnostic technique was predetermined by such its
advantages: possibility of involvement of a great number of people, a time-saving procedure
requiring not so much efforts for its preparation and realization, fast processing of the results,
absence of influence on the respondents.

For avoidance of the subjectivism, that is getting socially approved answers from the
respondents, some questions have been varied and specified.

The questionnaire “Professional needs and interests of a medical student” has been
created with the purpose of establishment of the level of the development of the motivational
component of the subject competencies in Medical deontology. It is designed for the
individual work and contains 14 questions: 11 closed questions and 3 opened ones answering
to which the students have a chance to express their opinion. The closed questions include a
choice of a certain answer from the given list or such answers are offered as “yes, no (mark
why)”, “excellent, well, satisfactorily, do not understand”, “excellent, well, satisfactorily, do
not like to work in a team”, “high, middle, low”. It should be noted that questionnaire survey
is anonymous. Therefore, a probability of truthful answers is high enough. The questionnaire
makes the students realize what must be changed in their behavior, outlook, beliefs, strategies
and attitudes, and also draws their attention to the importance of analysis of their
achievements. In addition, by means of the questionnaire we have found out the level of
awareness of importance of the deontological education by future doctors during their studies
at the higher medical educational establishment.

Our research has covered 322 second-year students, getting their education in
«Medicine» (specialties 7.110101 *“Medical training”, 7.110104 “Pediatrics”, 7.110105
“Medico-psychological training” at the National medical university named after O.O.
Bohomolets). The analysis of the findings has been carried out in accordance with the marked
in Table 1 indicators.

The diagnostics of the level of awareness of a career choice took place by the analysis
of the answers to the question “When did you decide to choose the profession of a doctor?”
36% of the respondents answered that during two final years of their studies at the secondary
school, 35% decided to enter a higher medical educational establishment before completion of
the ninth year of the secondary studies. Taking into account the fact that 18% of the
respondents have been dreaming of the medical profession since their childhood, and that
their choice has been done consciously during their studies either at the Ukrainian medical
lyceum of the National Medical University or during their studies at other higher educational
establishments or after getting experience in some hospital, the faculty members must make
all efforts to ensure that the students which constitute the aforementioned 36% and 35% will
realize that their choice is perfect and they are moving in the right direction. 11% of the
medical students who chose the medical profession upon finishing the secondary school can
be considered that group of risk, which have decided on the professional career spontaneously
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without realizing their choice. Consequently, 18 % of the respondents have a high level of
awareness of the choice of the medical profession, 71% - middle, and 11% - low.

The type of motivation to study at the higher medical educational establishment has
been determined by the analysis of the answers of the respondents to the question “What
factors influenced on the choice of the medical profession?” Most students marked a few
factors, that is, only a combination of certain circumstances or conditions is that driving force
which induces future applicants to enter the medical universities. 25% of the respondents have
chosen the medical profession in order to acquire knowledge and skills in medicine and work
for the benefit of our society. 12,5% have made a decision to become a doctor after illness or
life accident, when it was necessary to deliver first emergency aid. 8% of the respondents
relate their choice to the experience in some medical activities. Therefore, “professional” and
“educational” motives make 45,5% of all respondents. The parents influenced on the choice of
16% of the respondents. Practically identical is frequency of such answers as “example of the
familiar doctor” (9%), “school subject” (9%), “a book, an article, a film, a TV-program”
(7%). The findings of the questionnaire survey demonstrate that such factors as “relatives or
friends”, “dynasty”, “a teacher” do not have a considerable influence on the applicant’s choice
of the medical profession. In fact, 42% explain the choice of the medical profession by the
influence of the indicated earlier external factors. This percent must be taken into account, so
as the external motivation is unsteady and means that at any time a student can acknowledge
the fallaciousness of the choice, as soon as influence of the external factors will diminish.
Therefore, the task of the faculty members is to develop the internal motivation of this group
of students, that is, “professional” and “educational” motives must go out on a foreground.
The expected financial reward or “pragmatic” motives make insignificant 0,7%, and motives
of “personal prestige” — 0,3%.

Prevailing personality orientation has been determined by us as follows: it has been
suggested to the students to define 5 professionally-oriented ethical qualities which above all
things must be formed and developed by a medical student during his studies. After
questionnaire processing we have got 5 professionally-oriented ethical qualities, which, in
opinion of the second-year students, have the most essential value for the professional activity
of any doctor: responsibility — 84%, attentiveness — 57%, willingness to help — 45%, readiness
to self-perfection and self-education — 40%, good organization — 34%. If to analyze the list of
the afore-mentioned qualities, from one side, all of them are positive, but, on the other side,
directed not at a person, in our case a patient, and community, but only at the professional
activity. These qualities determine the professional orientation of a person. The questionnaire
survey has revealed that humanism (23%) and readiness to self-sacrifice (13%) are not
considered by the medical students as top professional qualities, which a future doctor must
foster in himself, although these moral and ethical qualities are the criterion of any doctor’s
attitude to the world and have an effect on a humanistic personality orientation. Most students
have neglected professionally-oriented ethical qualities which represent an attitude of a doctor
to a patient (tactfulness — 20%, sympathy — 18%, respect — 12%, honesty —12%), in other
words, his social orientation. Taking into account modern tendencies in the development of
the health service, it is discouraging that only 3% of the students see a doctor initiative, and
5% consider that he must nurture in himself the leadership qualities. 0,6% of the respondents
consider business attitude as a positive professionally-oriented ethical quality of a future
doctor. However, a majority of students attribute it to the negative qualities. We, on the
contrary, would like to emphasize that such point of view is wrong taking into account the
realities of the modern life, when a concept «entrepreneurship» acquires a new value. In the
dictionary the word “entrepreneurial” appears as a synonym to “enterprising” or “zealous”,
accordingly meaning a “practical shrewdness, ability to carry the ball, initiative”. The
organizational and leadership skills determine a business orientation of a personality. The
findings of the questionnaire survey allow us to conclude that students realize negativity of
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such qualities as ability to manipulate ideas and other people, self-interest, aloofness,
inflexibility, arrogance, technicism, obstinacy, which all together predetermine an antisocial
orientation of a personality. Only 3% of the respondents included such qualities to top five
professionally-oriented ethical qualities.

The level of motivation for communication has been found out by the estimation of the
level of willingness of the medical students to contact and cooperate with people. 68% of the
respondents are continuously ready to contact and interact with people, 23% of the medical
students have variable readiness to contact and cooperate with people, and in 9% such
readiness is absent. 75% of the respondents successfully work in a team (to this category we
have included answers “excellent” (16%) and “well” (57%), and also 2% of those who mark
that they like to cooperate with others if they trust their team members). 16% of the medical
students can not succeed during teamwork, 9% dislike to cooperate with others. Consequently,
the level of motivation for communication has been determined by us as an average index
including willingness to contact and cooperate. 71% of the respondents have a high level of
motivation for communication, 20% - middle, and 9% - low.

The recognition of the practical significance of the academic course “Deontology in
medicine” has been determined due to the analysis of the students’ answers to the question
“Have you chosen the elective course “Deontology in medicine?” and by means of the task in
which the respondents have been asked to define the practical significance of this course. A
high awareness of the practical significance of the academic course “Deontology in medicine”
is confirmed by the fact that 83% of the students who have not been offered the indicated
course as it does not cover all the academic groups, 64% regret it. And out of 17% of the
future doctors who are lucky to have completed this elective course, absolutely all have
stressed its importance. Therefore, 81% of the respondents consider that the elective course
“Deontology in medicine” has high practical value, 16% - middle, and 3% - low.

The interest in the ethical and deontological education and self-education has been
established as follows: we asked the students to estimate, as far as well they understand the
value of ethical education and self-education of a personality of a future doctor. The results
are consoling enough, because 25% of the respondents “excellently” and 61% “well” realize
the outstanding value of spiritual growth of a future doctor, importance of the high duty
performance in the society. But 14% of the future doctors insufficiently or fully
misunderstand the role of ethical education and self-education of a personality that is
impermissible for such sort of a profession. It means that a great necessity and interest in
ethical and deontological education and self-education exists in 25% of the students, the
middle index of such necessity and interest — in 61%, and low — in 14%. In addition, from the
list of the compulsory preclinical academic courses of the second year curriculum, the
students have marked all without an exception disciplines. It means that, in their opinion,
every teacher must pay his attention to the issues of the general ethical and deontological
education of the future doctors during planning and organization of the teaching process. But
there are academic courses which have been mentioned by the students more frequently,
among them: “Care of patients” (84%), “Bases of psychology and pedagogy” (69%),
“Philosophy” (44%), “General surgery” (38%), “Foreign languages (professionally-oriented)”
(38%).

In order to determine the degree of maturity and evaluate perspectives of the second-
year students in the future, in other words, their aspiration to professional and personal self-
perfection and self-development, we asked the students to describe their greatest achievements
and explain their significance for their personal development. 19% of the respondents have
not got, in their opinion, any achievements. Such results testify to the personal immaturity and
indifference of a certain part of the medical students. These percents make the group of the
students with a low level of readiness to professional self-perfection and self-development.
The achievement, which 57% of the respondents is proud of, is an admission to the National
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medical university named after O.0.Bohomolets. That did not even lose the actuality during
the second-year course of studies. That testifies to the insufficient orientation of the students’
activities on self-perfection and self-development. Among other achievements success in
studies and professional activity has been more frequently mentioned making 20% and in
science, sport, music and art accounting for 4%. These latter 24% of the respondents will
make part with a high level of readiness to self-perfection and self-development.

The information on the initial level of the future doctors’ development of the
motivational component of the subject competencies in Medical deontology is presented in

Table 3.
Table 3. The initial level of the development of the motivational component of the subject competencies in
Medical deontology.

Criterion Indicator Results
Professional | Type of | Professional External Pragmatic Motives  of
needs and | motivation to | and factors motives the personal
interests of | study at the | educational prestige
the medical | medical motives
students university 45,5% 42% 0,7% 0,3%
The level of motivational | High Middle Low
component
Criterion Indicator | Results
Professiona | Prevailing | Humanisti | Social: Professional: Business: | Antiso
I needs and | personalit | c: tactfulness | responsibility- | initiative — | cial:
interests of |y humanism | - 84% 3%
the medical | orientatio | — 20% attentiveness — | leadership | 3%
students n 23% sympathy | 57% -
readiness - readiness  to | 5%
to self- | 18% help— entrepre-
sacrifice- respect- 45% neurship-
13% 12% self-perfection | 0,6%
honesty - | and self-
12% education —
40%
good
organization —
34%
The level of motivational | High Middle Low
component
Criterion Indicator Results
Professional Level of | High Middle Low
needs and | awareness of a
interests of the | career choice 18% 71% 11%
medical Motivation for | High Middle Low
students communication 71% 20% 9%
Motivation for | High Middle Low
self-perfection and
self-development 24% 57% 19%
Recognition of the | High Middle Low
practical
significance of the
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academic course | 81% 16% 3%
“Deontology  in
medicine”

Interest in ethical | High Middle Low
and deontological
education and

self-education 25% 61% 14%
The level of  motivational | High Middle Low
component
Conclusion

The review of the findings on the initial development of the future doctors’ subject
competencies in Medical deontology in terms of the motivational component demonstrates
that almost equal number of the students has a high and middle level of their motivation to
study medicine; a majority of them have a middle level of the motivational component in
terms of prevailing personality orientation, a middle level of awareness of a career choice, a
high motivation for communication, a middle level of motivation for self-perfection and self-
development, a high level of recognition of the practical significance of the academic course
“Deontology in medicine”, and a middle level of interest in ethical and deontological
education and self-education. Therefore, we suggest implementing Cooperative learning
structures into the teaching process. This will help the faculty members to ensure that the
students with a middle level of their motivation to study medicine and middle level of
awareness of a career choice will realize that their decision is perfect and they are moving in
the right direction and those with a high level will not be disappointed. Cooperative learning
will help to change a personality orientation of a medical student and make it more humanistic
and socially oriented. This technique will maintain the medical students’ readiness to
communicate and cooperate by developing their communication and teamwork skills; will
encourage their moral and ethical self-perfection, self-development and self-education. In our
further research we will determine the extent of the improvement of the level of the future
doctors’ subject competencies in Medical deontology in terms of the motivational component
resulting from the introduction of Cooperative learning structures into the teaching process.
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Abstract

The paper is the part of recent thesis submitted to Institute of Karachi. The topic of thesis
IS ‘studies on mangrove ecosystem with respect to biodiversity, productivity and nutrients
dynamics”. In this paper we present the present status of Indus delta mangroves with rspect to
the present studies done by the author. The present research article constitutes a report of
litter production and decomposition rates of Avicennia marina and Rhizophora mucronata
leaves from Hajambro creek, Indus delta located near active Indus river mouth and compared.
The total litter production was 4.78 tonnes ha™ year™. Extrapolating the data for the whole
mangrove covered area in the Indus delta; the figure comes to about 1.2 x 10° tone y™*. The
percent contribution of different components of the litter varies, with leaf-litter being the most
dominant component (about 50 %) of the total litter biomass. The rate of decomposition was
species specific, A. marina leaves decomposed faster (p<0.001) than the R. mucronata. The
time in days required for the loss of the initial dry mass (t50) was 49.55 days for the A. marina
and 44.43 days in case of R. mucronata. The initial loss may represent the leaching of
dissolved organic matter. The results showed that the breakdown of the leaf litter is species
dependent.

Keywords: Mangrove, indus delta, productivity, biodiversity, litter production, decomposition
rates, avicennia marina, rhizophora mucronata

Introduction
Research in Pakistan

Mangroves of the Pakistan have received limited attention and studies have been
limited to only accessible areas, mostly near Karachi. The preliminary assessment of family
Aviceniacae was assessed by Jafri (1966). Pakistan had many as eight mangroves species
(Saifullah, 1982, Saifullah et al 1994, Siddiqui et al. 2008), but at least four species (Brugeria
conjugata, Ceriops roxburghianna and Sonneratia casiolaris) appear to have been extinct
from Pakistan due to changes in the environmental conditions. Today only four species
(Avicennia marina, Aegiceros corniculatum, Rhizophora mucronata, Ceriops tagal) occur
naturally, of which the A. marina is the most dominant species (Siddiqui et al.2008) covering
90% of mangrove-covered forest areas.

Mangroves of Baluchistan are sporadic and confined only in few pockets at Miani Hor,
Kalmat Khor, and Jiwani (Gawatar Bay) (Siddiqui et al. 2008). Preliminary survey of the
forest structure of Blauchistan (Makran) coast has been reported (Saifullah and Rasool, 1993,
Rasool and Saifullah, 1996, WWF Report 1995).

The ecological studies, such as, on the distribution and abundance of mangroves
(Mirza, 1983) and litter production and decomposition (Siddiqui and Qasim 1986) was started
in 1980s. Mirza (1983) showed using remote sensing data that 2.6 million hectare is covered
by mangroves in the Indus delta. Latter on Mirza (1988) also conducted remote sensing
studies on mangroves of Indus Delta to give an overall picture of total distribution of
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mangroves covered areas. Pioneering work on litter production and decomposition in
mangroves at Karachi backwaters has been done by Siddiqui (1986), Siddiqui and Qasim
(1986 & 1988). Biochemical composition of mangroves foliage (Qasim et al, 1986) and
inorganic constituents of mangroves leaves (llyas et al, 1989) have been reported. Benthic
metabolism and sulphate reduction in mangrove soil in Pakistan has been studied (Ahmed, S.1
et al, 1993). In addition, two recent studies (Shafeeq, 2006 and Farooq, 2006) have studied in
detail litter production and decomposition, nutrient release in the mangrove environment
(Sandspit) and its ecology and also on the biogeochemical processes in the mangrove
sediments.

A number of studies are available on the identification and distribution of fauna and flora
in mangrove environment in Pakistan. These reports include studies on bacteria and
Cyanobacteria (Nuzhat, et al, 1995; Siddiqui et al 2000); algae (Saifullah and Rasool, 1988,
Saifullah and Taj, 1995), phytoplankton (Harrison, et al, 1995); zooplankton (Huda and
Ahmad, 1988); mollusk, such as telescopium (Barkati and Tirmizi, 1988), clam (); crabs ....;
Avifauna (Karim, 1988); fishes of mangroves area (Ahmad, 1988). A report on antibacterial
activities of Avicennia (Atig-ur-Rehman, et al. 1995) and mangrove oil (Nuzhat, et al, 1995)
showed the importance of mangrove in the pharmaceutical industry.

Mangroves forests of induc delta

The Indus delta, stretching from Karachi to the south-east to Sir Creek near Indian border,
is comprised of 17 major creeks, numerous minor creeks, and extensive areas of mudflats and
mangroves forests () is considered as seventh largest delta supplied by eighth largest drainage
area in the world (Wells and Coleman, 1984). Indus River has shifted its course from Gharo-
Phitti creek system to current location in the Khobar creek. The former have now become
abandoned tidal creeks with full strength seawater. Salinity of the active Indus delta (Khobar
creek) remains high during most of the dry period when downstream discharge is mostly
obstructed by the dams and dikes uphill. Salinity in the delta reduces only in the flood
condition (i.e. July — September).

The Indus River delta is ranked fifth largest semi-arid mangrove area in the world

(Siddiqui et al 2008, Senadaker ). Existing estimates show that 97% mangroves covered
(approximately 0.26 million hectare) in Pakistan in the delta region (Mirza et al 1988). Only
three species (Avicennia marina, Aegiceros corniculatum, Rhizophora mucronata) are
currently present, of which the A. marina (salt tolerant species) is the most dominant species.
Rhizophora species has been extinct and efforts are being made to rehabilitate this species in
the Indus delta. Rhizophora, however occurs as natural forest in mangrove forests along
Balochistan coast.
Mangroves forest along the Sindh coastal areas have been reported to have undergone
tremendous stress and destructions owing to the climatic as well as the anthropogenic changes
during recent past and hence the mangrove covered area decreased drastically ( Farooqui et al,
2012).

As mentioned above, Indus delta mangroves have been ignored largely due to
inaccessibility, despite the fact that these forests have undergone extensive deforestation.
Grazing by the camels and significant reduction of the downstream discharge of freshwater
appeared to be the major factors in this regard. Following the restrictions imposed by the
Sindh Forest Department on camel grazing, in the pat few years, in the areas around Ket-
Bunder emergence of new natural forests along with the planted species of mangroves (A.
marina and R. mucronata) are quite evident (Siddiqui et al. 2008). If the deforestation, both
grazing and cutting of trees, can be controlled and reduced sufficiently, a very drastic natural
regeneration of mangroves can be achieved (Siddiqui et al. 2008).

Reduction in freshwater has been considered as the factor impacting mangroves.
Runoff from Indus River has been reduced over past few decades and now only during flood
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seasons (summer) some water in the Indus delta finds it way down the Kotri-Barrage into the
creeks near Ket-Bunder ( Penatt J.C 1993), at this time salinity in creeks which usually
remains between 40 and 42 pot, reduced to 15 ppt in Hajambro creek near Ket-Bunder, or
even lower (7-9ppt) in creeks near Khobar, the main drainage site of the Indus (Siddiqui et al
2008). Similarly the suspended loads in the creeks also enhanced, as expected, during this
period. It ranged between 100-1250mg I in Hajambro Creek and Channels around that area
(Siddiqui et al. 2008). Much lower values (100-180 mg L™) have been recorded earlier from
Isaro Creek during non-flood period (Harrison et al 1997). Indus River Indus is needed to
flow into the coastal areas not only for freshwater but most importantly for sediment flux to
replace sediments withered during SW monsoon.

Main objective of the study

The main objective of the study was to understand the ecology and plant response in the
fifth largest mangrove forests in the Indus delta. The current research had its specific focus on
the assessment of productivity (litter production), litter decomposition.

Material and method
Area discription

Sandspit is located between Manora Island and Hawksbay at 24 ° 50’ N and 66 ° 56’E
while the Hjambro creek is situated at 24°08°789” N and 067°27°187”E of Karachi coast. The
Indus River in Pakistan has the seventh largest delta supplied by eighth largest drainage area
in the world (Wells & Coleman, 1984). During the summer monsoon seawater inundated both
the active and inactive parts of the delta, leaving behind evaporate salt deposition during its
retreat.

Climatic data

Climatic data, such as, temperature, humidity, and wind speed, were obtained from
Meteorological Department, Government of Pakistan for the study period and used to assess
the impact of climatic factors on the rate of litter production.

Litter production

The litter production study was carried out in two areas along Indus delta from April 1999
to March 2000 (Sandspit backwater) and during April 2005 to March 2006 (Hajambro creek).
The traps made up of PVC pipe frame (25 x 25 cm) and fitted with conical nylon bags (1 mm?
mesh), were used for the collection of mangrove litter. Three sets containing three traps each
were fixed randomly and secured under mangrove trees in such a way that traps remain
vertically upright and bags suspend above the high tidal water mark. The litter collected in the
traps was recovered bimonthly over a period of one year. The content of each trap was
carefully removed and placed in separate polythene bags and brought to the laboratory where
it was sorted into different component (i.e., leaves, twigs, flower, fruits and other
miscellaneous). All components were dried at 70°C for 48 hours and weighed. The weight of
the total litter and of each component produced in nine traps was averaged and calculated as
tones per hector per year.

Statistical analysis

Pearson correlation coefficient was used to evaluate the differences in total litter fall rate
with reference to physic-chemical parameters. Statistical analysis was performed using the
Minitab 14 software.

Assessment of leaf-litter decomposition rates
The decomposition of mangroves leaf-litter was studied using the litterbag technique
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reported by several scientists around the world (Siddiqui & Qasim, 1988; Tam, et al. 1990;
Shafique, 2006). Mature yellow senescent leaves of A. marina and R. mucronata were
collected from the trees in March 2006 and air-dried. Known weight of leaf samples were than
placed in nylon net bags (20cm x 25 cm of 1 mm mesh). Bags were incubated for 125 days in
the rhizosphere among mangrove plants and retrieved at different intervals. Residual leaf
material was carefully picked from the nylon bags, washed gently with distilled water and
then oven dried at 70 °C for 48 hours. Difference of initial and final weights gives the weight
loss at each time interval. Ash free dry weight (AFDW) was determined by igniting the leaf
material at 450°C for 8 hrs (Tam, et al. 1990). The total nitrogen in the decomposed material
and the sediments was studies according to the micro-Kjeldhal method.

Statistical analysis

The relation ship between percent AFDW remaining (Y) and sampling time (x) was
determined by simple linear (Y=a+bx) as well as simple negative exponential (Y=ae)
models. The decomposition rate constant (k) was obtained from the regression models and the
half life (t12)/k was calculated according to the equation t;,=(In2)/k.

Results
Assessment of litter production in indus delta

Litter production (leaf, fruits flowers and twigs) in the mangrove forests at Hajambro
creek was observed throughout a year. A distinct seasonal pattern in total litter fall was
observed at both sites (Fig. 1) with a lowest value in January and peaks in July . The average
total litter production in the region would be 4.57 tonnes h™ y™* (4.35 tonnes h™ y*; SB and
4.8 tonnes h™ y"* HC).(Fig 1 and 2).

The production of various litter components, such as, leaves, twigs, flowers, fruits and
miscellaneous, also vary seasonally at both stations. The percentage contribution of different
components of the litter contributes highest portion 60 % (HC)) of the total litter biomass.
However, low values were observed form from May to June., due to high production of fruit
and flowers. It is interesting to note that two peaks were recorded (in August to September
and February to March) (Fig. 1, 2 and 3). On the other hand, twigs, flowers, fruits and
Miscellaneous components contribute respectively about 12%, 28%, 5%, and 4.438% .
Flowering season appear to showing highest flower-litter in June h 5.53 gm day™ (Fig 1,2 and
3).

Similarly, maximum fruits litter was collected in August (1.39 gm day™). (Fig. 1, 2 and
3). Twigs fall was maximum in Jun, with 1.17 gm produced per day. The miscellaneous
unidentified components appear to vary greatly through the year with maximum in May (0.54
gmday™) .

Climatic data obtained from Meteorological Department shows seasonal variations in
wind speed, air temperature and % humidity. Only wind speed appear to have a significant
positive correlation (r*= 0.7) with total litter production.

The seasonal pattern of the litter production (the main part of this thesis, has been
expressed in Fig 3, and the pie-chart is shown in Fig 4 representing percentage of various
components of litter.

Decomposition of mangroves leaves

The decomposition pattern of both A. marina and R. mucronata showed a very rapid
early loss of the biomass, followed by a slower and steady decrease for the remaining period
of the experiment, (Fig 5). The early rapid loss appear to correspond with the leaching of
soluble organic material from the leaf biomass, as reported earlier in different studies around
the world (Steinke et al. 1983, Valiela, et al., 1985; Robertson, 1988; Tam et al. 1990; Steinke
et al. 1993b). Later on, the decomposition rate slows down due to the more resistant materials,
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such as cellulose and lignin, in the remaining leaf litter (Valiela, et al. 1985; Robertson,
1988). Such decay patterns were better described by the simple negative exponential
equations (Table I) rather than simple linear regression equations.

The summary of the regression equations for both the species (A. marina and R.
mucronata) were given in (Table 1). Although R. mucronata and A. marina had significantly
different regression slopes (p<0.01), but patterns of decomposition were not different from
each other.

Analysis of the variance showed that there were highly significant differences in the
percentage dry mass remaining between two species (p<0.001). Despite the similarity in litter
decomposition pattern of the two species, the leaves of R. mucronata decomposed faster with
a more rapid release of nutrients (nitrogen) than that of A. marina (p<0.001). About 90% of
the AFDW of the leaf litter of R. mucronata was lost from litterbags after 6 wk of
decomposition (Fig 5). At the end of 6 wk of incubation, leaf materials of R. mucronata were
difficult to identify and the residual material of homogenous texture remained inside the bags.
Similar observations were also recorded by Steinke et al. (1983). The decay constants of the
A. marina and R. mucronata were found to be 0.097 and 0.109 Wk, respectively (Table 1).

Discussion
Litter production

In the present study, leaf litter contributed 50-60 % in the total litter fall, which agrees
with the data reported by Steink & Ward (1988). The present study at SB and an earlier study
conducted at the same site (Siddiqui & Qasim, 1990) show differences in the production rate
indicating variation in litter production in different years. This could be due to variation in
different environmental parameters, such as growth condition, height of the tree, salinity,
temperature, evaporation, wind speed and nutrient input, etc., which regulate the production
rate (Lugo & Snedaker, 1974; Leach & Burgin, 1985; Woodruff, 1982; Pinto, 1992; Slim et al.
1996; Shanula and Whittick, 1999; Ake-Castillo et al. 2006). Generally, litter production
values for mangrove forests worldwide range from 2 to 16 t ha™ per year (Twilley & Day,
1999). Tree height (growth condition) has been particularly considered as one of the major
controlling factors in litter production by Woodroffe et al. (1988) who categorized the
production rate and tree height relationship. For example, tree height exceeded 10 m produces
litter upto 8 t.h™-.y* and lower litter production (3 t.h™. y™) has been attributed to a dwarf
mangrove stands (Woodroffe et al. 1988). Comparing this data with the present study where
tree height, for example, is between 10-15 m at SB, the rate of litter fall (4.35 th™y™)
appeared to be lower than expected considering the tree height. On the contrary, height of the
trees at HC corresponds to dwarf type mangroves but the total litter production (4.8 t.h™.y™)
reported here is slightly higher than what is suggested for dwarf mangrove (Woodroffe et al.
1988). This suggests that there ought to be some other factors than tree height which influence
the litter fall, such as wind speed, fresh water input and climatic conditions, etc. Our result
also shows a significant positive correlation between litter production and wind speed (r’=
0.7). Therefore, it may be suggested that wind speed is more dominant factor than tree height
in controlling the litter production in this area.

The present study constitutes first report on litter production in the mangrove forests of
Indus Delta. Two sites that are compared in this study show seasonal variations in the total
litter production with highest fall in autumn (September/October). The total litter fall at both
the stations is more or less the same, but the flowering season appears to differ at both
stations. Leaf litter constitute the major component of the total litter production throughout the
year. On the other hand, flower and fruit production remain confined only to a specific period,
but contribute significantly to the observed peak in that period.
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Mangroves leaves decomposition

Since leaves of both species were exposed to the same environmental conditions, so
the differences in the decomposition rates are probably due to the differences in the leaf
morphology, texture and chemical composition. Differences in leaf quantity are known to
affect decomposition rates (Robertson, 1988; Basuguren and Puzo, 1994; Twilley et al. 1997).
Different decay constant had been recorded for different mangroves species in different
geographical location and in different regions, probably due to the differences in the nitrogen
and tannin contents (Van der Valk & Attiwill 1984; Valiela, et al. 1985; Steinke, et al. 1993b;
Wafar, et al. 1997). Plant material with a higher lignin contents or a higher C:N ratio are more
refractory, and thus decompose more slowly than plant materials with relatively low lignin
contents or a relatively low initial C:N ratio (Valiela, et al. 1985; Robertson, 1988; Steinke,
et al. 1993b). A. marina leaves were reported to have comparatively lower initial C:N ratio
(high nitrogen content) than R. mucronata (Rao, et al. 1994; Wafer, et al. 1997) and would be
expected to decompose faster (Wieder and Lang, 1982). The initial N content of leaves
recorded in the present study for both species was similar. Therefore our result that R.
mucronata decomposes faster as oppose to previous studies may be due to the lignin content
in leaves of the two species. Moreover, leaves of A. marina have more conspicuous and well-
developed fibers and sclereids than those of R. mucronata (Valiela, et al. 1985; Robertson,
1988; Steinke et al. 1993) and therefore reduce the decomposition rate as observed in the
present study.

The relatively thicker leaves with a cuticle of A. marina and R. mucronata would offer
resistance to degrading organisms, thus reduce the decay rate (Tam et al. 1990). Initial N
content of both species was low and showed increases probably due to microbial colonization
(Fig 6).

The litterbag method may underestimate actual decomposition but will reflect trends
and allow comparison among species and sites (Wieder and Lang, 1982). The mesh size of the
bags allows small invertebrates, fungi and bacteria to access to decaying leaves, but the large
invertebrates, such as, crabs which are a major competitor in leaf degradation (Steinke et al.
1993a,b), are excluded. The role the large macro-invertebrates in breakdown of mangrove leaf
was investigated by Ashton (1999) through leaf tethering experiments. There are many other
factors that also contribute to the rate of decomposition of detritus, such as salinity and
aerobic/ anaerobic conditions (Mall, et al. 1991), soil redox potential (Alongi, et al. 1998),
total organic nitrogen concentrations related to heterotrophic activity (Valiela, et al. 1985;
Robertson, 1988; Steinke et al. 1993b), exposure to the sun (air & soil temperature) (Mackey
and Snail, 1996) and desiccation (tidal inundation) (Robertson, 1988). During decomposition
significant amount of nutrients (Steinke et al. 1993b) and organic matter (Lu & Lin, 1990)
release from leaf detritus, which support forest productivity and food web.
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Fig 1. Changes in the contributions of various litter components to total litter Production throughout
2005-2006 in active Indus deltaic area, Pakistan.
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Figure 6. Total nitrogen (%DW) remaining in the residual leaf in the bags, during the process of decomposition

Tables
Table I. Simple Negative exponential regression equations (Y=aekx or Y=In+Kx) on % of the litter mass and its
nitrogen remaining in the litter bags () against time (X) during decomposition of A. marina (Am) and
R .mucronata (Rm)

Parameters Plant species Regression Equation k (d?h t12(d)
%AFDW remaining Am InY=4.605-0.013988X 0.014 49.55
Rm InY=4.605-0.0156X 0.016 44.43
%N remaining Am InY=4.605-0.00629X 0.006 110.2
Rm InY=4.605-0.0025X 0.003 81.55
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Abstract

White-tailed Eagle (Haliaeetus albicilla) is the biggest bird of prey from the Republic
of Moldova which recorded a drastic decline until the 19" century. In 2001 it was mentioned
only as probable breeding species in the 2nd edition of the Red Book of the Republic of
Moldova. The threats of this species are unknown for our research area and the studies on
White-tailed Eagle are more than 30years old. During 2012 - 2013 we have conducted a
survey programme for the White-tailed Eagle in Western Republic of Moldova to search for
breeding evidence or to identify suitable habitats. During our surveys we have discovered 4
breeding pairs in the riparian forests from the Prut River. All nests were recorded on poplar
(Populus sp.) in areas with fish farms or big lakes. Three of them had two fledglings in 2013,
which implies a good feeding area. In April 2013 we have recorded an adult bird with a
territorial behaviour, near the Dniester River, but we couldn't find the nest.

This is the first White-tailed Eagle survey after 1981 from the Republic of Moldova. In
the next years we plan to cover the entire territory of the country in order to record all the
breeding pairs of this species or to identify the suitable habitats.

White-tailed Eagle is a protected species for the Republic of Moldova being listed in
Annex 3 of law 439/1995 (Republic of Moldova) as endangered.

Keywords: White-tailed Eagle (Haliaeetus albicilla), Republic of Moldova, ecology,
breeding, distribution

Introduction

The White-tailed Eagle (Haliaeetus albicilla) is one of the largest birds of prey from
the Republic of Moldova and also from Europe. A drastic decrease of the world population
lasted until the second half of the 20" century (Tucker and Heath 1994). In the last decades
the population started to increase in some parts of its range mostly due to the abandonment of
pesticides and the legal protection in most European countries (Helander and Stjernberg
2002). The population of the Danube River basin, where the Republic of Moldova population
is situated, is increasing (Schneider - Jacoby et al. 2003). Now it is evaluated by IUCN as
Least Concern (BirdLife International 2013), but it is protected by the Bird Directive
(2009.147.EC) being listed in Annex I, by the Bern Convention being listed in Annex Il -
strictly protected species and by the Convention on Migratory Species.

In the Republic of Moldova the population started to decrease in the second half of the
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20™ century, mainly due to the increase of localities size and number, industry development,
wetland drainage and to the large scale usage of the DDT (Averin, ed. Vol. |1 1970). The last
identified nest was in 1971 and since then there has been no data regarding the breeding pairs
(Averin 1971, Uspenskii 1981, Red Book of the Republic of Moldova 2001, Munteanu 2010).

The characteristic breeding habitat of the White-tailed Eagle differs considerably along
the species range. In Romania, the nests are built mainly in the crowns of tall, strong, mature
trees which are close to wetland areas. The White-tailed Eagle can also breed on cliffs (Hauff
2001) but this is mainly specific for those which breed near big water bodies. In Croatia, more
than 95% of the population breeds at altitudes lower than 140 m above sea level and are
further than one km away from the nearest human settlement, regardless of the availability of
forests (Radovi¢ and Mikuska 2008). On the other hand, in some areas in Poland some pairs
show a decreasing degree of vulnerability to human influence, one pair nesting only some 400
m away from village buildings (Mizera & Szymkiewcz, 1991). For the Moldavian population
which was recorded in the past, there is no data regarding the breeding habitat characteristics,
except one nest from the south-eastern part of the country. This nest was occupied for 10
years, being located near the Dniester River, in a floodplain forest (Gania 1965). There is no
available data regarding the anthropic pressure, but this threat was identified in other
countries, like Croatia (Radovi¢ and Mikuska 2008) or north-western Tartumaa (L6hmus
2001). But the disturbance distance varies according to age and individual tolerance (Radovi¢
and Mikuska 2008).

The White-tailed Eagle is a poorly studied species for the Republic of Moldova
especially in the last 40 years. The aim of this study is to assess the distribution of the White-
tailed Eagle in the Republic of Moldova and to analyse the population status, breeding habitat
selectivity and threats.

Main Text
Material and methods

The study area consists of the Republic of Moldova territory which is situated between
the Prut and Dniester Rivers (33 843,5 km?). The landscape is highly fragmented, represented
by hilly areas and relatively low plains, with a general north - west to south - east slope. The
highest levels are in north - west and central part of the country - 300 - 400 m asl., while in the
southern part, the altitudes range is between 100 -200 m asl.

Regarding habitats, the area is characterised mainly by highly fragmented agricultural
fields, hilly deciduous forests, grassland and floodplain forests. The floodplain forests
flanking the Prut and Dniester Rivers have medium age as well as old-growth trees.

During November 2012 - August 2013 we have conducted a counting programme in
order to identify the breeding pairs of the White-tailed Eagle or characteristic habitats for this
species. In order to be more efficient, we identified the forest areas adjacent to the Prut and
Dniester Rivers using satellite imaging data correlated with field observation. Following this,
in the months of November 2012 - February 2013 we have selected 6 squares of 2 km? each in
forests along the Prut River and 4 squares of 2 km? each in Dniester River forests where we
conducted transects in order to identify the nests of the White-tailed Eagle. The lack of foliage
in the trees during the winter season offered the best conditions for spotting the nests. We
covered the entire surface of the selected squares during the winter months. To identify the
square limits and to mark the location of potential nests, we used Garmin Oregon 450t and
Garmin GPSMap 62 GPS devices. For visual observations we used Nikon Monarch DCF 10 x
42 and Olympus 10 x 42 EXWP binoculars. After we identified potential nests of the White-
tailed Eagle, we checked them in the breeding period, in order to confirm the breeding target
species. For this, we used fixed observation points method. We took advantage of a high level
area that gave us a good view over the potential nest. Using a Carl Zeiss Victory Diascope 65
T FL Fieldscope, we monitored the activity over the nest site. This method was also used to
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identify the White-tailed Eagle activity in other areas where no potential nest was previously
identified. This is a non-invasive method and we chose it because we did not have any data
on the influence of human disturbance on White-tailed Eagle.

For each nest we took the GPS position and the data during the breeding period was
recorded in a GIS database in order to calculate the habitat structure around the nest, the
distance between the occupied nests or to the nearest locality or lake/fish farm.

To detect possible differences between the land use structure around the nests, we used
Friedman’s repeated-measures analysis of variance (F;).

The GIS data was analysed in Quantum GIS, v.2.0.1. and the statistical calculation
were conducted in R statistical software, v. 3.0.2.

Results and discussions

For more than 40 years, in the Republic of Moldova, there were no surveys conducted
for the White-tailed Eagle and the population of this country was unknown. In all this period it
was assumed that the breeding population of the White-tailed Eagle could be represented by 3
pairs (Uspenskii 1981), but there were no data regarding the possible nests location.

During our surveys, we checked 10 squares of 2 X 2 km which were selected on the
Republic of Moldova main rivers, Prut and Dniester. We found 4 breeding pairs on Prut River
and one possible breeding pair on Dniester River (Figure 1). All the nests were built on poplar
(Populus sp.) even if near the tree where the nets was placed were other tree species, as
willow (Salix sp.) or oak (Qurecus robur). The species is known to nest in strong mature trees
such as pines (Pinus sp.), especially in northern regions like Poland (Mizera & Szymkiewcz,
1991), beech (Fagus sp.), oak (Quercus sp.). Closely to our region, in Serbia, 5 of nests are
located in poplar trees (Ham and Tukanov 2014).

The first nest is located in the northern part of the Republic of Moldova, near Stanca-
Costesti Lake. The land use structure is represented mainly by arable land, followed by
wetlands and water surfaces, pasture and herbaceous vegetation and forests (Table 1).

The second nest is located in a National Scientific Protected Area (Padurea
Domneasca forest). This is the only nest which is in a protected area. The land use structure is
represented mainly by forest, arable land and pasture and herbaceous vegetation (Table 1). For
this nest, wetlands and water surfaces have a low representation of only 4.2 % and is
represented mainly by oxbow lakes.

The third nest is located close to Cirja - Mata - Radeanu Romanian fish farms. The
land use structure is represented mainly by arable land, wetlands and water surfaces, pasture
and herbaceous vegetation and forest (Table 1).

The fourth nest is located near Manta fish farm and Manta Lake. The land use
structure is represented mainly by arable land, wetlands and water surfaces, pasture and

herbaceous vegetation and forest (Table 1).
Table 1. The land use composition near the White-tailed Eagle nest, with a buffer area of 5 km from the nest
location. The values are in percentages.

land use name Stanca-Costesti Domneasca Cirja - Mata - Manta nest
nest Forest nest Réadeanu nest
wetlands and water surfaces 17.15 4.20 17.80 28.32
localities and industrial areas 8.23 9.07 2.58 2.23
arable land 37.89 35.13 57.38 34.18
pasture and herbaceous 14.65 12.18 10.79 21.32
vegetation
forests 13.72 37.12 7.77 9.94
fruit tree plantations 0.76 0.47 0.40 2.11
vineyards 0.94 1.50 3.29 1.89
other land use 6.67 0.32 0.00 0.00
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surveys. Data was processed in Quantum GIS, v.2.0.1.
Figure 1. The distribution of the White-tailed Eagle in the Republic of Moldova recorded during the 2012 - 2013

Comparing the land use structure between the nests we cannot find a statistical
significant difference (F, = 0.80, p = 0.85). An optimal habitat for the White-tailed Eagle
population should have a high percent of water surface (Krone et al. 2013), though nests can
be found at a distance up to 10 km from the hunting territory (Glutz at al. 1971). For these
nests, water is an important habitat but the surface is not the key element. Considering that
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White-tailed Eagle inhabits river valleys, this land use structure is normal for our country and
the lakes and fish farms are rich in fish stock.

All four nests are in the border protected area where access requires special
permission, fact which keep the human disturbance at a very low level. This area is strictly
monitored because it is the border with the European Union and the river banks are very
sparsely populated because this is where the western border of the U.S.S.R. was.

The minimum distance between two nests was 29.4 km and the greatest distance was
172 km. This distance is quite large, but it could be explained by the habitat availability.
Being a raptor with a large percent of its diet being represented by fish, the White-tailed Eagle
will select those areas with water surfaces and especially with fish farms which are rich in fish
stock.

Comparing the two main river valleys from the Republic of Moldova, there are big
differences regarding the land use and human density (Table 2). Near the Dniester River there
are larger surfaces with artificial habitats (76.49 %) than the Prut River (67.6 %). Also, the
number of inhabitants is much higher near the Dniester River (767245, 2004) than Prut River
(213800, 2004). Another important difference, is the access to forests and near the river, the
Dniester being only a short distance away from the border with Ukraine. Because of this, the
Dniester has a higher disturbance level, with many localities on the river bank. However, an
adult bird was observed near Salas fish farm, close to the Dniester River. This individual

behaved as a breeding one but we could not find the nest.
Table 2. The land use on Prut River valley and Dniester River valley with a buffer of 5 km from the river.

land use name Prut River (%) Dniester River (%)
wetlands and water surfaces 5.3 4.16

localities and industrial areas 9.96 13.12

arable land 51.30 54.94

pasture and herbaceous vegetation 14.55 7.20

forests 11.04 11.40

fruit tree plantations 1.71 5.23

vineyards 4.63 3.20

other land use 1.51 0.75

Four pairs of White-tailed Eagle for the Republic of Moldova is a small population
but if we consider the absence of breeding evidence for more than 40 years, this data is highly
important for the bird population. Also, the new breeding pairs of the White-tailed Eagle is an
indicator for habitat recovering on the Prut River. The White-tailed Eagle population
decreased in all the species range during the second half of the 20" century (Tucker and Heath
1994). In Romania, the neighbouring country, the White-tailed Eagle population decreased
from 92 pairs in 1986 until 15 - 18 pairs in 2000 (Cramp and Simmons 1980). But in the last
years the White-tailed Eagle population from Romania started to increase. In Ukraine the
White-tailed Eagle breeding population started to increase after 1970 when there were only 20
-30 pairs (Brauner 1984) until 1991 when there were recorded 41 - 45 pairs and in 2009 were
recorded 100 - 120 pairs (Akimov 2009).

For the next years we will select other 2 X 2 km squares to be investigated in order to
have complete data on this species. Being a large bird of prey, its population status could
represent a very important indicator for ecosystem stability and function.

Conclusion

During 2012 - 2013 we investigated 10 squares of 2 x 2 km in order to identify the
White-tailed Eagle breeding pairs or characteristic habitats. After this surveys 4 breeding pairs
came up and another one which is recorded as possible breeding. This is the first data on
species breeding after 40 years.

All 4 breeding pairs of the White-tailed Eagle are located near Prut River in the border
protected area. There is no difference between the land use structures around the nests. The
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nests are close to water bodies, habitats suited for its feeding habits.

Prut River is sparsely populated and the natural habitats from this area are protected by the
border territory which require a special permission for access. This important factors may lead
the nesting of White-tailed Eagle in the flood plain forests from this area.
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Abstract

Current study provides new openings for the sustainable generation of energy by using
Microbial Fuel Cells (MFCs) biotechnology. We constructed a MFC using the Indus River
sediment soil and water with their microbial flora without adding any additional chemical
source of energy. In resulted MFC, voltage readings were observed and their significance is
calculated statistically. Furthermore, based on present findings we have proposed a microbial
fuel generator model for the Indus River in Pakistan, which can be executed any where in the
world.

Keywords: Microbial Fuel Cells, MFCs, Indus River, Microbial flora, Energy generation

Introduction

Energy has remained a priority area of research all the times in the world (Asif et al.,
2007). At the movement, a range of energy sources are in use (Asif et al., 2007). However, a
much focus is on renewable and sustainable energy solutions (Du et al., 2007; Lovley, 2006).
In this regard, biotechnology has introduced MFCs as a candidate product for sustainable
production of electricity (Potter, 1911; Lovley, 2006).

MFCs are bioelectrochemical systems that produce electricity from the catalysis of
organic matter by the interplay of aerobic and anaerobic microbes (Logan, 2009). The
decomposition of organic compounds leads to natural production of electrons that enter into
the circuit via the anode (Potter, 1911). This transfer can happen in two ways: whether with
the help of soluble chemical mediators or the electrons are directly deposited on the anode by
bacterial biofilm. On other hand the protons, which are generated in the process, migrate to
the cathode through the electrolyte and are reduced to form water (Bullen et al., 2006).

The first demonstrations of MFCs are credited to a professor of botany from
University of Durham in 1911, who demonstrated the development of electric potential as a
function of degradation of organic compounds by microbes in crude yeast cultures and
cultures of E. coli. Potter also showed the production of 1.25 milli Amperes of current in a set
up consisting of 6 cells connected in series, where copper plates were employed as electrodes
(Potter, 1911). In early 1930’s, Cohen reported the production of up to 35 Volts from MFC
units connected in series (Bullen et al., 2006). The research in this field was resurrected in the
1970’s, with researchers looking to improve the technology by studying different bacterial
cultures and redox mediators (Tanaka et al. 1983; Delaney et al. 1984). In the light of these
investigators findings it was observed that river sediments soils and water with their natural
microbial flora are capable to host microbial electricity generators (Reimers et al., 2001), but
little attention has been paid on the optimization and applicability.
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MFCs may potentially be used to indefinitely power oceanographic instruments which
can be deployed in situ (Reimers et al., 2001), in wastewater treatment (Yu et al., 2012) and as
power source in off-grid locations (Ajayi and Weigele, 2012). The simplest design among all
MFCs is a sedimentary soil and water (along with their microbial flora) MFC, the principle of
which is to harness electrical energy from microbes present naturally in river soil sediments
under water and in flowing river water. The power generated in such a design is dependent
upon electrode design, size and metal type, sediment composition, water quality and its
microbial flora (Bandyopadhyay et al., 2013; Sacco et al., 2012). The other factors may
include seasonal variations in environmental variables (Nielsen et al., 2007).

Scientists have tried MFC model in oceans. In these cells the anode plate is placed
below the sediments and the cathode is made to float in top of seawater (Reimers et al., 2001).
‘Benthic’ MFCs were developed and deployed at sediment-water interface on experimental
basis and showed significant potentials for their use (Reimers et al., 2006). Reimers et al.
(2006) reported one such case of two MFCs deployed at Monterey Canyon, California, for
studying voltage and power production and analyzing enriched microbial communities around
the anode. Later on Reimers et al., (2006) and Mohan et al. (2009) showed stagnant water
bodies with algal mats at their surfaces as better sites for benthic MFCs. A number of
sedimentary systems have also been prepared and evaluated (Ajayi and Weigele, 2012; Song
et al., 2011). The aim of such finding is to keeping the cost minimum as it could be and to
provide an electrical source in off-grid areas. Ajayi and Weigele (2012) experimented upon
bio-batteries for off-grid areas using terracotta flower pots and carbon electrodes without
using any catalyst. They further enriched the microbial flora by river sediments inoculums and
concluded that using different soil inocula give different results, due to differences in the
composition of the sediments. The same evidence was observed in research of Song et al.
(2011).

In Pakistan the science and technology of MFCs is a virgin field. Scientific reports are
scanty for the evaluation and characterization of the local river soil sediments and water along
with microbial communities for their potential use in microbial fuel generators. There are
many studies on MFCs constructions in abroad in which researcher have proved experimental
evaluation of MFCs developed from soil sediments and waters with their microbial obtained
from different lakes and rivers of the world (Zhao et al., 2012; Hong et al., 2009) and
evaluation of bacterial communities that play a major role in such complex systems (Mocali et
al., 2013; Pisciotta et al., 2012; Song et al., 2011). In this paper, an effort has been made to
evaluate the Indus river sediments soil and water for its potential use in sustainable generation
of electricity. The specific objectives of this paper were to: (a) Construction of a MFC using
the Indus river sediment soil and water along with their microbial flora without the input of
any catalyst or external energy source and (b) preparation of a microbial fuel generator model
for the Indus River.

Materials and methods

The Indus River soil (Weaver and Mickelson, 1994) and water (APHA, 1995) samples
was obtained from Kund Park (District Attock) at the point where the River Kabul falls in the
Indus River (Fig. 1). We constructed lab scale MFCs in a 250 mL glass bottles (Fig. 2 & 3).
Each bottle was filled up to 5-6 cm with river soil. A carbon electrode (anode) was buried in
the soil for the hosting of anaerobic biofilm on its surface. For current flow an insulated
copper wire was connected with this electrode. The rest of bottle is filled with river water. In
the same way the second carbon electrode (cathode) was suspended in water for hosting of
aerobic biofilm. During investigation, the whole apparatus was kept in room temperature and
conditions. Voltages on anode and cathode terminals were recorded manually with Multi-
Tester (Model: Samwa YX-360, China) on daily basis for 40 days. We performed our

56



experiment in triplicate. For voltage parameter variations standard deviation and average was
calculated. Resultant data was presented graphically.

Results

All MFCs constructed during this study shown significant amount of voltage in their
outputs. The time and average voltage relationships are shown in Fig. 4. During triplicate
experiments the measurement of average voltage ranged between 0.4 V to 0.6 V and standard
deviations vary along 0.07 to 0.14.

Disscussion

MFCs are attractive sustainable energy generation sources because they are
environment friendly, with zero-carbon emission (Lovley, 2006) and can be applicable to
small and large scale processes (Bullen et al., 2006). Current study was focused on
demonstrating the phenomenon potential in the Indus River sediment soil and water coupled
with their microbial activity. All the MFCs which are constructed during this study showed
the significant amount of electricity generation. During replication experiments we obtain
very low value of standard deviation which increases our confidence on average voltage. Fig.
4 depicts that initially, form the day first, the voltage is very low but with the passage of time
notable boost is observed. This explains the positive correlation exists between ‘the biofilm
formation for electricity generation on anode and cathode terminals’ with the “time’. During
this “time’ the biofilm stabilizes itself on the surface of carbon electrodes. The development of
a biofilm on the anode in a sedimentary MFC is considered vital for the steady current
production and maintenance of voltage (Franks et al., 2010).

Different studies have been conducted on sedimentary MFCs on different levels. Song
et al. showed in 2012 the performance of six sedimentary samples obtained from different
sites within the Lake Taihu. The maximum voltage that one of the samples in the study gave
was 0.58 volts (employing a 1000 Q resistance in the external circuit) equating to 112 mW/m?
power density. Further in his studies some samples failed to produce any substantial voltage at
all (Song et al., 2012). Reimers et al., 2006, demonstrated voltage production in deep-ocean
cold seep at Monterey Bay, California in two benthic Microbial Fuel Cells, which were
observed for their effects for a period of 125 days. They also conducted two lab scale
experiments. a) The cathode of the deployed benthic MFC gave a maximum potential of 0.384
volts (against Ag/AgCl reference electrode) and the anodic potential dropped to 0.427 volts
against the same reference. a) The lab scale set-ups gave 0.65 volts and 0.3 volts.

In our experiments, all MFCs gave voltages, the observed peak values being ranged
between 0.4 and 0.6 volts. These voltage values were found to evolve over time till the
stabilization of biofilm (Fig. 4). The voltage readings increased noticeably around 14 day of
experimentation and were found to stabilize after 25 days of operation. Our developed MFCs
are environment friendly as no catalyst or additive was used for controlling any of the
biochemical reactions which are happening within the cells. Based on our lab findings, we
have proposed a Microbial Fuel Generator model for the Indus River (Fig. 5). It depicts the
feasibility of such a system at large scale. But before moving to this large scale mega
investment, there are few new question which need to be addressed in advance. What kinds of
materials are best for electrode manufacturing for hosting of biofilm for a particular river or
lake for maximum production of electricity? Environmental factors which influence the
production of electricity required to be identified. The pressure of seasonal variations along
with climate change should be investigated. Similarly, the microbial diversity across the
biofilm can be another aspect of the study.
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Conclusion

Form above discussion it is concluded that the MFC biotechnology is an emerging
field for sustainable energy production. The Indus River natural microbial flora is capable of
biotechnological production of electricity. There is immediate need of the time that more
research and data should be generated by scientists for the practical execution of the project.
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“Fig. 1. The Indus River sediment soil and water sampling site (Red dot).
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Fig. 2. Lab scale MFC Construction
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Fig. 3. Working scheme of lab scale MFC
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Fig. 4. Electricity generation in MFCs during experimental period
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Abstract

Several studies have demonstrated that natural organic matter (NOM) can reduce
toxicity of most toxic chemicals through sorption /complexation processes. In the area of
nanoecotoxicology, this has also been demonstrated. The sorption of NOM on to the
nanoparticles (NPs) has further been lauded for particle stabilization and hence lessening the
effect of particle aggregation. Comprehensive understanding of NOM — NPs interaction can
help improve our predictive capability of fate and transport of nanomaterials in the aquatic
environment. In this study, the particle stabilization of NOM on both sonicated and non-
sonicated TiO,NPs at different pH values was examined. The study further examined the
sorption of NOM to TiO,NPs at the same pH values. The unsorbed NOM was separated from
the sorbed by both ultracentrifugation and 50 nm polycarbonate membrane filters (the results
of both methods agreed to within 3%). The dynamic light scattering (DLS) technique was
used to characterize the aggregates. The PALS Zeta potential analyzer was used to estimate
surface charge. The total organic carbon was measured by the Total Organic Carbon
Analyzer- Shimadzu (TOC-VCPH). The results indicated that the NPs stabilization by NOM
was pH dependent and was more pronounced at higher pH, but lowest at pH values close to
the point of zero charge (PZC) for the TiO,NPs. The ability of NOM to stabilize non-
sonicated NPs was found to be mild. As expected, the sorption results showed that the least
amount of NOM was sorbed at higher pH, despite the observation that the highest stabilization
occurred at higher pH.

Keywords: NOM, TiO, nanoparticles, stabilization, sorption

Introduction

Humic substances are a series of relatively high molecular substances that are
ubiquitous in the environment (Koopal et al. 2005; Wang et al. 2010). The interaction of
humic substances through sorption can affect fate and transport of various chemicals in the
environment (Chen et al., 2003) including that of nanoparticles (NPs). Several studies have in
fact shown that humic substances can form surface coatings or sorb to NPs surfaces in
aqueous solutions (Amal et al., 1991; Baalousha et al., 2008; Yang et al., 2009; Keller et al.,
2010). Such surface coating of NPs or particle encapsulation by NOM presumably affect
aggregation behavior, resulting in reduced aggregation through a number of mechanisms such
as anion exchange (electrostatic interaction), ligand exchange, hydrophobic interaction,
entropic effect, hydrogen bonding, and cation bridging (Baalousha et al., 2008; Yang et al.,
2009). However, other studies have also shown that any concentration of NOM in aqueous
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solution at or below the critical coagulation concentration (CCC) can enhance aggregation,
presumably through charge neutralization and bridging mechanisms (Stumm and Morgan,
1981; Illes and Tombacz 2006; Keller et al., 2010). This interaction of NOM with NPs has
interesting toxicological implications as it can influence particularly the chemistry (fate,
transport and bioavailability) and physics (optical properties) of nanoparticles as both have
influence on the NPs behavior and toxicity in agueous environment (Stedmon et al., 2003). If
the NOM-NPs interaction results in enhanced aggregation, sedimentation may occur (Scown
et al., 2010; Keller et al.,, 2010). This would inevitably lead to reduced exposure and
diminished effects on water column (pelagic) organisms, but potentially increasing adverse
effects on the benthic organisms (Scown et al., 2010). However, when NOM-NPs interaction
results in particle stability (Yang et al., 2009), there can be prolonged exposure of water
column organisms and possibly increased transportation of the NPs over long distances
(Baalousha et al., 2008; Scown et al., 2010). Whether this would result in increased negative
effects or not, it may probably depend on the nature and strength of NOM-NPs complexation
and on the environmental conditions (presence of adsorbates with higher adsorption affinity in
guts of organisms).

The NOM is considered a flexible polyelectrolyte that has anionic functional groups
with hydrophobic components (O’Melia, 1990). Structurally, its configuration can be affected
by the pH and ionic strength of the aqueous solution in which it is dissolved (O’Melia, 1990;
Stumm and Morgan, 1996). In fresh waters with moderate pH and relatively low ionic
strength, its molecules assume extended shapes (structurally relaxation) as a result of
intramolecular electrostatic repulsive interaction (O’Melia, 1990; Stumm and Morgan, 1996).
However, in low pH environments the NOM molecules coil (aggregation), while in high pH
environments, their molecules extends (relaxation) (Hudson et al., 2007), a situation likely to
influence NOM-NPs interactions.When metal oxide NPs are introduced into the aqueous
solution with dissolved NOM, surface ligand exchange (carboxylic or phenolic with surface
hydroxyl groups) occurs augmented by hydrophobic interaction from hydrophobic
components (Stumm and Morgan, 1996; Yang et al.,, 2009). This can result into the
accumulation of negative charges on the surfaces of the metal oxide NPs causing electrostatic
stabilization (Yang et al.,, 2009) and hence particle stability. However, if the NOM
concentration is not high enough to cause complete charge reversal on the NP metal oxide
surface, there would be particle aggregation (Stumm and Morgan, 1996; Illes and Tombacz,
2006). At low pH or high ionic strength where the NOM molecules are not well deprotonated,
the interactions are mainly hydrophobic and the resultant particle stabilization could be due to
steric effects. This means that the presence of macromolecular layer causes entropically
unfavorable conditions at the close approach of particles (Stumm and Morgan, 1981; Illes and
Tombacz, 2006). The of NOM-NPs interaction has been reported to be influenced by several
environmental factors such as pH, ionic strength and divalent metal cations (McKbnight et al.,
2001; Chen et al., 2003; Swietlik and Sikorska, 2005). The high ionic strength conditions are
presumed to cause charge screening and ultimately increase the hydrophobicity of the
dissolved NOM in aqueous solutions (Chen et al., 2003).

Given the ubiquitous nature of dissolved NOM in aquatic systems on one hand and the
increased release of NPs in aquatic systems on the other, it is critical to have comprehensive
understanding of the NOM - NP interaction as this could help improve our predictive
capability on the transport and fate of nanomaterials in the aquatic environment. In this study,
the NOM-NPs interactions were investigated by examining the particle stability of NOM on
both sonicated and non-sonicated TiO2 NPs at different pH values and further the sorption of
NOM to TiO2 NPs at the same pH values was examined. The dynamic laser light scattering
(DLS) technique was used to characterize the NPs stability (by measuring average aggregate
sizes). The PALS Zeta potential analyzer was used to estimate surface charge. The separation
of non-complexed/non-sorbed NOM from NOM sorbed to NPs was carried out using both
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filtration and ultracentrifugation and the comparison of the two separation techniques was
performed. The total organic carbon was measured by the Total Organic Carbon Analyzer-
Shimadzu (TOC-VCPH).

Materials and Methods
Materials

Titanium dioxide NPs used in this study were P25 (< 50 nm) purchased from Degussa
Corporation. The Suwannee River Humic Acid (SRHA), reverse osmosis isolate (NOM-ROI)
was purchased from International Humic Substances Society (IHSS). The following buffers
were used as purchased without further purification: 2-(4-morpholino) ethanesulfonic acid
monohydrate (MES); piperazine-N, N’- bis (2-ethanesulfonic acid) (PIPES); sodium acetate
(NaAc); Tris-base. The pH measurements were carried out using a ThermoOrion pH meter
and Ross combination glass electrode. The Autotitrator 836 titrando connected with pH meter
- Q metrohm was used for determining the point of zero charge (PZC) for TiO, NPs. The
METLER TOLEDO balance, Xs 205 dual range; max 81/220 g capable of measuring weight
down to 0.01 mg was used to weigh NPs. Surface Analyzer micromeritics 2010, was used to
determine surface area using BET technique. High purity water, milli-Q water with resistivity
>18 MQ.cm was used throughout the experimental work. The degree of particle aggregation
and hence determining stability were measured by dynamic laser light scattering (DLS)
technique using both the Coulter N4 Plus and Brookhaven Instrument Corporation (BIC). The
zeta potential was measured by the Zeta PALS of the BIC. The amber colored 125 mL bottles
with Teflon lined caps were used for sorption study (preliminary experiments showed no
significant adsorption of NOM to these bottles). The separation of non-sorbed NOM and
NOM sorbed to NPs was carried out using both the 50 nm pore size polycarbonate filters and
the Ultra centrifuge SORVALL EVOLUTION RC S/N 10300582. The TOC analysis was
measured by Carbon Analyzer - Shimadzu (TOC —VCPH).

Methods

The NOM-NPs interactions at different pH values was carried out using TiO, NPs
primarily because of its low dissolution over a wide range of pH. The first part involved
determining the point of zero charge (PZC) for TiO, NPs. Then the ability of dissolved NOM
to stabilize TiO, NPs at three different pH values was investigated. This was done at the PZC
and two other pH values selected by taking two pH points below and above the PZC. This
study was carried out using both sonicated and non-sonicated TiO, NPs at 5 mg/L particle
loading and at three levels of dissolved NOM concentration (0.5, 2.5 and 5 mg C/L NOM). To
maintain the pH at the specified values, buffer solutions were used. For the sorption study,
the buffer solutions were not used because the analyte of interest, the total organic carbon is
also contained in these buffers. The particle loading that was used in the sorption study was
300 mg/L.

The Determination of the Point of Zero Charge for TiO2 NPs

The suspension of TiO, NPs at 4.0 g/L was prepared in 0.01 M NaNO3 solution as a
background electrolyte and introduced into the titration vessel. The suspension was purged
with argon gas with constant stirring to drive out all the carbon dioxide (CO,) gas. This was
performed for about 45 to 50 minutes. The pH was then lowered to 3.85 using 0.1M HCI.
Then the suspension was titrated with 0.1 M NaOH solution at 0.01 mL aliquot to a pH 10.5.
The titration was done using two runs. During the first titration, subsequent addition of further
aliquots of the titrant was continued only after the electrode stability reading was 0.5
mV/minute. In the second run, the titration was carried out slowly and the subsequent
additions of the titrant was only done after the electrode stability reading was less 0.1
mV/minute.
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Experimental Method for Particle Stability
The Sonicated TiO, Nanoparticles

The stock suspension of TiO, NPs at 100 mg/L in 0.01M solution of sodium nitrate
(NaNO3) was prepared and sonicated for 60 minutes using the Branson® 5510 sonication
bath. These metal oxides NPs suspensions were then stored at room temperature of 69-73 °F
(20.55 — 22.77°C) under quiescent conditions in the dark. Prior to preparation of the test
suspensions, the stock suspension was sonicated using the Branson® 5510 sonication bath for
10 minutes to homogenize the suspension and as well as to break any aggregates that may
have formed. The test suspensions were prepared by pipetting appropriate volumes of the
stock suspension of TiO, NPs and 50 mg C/L NOM stock solution into 400 mL beakers and
then diluting to 100 mL with each buffer to give the following concentrations: 5 mg/L particle
loading at 0.5, 2.5 and 5.0 mg C/L NOM . The following buffers in 0.01M NaNO3 solution
were used: 0.01M acetate, pH 4.50; 0.01M PIPES, pH 6.50; 0.01M Tris—base, pH 8.50. For
each pH (buffer solution) there was a control suspension that comprised the matrix of each
test suspensions except NOM. The purpose of the control suspensions was to check the
influence of buffer solutions on particle stability or aggregation. Once prepared, the test
suspensions were kept under quiescent conditions in the dark. The samples for the DLS and
zeta potential measurements were taken every 24 h for 5 days (for 24, 48, 72, 96 and 120 h
post preparation).

The Non-sonicated TiO,;Nanoparticles

The test suspensions were made by weighing 0.5 mg of TiO, NPs using a
microbalance, the METLER TOLEDO, Xs 205 dual range 81/220 g that can weigh masses
down to 0.01 mg. The weighed TiO, NPs were each introduced into 20 mL of 0.01M NaNO3
solution in a 400 mL beaker. Each resulting suspension was allowed to stand for 24 h at room
temperature of 69-73 °F (20.55 — 22.77°C) under quiescent conditions in the dark. Then to
each suspension was added an appropriate volume of 50 mg C/L NOM stock solution and
then diluted to 100 mL with appropriate buffer solution to give the following: 5 mg/L particle
loading at 0.5, 2.5 and 5.0 mg C/L NOM . The following buffers in 0.01M NaNOj solution
were used: 0.01M acetate, pH 4.50; 0.01M PIPES, pH 6.50; 0.01M Tris—base, pH 8.50. For
each pH (buffer solution) there was a control suspension that comprised the matrix of each
test suspensions except NOM. The purpose of the control suspensions was to check the
influence of buffer solutions on particle dispersion or aggregation. Once prepared, the test
suspensions were kept at room temperature of 69-73°F (20.55 — 22.77°C) under quiescent
conditions in the dark. The samples for the DLS and zeta potential measurements were taken
every 24 h for 5 days (for 24, 48, 72, 96 and 120 h post preparation).

Experimental Method for NOM Sorption to TiO; NPs

This study was carried out at a constant room temperature of 24 +1°C (75.7 °F) in
batch reactors (150 mL amber colored bottles). The study examined NOM sorption to TiO;
NPs at 3 pH values of 4.50, 6.50 and 8.50 and at a constant ionic strength of 0.01M of NaNO;
solution. A series of 7 sets of TiO, NPs of about 0.03 g each were weighed and each
introduced into 20 mL of 0.01M NaNOs3 solution in a 400 mL beaker for each pH studied.
Then each suspension was sonicated for 30 minutes and kept under quiescent conditions for
overnight. Then appropriate volumes of NOM stock solution of 50 mg C/L (NOM dissolved
in 0.01M NaNOg3) were pipetted and introduced into the suspensions and diluted to 100 mL
using 0.01M NaNOj solution to yield a range of concentrations from about 2 mg C/L (5 mg/L
NOM) to 32 mg C/L (80 mg/L NOM). The pH of interest was achieved by additions of
appropriate volumes of HCI or NaOH (< 100uL) with stirring with a magnetic bar. During
addition of HCL or NaOH care was taken to avoid inclusion of CO, by covering the beakers
with parafilm. Once the desired pH was achieved and remained constant for over 24 h, the
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contents of each beaker were transferred into the 150 mL amber colored bottles and sealed
with Teflon lined caps and were ready for tumbling.

For the determination of initial concentration of dissolved NOM in mg C/L, a parallel
7 sets of solutions were carefully prepared by pipetting appropriate volumes of NOM stock
solution of 50 mg C/L dissolved in 0.01M NaNO; into 400 mL beakers and diluting to 100
mL to yield a range of concentrations from about 2 mg C/L (5 mg/L NOM) to 32 mg C/L (80
mg/L NOM) (same concentrations as the ones with NPs). The pH of interest was achieved by
additions of appropriate volumes of HCL or NaOH solutions (< 100uL). Once the desired pH
was achieved and was constant for over 24 h, a sample of 12 mL for each solution was taken
for the measurement of total organic carbon. Then, the remainder of contents of each beaker
were transferred into the 150 mL amber colored bottles and sealed with Teflon lined caps and
were ready for tumbling. A blank solution for each pH was included which contained only
0.01M NaNOj solution. Then both the bottles containing TiO, NPs suspensions and the
solutions were tumbled for 120 h (preliminary tests indicated that equilibrium is reached after
72 h). After tumbling, the pH of both the suspensions and the solutions were measured. Then
the TiO, NPs suspensions of each sample (bottle) were divided into two portions, one portion
was filtered through a 50 nm polycarbonate membrane filter and the other was centrifuged
using Ultra centrifuge SORVALL EVOLUTION RC S/N 10300582 at 20500 rpm for 2 h and
then both portions (filtrates and supernatants) were analyzed for the total organic carbon and
the results were compared for agreement. Prior to the filtration of the samples, the 50 nm pore
size polycarbonate filter membrane was thoroughly washed with Milli-Q water and then about
3 mL of the suspension was passed through the membrane to ensure that any possible sorbing
surfaces were saturated. Once this was done, a well washed and dried vacuum flask was used
for the filtration and collection of the filtrate.

The solution of each sample (samples without particles) was divided into 3 portions.
The first portion was filtered just as described for the suspension. The second portion was
centrifuged just as described above, while the third portion was used directly and all these
portions were analyzed for total organic carbon and the results were compared for agreement.

Statistics

The one way ANOVA with Tukey’s pair wise comparisons of means from Origin Pro
8.6 software was used to identify the significant differences between means. The means (each
calculated from three replicates) at each pH for three levels of NOM and the means (each
calculated from three replicates) at each NOM at three levels of pH were examined for
thesignificant difference using this software both stability and sorption studies.

Results and discussion
Point of Zero Charge for TiO,NPs

The results for the point of zero charge (PZC) for the TiO,NPs in this study was found
as 6.50 (Figure 1). This value is consistent with the literature values that range from 4.20 to
7.5 (Fernandez-Nieves et al., 1998; Kosmulsiki, 2009). However, it is important to note that
the PZC for the metal oxide NPs can vary widely depending on several factors such as
chemical modification, surface modification, particle size and particle transformation (Hotze
et al., 2010, Lin et al., 2010). In this study as indicated under the materials section, the P25
TiO, NPs of 50 nm particle size were used and this material (NPs) were manufactured about
two years earlier before being used in this investigation. Therefore, a very specific value of
PZC for these NPs was needed as an input in the next part of this study. The analysis as
described under the methods section was carried out using two runs. The first run was quick
and was meant to be a guide for the second run whose value was used for the next part of our
study.
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Figure 1: The pH of point of zero charge for TiO, nanoparticles

NOM Stability of both sonicated and non-sonicated TiO, NPs at different pH values

Based on the PZC for TiO, NPs (found as 6.50), three pH values of 4.50, 6.50 and
8.50 were selected (as described under methods section) and used to investigate the ability of
dissolved NOM to stabilize TiO, NPs at three levels of NOM (0.5, 2.5 and 5.0 mg C/L) for
both sonicated and non-sonicated NPs. These results indicated that NOM indeed caused the
stability of TiO,NPs as evidenced by the differences in the average aggregate sizes between
the controls and those with NOM (Figures 2 to 5). For the controls, the average aggregate
particle sizes were significantly larger than (p < 0.05) those treated with NOM and their
average aggregate sizes were outside the measuring range (2 nm to 3000 nm). The data also
indicated that there were NOM concentration dependent differences in the average aggregate
particle sizes. For example, for the sonicated TiO, NPs (Figures 2 and 4) at 0.5 mg C/L NOM,
the average aggregate particle sizes were significantly larger (p < 0.05) than the average
aggregate particle sizes at 2.5mg C/L and 5.0 mg C/L NOM for all the three pH values.
However, the differences in the average aggregate sizes at 2.5 mg C/L and 5.0 mg C/L NOM
for all the pH values (except for pH 6.50 at 120 h at both 2.5 and 5.0 mg C/L NOM) were not
significantly different (p> 0.05). These results therefore seem to suggest that there is a
maximum NOM concentration above which there could be no differences in the TiO, NPs
stability. Furthermore, at the NOM concentration of 2.5 mg C/L and 5.0 mg C/L, the data
suggest that there is pH dependence in the stability of the TiO, NPs, although the differences
were not statistically significant (p>0.05.

For the non-sonicated TiO, NPs, the results revealed an interesting and probably most
environmentally relevant trend. For example, at 0.5 mg C/L NOM the average aggregate
particle sizes (for non-sonicated) were outside the measuring range (2 nm to 300 nm),
indicating that this concentration of NOM was unable to stabilize the TiO, NPs. However, at
the NOM concentrations of 2.5 mg C/L and 5.0 mg C/L, the data showed that NPs stability
was achieved and the average aggregate particle sizes for the two concentrations of NOM
(Figures 3 and 5) were not statistically different (p>0.05). The comparison of the average
aggregate particle sizes for the non-sonicated NPs and sonicated NPs showed that the average
aggregate particle sizes for the non-sonicated TiO, NPs were much larger than the sonicated
TiO, NPs. These results suggest that in the absence of sonication (like in actual
environments), the ability of NOM to stabilize NPs is quite mild and would require large
concentrations of NOM to stabilize the NPs. The values of the zeta potential (ZP) for both the
sonicated and the non-sonicated TiO, NPs were, as expected observed to be getting more
negative with increases in NOM and pH (Figures 2b, 3b,4b and 5b). The data also revealed
higher variability in the ZP of the non-sonicated NPs than the sonicated NPs. The ZP of the
controls (results not shown) was also getting more negative as the pH increased. However, it
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was particularly interesting to observe that pH dependent ZP had small effect on suspension
stability (based on the surface charge of controls), whereas NOM-pH dependent ZP had large
effect on suspension stability. The NOM dependent increase in the stability of NPs
suspensions could be attributed to NOM sorption to NPs and the higher the NOM
concentration the greater the sorption and hence the greater the increase in the stability either
by steric repulsion or electrostatic repulsion depending on the pH of the suspensions.

The highest increase in the NPs stability was observed at pH8.50 (trend wise) for all
NOM concentrations used and this could be attributed to the electrostatic repulsion of highly
ionized NOM adsorbed on the NPs (Yang et al., 2009). The next higher NPs stability was
observed at pH 4.50 (trend wise), where the NOM molecules were assumed not ionized in
comparison to that at pH 8.50. The NOM-NPs interactions at the pH 4.50 were predominantly
hydrophobic and therefore the stabilization was attributed to steric hindrance (llles and
Tombacz, 2006). The least stability was observed at pH 6.50 (the PZC). This was expected
since the lowest stability of particles is always around the PZC (Stumm and Morgan, 1981;
Illes and Tombacz, 2006). The observed higher variability in the zeta potential of the non-
sonicated NPs could be attributed to the greater heterogeneity (non-uniformity) in surface site
energies of the NPs (Amal et al., 1990), which could be expected to be higher in the non-
sonicated NPs. The use of controls in this study demonstrated that the buffer solutions used in
this investigation had no influence on the observed stability of TiO, NPs.
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Figure 2: Effect of pH at constant NOM on particle dispersion (a) and the corresponding zeta potential (b) for
sonicated TiO, NPs. The error bars indicate the standard deviation of the three replicates (n = 3)
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Figure 5: Effect of NOM at constant pH on particle dispersion (a) for non sonicated TiO, NPs (b) and
corresponding zeta potential. The error bars indicate the standard deviation of the three replicates (n = 3)

Sorption of TiO, NPs to NOM at different pH values

Avrising from the results of the stability study that indicated that NOM promotes NPs
stabilization and that this stabilization is influenced by the pH of the suspension, a study was
therefore designed to explain the observed stability in terms of sorption. This was carried out
at the three different pH values (same as considered in the stability study). Our hypothesis was
that NOM would sorb to NPs more at lower pH than at higher pH values.

The amount of the NOM sorbed to TiO, NPs were determined from the difference
between the concentration of the initial NOM measured as total organic carbon (TOC) before
sorption and the final concentration of NOM when at equilibrium during sorption. The results
of the TOC measurements between the filtered and centrifuged suspensions agreed with in a
precision of about 2%. The TOC results for the solution of the filtered, centrifuged and the
directly measured indicated an agreement within 3% precision. With the agreements of the
filtration and centrifugation results being within less than 5% precision, the results were used
without any corrections.

The results of this study consistent with our hypothesis, demonstrated that the highest
amount of NOM was sorbed to TiO, NPs at pH 4.50, followed by sorption at pH 6.50 and the
least sorbed was at pH 8.50 (Figure 6). The sorption of the largest amount NOM at low pH
can be attributed to the fact that the NOM molecules at low pH were less ionized and the
interaction was predominantly hydrophobic with increased van der Waals forces of attraction
(O’Melia, 1990). This meant that once some NOM molecules were sorbed further molecules
could still be sorbed due to attractive van derWaals forces. At higher pH, the NOM molecules
were highly ionized and after initial sorption of NOM to NPs, less sorption could further take
place due to electrostatic repulsion and hence the observed low sorption at pH 8.50. At the
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intermediate pH 6.50, NOM molecules were not completely ionized. There were still some
hydrophobic influences and hence some van der Waals forces of attraction, but at the same
time some electrostatic repulsive forces were exerting their influence and hence the observed
relatively low sorbed NOM compared to pH 8.50.

The relationship between the surface charge (ZP) and the amount of the NOM sorbed
at the three pH values considered in this study was further examined. As expected the results
indicated that the surface charge (zeta potential) was more negative at pH 8.50 and
corresponded to the least amount of NOM sorbed (Figure 7). The surface charge at pH 4.50
was the least negative and corresponded to the highest amount of NOM that was sorbed.
Therefore the stability of NPs was due to NOM sorption and when taken together, the stability
and the sorption results suggest that stabilization of the TiO, NPs suspension is more effective
with NOM electrostatic repulsion than with the NOM steric hindrance.

The sorption data was fitted to the nonlinear Langmuir model. The model described
the experimental data at all pH values fairly well as shown in Figure 8. However, the
fundamentals or the basic concepts of the Langmuir cannot be said to have been met at all the
three pH values. However, based on the sorption data, it can probably be argued that the basic
concepts of the Langmuir adsorption isotherm were fulfilled (fixed adsorption sites, equal
surface energies and no interaction between sorbed molecules) at pH 8.50 where the sorption
was assumed predominantly electrostatic. But at pH 4.50 and pH 6.50 the Langmuir
adsorption isotherm was probably not met as the interaction could have involved hydrophobic
moieties of NOM through van der Waals attraction. The model was used to estimate the
values of the total amount of sorbate that could be sorbed at equilibrium (Q max) and the
Langmuir constants (K.) for each pH studied. At pH 4.50, the Qmax and the K_ were found as
14.8 mg NPOC/g TiO,NPs and 0.36 respectively. While at pH 6.50, the Qmax and the KL were
found to be 10.4 mg NP OC/g TiO, NPs and 0.22 respectively, and at pH 8.50, the Qmax and
the K. were found as 2.4 mg NP OC/g TiO, NPs and 0.15 respectively. These values were
consistent with the observed experimental results which showed higher sorption for lower pH
and lower sorption for higher pH.
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Conclusion

The NOM-NPs interaction in aqueous medium can result in several outcomes. For
instance, it can lead to enhanced stability of NPs and hence increased residence time and
increased transportation within the aqueous environment. The results of this study have
demonstrated that the stability of TiO, NPs upon interaction with NOM was due to the
sorption of NOM. The data also demonstrated that the NOM concentration was critical in
promoting NP stability. The results further suggest that the stability is pH dependent and that
it is much higher at higher pH than at lower pH values. According to the sorption study, the
amount of NOM sorbed was however, demonstrated to be higher at the lower pH than at
higher pH values. With non-sonicated TiO, NPs, barely stabilized, this study would also
suggest that when NPs are aggregated whilst in powdered form, breaking them apart required
much more energy than could possibly be supplied by NOM.
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Abstract

Climate change is a real and urgent challenge that is already affecting people and the
environment worldwide. Significant changes are occurring on Earth, including increasing air
and ocean temperatures, widespread melting of snow and ice, and rising sea levels.
Biodiversity loss and ecosystems degradation are being accelerated by climate change. The
link between biodiversity conservation and climate change flow both ways: Biodiversity
conservation increases the resilience of the physical and biological systems to changing
environmental conditions and changes in climatic variables as genetically rich populations and
species-rich ecosystems have greater potential for adaptation. This study aimed to find out
how climate change affects the choice of instruments used to promote biological conservation
in Cape Verde and China, to compare the policies and measures for Climate Change:
adaptation and mitigation existent in both countries with respect to their applicability and
sustainability. The findings of this study show that Cape Verde and China need more efforts
to adapting and mitigating the impacts of climate change. Some progress has been made in
promoting biodiversity conservation coping to climate change as well in both countries, but
more improvements are required to sustain it and to get the sustainable development.

Keywords: Biodiversity Conservation, Climate Change, Adaptation, Mitigation, sustainable
development

Introduction

The concern of the twenty-first century is the big issues related to environment and
ecology like climate change. The constant environmental threats that jeopardize the survival
of many species of animals and plants including the man himself have claimed that there are
qualified people in that area to try to mitigate this problem.

Cape Verde is highly vulnerable to climate change, with a low capacity to adapt. In the
more immediate planning horizon (next 10-20 years), climate induced changes include
seasonal water shortages at an increasing number of economically important sites and year
round shortages at other sites. In addition, climate variability is predicted to increase, with
more storms, floods and droughts and a shorter rainy season. This situations are similar to
China.

Africa and South Asia are the most vulnerable continents to climate change variability
and change because of multiple stresses and low adaptive capacity. Some adaptation to
current climate variability is already taking place. However, this may be insufficient for future
change in climate.

Mangroves and coral reefs are projected to be further degraded, with additional
consequences for fisheries and tourism.
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Biodiversity conservation increases the resilience of the physical and biological
systems to changing environmental conditions and changes in climatic variables as genetically
rich populations and species-rich ecosystems have greater potential for adaptation.

The impacts of climate change pose fundamental challenges for current approaches to
biological conservation. Changing temperature and precipitation regimes will interact with
existing drivers such as habitat loss to influence species distributions despite their protection
within reserve boundaries (Hagerman and Chan, 2009).

Biodiversity loss matters because species and habitats are the building blocks on which
human livelihoods depend, the foundation for production forests, fisheries, and agricultural
crops. Enhanced protection and management of biological resources will also contribute to
solutions as nations and communities strive to adapt to climate change (World Bank, 2008).

Habitat loss and fragmentation, overexploitation, pollution, the impact of invasive
alien species and increasingly, climate change all threaten global biodiversity. Climate change
may thus further accelerate both the ongoing impoverishment of global biodiversity, caused
by unsustainable use of natural capital, and the degradation of land, fresh water and marine
systems (CBD, 2009).

Moreover, this degradation and disturbance in terrestrial and aquatic ecosystems
generate niches that can be exploited by invasive exotic species (World Bank, 2008).

Global climate change is a change in the long-term weather patterns that characterize
the regions of the world. Scientists state unequivocally that the earth is warming (S. Viajaya et
al, 2012).

Although climate change can not be avoided entirely, the most severe impacts of
climate change can be avoided by substantially reducing the amount of heat-trapping gases
released into the atmosphere. However, the time available for beginning serious action to
avoid severe global consequences is growing short (S. Viajaya et al, 2012).

According to UNDP (2012), a good ecosystems healthy like forests and bogs - contain
massive carbon reservoirs and are vital to regulating the global climate.

The sustained supply of certain ecosystem services such as stream flow regulation in
drought prone areas will be critical in buffering human populations from the adverse impacts
of climate change, which include coastal flooding, droughts and other hazards. Healthy and
diverse natural ecosystems are expected to be more resilient in the face of climate change than
ones that have been degraded (UNDP, 2012).

Increasing evidence shows that shifts in China's climate have already occurred and the
changes will continue in the coming years. The average surface air temperature across China
increased 0.5-0.8°C during the 20th century. The upper end of this range is higher than the
global average during the same period (PRC, 2007).

The potential for developing synergies between climate change mitigation and
adaptation has become a recent focus of both climate research and policy (S. Viajaya et al,
2012). .

Climate change is one of the causes of biodiversity loss. At same time, climate change
will accelerate further if biodiversity and ecosystems are not effectively protected (European
Commission, 2009).

Adaptation is a way of reducing vulnerability, increasing resilience, moderating the
risk of climate impacts on lives and livelihoods, and taking advantage of opportunities posed
by actual or expected climate change. Adaptation options will evolve as knowledge relating to
climate change increases, and information is gathered on the success or failure of adaptation
options (POST, 2006).

Improved protection of high biodiversity forests, grasslands, wetlands, and other
natural habitats provides benefits for biodiversity as well as carbon storage. Integrating
protection of natural habitats and improved management of natural and agricultural resources
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into adaptation plans can contribute to cost-effective strategies for reducing vulnerability to
climate change (World Bank, 2008).

The aim of this study was compare the responses from Cape Verde and China and to
documenting the principles politicizes and measures for Climate Change: adaptation and
mitigation strategies between China and Cape Verde; Learning lessons that China and Cape
Verde could used to promote biological conservation in coping with climate change.

Methodology

The study was developed in Beijing Normal University — Beijing from October 2011
to December 2012.

The research methods include mainly the questionnaire, desktop research and
interviews. The questionnaires were issued out to different groups of people ranging from
University students, faculties, citizens, NOGs, governmental officials, right up to those
involved in carrying out climate change, biodiversity conservation and publics. In this way,
the questionnaires cover competent authorities, research /educational institutes and relevant
environmental agencies and NGO.

One survey questionnaire from teachers, students, experts/Officials Government and
NGOs, and public generated the data. These sectors differed in characteristics such as age,
gender, profession and level of education.

To make sure that all people interviewed have a good understanding about the
questionnaire, were translated it into Chinese as well in Portuguese. All questionnaires applied
were checked for errors and corrected unclear answers as needed such as incomplete,
mistakes, and redundant answers. Out of 300 questionnaires applied to students, teachers, and
experts/Officials Government and NGOs, and public 180 returned valid questionnaires: Cape
Verde (51) China (136) questionnaires.

Interviews

Formal and informal interviews were conducted with key informants within formal
and local institutions. Open and close questions were designed in order to identify the key
constraints of the climate change: adaptation and mitigation practice and biodiversity
conservation in those countries.

Data analysis

The key information’s form all questionnaires and interviews were then combined to
provide a summary of the results.

All data obtained was put in Excel and described with measure tendency and central
and measure variability. Analysis of correlation and comparatives were realized with the
auxiliary of the computer software. One-way and multi-one way ANOVA (Analysis of
Variance) were used R Commander (R Gui) to examine differences in attitudes and beliefs
among the biodiversity conservation and climate change: adaptation and mitigation.
Analytical results was expressed as means and standard deviation (SD). Differences were
considered statically significant at p<0.05 for all ANOVA.

Results & Discussions

The evaluation criteria to climate change: adaptation and mitigation follow the
international standards but every region has its own criteria that depend of their social, climate
vulnerability and building capacity. For that the criteria are different from Cape Verde and
China.

Biodiversity conservation can promote the food security and sustainable development.
Chinese’s and Cape-Verdeans are agreed that to get a sustainable development we need to
protect our biodiversity.
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According to Department of Environmental Conservation of New York, 2012
conserving as many plants and animals as possible is important for the benefit of humans and
of other species. Individual species help us to meet our basic needs. We literally need to
conserve biodiversity as our lives depend on it.

Adaptation to climate change and sustainable human development are inextricably
linked because development can both contribute to climate change and reduce vulnerabilities
to its impacts (UNDP, 2011).

The respondents claimed that decline of population size, species loss and mutation are
the principals effects of global change on species. There are not different responses between
interviews from the two countries. This is due to the respondents of the two countries already
having knowledge’s on effects of climate change on biodiversity because most them were
students, teacher and also they are young. They only need take her own responsibility in
protect biodiversity.

Analysis of Interviews Results: According to respondents of the interviews,
biodiversity protection is necessary because it is the foundation of ecosystems as well it can
provide service for the human beings. Biodiversity can be catalogued at different levels
including species, community, ecosystem and landscape. All different types of ecosystems
have their unique functions. Clearly, life plays a major role in the function of ecosystems, and
the variety, or diversity, of this life has played a major role in the evolution of the world.
Through protecting biodiversity, we can promote the sustainable development of our planet.

Climate change can affect the temperature and rainfall distribution, so the vegetation
distribution can be affected. Biological conservation shouldn’t focus only on species.
Biodiversity conservation can be achieved at both species and habitat protection. The habitat
protection including vegetation protection and landscape conversation is also important.

The question

How biodiversity conservation helps adaptation in other sector like social, cultural,
economic and scientific to climate change? They are a conscience that biodiversity can be
regarded as an ecosystem service. It is related to other social services such as educational
services, cultural heritage and so on. It also helps increase public consciousness, which is very
essential in our society. Sometimes the effectiveness of biodiversity conservation is reduced.
Some respondents think there is still a long way to go.

NGO is very important for protect biodiversity in some extent. Some NGOs help
increase public awareness for biodiversity protection through education programs. Some
NGOs carry out protection project, and others conduct propaganda for biodiversity protection.

The weaknesses in China are the human disturbance that is too expensive to avoid the
impact, also, some laws and regulation cannot be fully executed due to economic
considerations. In Cape Verde, island biodiversity conditions will become fragile if the human
disturbance increases. Biodiversity will be affected by other natural shocks including sea level
rise, some hurricanes or other extreme weathers.

Some weakness from both two countries

The main threats to biodiversity in China include: overconsumption of wild animals
and plants; destruction and overexploitation of habitats; lack of protection of some wild
animals and plants; invasive alien species; deforestation; pollution; and overuse of land.
Anthropogenic factors with direct and indirect consequences on the vegetation include:
pluvial farming; fire wood; overgrazing and the introduction of exotic species are the mainly
weakness for Cape Verde.

Either the two countries have vulnerable species or endemics species that should be
monitored both for early warning signs of climate change or empirical tests of predictions.
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They need to increase the scientific and technological knowledge of biodiversity conservation
coping climate change: adaptation and mitigation.

Combination of climate change impacts and unsustainable human management
practices are the biggest weakness from China and Cape Verde to coping biodiversity
conservation with climate change.

The multiple pressures of developing the economy, eliminating poverty and mitigating
the emissions of GHGs constitute difficulties for China in its efforts to cope with climate
change, since the country is undergoing rapid economic development.

Lessons learned each other: Cape Verde could learn from China his increasable to
extent of tree plantations with reforestation and afforestation programmes in special the urban
afforestation. According to Secretariat of CBD (2008), the extent of tree has often been
proposed as both mitigation and an adaptation measure. Cape Verde as arid region the
afforestation will help in to mitigating the soil and coastal erosion also helps in avoiding
desertification. Forests are an important part of the global carbon cycle since trees and plants
absorb CO, through photosynthesis.

The plan the energy efficiency adopt to China is an example that many country could
follow up like Cape Verde. China is already the world leader in renewable energy capacity
and Cape Verde could cooperate with China in order to learn or import his technology for
renewable energy to supply his energy demand.

China could support and assist Cape Verde in human resources development and
technical cooperation on environmental protection.

Conclusion

Addressing climate change requires two types of responses. Firstly, and importantly,
we must reduce our greenhouse gas emission (take mitigation action) and secondly we must
take adaptation action to deal with the unavoidable impacts. The severity of the impacts of
climate change varies by regions.

Based from the results of the survey questionnaires, the education, involvement of
whole society play an important role in promotes the biodiversity conservation coping climate
change adaptation and mitigation. The law provides a forum to mediate disputes over
resources because as impacts of climate change intensify, there will be increasing conflicts
over scarce resources. Many wild species will likely need more protection, not less, to help
them adapt to the effects of climate change.

Building more corridor ecology, zoos, botanic garden and protect areas may reduce
extinction risk enabling the passive shifting of some species to new geographic range, and
reinforcing species distributions. Some species may not be able to track changing climatic
conditions quickly enough because they are natural or human barriers in the way.

Cape Verde need more efforts to adapting and mitigating the negatives consequences
of climate change because is an island biodiversity!

The evidence from this study proved that some progress have made in promoting
biodiversity conservation coping to climate change in both countries, but more improvements
are required to sustain it and to get the sustainable development. More impacts assessment and
identifies changes on biodiversity input by climate change to promoting biological
conservations. The difference between China and Cape Verde concerning the protection of
biodiversity are great since China has more financials and technologies resources to promote
the conservation of its mega-biodiversity than Cape Verde. However, China iniquities with
regard to the involvement of the society in protecting thereof. Cape Verde for their already
fragile economic stake more in human resources for the promotion of biodiversity
conservation. Clearly, the tools used to conserve biological diversity differ between the two
countries since the geographical, climatic and vulnerabilities are different. The face up to
China now is how to balance economic development with sustainable development.
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Public education is the essential key to promote biodiversity conservation and
consequently mitigate and adapt to extreme conditions resulting from climate change.

The integration of whole society in conserving biodiversity and its coping with climate
change made effectiveness to adapting and mitigating the pressure of the climate change.

Restoration ecology, improve the living conditions and training in special in rural
areas will help Cape Verde and China to warrantee biodiversity conservation at social,
economic and political dimensions.
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Abstract

Due to the fact that biosensors play a significant analytical role in agriculture, food
safety, environmental and industrial monitoring we present an overview on the biosensor
field, especially the design of the interface between the physical transducer and the biological
recognition elements for the fast detection of pesticides. We will introduces novel concepts in
the area of bioanalysis based on nanomaterials (carbon nanotubes) and composite based on
nanomaterials in order to enhance the performance of the developed biosensors. Also,
different immobilization procedures for biorecognition element will be presented. Technical
description and analytical characterization of the biosensor will be detailed.

Keywords: Sensors, toxic compounds, fast detection

Introduction

Pesticides and phenolic compounds account for 43% of the total amount of organic
chemicals used in Europe or worldwide. These compounds are constantly introduced in the
environment mainly as a consequence of agricultural and industrial activities and can produce
toxic effects towards non-target organisms and flora. Moreover, once they have reached the
earth surface, they can suffer biotic and abiotic degradation, with the subsequent formation of
transformation products, such are oxo derivatives and sulfoxides, which are more toxic than
their parent compounds [1]. Besides, chloro and nitrophenols are the main degradation
products of many chlorinated phenoxyacid herbicides and organophosphorous pesticides,
respectively. Due to the toxicity and persistence of some of these compounds, the
governments and environmental agencies have included different pesticides and phenolic
compounds in the environmental monitoring programs by stressing the need of analysing
these organic pollutants and transformation products under very low levels of concentration in
drinking water and surface water. As a consequence, the achievement of analytical methods,
which permit the unequivocal identification, and confirmation of pesticides along with their
transformation products in the environment in a quick and reliable way are emerging.

The scientific community concerns in the field of environmental pollutants controlling
and monitoring are continuously centring on the research and development of analytical
techniques that are able to offer the analytical information, in real time, for a variety of target
analytes and matrices. If the 70’s, were characterized by the apparition of the first portable gas
chromatographs, that permitted the pollutants identification, in the 80’s, the analytical
chemists developed the immunochemical techniques in clinical laboratories, adapting these
techniques to the detection of toxic compounds from environment. In the last decade there
was a considerable interest in the development of highly sensitive, selective, rapid and reliable
analytical methods, especially for continuous monitoring of the pollutants that present a high
level of toxicity. On one hand, current analytical techniques, like gas chromatography and
high performance liquid chromatography are very sensitive and reliable. On the other hand,
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they are time consuming and expensive. Moreover, only highly trained technicians can
perform them.

Biosensors represent an alternative method to detect quickly neurotoxins and they
have been an active research area since several years. The unique feature of a biosensor is that
the device incorporates a biological sensing element in close proximity or integrated with the
signal transducer, to give a sensing system specific for the target analyte [2-3]. The use of this
indirect means of assay means that chemically similar solution species can be identified by
their biospecific reaction with an immobilized biomolecule such as an enzyme, antibody,
nucleic acid, etc. A transducer converts an observed change (physical or chemical) into a
measurable signal, usually an electronic signal whose magnitude is proportional to the
concentration of a specific chemical or set of chemicals. Those the biosensors combines the
specificity of biological systems with the sensitivity of a phisical transducer.

Main Text

Organophosphate and carbamate pesticides that are mainly used in agriculture show
low environmental persistence but display high acute toxicity. Their presence in water and
food poses a potential hazard to human health. In general, these compounds inhibit
acetylcholinesterase (AChE), the enzyme that is responsible for the transmittance of the
nervous impulse to the cholinergic synapses [4]. The cholinesterases enzymes are extracted
from different sources (Drosophila melanogaster, Electrophorus electricus, Caenorhabditis
elegans) and some of them are commercially available.

The working principle of an acetylcholine esterase biosensor is based on the enzymatic
hydrolysis of acetyl tiocholine (ATCh) which leads to the formation of acetic acid and
tiocholine (TCh) — an electroactive compound. Initial enzyme acitivity is determined by
monitoring the formation of TCh. After incubation with pesticide a new measurement is
performed after addition of ATCh and the residual enzyme activity is determined.

The detection of the analyte is simply based on the determination of the difference in
enzyme activity in the presence and absence of inhibitor, according to the formula reported in
figure 1.
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Figure 1. The working principles of the acetylcholinesterase esterase biosensors.
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The organophosphoric pesticides inhibit irreversibly the activity of the enzyme
acetylcholinesterase, leading to acetylcoline accumulation at post-synaptic membrane level.

The poisoning effect of organophosphate and carbamate pesticides is based on the
inhibition of the acetylcholinesterase (AChE) by phosphorylation or carbamoylation of the
active site [5]. The enzymatically generated thiocholine (TCh) is an electro-active compound,
which can serve as an indicator to reflect the inhibition effect of pesticides. On unmodified
carbonbased electrodes, TCh is oxidized at a potential as high as +700 mV vs. Ag/AgCl. The
inhibition degree of AChE can be monitored through electrochemically oxidation of
enzymatically generated thiocholine (TCh). On unmodified carbon-based electrodes, TCh is
oxidized at high potential (+700 mV vs. Ag/AgCl). Such a high value leads to a high
background current and can cause interferences from other electroactive species present in
analyzed samples.

To develop a biosensor for pesticide we take into consideration several issues. First,
the transducer used for detection of TCh, has to provide a fast electron transfer between the
analyte and electrode surface in the electrochemical oxidation reaction. Lower applied
potential is needed to offer a higher selectivity for TCh detection. Higher sensitivity for
pesticide detection could be achieved only if the analytical signal (in our case current)
obtained for electrochemical oxidation of TCh is as highest as possible.

Second, the immobilization of AChE should provide an environment that preserves the
enzyme activity. In the case of biosensors based on substrate conversion it is recommended a
high amount of immobilized enzyme to ensure a high amount of detectable product. On the
contrary, in the case of pesticide biosensors the amount of immobilized enzyme should be as
low as possible because the inhibition degree, which is proportional with the amount of
pesticide, will be higher at a low enzyme loading. TCh concentration should be also very
careful settled because the enzyme activity is determined at higher concentration substrate. In
this particular case AChE could be inhibited at higher concentration of ATCh. So, ATCH
concentration should be optimized in order to avoid inhibition by excess of substrate. And
finally, regeneration of biosensor is ofen a requirement.

The electrochemical oxidation of TCh occurs at high applied potential on classical
electrodes. Our idea was to try to use a composite gel based on Carbon nanotubes CNT and
ionic liquid as electroactive material for a TCh electrochemical sensor.

Carbon nanotubes due to their extraordinary mechanical and electrical properties, high
active surface, were extensively used in the last years for sensors and biosensors applications.
lonic liquids (ILs) based on imidazolium cation has been shown to be very promising for
electrochemical applications. In these work composite materials based on CNTs, mediators or
ILs will be used for electrochemical transducer modification [6-9]. Synergistic effect of the
counterparts is exploited in different type of composites in order to improve the analytical
performances of composite modified electrodes. The gel between carbon nanotubes and
imidazolium ionic liquids act as better materials for improving the electrochemical transfer in
electrochemical biosensors.

The immobilization of the active biological component on the transducer surface
represents a critical stage in the biosensors development and it has as a goal the settlement of
the enzyme on the surface of the physical transducer. The chosen immobilization procedure
has to keep the enzyme in the native conformation, especially at active center level,
simultaneously ensuring the free diffusion of the substrate, of the reaction product and/or of
the inhibitors through the sensitive layer. Due to the fact that during the immobilization step
some of the properties of the enzymes may be affected, it is necessary to control rigorously
the process. Often, in the case of enzymes immobilization, it was observed a diminishing in
enzyme activity due to pH influence, ionic strength or due to the possible conformational
modifications that can appear during the process. The immobilization method used for the
achievement of an enzymatic biosensor has to fulfill some requirements: to ensure the free
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diffusion of the substrate, reaction products and/or inhibitors through the bio sensitive layer;
to preserve the enzyme conformation and activity during immobilization process; to ensure a
short response time; to preserve the enzyme affinity for substrate and inhibitors.

The most widely used approaches for the immobilization are the adsorption on the
surface of the physical transductor, the covalent attachment on a functionalized surface of the
sensor, the use of avidin- (or streptavidin-) biotin interactions, or the entrapment in the matrix
of a polymer. The immobilization of the enzymes in sol-gel matrix was chosed (figure 2).

1. Alcooxide hydrolysis
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Figure 2. Enzyme immobilization in sol-gel matrix.

Another issue to be address is the regeneration of the enzyme activity in order to reuse
the biosensor. The advantages of the regeneration with different oxime compounds will be
discussed, especially the regeneration with pralidoxime and obidoxime (figure 3)
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Figure 3. Regeneration principle.

Conclusion

The presentation will highlighted the analytical parameters that should be investigated
in order to increase the assay sensitivity using inhibition biosensors. Several applications for
the detection of pesticides will be presented.
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Abstract

The haptic perception claims a central place in the interactive experience. The
interactive art is tactile art by definition. This paper aims to deepen the relationship between
the haptic perception and the media art, reinforcing the relationship between the user and
interfaces, as well as the tactile attribute of that experience where the user acts and updated
artwork; Explore the meaning of the tactile sense for our experience and understanding of the
world; Questioning the primacy of the visual experience and the rhetoric of ocularcentrism,
combining three elements: the haptic perception, the field of media art, and phenomenological
thought of Merleau-Ponty;
What is the role of haptic perception towards the intensification of sensory stimuli of digital
culture? This is a question about interfaces and the becoming haptic in the experience of art,
not as an aesthetic trend in general, but as a possibility of the art.

Keywords: Haptic, interactivity, media art, interface, technology, body

Introduction

There are an increasing number of studies in various subjects that focus on the haptic
perception issue. That given impulse to research in fields such as physiology, psychology and
sociology isn’t casual. The concept of haptic, associated to the exploration of the sense of
touch, or in other words, to gesture and to the skin , has been recently used to define a type of
perception that subverts the optic- spacial organization, namely, the Alberti* perspective, with
its linear coordinates, with its fixed and exterior point of view. The haptic perception, a
synonym for the instauration of a multisensory access to images, articulates two sensory
modalities: Kinesthesia and tactile. This concept contains the ideas of continuity, direct
contact and resonance when it comes to the sense of proximity and empathy towards the
object.

Main Text

The haptic has been mentioned progressively in relation to new image technologies
with the culmination of the abstractization of the body and the experience. The haptic
potentializes as an alternative pathway to the immaterial notion itself and to the subjectivation
of the image experience. The technologic images explore a new amplified corporality,
connected and haptic in which the computer arises as “incarnated virtuality”. New perceptive
phenomenons emerge from the incorporated interaction and the technified kinesthesia. Hence,
appears an artificial sensitivity based on the multisensory and multimodal experience
impregnated by “tactility” and “gestuality”.

! Panofsky states that “the subjective visual impression was indeed so rationalized that this very impression could
itself become the foundation for a solidly grounded and yet, in an entirely modern sense, infinite (...)The result
was the transformation of psycho physiological space into mathematical space; in other words, an objectification
of the subjective”. Panofsky, Erwin: Perspective as Symbolic Form. Tusquets, Barcelona, 1973

90



In historical terms, a haptic expression appears for the first time in studies by Alois
Riegl? in Spatromische Kunstindustrie®, related to aesthetics. Riegl had considered the term
tactile too limited and proposed therefore, haptic to define the visual tactility. Deleuze takes
hand on the term and expands it. He considers the haptic space as the tactile sense of the eye;
an approximated vision, made up of sensation and rapture opposed to the calculated distance
of representation. For Deleuze, the sensory organs do not oppose each other in the haptic
space, beforehand, they suppose that their functions overcome the limits that are commonly
attributed to them®.

In the beginning of the 20th century, Filippo Marinetti had already proposed a new art
form based on tactile perception®. After this Italian futurist, many other artists explored the
concept, at different moments and with distinct technologies. These artists sought above all to
validate the perceptive construction linked to body — space relation in the poetic field. From
the 50s and 60s, perception and body then became central themes of art®. Artists such as
Joseph Beuys, Dennis Oppenheim and Bruce Nauman explored the senses and questioned the
limits of vision, the overcoming of visual staticity of perspective and the visual inputs. They
sought above all, a criticism to the instrumental vision, in rupture and distancing from
traditional speeches concerning the body in art. They abandoned the formal speech structures
and began to operate on a more transcendent level on the relation with the material. Various
artistic projects such as Sensory Masks (1967) by Lygia Clark, proposed to rethink the bodily
actions and seek bodily relationships with the spectator and its transformation into a work of
art. By inserting interactivity, they anticipate the line of strength of the actual technologic arts.
Stelarc, for example, uses the concept of “obsolete body” to frame his works, which are
structured by the connection to robotic/biologic prosthetics and telematic devices of
perception expansion.

While in convergence with Sterlac’s proposals in cinema, Cronenberg questions the
body and its adequacy to the current necessities in films’. He confronts the classic
representation of the body with new discussions: of the closed body, finished, delimited,
exhibited from the exterior, and reveals a body in transformation and hybrid — the becoming
body underlying the cyborg idea.

In the last decades, the contamination of art by digital technology has had profound
implications on the cultural, as well as on the social texture. The artistic practices of the
virtual reality, linked to the sensory consciousness, amplify, subvert and question our
perception of what is real®. As an integrant part of the contemporary artistic creation context,
the media art has exhaustively explored all the possibilities congquered by the digital world and
the contingencies of manipulation of our perceptions. By subverting the functioning of digital

? Riegl developed the term while working as a curator of the Art and Industry Museum (applied arts) in Vienna
during the second half of the 19th century. He held a privileged position - the one of a tactile and textural contact
with materials — to lecture on the haptic theory. In Bruno, Giuliana: Atlas of emotion: journeys in art,
architecture, and film. Verso, New York, 2007.

® Riegl, Alois: Late Roman Art Industry. Giorgio Bretschneider, Roma, 1985.

* Deleuze, Gilles. Logic of Sensation. Continuum. Londres, 2003, p. 99. Vid. Silvio Ferraz, MUsica e repeticéo: a
diferenca na composicao contemporanea. EDUC, Sdo Paulo, 1998, pp. 160-161.

® In his Manifesto of Tactilism, published in INComoedia on January 1921, he would propose to develop a new
form of art that sought in it the haptic sense and that was absolutely separated from the genre of the worlds
engendered by the visual artists.

® Impulsed mainly by several avant — garde artistic movements, such as happenings, fluxus action art and body
art.

" His movies Videodrome (1983) and Existenz (1999) share the relations between the body and technology on the
recurrent contemporary art of technologic apparatus as extensions of bodily capabilities and positioning itself
between the humanization of the machine and the human dehumanization.

® Hoyas, Gema: Percepcion Téctil e Interactividad en la Creacion Artistica de Realidades Virtuales.

Laboratério de Creaciones Intermedia. UPV. Em linha:
http://www.upv.es/intermedia/pages/laboratori/grup_investigacio/textos/docs/gema_hoyas percepcion_tactil.PD
E (23-10-2011).
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equipments, the artists problematize the dichotomies between perception and thought, with
emphasis on the experience of the body as the creating field of senses.

At this reaffirmation of digital incarnation, it is the touch that gains relevance in the
field of interaction in virtual environments. The haptic aesthetics — arising from the haptic
interaction and from the digital interfaces in the artistic experiences — emerges, thereby, in
rupture with the traditional visual arts. Its creative strategies focus essentially in the sensory —
motor dynamics and on the multi — sensory experience and offers new perspectives of the
construction of what is real in a profound sensitive reformulation. Artists such as Harold
Cohen, Jeffrey Shaw, Gideon May, Berndt Lintermann, Rafael Lozano Hemmer and Will
Bauer present innumerous works that exemplify well the discoursive approaches ensuing the
haptic perception.

Myron Krueger had demonstrated in the 70s, through his work titled as Videoplace,
the endless possibilities regarding forms and processes of human — computer interaction in the
field of media art, with the introduction of artificial reality in facilities of digital art.

Monika Fleischmann, Christian A. Bohn and Wolfgang Strauss, in Liquid Views —
Narcissus' Virtual Mirror (1993), problematize the sense of touch in virtual environments. In
this piece of work, the user provokes ondulations and his reflex dissolves in the liquid image
by touching the screen. On the other hand, in Interactive Plants Growing (1992) by Christa
Sommerer and Laurent Mignonneau, when real plants are touched, virtual plants are generated
and appear on the screen in real time. Michael Gleich, in Web of Life (2002), introduces tactile
interfaces that establish patterns of normatized abstraction on the perceptive, cognitive and
emotional level, out of summary images from the digitalized palm of the hands of
participants. Golan Levin and Zach Lieberman, in Manual Input Session® (2004), emphasize
perception and interpellate new ways of understanding experience while exploring the
expressive possibilities of manual gestures and of finger movements. Tecla Schiphorst in
Bodymaps: Artifacts of Touch (1995 -1997) presents the space inhabited by the body,
mediated by technology, in which proximity, the touch and the gestures from the participants
evoke sounds and images. Throughout touch, the skin confronts with technology, the
interaction the proprioceptive experience and the integration of the senses. Also regarding
cinema, the haptic perception finds support to construct kinesthetic experiences from the
connection between moving images and physical objects, memory and the user’s interaction™®.
Thus, the artists seek to establish objective connections between data belonging to
heterogeneous sensory spheres. Through technologic interfaces and the perceptive unfolding
of the body, complex forms of aesthetic appropriations expand the perceptive limits.
However, inter-relations between body image — interaction in organic interfaces subsist in
these artistic experiences. From image — time, we head on to image — body that is fluid and
malleable from the inputs of the spectator. It is a matter of a displacement of the hegemony of
the look and the passive posture of the public contemplating the image to the demand of an
active presence of the user.

The media artistic productions of digital technologies allow rethinking
phenomenologically the world we live in.

Merleau-Ponty*!, by defining perception as a cradle of the sense of the general
experience, and furthermore, by relating it with the bodily attitude, emphasizes the experience
of the body as a field creator of senses and the perceptive world. The phenomenological body
arises consequently, as being primordial and the bodily learning as the principal factor of
attribution of sense to the images. Thus, the phenomenological knowledge that leads to the

° It is an explicit evoking to this language invented by Myron Krueger in Videoplace.

19 As elucidated by works like “Blindness Series” of T. Kim — Trang, Aletheia (1992), Operculum (1993), Kore
(1994), Ocularis: Eye Surrogates (1997), Ekeleipsis (1999) and Alexia (2000). Marks, L. U. (2002). Touch:
Sensuous Theory and Multisensory Media. U of Minnesota Press.

1 Merleau-Ponty, Maurice: Fenomenologia da Percepcdo. Martins Fontes Editora, S&o Paulo, 1994
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discovery of the creative center in rhythm, body and senses, is allied to the promotion of
individual expansion of the consciousness as well as sensory capacity of the individual.

Conclusion

Therefore, it can be sintetized that the haptic perception claims without any doubt, a
highlighted role in the media art panorama. However, this approach implies to have a look at
is multiplicities. If on one hand, the digital technologies convert art into a reality simulation
on a digital immaterial structure that groups Kinesthetic spaces, on the other hand, the digital
interfaces, the digital hipersensory and the image saturation lead to the affective sensory
mutilation in a certain perceptive irony.

Art contains critical sectors that can help the body not to fade in the experience field
that offers the possibility to reinvent it in its own experience. The media art emerges as a
catalyst instrument of a consciousness expansion through multiple interactions, while based
on a participative embodiment. Hence, it reveals as it has already been mentioned, new
possibilities to rethink the world phenomenologically based on the body’s experience. In
summary, it is in the fluidity of digital media and throughout the bonds of perception that the
artists search for new existential forms.
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Abstract

The number of European Ground Squirrel (Spermophilus citellus) is in continuous
decline across the species range, particularly in the southern, north-western and northern areas
where decline is more severe. The species population from Eastern Europe is poorly studied
and the main ecological indicators (density, distribution, trend and threats) are unknown.
These data are very important for the species conservation strategy focused on actual
information.
During 2013 we conducted 600 transects in Eastern Romania for European Ground Squirrel
counting. The density varies along the study area between O individuals/ha and 107
individuals/ha (with an average of 15.41 individuals/ha). Also, the species population from
this area is highly fragmented with more colonies in the southern and eastern part of our study
area. The main threats are habitat fragmentation, grazing management and floods. The
protection of this species is poor, because Natura 2000 and national protection sites cover only
small parts of the European Ground Squirrel colonies, most of them being in the state or
private grazing areas.
These are the first ecological indicators on European Ground Squirrel from Romania. All this
information will contribute to Natura 2000 sites management and development, but also for
the first national action plan for this species.

_______________________________________________________________________________________________________________________________________________|
Keywords: European Ground Squirrel (Spermophilus citellus), Romania, ecology, density,
distribution

Introduction

The European Ground Squirrel (Spermophilus citellus) is a small diurnal mammal and
obligate hibernator, endemic to central and south-eastern Europe, where it occurs at altitudes
of 0 — 2,000 m (Coroiu et al. 2008). European Ground Squirrel inhabits different types of
pasture habitats, both semi-natural and artificial, though with strong preference to grasslands
with permanent short-stalk vegetation (10-20 cm) developed on different soil types, fine-
grained soils (such as those developed on sand) to heavy soils and both on deep as on shallow
soils with presence of soil skeleton, but usually with good water retention and medium
aeration (Janderkova et al. 2011). The number of European Ground Squirrel is in continuous
decline across the species' range, particularly in the southern, north-western and northern
areas where decline is more severe. Overall, declines are suspected to be more than 30% over
the last ten years (Coroiu et al. 2008). For this reason the species is assessed as Vulnerable
(A2bc) by IUCN (Botnariuc et al. 2005, Coroiu et al. 2008). A Vulnerable species is
considered to be facing a high risk of extinction in the wild (IUCN Standards and Petitions
Subcommittee, 2013). Also, the species is listed in Annexes Il and IV EU Habitats Directive,
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Appendix Il (strictly protected fauna species) Bern Convention, National Red List - strictly
protected species (Act Nr. 49/2011).

This species should be carefully monitored to be able to record all the fluctuations in
number and distribution. Without any studies the species could record a steep decline or even
become extinct in a short time. The European Ground Squirrel is already extinct in Croatia
and Germany and was reintroduced in Poland (Coroiu et al. 2008).

There are numerous gaps in the knowledge on European Ground Squirrel distribution
in the southern part of its range (Koshev 2008). The European Ground Squirrel is poorly
studied in Romania, its density being almost unknown for the main part of the distribution
area. Most of the data which we find in the current literature are old records, but there are no
recent complex studies to confirm existing information, especially for those colonies which
are located in Eastern Romania. Without these data we cannot record any trends and is very
difficult to evaluate its conservation status at a regional scale.

Even if its specific habitat has undergone major changes due to agricultural fields
expansion and road network intensification, there are no recent studies. In available scientific
data for Romania there is no information about its density and the possible threats were not
studied. Between 2006 and 2009, in the Western Plain of Romania, the species was located in
79 UTM grids of 10x10 km (Hegyeli et al, 2012). Also, the population from the Romanian
regions of Oltenia, Muntenia, Moldova and Dobrogea, was summarily assessed in 2009 and
2010, results showing relatively large populations in Dobrogea and some parts of Moldova,
but with considerable gaps of the current distribution in the southern part of the country
(Hegyeli et al, 2012). At the national scale it is known as a common species for pastures but
the population trend is unknown. Some observations made in the Southern and Western
Romania show that the population is decreasing due to habitat fragmentation and anthropic
pressure (Murariu 2006, D. Szilard pers.comm.).

The aim of this study is to assess distribution of European Ground Squirrel in Eastern
Romania and to analyse the relative abundance, threats and colonies status.

Main Text
Materials and Methods

The study was conducted during May - August 2013 in Eastern Romania (46°48' ON,
26°57' OE), on an area of 27,173 km? (Figure 1). The study area is situated at the Eastern
border of the European Union and in the North-Eastern part of the species’ distribution area.
This area is a mosaic of artificial and natural habitats where land management is still
conducted in a traditional way (Baltag et al. 2013). Our study was focused on pasture and
herbaceous vegetation which are mainly grazed by domestic animals.

There are no uniform methods available to estimate the European Ground Squirrel
density for monitoring studies (Cepakova & Hulova 2002, Katona et al. 2002). Direct
observations (daily activities) or indirect observations (counting the entries in the burrow) can
be applied successfully because they are visible on the small grassy meadows (Yensen et al,
1992). The number of entries in the burrow does not give the exact population size, but it can
serve as a good measures of the relative changes in local population density of ground
squirrels in time and space (Hubbs et al, 2000).
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Figure 1: Study area and pasture distribution.
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In our study, we investigated the abundance by counting the vertical spring burrow
entrances on transects (3 X 150 m) within a distance of 2.5m on every side of the counted
European Ground Squirrel holes (Koshev 2008) and by direct counting of animals (Katona et
al. 2002). The counting was done during the first period of their activity, when the young are
not outside. All the data was recorded on forms specially created for this study. The number
of transects on the area of the European Ground Squirrel colonies surveyed was 600, which
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equates to 1,350 ha. The transects were randomly chosen using Quantum GIS software,
v.2.0.1. All transects were chosen on pastures or herbaceous vegetation, habitats with a high
suitability for European Ground Squirrel.

We calculate the relative abundance for each transect, but to compare the European
Ground Squirrel colonies we classified the relative abundance into four categories according
to Koshev (2009): A: 107 — 15 individuals/ha; B: 14 — 2 individuals/ha; C: <2
individuals/ha; D: without active holes. To detect possible differences in the relative
abundance among transects we used Friedman's repeated-measures analysis of variance (F;) in
R v.3.0.1 statistical software.

To quantify the main threats for our target species we will record all the possible
threats, which were reported in the scientific literature, but also those which we found on the
field and we think that can affect the European Ground Squirrel population. Also, land
management, number of grazing domestic animals, information about surrounding habitats
and human disturbance were recorded. This activity will take longer than the counting
because we will have to collect more data about land management and possible threats and
also we need to record coordinates for al features which fragmented the habitats.

We used a generalized linear model (GLM) to determine the influence of threats on
European Ground Squirrel population. Prior to the analysis we examined the distribution of
each considered threat with the Newman-Keuls post hoc test (P <0.01; Sokal and Rohlf 2001).
We ran these calculations in the R v.3.0.2. statistical software.

Results

The relative abundance of European Ground Squirrel varied over the study area (F, =
235.37, df = 599, P < 0.0001). Except the areas where the European Ground Squirrel was
absent, the lowest relative abundance was 4.44 individuals/ha and the highest was 107
individuals/ha with an average of 15.41 individuals/ha.

Almost half of the surveyed areas did not host European Ground Squirrel colonies
(43.81 %, category D). The highest ranked category (A: 107 — 15 individuals/ha) cover 31.44
% from our transects and the second category (B: 14 — 2 individuals/ha) cover 24.75 %. The
third category (C: <2 individuals/ha) was absent for our study area.

The distribution of European Ground Squirrel occurs mainly in the eastern and
southern part of our study area. The suitable habitat for European Ground Squirrel is
fragmented because of agriculture expansion and road network development. Habitat loss and
degradation are the leading threats, affecting 86% of all threatened birds, 86% of the
threatened mammals assessed and 88% of the threatened amphibians according to the 2006
IUCN statistics (Le Galliard 2014).

The major threats for the European Ground Squirrel population from Eastern Romania
were pasture degradation and building up (Table 1). Higher pasture degradation were
associated with lower number of observed individuals. Also, higher building up areas were
associated with lower number of observed individuals. However, roads, vegetation height and
tree cover did not significantly influence the numbers of European Ground Squirrel (Table 1).
Another important threat for the populations settled in valleys was flooding, especially in the
last years when this hydrological phenomenon was more frequent.

97



Table 1. Generalized Linear Model results for the observed numbers of European Ground Squirrel. Model factors
consist of pasture degradations, roads, building up, vegetation height and tree cover (see text for details).

Variable No. individuals P
pasture degradations 3.062 0.002
roads -0.635 0.525
building up -2.400 0.010
vegetation height -1.540 0.124
tree cover 0.721 0.471
Discussions

This is the first study on European Ground Squirrel population from Eastern Romania
which covers the entire territory considered to be in the distribution of this species. During
2013 we conducted 600 randomly selected transects, in this area, in order to record species
distribution, density and the main threats.

The relative abundance varied in the study area, but individuals were found only in
66.19 % of the investigated area. The mean density for the entire study area was 15.41
individuals/ha, but if we calculate the density only for those areas where we found the species
the value is 27.33 individuals/ha. We found similar densities with the Bulgarian population
(Koshev 2008, Koshev 2009) but higher than in Austria (Hoffmann et al. 2008, Millesi and
Hoffmann 2008) and Czech Republic (Maté&ju et al. 2008). However, European Ground
Squirrel is still well represented and with high density, 55.70 % of colonies in category A and
44.30 % in category B.

The distribution of European Ground Squirrel population is concentrate in eastern and
southern part of the studied area. Probably the species was more common in the past and more
widespread but is very difficult to prove that if there is no previous data. In Bulgaria, about 30
% of 90 investigated colonies disappeared, 28% are vulnerable and there were not recorded
any increasing colonies (Koshev 2008). In Slovakia, 87% of the colonies identified during
1996-2008, are not present anymore (Michal Ambros 2008). Another species of ground
squirrel that is threatened is the Spotted Ground Squirrel (Spermophilus suslicus). In Polish
steppes and this species lost more than 90 % of its populations and about 70 % of its
individuals over the last 50 years (Gondek et al. 2006). We cannot compare the relative
abundance and distribution with previous data because there are no previous studies on this
species. This lack of data on European Ground Squirrel makes it difficult to compare the
species distribution with a previous one and to find out if it disappeared from some of the
studied areas.

The main threats for the European Ground Squirrel, according to GLM analyses, are
pasture degradation, building up areas and flooding. The threats were also identified for
Bulgarian populations as the most frequent (Koshev, 2008).

In many areas the suitable pasture management was not applied in the last 10 years,
which led to a degradation of vegetation and soil structure. Also, there are many areas where
the grazing was abandoned and the pasture resembles a grassland with high vegetation. The
current decline of the species in the Xerinae subfamily, due to intensification of agriculture,
may represent a threat to biodiversity in the steppe environments, can produce a cascade effect
on their predators, for example, saker falcon, buzzards, eagles and mustelids (Carpaneto et al,
2011). Avoidance of this may be ensured by a moderate livestock grazing, owing to the higher
ecological success of these rodents in the presence of large herbivores keeping a low grass
cover (Carpaneto et al, 2011). Because of an increase of grass height in prairies, making these
pastures unsuitable, for example in the European steppe of Russia, two species of ground
squirrels (Spermophilus citellus and Spermophilus pygmaeus) almost completely disappeared
(Galushin et al, 2000). Building up is an important threat now, when many localities grow and
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there are many factories planned for next years. Most of the new buildings cover pasture areas
because they are less and less used for grazing.

Flooding started to be more common in the last years when this hydrological
phenomenon covered large valleys in southern part of our study area. During the autumn of
2013 we found large colonies on flooded valleys. At the same time the rivers represented
major dispersal corridors for the species (Koshev 2008). The vulnerability of European
Ground Squirrel on flooding was proven also for Bulgaria (Koshev 2008) and Austria
(Hoffmann et al. 2003).

Natura 2000 areas are mainly located outside potential European Ground Squirrel
habitat. The species distribution modeling showed that on average, only 0.65% of suitable
ground-squirrel habitat overlap with Natura 2000 areas (Heither and Blomenkamp 2012).
Most of the colonies were identified outside of the Natura 2000 areas. Only a small percent
(15%) was identified in areas with a type of protection, Natura 2000 or national protected
areas. This situation will influence the species' protection strategy on a long term.

Conclusion

European Ground Squirrel is a Vulnerable species according to IUCN criteria and is
poorly studied in Romania. In 2013 we conducted 600 randomly selected transects. The mean
relative abundance for entire study area was 15.41 individuals/ha (between 0 individuals/ha
and 107 individuals/ha). The European Ground Squirrel was present in only 66.19 % of
studied areas.

The distribution of European Ground Squirrel is not uniform in the study area. It is
more common in the eastern and southern part of our study area, but the population is very
fragmented.

The main threats for European Ground Squirrel are pasture degradation, building up
areas and flooding. These threats were similar with those from Bulgaria and are specific for
developing countries where the environment education is still at a basic level.

Most of the colonies have no protection, being in private or public areas where people
or local authorities can develop economical activities without an impact study to identify any
potential threats on European Ground Squirrel.

These populations are very sensitive to any disturbance, therefore, we consider
adoption of the species action plan as fully justified and hope that this study will contribute to
its successful implementation. It would be highly beneficial to carry out similar studies in
other parts of European Ground Squirrel distribution range from Romania.
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Abstract

The initial poor well productivity in many cases is a result of the lack of control for
fluid loss and the invasion during drilling and completion operations. Rock formation
attributes like pore geometry within the rock should be considered as a key factor in the
design and selection of reservoir drilling and completion fluids with capabilities to control the
fluid loss and the invasion effectively.

Drilling and completion engineers as well as related professionals need to have a better
understanding of sizes and shapes within the reservoir pore system in order to formulate
optimum fluids to minimize the formation damage. The size and shape of pores, pore
geometry, is usually determined using direct visual methods like petro graphic thin section
analysis and scanning electron microscopy (SEM). The Mercury injection porosimetry has
also been used as an indirect method to get the pores’ size.

Limitations of pore geometry SEM measurements have been revised and applied in
both synthetic and real formation samples with the usage of fundamental concepts, methods
and available data of pores. The digital image processing and analysis are presented as an
applied technology tool used to enhance the pore system interpretation, as soon as images
were obtained through conventional SEM practice. Concepts like pore throat, body,
connectivity and 2D to 3D analysis were discussed in detail to make the actual pore geometry
information more accessible and useful to drilling and completion fluid design teams.

Introduction

Reservoirs drilling fluids or Drill-In fluids have become widely used in recent years
due to their relationship with higher levels of well productivity. Properties of these fluids have
been studied mainly from the perspective of rheological and filtration tests performed
extensively in the lab in a trial and error approach.

Filtration testing using paper or synthetic ceramic media is an approximate way to
evaluate bridging materials in order to control possible fluid losses. This approximation
introduces an error in fluid design that will be critical if there is not a good matching with
representative rock pore geometry, piece of information not available in most cases, and
introducing the use of field rules of thumb, like the calculation of the square root of
permeability to get pore geometry “risky” values.

Formation attributes from any candidate well come usually as a geological-petro
physical report from offset well cores, with little or no mention to formation pore geometry.
Sometimes mercury porosimetry is presented, somehow its interpretation is not simple, and
data provided is an indirect pore size distribution technique. Pressure is measured and pore
aperture radii and general pore size are calculated from it. There is no information of pore
shape.
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Direct visual methods, on the other hand, give no representative quantitative but rather
qualitative information of pore sizes and shapes. This limitation can be solved after
appropriated sample preparation and observation through SEM in BSE (Backscattered
Electron) detection mode followed by digital image processing and analysis of two
dimensional images.

Stereology has been defined (Russ, 1991) as the study of the three-dimensional
structure as revealed in two-dimensional images, usually of sections through it. Stereometry
is, therefore, the measurement of these structures. In Stereology we are forced by the very
nature of the measurement process to sample the 3-D structure, and the extent to which our
samples reveal the “truth” about what is there is fundamentally a statistical problem. In our
case, two-dimensional images are representative sections through a 3-D structure of a rock.
This is almost always shown as a plane, because it makes the mathematical analysis simpler
and corresponds in most cases to the way actual sections are prepared (by cutting, grinding,
etc). These images show pore geometry clearly differentiated from the clastic grain
arrangement or fabric as geologists call it. More accurate measurement of pore bodies and
throats and how they are connected will be the input to optimum selection of seal properties
on any working fluid proposal.

Pore Geometry Fundamentals (Precompaction Geometry-Packing)

Two principal sedimentary characteristics, which affect the packing, are the shape of
grains and their geometric arrangement. Almost all theoretical and experimental studies of
packing have used spherical particles or points in space. The principles are well understood
and for geologists interested in sediments, have been presented at length by Graton and Fraser
(1935), who dealt with the regular packing of spheres and progressed, to more irregular,
random packing arrangements. Naturally, there is criticism of using spheres as model grains.

There are two types of layers, which are stable against the force of gravity acting
alone; they are the square and simple rhombic (Figures 1A-B), and there are three simple
ways of stacking square layers one on top of another (Figures 2A-F). Because two of the three
ways of staking square layers are identical to, but differently oriented from, two of the three
ways of staking simple rhombic layers, there are six fundamental regular arrangements. Two
of these six arrangements repeat as to form (grain volume, porosity) but differ in symmetry
and hence in tortuosity and permeability.

In addition, the six packing types can be characterized in terms of coordination
numbers and the number of other grains touched by an arbitrarily chosen central grain.
Coordination numbers, which are common in crystallographic terminology, are almost
impossible to derive for compacted sediments and rocks. Their packing must be described in
other less precise terms, partly because the packing of natural grains is seldom regular to any
appreciable extent and partly because of cementation.

The porosity of regular packing configurations is fixed and directly related to the
geometric arrangement of the pack. Because the sorting of grains of the six types of packing is
regular, the sorting of their pores is also regular. Graton and Fraser (1935) made extensive
determinations of the geometry of the pore space, including serial sections of the pores in the
regular packs (Figures 3A-B).

Figure 1: Plan View of two types of regular packing layers. A simple square layer and B simple rhombic layer
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Figure 2: Six regular pack configurations of uniform spheres. Cases A-C are arrangements of square layers,
Cases D-F represents similar offset of stacks of rhombic spheres.

<G‘> -< S N I m=) (A) Cubic Pores

e

A Y N J (B) Rhombohedral Pores
'{:@ X g =

Figure 3: Geometry of pore space in cubic and rhombohedral packing, seen as though the solid spheres were
removed. Right — hand figures represent different cross sections.

It is clear that the space in rhombohedral packs is not only less (25.9% porosity versus
47.6% for cubic packs), but the geometry of the pore space is markedly different. In
rhombohedral packs there is less grain surface area exposed to wetting fluids and the capillary
pressure and surface tension for the whole pack are higher. All of these characteristics affect
the subsequent compactive forces as they relate to solution of the grains under pressure and
the maintenance of pore pressure.

Packing heterogeneities

Small-scale packing heterogeneities have been investigated by Morrow (1971) in
terms of the distribution of pore sizes, which is indicative of grain size heterogeneities in
sediments without clay or cement. Packing heterogeneities occurs where there are variations
in particle size or packing in different areas of the rock. Capillary pressure drainage curves
can be used to characterize packing heterogeneities in rock, because the slope of the curve
reflects the pore size distribution of porous sand. In addition, larger interconnected pores tend
to drain faster than smaller ones (Figure 4A).
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Figure 4: Effect of random packing heterogeneities (A) Size, (B) Shape.

Random packing of irregular grains

The shape of sedimentary grains is probably never spherical, not even in politic sands,
and these irregularities in shape should result in a larger possible range of grain percentages in
sediments, because irregular grains theoretically may be packed either more tightly or more
loosely than regular packed spheres. The shape of marine sand grains is reported to be fairly
uniformly disk shaped and may be packed more tightly to the third dimension, with flat sides
together, which would allow for higher grain volume percentage. The grain volume
percentage for beach sand does not differ widely from that on spherical grains (Figure 4B).

Experimental

Three types of porous media were prepared for SEM-BSE observation. Resin
impregnated flat and polished casts of non-consolidated and consolidated sandstone, and one
fragment of aloxite ceramic, provided the raw digital images that were processed and
analyzed to get information on pore body and pore throat size distribution and also
information on pore connectivity and pore shape. All these attributes are explained in detail on
each example.

Consolidated sample images (aloxite, consolidated sandstone) show a less disturbed
pore geometry that can be visualized in 3-D using original 2-D images as input. This practice
gives a clear picture of how tortuosity would be and how pore throats can be related to
restrictions of flow path. Non-consolidated samples unfortunately are affected by confining
pressure conditions that change from bottom hole to surface. Handling of this kind of sample
(freezing, trimming, and cutting) alters original spatial grain arrangements.
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Results and Discussion

Figure 5: 3.D Conversion from 2-D rock image, defining pore throat, pore body and pore connectivity
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Figure 6: Defining pore throat, pore body and pore connectivity
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Figure 7: Defining pore throat, pore body and pore connectivity
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Figure 8: Synthetic Porous Media (aloxite ceramic — 10 [1)

107



100

zdlll=

0 4 8 12 16 20 24 microns

100

50

0 2040 60 80 100 120 140 160 180 microns

Figure 9: Non-consolidated sandstone (bitumen)

Picture bar scale is 100 microns. Black tone is resin filled pore space. Size distribution

is given for both pore bodies and throats. This synthetic media shows high connectivity
between pores with irregular shapes. Pore throat size distribution is narrow and gives a mean
value of 11 microns.

Figure 10: Non-consolidated sandstone (bitumen)
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The manufacturer reports 10 microns as the mean value. Pore body size distribution is
broad with a mean value of 110 microns. With these numbers this porous media can be
subjected to filtration tests selecting the optimum particle size distribution of bridging agent.

Figure 11: Non-consolidated sandstone (bitumen)
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Figure 12: Non-consolidated sandstone (bitumen)

Clastic grains are computer measured to resemble an ellipse, with equivalent average
diameters. Two big ellipses include several grains and are not considered for actual
calculations. The histogram presented represents a visual granulometry with a mean (D) of
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130 microns. Grain shapes are quite irregular in some cases where prismatic habit dominates
(potassium feldspar) and also the effect of cementing material is observed (siderite). If the
expression d = 0.155 (D) is used, an equivalent pore throat for a rhombohedral arrangement is
about 20 microns, and for a cubic arrangement would give an equivalent pore throat of d
=0.414 (D), or 54 microns.

Figure 13: Non-consolidated sandstone (bitumen)

As an exercise, the computer program considers the open pore space for equivalent
ellipses. Values range from 15 to 200 microns pore bodies, with a mean value of 38 microns.
Bitumen holds the grains in this sample. In non-consolidated sandstones for gas or
condensates, this type of structure will tend to collapse and loose its original packing
arrangement. Therefore a higher degree of error is introduced when working with
nonconsolidated rocks as compared to consolidated rock samples.
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Figure 15: Consolidated Sandstone
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Figure 16: Consolidated Sandstone

Consolidated rock samples have the advantage of providing direct pore geometry
measurement. On the example above, the range of pore throat sizes is between 6 and 30
microns, with a mean value of 16 microns.

Conclusion

In consolidated porous media (aloxite/consolidated formation) pore throats or flow
path restrictions can be measured using the minimum diameter size distribution from the
computer program. Pore body measurement presented a broader distribution, which might not
provide a valid statistics.

In non-consolidated porous media, grain size distribution as well as its shape provides
a more representative statistics than the direct measurement of pore bodies and throats due to
a highly irregular spatial arrangement that depends on the original confining pressure, so
original pore geometry might be lost during handling and sampling.

Permeability should not be a parameter to compare rock formations in terms of how
bridging agents can create a seal. Different pore geometries can have the same permeability
but not the same filtration properties. This means, a test failure when assuming that
permeability can give a representative average pore throat size.

If rock pore geometry information can be provided before any drill-In or completion
fluid is designed, the probability of success would be higher. Sidewall core samples and even
drill cuttings from consolidated formations could be useful to get this information.

Computer programs on image processing and analysis are a valuable tool that makes
simple the interpretation of pore geometry attributes in formation material.
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Abstract

In this paper, Classical Lorenz Equations are simulated using MATLAB/Simulink, by
getting the graphical outputs performances of the equations are studied. The butterfly effect
was seen in the expected output graphs. Classical Lorenz Equations were linearization and
then Jacobian matrix was obtained by MATLAB software in embedded system and
eigenvalues calculated. The numereous eigenvalues poles were seen an the rigth axis side of
the complex plane. These poles are causes the unstable behaviors.

Keywords: Lorenz Equation, Chaos, Stabilite, MATLAB, Simulink

Introduction

Chaos is a well-known nonlinear phenomenon, and it is the seemingly random
behavior of a deterministic system that is characterized by sensitive dependence on initial
conditions. Besides, chaos is occasionally preferable, but usually intrinsically unpredictable as
it can restrict the operating range of many physical devices and reduce performance (Hsiao,
2013).

Chaos theory was appeared as a scientific discipline at 1960’s with Edward Lorenz,
who has studied to model meteorological systems with Lorenz Equations in computer
environment by using the data he collected to estimate the weather forecast (Uyaroglu, 2009).

Chaos, a nonlinear phenomenon, has been intensively investigated in medical science,
biology, and physics (Ma, 2011).

In these days, Chaos theory has successful applications in the fields such as secure
communication, automatic control systems, laser physics and financial modeling (Uyaroglu,
2009).

The problem of controlling chaos has recently attracted the attention of many
investigators. Though chaos is a beneficial feature in some chemical or heat and mass
transport processes (Ottino, 1989).

Many researchers have endeavored to find new ways to suppress and control chaos
more efciently. So far, many researchers have presented diferent types of controllers and
control methods, e.g., linear state error feedback control (Uyaroglu, 2013) (Wu, 2007),
sinusoidal state error feedback control (Chai, 2007), variable substitution control (Wu, 2006),
variable structure control (YYan, 2007), nonlinear feedback control (Chen, 2004), active control
(Thang, 2009), and adaptive control (wei, 2007) have been successfully applied to chaotic
systems (Uyaroglu, 2013).

For the study of chaos theory and application of new or existing chaotic attractors
reveal the chaotic systems and improve the dynamics of topological structure, besides the
current system has an important place in terms of applicability (Uyaroglu, 2009).

The chaos studies consist of the processes to improve the terminated chaotic behaviors
or chaos behaivor of systems to stabilize the structure, systems and methods for more efficient
use of areas. For example, the behavior of cancer cells shows a chaotic structure in a shown
Picture 1. The disease cancer occurs due to a group of cells exist differentiatly in the body, as
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a result of excessive and uncontrolled proliferation. Normally, the growth and proliferration of
cells is a normal regime. Accordingly, tissues and organs are able to do their duties as normal.
However, these cells start to grow and replicate abnormally, this process give rise to the
formation of masses called tumors (novartisonkoloji ). Here, the chaotic behavior should be
terminated and the cell structure, showing cell proliferation must be stabilized.

Loss of Normal Growth Control

Normal ~
cell divisien e

@

\\
Cell Suicide or Apoptosis

Cell damage—
no repair

Cancer
cell division

O
© 6 3
069 -
QOO @ o

First Second Third Fourth or
mutation mutation mutation later mutation

Uncontrolled growth

Picture 1: Cancer Cell Division (Cancer)

In another example, a dishwasher water distribution nozzles enganging movement in
the structure behaves as a dynamical chaos ensuring more efficient washing of the dishes has
been provided (Chau, 2011).

In this study, taking advantage of the chaotic behavior of Lorenz equations with the
help of MATLAB/Simulink simulation studies were obtained. The changes of variables was
examined by obtaining the eigenvalues.

Lorenz Systems

The Lorenz systems is described by the following nonlinear differential equations
where X, y and z are state variables, and a, b and c are positive constant parameters when the
typical parameter values for a Lorenz System are a=10, b=8/3 and c=28;

x=a-(y-x)

y=x-(c-2)-y (1)
Z=X-y-b-z
The Lorenz systems is described by
X -10 10 0 X 0 0 O0|x
y|={-28 -1 O yl+x-/0 0 -1}y )}
Z 0 0 -8/3||z 0 1 0|z

Using a MATLAB/Simulink model, as shown in Figure 1., the time series of the
Lorenz chaotic system are shown in Figure 2, Figure 3 and Figure 4., the Xy, xz, yz and xyz
phase portraits are showing in Figure 5, Figure 6, Figure 7 and Figure 8 When x,=0.001,
Y0=0.001 and z,=0.
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Figure 1: Lorenz MATLAB/SIMULINK chaos model
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Figure 2: The time series of the Lorenz chaotic system for the x signal
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Phase portraits are showing in Figure 5, Figure 6, Figure 7 and Figure 8. The butterfly
effect was seen in the expected output graphs.

The stable and unstable points of the sytem variables was examined by obtaining the
eigenvalues. The system is linearization to accomplish eigenvalues and then the Jacobian
Matrix is obtaing by using the first terms of linear elements.

ff=X=a-(y—x)
f,=y=x-(c-2z)-y 3)
f,=2=x-y-Db-z
o o o
;Xalf’iz a a 0) (-10 10 0
J=| =2 da, &y | c-z -1 —x|={28-z -1 —x (4)
ox oy oz
y X -b y x -8/3
ox oy oz

The eigenvalues are found by solving the characteristic equation,
A+10 -10 0

A=Al -J|=|-28+2 A+1 x |=0 (5)
-y -X A+(8/3)

Using eig (A) MATLAB code for eigenvalues of Lorenz chaos system.

Inital eigenvalues of Ay = 22.8277, A, =-11.8277, A3 = 2.6667 for x,=0.001, y,=0.001

and zp=0. Inital eigenvalues are shown in Figure 9 (a, b, c,). All of eigenvalues are shown in
Figure 10.

30 T T T T T T T

20 -
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Figure 9(a): Eigenvalues coefficients in complex plane
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Conclusion

The aim of this paper is to investigate the stable of the Lorenz chaotic systems. It is
seen in Figure 10 that the eigenvalues coefficients in complex plane are located on the right
side of the complex plane axis. As a result of unstable of the system is causes the nonlinear
behaviors. The eigenvalues of the system is show in Figure 9(a,b,c). The eigenvalues given
referance 5 were achived same values that in Figure 9(a,b,c). The various of eigenvalues
coefficients in compex plane are revealed a chaotic behavior. In addition the butterfly effect
was seen in the output graphs.
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STUDY OF BUILDING FIRE EVACUATION AND
GEOMETRIC MODELING BASED ON CONTINUOUS
MODEL FDS+AVEC

Aristides Lopes da Silva, PhD Student in Computer Science -
Computing Graphic, Researcher Wuhan University of Technology, China ,
University of Cape Verde

Abstract

It is true that high buildings under fire accident, many people begin to shock against
each other due to the failure evacuation opportunity in the reduction of visibility due to the
spread of smoke and other factors. Therefore causing a huge loss of life and property.
Along with the evolution of hardware and software, the technique of numerical simulation has
been widely applied in the simulation of reconstruction of fire, making it useful in the
analyzes of the characteristics in the project to improve the speed of evacuation of occupants.
So this article has in its focal point to interpret geometric modeling techniques suitable for
future 3D simulations of the dynamics of the fire with a case study applied to a building of 20
floors in China with an area of 2060m2 (Technological Department of Wuhan University of
Technology - Hubei, China) and the state of the art of this research topic. Some examples of
geometric modeling scenarios for fire are vividly described, so as to introduce the study of the
evacuation of fire in buildings based on the continuous model FDS+Evac.

Keywords: continuous model, building fire, FDS+Evac, evacuation simulation

Introduction

Along with the growing number of high-rise buildings, all types of hidden dangers of
accidents are also increasing, especially building fires, which are at great risk to strike. In
order to obtain the relevant experimental parameters in a fire process, traditional experimental
method of study and predict fire uses real size and characteristics to obtained data that is
generally accurate. However, because of the large-scale of modern building, this sort of
approach is clearly neither practical nor economical. This has to do with its small inputs, short
period of simulation, and the trouble in the adaptation to complement of model experiments, it
is being increasingly applied to the actual project [1, 2]. Thus, Fig. 1 shows the actual building
modeling under test, and its location in accordance with GoogleMaps.

ubei, China
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In the design of building safety, evacuation is critical, it directly affects whether
personnel and substances can move quickly and safely under the sudden strike of fire and
other unexpected events. The existing evacuation research, if divided by focus, mainly
includes the focus on evacuation time research and the focus on law of evacuation behavior
research. Among them, the timeliness of evacuation is first to be paid attention to. The study
of calculating the time people used to reach the safety zone was carried earlier and more
generalized. While due to the constrain of objective conditions, evacuation behavior study is
limited to the investigation of survivors in the disaster, until 1900s, with the rapid progress of
computer technology, a large number of evacuation models have emerged, research in this
field began to enter a new stage [3], in which the United States National Institute of Standers
and Technology (NIST), and VTT Technical Research Center on Finland jointly developed
fire important practical value.

Fire Dynamics Simulator

FDS is a kind of fire simulation software developed by Building Fire Research
Laboratory of NIST. FDS program is geared to the development of eddy simulation. Thanks
to its unique fast algorithm and an appropriate mesh density, it can quickly and accurately
analyze three-dimensional fires. FDS program can make use of other three-dimensional
modeling software and grid generation toll to deal with complex geometric scenes. It can help
resolve the, process of fire and smoke development and spread, besides, FDS includes an
analysis of fire detectors and water-spraying fire-extinguishing system function modules (see
tab. 1), which can be used to study the influence of safety installations to fire development. At
the same time, FSD has an open program structure, good post-processing ability. Its results
have been validated by lots of experiments. So it’s widely used in the field of fire safety
engineering [4].

Smoke detector | Heat detector | Sprinkler_pendent

g
inactive l | X

. e

L U
active ) '-T- T 1

Tab. 1 — Fire detectors, smoke and spray model
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Set spatial region and simulation
time

Set grid and fire source

Set flat sheet and detection point

v | Calculate and display the results
E Establish calculation model
Tab. 2 — FDS, Operating structure of the basic steps

Thunderhead Engineering PyroSim is a kind of simulation software for fire-fighting.
PyroSim graphical user’ interface cab be used as Fire Dynamic Simulator (FDS). PyroSim is
used to create fire protection simulation, accurately predict and analyze fire and smoke
moviment, temperature, and gas concentrations. PyroSim 2008 graphical user’s interfaces for
FDSyersions and SMV (SmokeView).

PyroSim 2008’s key features include:

The use of floor plans, right-angle walls, and other powerful tools for two-dimensional
and three-dimensional interactive geometry editor;

Integration implementation of the FDS and SmokeView;

One - to run the multi-CPU simulation

Can import the existing FDS4 and FDS5 Model

Can converted FDS4 format file to FDS5

Directly introduce AutoCAD’s DXF file, or as a Background image

Smoke layer height calculation

Support additional types of FDS

Fig. 4 - FDS, Workig with computational meshes
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Evacuation Simulator
Current Research

At present, there are more than 20 kinds of commonly used international personnel
evacuation model. According to the basic principles of the model, those evacuation models
can be divides into 3 categories:

Optimization model: ignore the surrounding asylum officers and non-related behavior,
assuming that people evacuate in the most effective way, viewing personnel as a whole of
common characteristics. Such as: EVACNET+, TAKAHASHI’S MODEL.

Simulation model: present the status of evacuation behavior and actions, not only to
achieve the correct results of the assessment, but also to adopt the situation close to the real
refuge-taking path. Such as: BGRAF, EXITT, EGRESS, E-SCAPE, EVACSIM, EXIT89,
EXODDUS, PAXPORT, SIMULEX, VEGAS.

Risk assessment model: identify dangers or incidents related to evacuation in fire, and
quantity the final risk. Through multiple calculations, it will assess the effect of changing fire
protection district to as well as fire safety measures. Such as: CRISP, WAYOUT.

In evacuation simulation, personnel behavior is the most crucial factor and it is the
most important object of study. According to its consideration for the movement manner,
models can be divided into 2 categories:

Model that only takes people’s movement into account: only consider the evacuation
capacity of building and its various parts, often referred to as environment-determinant model,
or ‘Ball” model, It views everyone as an unconscious object, automatically respond to external
signals, evacuation direction and speed of the evacuation are decided only by physical factors,
such as population density, the evacuation ability of exit, the evocation will regarded as a
whole movement, like EVACNET+, TAKAHASHI’S MODEL, etc.

A comprehensive account of the relationships between human movement and behavior
model: this model not only takes into account the physical characteristics of the building, but
also view every single person as an active factor, considering people’s response and
individual behavior to a fire signal: individual response time, how to choose exit, such as
EGREE, E-SCAP, EXIT98, EXODUS and other models.

Behavioral description method used in existing models mainly includes the following
5 kinds:

No rules of conduct model: rely solely on the physical expression of movement and
geometric shapes to influence the evacuation, and to predict their judgments.

Function simulated behavior models: the equation or equations completely determined
staff behavioral responses, and applied to the entire group.
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The complex behavior model: It doesn’t clearly decide the behavior of the criteria, but
with the help of complex indirect physical methods the may be mainly base on secondary data
applications, including psychological or social impact.

Based on the rules of conduct model: a clear recognition of individual behavioral
characteristics, pre-set rules of the mechanism, using rule based method for determining
behavior.

Model based on artificial intelligence: the empowerment of the individual analysis
capabilities to enable it to make decision based on the intelligent analysis of the environment.

In evacuation study, 3 kinds of interactions are usually considered:

People-people, people-buildings and people-environment: these interactions will affect
the officer’s action and decision-making process. They are not only related to the objective
physical conditions, but also, to a greater extent, depends on staff’s own physical,
psychological and social factors.

Helbing proposed the ‘social force’ model, borrowed from Newton’s second law,
taking into account 3 kinds of social force:

Self-driving force, repulsion and attraction: to simulate phenomena like lane forming,
block, arching, quick is just slowness and opposite flow of “oscillatory’ and so on [3].

EVAC model

EVAC is a kind of evacuation simulation software developed by Technical Research
Center of Finland (VTT) based on a continuous space model. The first version EVACL.0,
separately 2006, the second version EVAC1.1 integrated in FDS5.0, released in 2007.10.1
FDS5.0 is also known as the FDS&EVAC, simulation results can be presented animatedly
with the FDS own visualization software Smokeview [5].

| |
I I Cutflow
' ' VENT
e B
| |
| |
Human - Wall Evacuation

Forces HOLE
| |
L_1__°Z
: : EXIT

or
T DOOR
1 1
r r
- F::’c Fﬁoc - Fsoc

Fig. 7 — Concept of the social force

EVAC, movement control equation of personnel i is a follows:
d?x;(t)
mi—2— = fi(t) + &(t)
Where X;(t) is the position of the agent i at time t, fi(t) is the force exerted on the agent
by the surroundings, m; is the mass, and the last term, &;(t) is a small random fluctuation force.
The velocity of agent i is given by v;(t) = dxi/dt [5].
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Example of EVAC

Next figure is an example of FDS+Evac evacuation in the two-layer classroom, a total
of 140 people.

Fig. 6 — FDS+Evac, evacuation fire of two room

In EVAC, body injury model is N gas model proposed by NIST, using the models to
predict smoke toxicity of o fire. On the assumption the most of the burning toxicity in fires
this assumption has been proved by a lot of experiments.
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Fig. 7 — The curve of number and evacuation time

Fig. 8 — PathFinder, Building evacuation model

Using game theory to build exit routes selection model, the model assumes that:each
person is able to observe the locations and actions of others person, everyone will choose the
quickest evacuation route, then the exit-choosing becomes an optimal decision-making
problem. Everyone attempts to choose the shortest evacuation time line. The estimated
evacuation time consists of the:estimated walking time, and the estimated waiting time.

Estimated waiting time is the function of other people’s positions and actions, the
model assumes that people will change the course of action only when there is an obviously
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better evacuation routes than the current program. In addition to other people’s actions and
location, there are other factors which will affect people’s decision-making progress,
including:
fire-related environment,
people’s familiarity to exit,
exit’s visibility,
evacuation decision-making,

These factors are classified as constrain conditions for solving minimum evacuation
time problems.

Fig. 10 — Evacuation model of classroom and laboratory
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Fig. 11 — Evacuees number with the evacuation time
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Conclusion

This research introduces the applications of fire dynamics software FDS&EVAC in
fire evacuation simulation by using a large number of building’s fire evacuation simulation
examples. The FDS&EVAC software obviously shows its high potential in the_building fire
evacuation environment safety assessment because it can applied to high-rise buildings, large
stadiums, supermarkets, shopping malls, and other public places evacuation simulation.
Furthermore, the software can also be used in large-scale models of transports such as ships
and trains. The FDS + EVAC can simulate approximately up to 10,000 people in fire situation
in its main evacuation grid, and this is sufficient for most fire evacuation studies. However,
the software presents some deficiencies in the following areas:

Geometric modeling limitations

Gas toxicity calculation limits

Restrictions on the exit route choices

Detection and lift model restrictions

Staircase model and lift model restrictions

Characteristics of human body size constraints

Though, it is far from perfect, FDS would still be a good fire evacuation simulation
software under the different conditions of fire. The software is not only free, but it is also
opens source. FDS&EVAC simulation results do not depend entirely on the software itself,
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but also depends on the user’s experience, experimental verification, as well as the contrast
with other software. FDS is currently the most advanced numerical simulation software in fire
safety field, while the EVAC takes the advantage of this influential FDS platform [6].
Therefore, it’s well-reasoned to believe EVAC will be developed and improved in all aspects,
and what we need to do is to verify its accuracy through the comparison of simulation and
experiment, thereby enhancing the reliability of evacuation.

In short, the evacuation of personnel is still most complex and difficult action to
simulate, so far there is no one model which can completely solve the various aspects of
evacuation behavior. However, we can anticipate that the future evacuation model will
contain more details, moving towards in the direction of predicting individual behavior,
simulating large populations and complex features, handling the complex interrelationships
between building structure, environment and human behavior.

Future Work

Future work will further validate the model by comparing this experimental data and
calculated results, including a model of evacuation with more behavioral details, including
dilution measure, natural ventilation and pressurization zones of higher flow evacuation
simulating large populations and relationships with the building structure under study.
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Abstract

Modern thermal systems in which hydrodynamics and thermal fields are strongly
related to each other involve compactness and effective heating/cooling performance.
Triangular ducts, having delta-wing type vortex generators (VGs) mounted on the duct’s slant
surfaces, are widely used in modern thermal systems including gas turbines and electronics
cooling applications. Due to the existence of completely opposite results obtained in terms of
performance of the two types of VG configurations —namely “flow up” and “flow down”-, in
the open literature, in the present study, both hydrodynamics and thermal fields together with
the secondary flows induced by the VGs have been analysed extensively to understand which
configuration has the better thermo-hydraulic performance. The results show that one
configuration has a 19% higher thermo-hydraulic performance over 32 different VG
configurations -containing “flow-up” and “flow-down”- for hydraulic diameter based
Reynolds number, Re=5000. The angle of inclination of each VG made with the flow
direction is set to 30° and the inclined surface’s wall temperatures are set to 80°C. Based on
the current results, the optimum distance between successive VGs has been determined as
0.385 of the hydraulic diameter. The present CFD results have been validated against the PIV
data.

Keywords: PIV (Particle Image Velocimetry), CFD (Computational Fluid Dynamics), vortex
generator (VG), thermo-hydraulic performance.

Introduction

As it is well known, hydrodynamics and thermal fields are vitally related to each other
in modern thermal systems such as electronics, gas turbines, heat exchangers, aerospace,
nuclear and biomedical applications. In these applications, increased efforts have been made
to obtain more efficient heat transfer surfaces for non-circular flow passages. Among these
passages, triangular ducts are preferred due to their compactness in terms size and volume. As
it is stated in (Zhao & Liao, 2002), (Leung & Probert, 1997), (Shah & London, 1978) and
(Zhang et al., 2008), maximum convective heat transfer is provided by the equilateral
triangular shaped ducts, among other duct shapes, since these ducts can reduce thermal
resistance and increase heat transfer coefficient. In addition, when the inner surfaces of the
triangular ducts are equipped with the VGs, the heat transfer reached up to 110% (Joardor &
Jacobi, 2005) and (Joardor & Jacobi, 2008). The wing-type vortex generators (VG), which
have been intensively investigated by Jacobi and Shah (1995) and (Torii, Nishino &
Nakayama, 1994), can generate a continuous irregularities on the viscous sub-layer and can
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increase the heat transfer effectively (Incropera & DeWitt, 1996) and (Biswas, Torii, Fujii &
Nishino, 1996). This is achieved by using different VG configurations, namely “flow up” and
“flow down”- if the distance between leading edges of the VG pair is more than that of the
trailing edges, then the configuration is called “flow up” (Fig. 1a); conversely, if it is less,
then it is called “flow down” (Fig. 1b)—(Torii, Kwak & Nishino, 2002) and (Allison & Dally,
2007). Torii et al., Allison and Dally (2007) compared both “flow up” and “flow down”
configurations and obtained that “flow up” configuration shows better heat transfer
characteristic. However, Kim & Yang (2002), (Fiebig, Valencia & Mitra, 1993) and (Biswas,
Mitra & Fiebig, 1994) obtained opposite results. Therefore, the present authors performed
extensive studies to find out the best configuration in terms of thermohydraulic performance
generated in the equilateral triangular ducts. Thermohydraulic performance is a parameter
showing the performance of the modern thermal systems corresponding to maximum heat
transfer be obtained by minimum pressure loss to achieve minimum energy consumption
(Akcayoglu, Cebeci & Nazli, 2014). In the present investigation, a Computational Fluid
Dynamics (CFD) study has been employed to obtain flow and temperature fields in the
triangular ducts with 32 different VG configurations. The present simulation results have been
validated against the Particle Image Velocimetry (P1V) data of Akcayoglu (2011).

Geometry, Mesh and Numerical Details

The equilateral triangular ducts equipped with VGs studied in this research are shown
in Fig. 1la,b,c and d. Each duct is 25.73D long and 1.49D high, where D is the hydraulic
diameter of the duct, as shown in Fig. 1. The dimensions, orientations and the locations of
VGs are also illustrated in Fig. 1 as Model A, B, C and D. In Fig. 1, b is a varying parameter
indicating the distance between successive VGs (0 < b < 4.62D). All the dimensions are
selected from the literature Akcayoglu (2011), (Vasudevan, Eswaran & Biswas, 2000) and
(Lin, Liu & Leu, 2008) representing the applications in modern thermal systems.

5,730 | /30

| 2!

| 3.7

s 7

1940

(b) Model B

25.73D

|
I - . |
) N5, & IR <
/ RN e / / &y P
/7 \ L S \'\\ / // — '5:3/ ( %/\\ = )
)
L

)

— = \ 7 1 = \ Ny = ;

|* 3 8 6|. B ) /-* .6("
! | = / 1= N

\ b

063D
065
e

(c) Model C (d) Model D
Figure 1. Geometrical configurations and locations of VGs.

In the present study, several grid types including different mesh distributions and
element sizes are tested and compared with the experimental data to find the best solution.
Figure 2 shows four numerical simulation results and an experimental data Akcayoglu (2011)
and Akcayoglu et al. (2014) obtained on a line parallel to the x-axis at (y=0.62D, z=4.43D)
location. As it is clearly seen from Fig. 2, the results become grid-independent and also are
consistent with the experimental data after the element size becomes greater than or equal to 7
million. Therefore, the rest of the simulations are performed using the mesh distribution
containing 7 million elements.
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Figure 2. Velocity distribution along x-axis at (y=0.62D, z=4.43D) line [1].

Numerical simulations are carried out by using a finite volume code, ANSYS
FLUENT V.14.5. In all simulations, the flow Reynolds number based on the hydraulic
diameter of the duct is set to 5000. All fluid properties- including density, viscosity, specific
heat and thermal conductivity- are assumed constant. Boundary conditions include “Velocity
Inlet” at the duct inlet and “Pressure Outlet” at the duct outlet. A fully-developed velocity
profile obtained from experimental results data Akcayoglu (2011) and Akcayoglu et al.(2014)
is imposed at the inlet boundary of the domain. The duct base, slant surfaces and VGs are
defined as “Wall” boundary condition. The slant surfaces and the VGs are assumed to have
constant wall temperature of 80°C. “Shell conduction” option is enabled in order to compute
heat conduction within the walls, to satisfy experimental wall thickness, which is 3 mm data
(Akcayoglu, 2011) and (Akcayoglu et al., 2014). In the present study, several turbulence
model simulations have been performed for various mesh distributions and the best model has
been chosen as “RNG k-&” turbulence model -with “enhanced wall treatment” option- based
on the comparison with the experimental data. The continuity, momentum and energy
equations are solved to resolve flow and temperature fields within the computational domain.
One can refer to ANSYS Inc. (2014) for flow, temperature and model equations. To calculate
the thermo-hydraulic performance, the following formulations are used (Webb, Eckert &
Golgstein, 1971).

THP = (Nu/ Nus) / (f/ f)) 3

1)

Nu = (hL) / k

()

? ; ((m Cp (Toutlet - Tinlet)) / (Alateral (Tsurface - Taverage))
3

f=(2AP/ (pU?)) (DI/L)

(4)

132



AP = Pintet - Poutlet

®)

D = 4Across-sectional / P

(6)

m = pAcross-sectionalU

(7)

Taverage = %2 (Touttet + Tintet)

(8)

where; f: Friction factor, AP: Pressure loss, p: Density, U: Mean velocity at the inlet, D:
Hydraulic diameter, L: Duct length, p: Perimeter, Pine: Pressure at inlet, Poyuer: Pressure at
outlet, h: Heat transfer coefficient, m: Mass flowrate, c,: Specific heat capacity, Toutet:
Average temperature at outlet, Tiner: Average temperature at inlet, Ajerar: TOtal area of lateral
surfaces, Tsurface: Average temperature of the heat transfer surfaces, Taverage: Average
temperature between inlet and outlet, Nu: Nusselt number, k: Coefficient of thermal
conductivity, Nus: Nusselt number of smooth duct, fs: Friction factor of smooth duct, THP:
Thermohydraulic performance, Across-sectional: Cross-sectional area of the duct.

Results

Streamlines are defined as family of curves that are instantaneously tangent to the
velocity vector of the flow field studied. When the streamlines are disturbed by the physical
structure of the domain, they start to rotate in the flow field, causing the flow velocity to
become zero at the center of rotation and this center is called as “focus”. Figure 3 shows
streamlines obtained on the xy plane at P=18D for Model D at different VG distances (b),
where b is the distance between the successive VGs. Each streamline distributions shown
contain 4 foci on the specified plane. As shown in Figs. 3a and 3b, foci pairs formed on the
upper part are found smaller compared with the foci formed on the lower part. In addition, all
the foci centers shown in Figs. 3a and 3b are found closer to the inclined hot walls of the
triangular ducts compared with Figs. 3c and 3d. These results reveal that more heat can be
transferred from the hot walls towards the inside of the ducts when the distances between VGs
are equal to b=0 and b=0.385D. When b is increased (Figs. 3c and 3d), the upper foci pairs
become more dominant while the lower ones getting smaller.

= == = =

Figure 3. Streamlines obtained on the xy plane at P = 18D for Model D;
(@ b=0,(b)b=0.385D, (c) b=2.31D, (d) b = 4.62D.
(b)

Figure 4 shows streamlines obtained for four different VG configurations for the same
successive VG distances, b = 0.385D, on the same plane, P = 18D. It is clear that different
streamline distributions are obtained from different VG configurations at P=18D plane. Four
foci are observed for Model C and Model D, while only two foci are observed for Model A
and Model B (Figs. 4a, 4b, 4c and 4d). In order to find out which configurations have higher
THP over the other configurations, it is decided to include temperature distribution obtained
on the inclined surfaces of the triangular ducts studied.
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Figure 4. Streamlines obtained for b = 0.385D at P = 18D plane;
(@) Model A, (b) Model B, (c) Model C, (d) Model D.
(b)
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Figure 5 shows wall adjacent temperature distributions on the inclined surfaces obtained at
different VG distances for Model D. Higher levels of temperature distributions are observed
for b=0 and b=0.385D as shown in Figs. 5a and 5b compared with Figs. 5¢ and 5d. As a
result, it is clear that as the distance between the VGs is decreased, then the temperature
distributions become better on the inclined walls.
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Figure 5. Wall adjacent temperature distribution on the inclined surfaces for Model D;

(a) b =0, (b) b = 0.385D, (c) b= 2.31D, (d) b = 4.62D.

Wall adjacent temperature contours obtained on the inclined surfaces for each model
for b = 0.385D are illustrated in Fig. 6. It is noted that the temperature field is found highly
affected by the type of oncoming VG configuration, as higher temperature regions are
observed for Model C and Model D, compared with Model A and Model B (Figs. 6a, 6b, 6¢

and 6d).
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Figure 6. Wall adjacent temperature distribution on the inclined surfaces for b = 0.385D; (a) Model A, (b) Model
B, (c) Model C, (d) Model D.

It is known that in modern thermal systems, friction factor f is used as a measure for
the pumping power requirement of the system and the Nusselt number is used for the
determination of heat transfer of the thermal system. Figure 7a illustrates dimensionless
friction factor against distance between successive VGs, b. It is clearly seen that the friction
factor decreases when b is increased (Fig 7a). Figure 7b shows dimensionless Nusselt number
distribution against distance between successive VGs. The highest Nu is obtained for Model B
(Fig. 7b).The smallest values of f and Nu are obtained for Model A, as shown in Fig. 7a and
7b.
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Figure 7. (a) Dimensionless friction factor against distance between successive VGs,
(b) Dimensionless Nusselt number against distance between successive VGs.

In order to decide the best VG configuration amongst the cases studied, the
thermohdraulic performance (THP) against b is obtained for 32 configurations and the results
are illustrated in Fig. 8. As it is seen in Fig. 8, the maximum THP is obtained for Model B.
However, THP continuously decreases as b is increased, without showing a peak, for Model
B. On the other hand, each of the Models A, C and D have a peak at b = 0.385 D. The
maximum peak is obtained for Model D for b = 0.385 D as shown in Fig. 8.
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Figure 8. Thermo-hydraulic performance (THP) against distance between successive VGs.

Conclusion

The present numerical study aimed to investigate the best thermohydraulic
performance of VG configurations used in modern thermal systems for Re=5000. Both flow
and thermal fields are observed carefully and the results are presented for 0 < b < 4.62D
where b is the distance between successive VGs. Present results show that the flow and
thermal fields are greatly affected by the orientation of VGs as well as the distance between
the successive VGs. Higher temperatures are obtained as the distance between the VGs
becomes small and as successive VGs are oriented differently- for example if the VG is
oriented as “flow down”, then the oncoming VG should be “flow up”. Moreover, comparing
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to the upper foci pairs, if lower pairs of foci becomes greater, then the THP becomes greater.
Among 32 different VG configurations tested, the maximum THP is obtained for b = 0.385D
for Model D and is increased 19% in comparison with smooth duct.
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Abstract

Use of shear walls in RC buildings is one of the most commonly used strategies for
earthquake mitigation. To avoid torsion in buildings, shear walls must be placed
symmetrically in plan. In this paper, a five-storey RC building located in seismic zone-V is
considered with four shear walls. Five different configurations of shear walls viz. bare frame,
shear wall symmetrically placed at exterior bays (centrally), at core and adjacently placed in
exterior of the building, are considered. These frames are analysed for seismic forces to assess
performance in terms of base shear, storey drift, member forces and joint displacements. The
frame with shear walls at core and centrally placed at exterior bays showed significant
reduction of order 29% to 83% in lateral displacement. The reduction in bending moments is
approximately 70% to 85% for interior and perimeter columns respectively. Shear and axial
forces in columns have reduced by 86% and 45% respectively. Based on such results, the best
placement of shear walls in building plan is suggested.

Introduction

Reinforced concrete buildings often have vertical plate-like RC walls is called Shear
walls. Shear walls are like vertically-oriented wide beams that carry earthquake or wind loads
and transfer them downwards to the foundation. These walls generally start at foundation
level and are continuous throughout the building height. Their thickness can be as low as
150mm or as high as 400mm in high rise buildings. Shear walls are usually provided along
both length and width of buildings. Most RC buildings with shear walls also have columns.
These columns primarily carry gravity loads and shear walls are designed to carry lateral
loads. Shear walls provide large strength and stiffness to buildings in the direction of their
orientation, which significantly reduces lateral sway of the building and thereby reduces
damage to structure and its contents. In this paper, five frames with different placement of
shear walls are analysed for their performance in terms of base shear, storey drift, member
forces and joint displacements.

Problem Formulation

A Five-storey RC office building is assumed to be located in seismic zone V on
medium soil (as per IS 1893:2002). It is designed as an ordinary moment-resisting frame.
Column sections of size 350mmx500 mm, beam sections of size 500mmx500mm, 125 mm
thick RCC slab on all floors and shear wall having 300 mm thickness are taken for proposed
work. In x-direction (the longer direction in plan) there are 5 bays, each of 4 m width and in z-
direction (the shorter direction in plan) there are 3 bays, each of 5 m width. The column height
throughout the structure is 3.5 m. Five frames with different shear wall configurations viz.
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bare frame (frame 1), shear wall symmetrically placed at exterior bays centrally (frame 3), at
core (frame 2) and adjacently placed in exterior of the building (frame 4 and 5) as shown in
Fig.1 are taken for the study. These frames are subjected to dead load, imposed load of 4
kN/m? on all floors, imposed load of 1.5 kN/m? on roof (as per 1S 875-part 2) and earthquake
loads as per IS 1893:2002.

& & & & & - == PLAN @ 'S ammsn - 4 qumm PLAN | | PLAN
& W & W @ *

& L] & & E—am & GEeES & L]

Isometric View
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Fig.1: Five Frames showin-g Plan and Isometric View.

These frames are analysed for load combinations suggested by IS 1893, i.e,

1 1.5(DL +IL),
2. 1.2(DL+IL*EL),
3. 1.5 (DL +EL),
4 09DL+15EL.

For the calculation of base shear, the zone factor ‘Z’is taken as 0.36 for seismic zone
V, Importance Factor ‘I’ equal to 1, Response reduction factor ‘R’ as 3 as it is an Ordinary RC
moment resisting frame and fundamental natural period of vibration (T) is calculated as 0.352
seconds for x-direction and 0.406 seconds for z-direction (as per IS: 1893-2002).

Analysis of Results
Bending Moment in columns

After carrying out analysis, bending moments (KNm) in bottom storey columns for all
frames are taken from output file and are shown in Fig. 2. The maximum value of bending
moment both in the case of interior and perimeter columns for ground storey columns are seen
in the case of Frame-1which is the frame with no shear wall which comes out to be 233 and
230 kNm respectively whereas the minimum value for both are seen in the case of Frame-2
where shear walls are placed at the inner core of the building symmetrically which comes out
to be 30 and 51.7 KNm. From Fig. 2, it can be concluded that frame-2 have significant
reduction in bending moment of ground storey columns.
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Fig. 2: Bending moment (kNm) in Ground Storey Columns.

Similarily, bending moments in top storey columns are shown in Fig. 3. The maximum
value of bending Moment both in the case of interior and perimeter columns for top storey
columns are seen in the case of Frame-1which is the frame with no shear wall which comes
out to be 91.9 and 93.2 KNm respectively whereas the minimum value for both are seen in the
cases of Frame-2 and Frame-4 where shear walls are placed at the inner core of the building
symmetrically and shear wall symmetrically placed at exterior bays (centrally) which comes
out to be 62.5, 35.3 and 27.9,35.3 KNm respectively. It is evident from figure that frame-2 and
frame-4 show predominant reduction in bending moment.

Frame-5
Frame-4
Frame-3 108
Frame-2

Frame-1

0 20 40 60 80 100 120

Interior Column M Perimeter Column

Fig. 3: Bending moment (kNm) in top Storey Columns.

Shear Force

Shear force is a measure of lateral load borne by columns and shear walls. The
maximum value of shear force both in the case of interior and perimeter columns for ground
storey columns are seen in the case of Frame-1which is the frame with no shear wall comes
out to be 106 and 104 kN respectively whereas the minimum value for both are seen in the
cases of Frame-2 and Frame-5 where shear walls are placed at the inner core of the building
symmetrically and adjacently placed in exterior of the building which comes out to be 14.2,
23.2kN and 26.2,14.1 kN respectively. Figure 4 shows shear force in ground storey columns
for all the frames. It is evident from the figure that frame-2 and frame-5 show significant
reduction in shear force on ground floor.

141



Frame-5

Frame-4
Frame-3
Frame-2
106
Frame-1 104
0 20 40 60 80 100 120

Interior Column M Perimeter Column

Fig. 4: Shear force (kN) in Ground Storey Columns.

Similarly, shear force in top storey columns is shown in Figure 5. The maximum value
of Shear Force both in the case of interior and perimeter columns for top storey columns are
seen in the case of Frame-1which is the frame with no shear wall comes out to be 106 and 104
kN respectively whereas the minimum value for both are seen in the cases Frame-2 and
Frame-5 where shear walls are placed at the inner core of the building symmetrically and
adjacently placed in exterior of the building which comes out to be 14.2, 23.2 kKN and
26.2,14.1 kN respectively. By looking at the results it can be inferred that frame-2 and frame-
5 shows maximum reduction in shear forces in top storey.

Frame-5
Frame-4
Frame-3
Frame-2
Frame-1
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Fig. 5: Shear force (kN) in topStorey Columns.

Axial Force

The maximum value of axial force both in the case of interior and perimeter columns
for ground storey columns are seen in the case of Frame-1which is the frame with no shear
wall comes out to be 1066 and 797 kN respectively whereas the minimum value for both are
seen in the case of Frame-5 where shear walls are placed at the adjacently placed in exterior of
the building which comes out to be 623 and 442 kN respectively. By looking at Fig. 6, it is
evident that the maximum reduction in axial force on ground floor is being experienced in
case of frame-5.
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Fig. 6: Axial force (kN) in Ground Storey Columns.

The maximum value of shear force both in the case of interior and perimeter columns
for top storey columns are seen in the case of Frame-1which is the frame with no shear wall
comes out to be 152 and 119 kN respectively whereas the minimum value for both are seen in
the case of Frame-4 where shear walls are placed at the adjacently placed in exterior of the
building which comes out to be 61.2 and 56.7 respectively. By looking at Fig. 7, it is evident
that the maximum reduction in axial force on top floor is being experienced in case of frame-
4,

Frame-5
Frame-4
Frame-3 117 144
Frame-2 117 139
Frame-1 119 152
0 50 100 150 200

Interior Column M Perimeter Column

Fig. 7: Axial force (kN) in TopStorey Columns.

Storey Drift

Vales of storey drift in x-direction for all the frames and for each storey are given in
Table 1 and plotted in Fig. 8. By analysing these values, it can be concluded that frame-2 in x-
direction and frame-3 in z-direction has maximum reduction in storey drift.

Table 1 Storey Drift in x-direction.

Displacement(mm) in x- direction
Storey Frame-1 Frame-2 Frame-3 Frame-4 Frame-5
Fifth 34.813 9.964 12.403 14.998 12.248
Fourth 30.940 8.586 9.494 11.95 9.301
Third 24,122 6.290 6.343 8.192 6.297
Second 15.317 3.728 3.455 4.594 3.558
First 6.040 1.406 1.182 1.507 1.344
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Table2 Storeydrift in z-direction.
Displacement(mm) in Z direction
Storey Frame-1 Frame-2 Frame-3 Frame-4 Frame-5
Fifth 60.911 13.444 10.135 12.917 11.691
Fourth 53.123 11.569 7.689 9.84 8.982
Third 40.622 8.477 5.107 6.729 5.942
Second 24.849 4,922 2.773 3.832 3.183
First 8.944 1.129 0.961 1.621 1.039
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Fig.9: Storeydrift(mm) in z-direction.
Conclusions

Lateral load resisting capacity of the frame increases significantly in case of shear wall
introduction, as is clear from the story displacements in x and z directions.

For frame-2 (shear walls at core), lateral displacements are minimum in x-direction
and merely 29% of the displacement of simple frame (from 34.83 mm to 9.96 mm)

The frame with shear walls (frame-3) at mid-sides performs best for earthquake in z-
direction. The reduction in response is as high as 83% (60.9 mm to 10.14 mm).

Interstorey drift which is crucial for columns is also reduced appreciably with the
introduction of shear wall, minimum being for frames 2 and 3.

As far as bending moments in ground floor columns are concerned, Frame-2 and
Frame-3 shows significant reduction in the same as compared to those in simple frame
(frame-1). The reduction in B.M. is approximately 70 to 85% for interior and perimeter
columns respectively.
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Shear force in ground storey columns is also reduced by as high as 86% for Frame-2
and Frame-5. This can be attributed to contribution of shear walls in taking base shear.

Axial force in the columns during earthquake is reduced as much as 45% due to
introduction of shear walls. Major reduction is seen for Frame-5.

Similar trend in reduction of bending moments, shear forces and axial forces is seen in
for top story columns. Frame-2 and Frame-4 are seen to perform better in this case.

Shear walls are definitely good mechanism for lateral loads mitigation, but the
placement of shear walls should be made judiciously. In the present case, the Frame-3 (shear
walls at mid-sides) is seen to perform better in major number of cases.
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Abstract

This paper presents a model for the creation of software systems using the example of
a menu-select interaction system based on Communication Sequential Process (CSP) theory.
This theory enables the specification and analysis of various patterns of communication
between processes. The model includes the specifications of commonly used processes such
as ‘stoppable’, ‘resettable’, ‘backtrackable’ and ‘coroutine’. Implementation of the model has
been carried out on the basis of LISP language and it has been approved in a series of tests.

Keywords: menu-select interactive system, formal specifications, CSP theory, model

Introduction

Software systems have significantly increased in complexity and diversity in recent
years, requiring the use of new, more efficient technological tools for their development. Most
existing tools cannot guaranty high reliability in software products and do not allow their
complete analysis. We propose a new model for the study of the properties of these products,
starting from the initial description of the problems they are programmed to solve and also
examining all stages of their development.

These problems can be solved using formal mathematical models which provide a
rigorous approach to software development. However, the experience of software
development shows that the use of formal methods in the design of software systems often
leads to cumbersome constructions which cause a serious obstacle to the development
process. It follows that we need to create an appropriate conceptual apparatus which will
make these formal methods more applicable to software development in practice. Considering
this problem, of the various tools for creating models available, the most appropriate one
seems to be the theory of communicating sequential processes, or CSP (Hoare, 1985), which,
by using the conceptualization of sequential processes, enables the specification and analysis
of various patterns of communication between processes (including parallelism). The
principles of process specification and analysis in CSP are consistent with the top — down
method of development, and therefore permit reductions in the complexity of formal methods
of software development by abstracting all non-essential parts of the process.

An advantage of using CSP facilities is that they allow the combination of formal
methods with the programmer’s intuition to create software tools for the computer assisted
development of software application. In particular, C.B. Jones, in his monograph (Jones,
1980) proposed in cases of high complexity to replace the formal proof of program
correctness by so-called correctness arguments, which can be formulated based on the
experience and intuition of the programmer. One of the important stages of a rigorous
approach to software development is the construction of a formal model of the application
being created based on a suitable mathematical apparatus. In this paper we present the
specification of a menu - select interactive system model using CSP.
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Menu-select interaction

By an interactive system we mean a programming system in which interaction between
the system and user is realized in the form of a question and answer. The main purpose of
interactive systems is an optimization of human-machine interaction when problem solution
cannot be completely formalized before execution, or the methods of their solution can be
substantially improved by dialogue interconnection. The distinctive feature of this sort of
problem is that the subsequent stages of their solution can be changed depending on the
results of previous stages and usually cannot be chosen automatically by system programs.
The most typical examples of systems intended to provide the above mentioned facilities, are
managing, teaching, automatic design, information search and problem solving systems.

The first objective of dialogue interconnection is to prompt, invite and guide the end user
to input all the data correctly. End users will particularly need interactive system guidance if
they are occasional users, or if the data structure is complex. There are a number of different
methods of providing this guidance of which the most appropriate is menus. By menu we
mean lists of options from which the user may select by moving a cursor or entering the
appropriate keyword. An interactive system based on the menu select interaction principle is
called a menu-select interactive system. The most essential benefits provided by a menu select
interactive system are the following:

1. Menus help the user to clear the hurdle of getting started.

2. Users do not have to type a syntactically structured request. Instead, they only select
from a list of options.

3. The user can go back up to any of the menus used on the previous steps to change the

progress of problem solution.

The behavior of a menu-select interactive system can be modeled as a set of sequences of
possible responses. This allows description of the menu-select interactive system model using
CSP theory. In CSP notation these sequences are called traces. A trace is a finite sequence of
symbols recording the actual or potential behavior of a process from its beginning up to some
moment of time. Each symbol denotes a class of events in which a process can participate.

The set of symbols denoting events in which a process can participate defines the
alphabet of a process. A process is defined by the set of all traces of its possible behavior.
From the definition of a trace, it follows that process P with alphabet A;

PO. Pc A, where A “denotes the set of all traces with symbols from a pre-defined alphabet
A;

P1. <> e P,where <> denotes an empty trace;

P2.ste P=>se P,forall ste A~ ,where st is the concatenation of s with t

Below we present some important definitions from CSP that will be used subsequently.

If s is a nonempty trace, we define s as its first symbol, and s’ as the result of removing
the first symbol from s.

Let ¥ be a symbol denoting successful termination of the process. As a result, this
symbol can appear only at the end of a trace. Let t be a trace recording a sequence of events
which start when s has been successfully terminated. The composition of s and t is denoted (s;
t). If \ does not occur in s, then t cannot start.

If s is a copy of an initial subsequence of t, it is possible to find some extension u of s
such that su = t . We therefore define an ordering relation s <t =43 u (su=t ) and say that s is
a prefix of t. For example, <x,y> <<x,y, 2>, <>< <X, y>.

The < relation is a partial ordering, and its smallest element is <>.

The expression (t| A) denotes the trace t when restricted to symbols in the set
A, it is formed from t simply by omitting all symbols outside A. For example,
<a,d,c,d>| {ac}=<a c>.

The expression P denotes the set of first symbols of all traces in process P (initial state
of process P). To put it formally: P°=¢{c|<c>e P}.
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Process FAIL = 4 {<>} , which does nothing, process SKIP = 4 {<>,<V >}, which also
does nothing, but unlike FAIL it always terminates successfully.

Let x be an event and let P be a process. Then (¢ — P) (called ‘c then P”) describes an
object which first engages in the event ¢ and then behaves exactly as described by P. The
process (¢ — P) is defined to have the same alphabet as P; more formally,
(c—>P)=g¢{c—os|ce aP &s e P} wherec— s =4 <c>s, aP denotes an alphabet of
process P.

Let P be a processand s € P then P /s (P after s) is a process which behaves the same
as P behaves from the time after P has engaged in all the actions recorded in the trace s.

Ifs ¢ P, P/sis not defined; more formally, P /s =4 {t| st € P}.
Let P and Q be processes. The operation P | Q is defined as following:
P|Q=g¢ PuQ,where a(P|Q)=aPu aQ (the choice between P and Q).
The choice depends on which event from (P | Q)° occurs. For example, if R=(a — P) | (b —
Q),R/<a>=Pand R/<b>=Q

Let P and Q be processes. Sequential composition P; Q is defined as a process which first
behaves like P; but when P terminates successfully, (P; Q) continues by behaving as Q. If P
never terminates successfully, neither does (P; Q). More formally, P;Q =4 {sit|se P&t e
Q}

In CSP a menu select interaction can be specified as communicating process P. The initial
menu, with a set of events, is displayed on the screen, represented as P°. After the user has
selected one of these events, say x (xe P°), the subsequent interaction is defined by
P/< x.> (P after x), i.e. (Pl<x.>)? ...

A set of menus and interactive prompt representations are provided for a set of functions
logically used together. Each symbol in the menu denotes a function, invoked after the user’s
selection. We will make a distinction between the commonly used functions, controlling the
interaction process, and the problem dependent functions, the choice of which can be defined
depending on the particular sort of problems.

The most typical commonly used functions of the menu-select interaction are the
following:
functions for terminating or quitting a process;
functions allowing the return to any of the previous steps;
switch-functions — for switching to another process, in particular, to use another set of menus
or command and data entry, for which the menu technique is less suitable.

The main objective of this paper is the specification of an abstract menu-select

interaction on the basis of CSP, concentrating our attention on these commonly used
functions.

This paper investigates the following commonly used functions:

‘stop’ — to terminate or quit a process;

2.1. ‘reset’ — to start again from the beginning of a process;

2.2. ‘back’ - to undo the most recent action in a process;

3.1. “‘off” —to pause a process and switch to another;

3.2. ‘on” - to restore the action of the most recent process interrupted by the ‘off’
function.

The model of a menu-select interactive system is based on the specification of these
functions, which can be described in CSP. But CSP facilities are not enough to describe a
menu-select interaction model completely. Therefore we need to extend CSP facilities with
new processes which define the above mentioned functions.

If ‘P’ is a process, let’s define the following processes:

2.1. Stoppable (P).

Let ‘stop” be a symbol not in the alphabet aP. Then a process stoppable (P) can be

defined as a process which behaves like P, except that
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‘stop’ is in its alphabet;
‘stop’ is in every menu of stoppable (P);
when ‘stop’ occurs, stoppable (P) terminates successfully

For example:
<a, b, c, stop, V> e stoppable (P) <> <a, b, c> e P, where symbol V denotes the event of a
successful termination of the process.
2.2.Resettable (P).

Let ‘reset’ be a symbol not in the alphabet aP. Define resettable (P) as a process that
behaves
like P, except that
‘reset’ in its alphabet;
‘reset “ is in every menu of resettable (P);
when ‘reset’ occurs, resettable (P) starts again from the beginning

For example:
<a, b, reset, ¢, d>e resettable(P) < <a, b>e P& <c,d>e P
2.3. Backtrackable (P).

Let ‘back’ be a symbol not in the alphabet aP. Define backtrackable (P) as a process that
behaves like P, except that
‘back’ in its alphabet;
back is in every menu of backtrackable (P);
backtrackable (P)/s<x,back> = backtrackable (P)/s provided x # ‘back’
The intention is that ‘back’ will cancel the effect of the most recent action which has not
already been cancelled (other than ‘back’ itself).

For example:
<a, b, back, d>e backtrackable (P) <> <a,d>e P
<a, b, ¢, back, back, d>e backtrackable (P) < <a,d>e P
2.4, Coroutine (P).

Let (aP U aQ) N {off,on} = & . Define coroutine (P,Q) as the following:
initially coroutine (P,Q) starts from the process P and then
when “off” occurs it is switched to the process Q which starts from the beginning, and then
when ‘on’ occurs it is switched from the process Q to the process P, continuing from the
point, at which process P had been interrupted;
the subsequent behavior of ‘coroutine (P,Q)’ is defined as following:
(2.1) when “off’ occurs it is switched from process P to process Q, continuing from the point
at which process Q had been interrupted;
the same as in (1.2).

The behavior of ‘coroutine (P,Q)’ can be illustrated as following:

: P
o off on oft on
Figure 1.

The coroutine (P,Q) process is an important one, because it permits the description of
such well-known processes as lexicographic analysis and parsing in compilers,
multiprogramming, time sharing and other important processes.
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The specifications and properties of commonly used operations

Interactive systems are more difficult to specify and analyze than other concurrent
systems. This is because they require the conceptualization not only of interactions between
their subsystems, but also of the complex interactions between the user and the system. It is
clear that the programmer’s intuition is not enough, being unreliable in cases of high
complexity. One of the important problems in system specification and analysis is the
definition of process properties and their proofs using a satisfactory conceptual apparatus.
This chapter concerns the specifications and proofs of the properties of the main commonly
used processes of menu-select interactive systems using CSP. The ‘stoppable’, ‘resettable’,
‘backtrackable’ and ‘coroutine’ process operations are considered. These operations introduce
new commonly used actions to supplement arbitrary menu-select applications. We stipulate
that all processes controlled by the above mentioned commonly used operations are well
terminating in the sense that they do not progress towards FAIL process. FAIL process
represents a state after the run time errors such as divergence, deadlock and non-termination.
A more formal definition is:

P is WTP (Well Terminating Process) <  VseP. (P/s<>FAIL)
This assumption is important for the implementation of operations.

In this paper we intend to use the following styles of process definition:
a trace based definition, defining a process as the set of its traces;
a derivative definition, defining a process P by two objects:
a set 1, defining the initial state of process P, i.e. P%;
a function mapping each member ‘¢’ of I into a process, defining the subsequent behavior of
P, i.e. P/<c>

To prove the relevant properties it is reasonable to use the first definition style.
Derivative definitions are useful for the implementation of processes, because they directly
define their behavior. Below we formally define the commonly used processes based on the
above mentioned styles of process definition.
3.1. Definition of ‘stoppable’.
Definition 1 (trace based).

stoppable (P) =4t {st|seP &t e(stop->SKIP )), where P is WTP & stopgaP

Definition 2 (derivative).

stopg aP&
(stoppable(P))° = P° U {stop} &

SKIP, if x=stop
(stoppable(P))/<x>= |

stoppable(P/x), if x # stop
The last definition can be adequately implemented in the form of a recursively defined
function or procedure.
3.2. Definition of ‘resettable’.
Definition 1 (trace based).
resettable(P) = ¢ {s | se(aPuU {reset} ) & (V s1<=s) rest(s;)eP}, where P is WTP&
resetz P, rest(s)=s, if s[ {reset}=<>,
rest(s)=s; , if 5= si<reset>s, & s;| {reset}=<>&last(s;) # V
last(u<a>)=a
Definition 2 (derivative).
resete¢ aP&
resettable(P) =start(P,P), where
(start(P,Q))° = P° U {reset} &
start(Q, Q), if x=reset
(start(P,Q))/<x>= |
start(P/x, Q), if x # reset
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The last definition can be adequately implemented in the form of a recursively defined
function or procedure.

Definition of ‘backtrackable’
Definition 1 (trace based).
backtrackable(P) = ¢ {s | se(aPu {back}) & (V s1<=s) clean(sy)eP}, where
Pis WTP & back gaP,
clean(s) =s, if s| {back}=<>,
clean(s) = clean(s; s,) if s= (s1<a, back> s;) & a ¢ {back, \}.
clean(s) = clean(s;) if s= <back>s;
Definition 2 (derivative).
back¢ aP&
backtrackable(P) =recover(P,P), where
(recover(P,Q))° = P’ U {back} &
Q, if x=back
(recover(P,Q))/<x>= |
recover(P/x, recover(P,Q)), if x # back
The last definition can be adequately implemented in the form of a recursively defined
function or procedure.

Definition of “‘coroutine’
The trace based definition of ‘coroutine’ seems to be too complicated. So here we will
only consider a derivative style of definition:
(PisWTP) & (Qis WTP) & (aP u aQ ) N {off,on} =T &
(coroutine (P,Q))° = P° U {off} &
coroutinel (Q,P), if x=off
coroutine (P,Q) = |
coroutine (P/<x>,Q), if x #off,
where

(coroutine1(Q, P))°=Q° U {on} &

coroutine (P,Q), if x=o0n
coroutinel(Q, P) = |

coroutine 1 (Q/<x>,P), if x # on

The properties of commonly used operations

A study of process properties is one of the main problems of a formal approach to
software development. A study of the respective properties of the task to be performed
enables the selection of the most reasonable and efficient development path. Formulation and
proof of these properties helps to avoid making unfavorable decisions, which is very
important especially in the initial stages of software development. Study of properties is based
on a mathematical model which allows secure, unambiguous, precise and stable process
specification. Here we present an example of property analysis of the commonly used
‘resettable’ operation using CSP facilities. We will consider the following properties:
(1) if P is a process then resettable(P) is a process;
(2) seP & s| {\} =<> => (resettable(P)/s)° = (P/s) ° U {reset}
(3) s <reset>e resettable(P) => resettable(P)/s <reset> = resettable(P);
(4) seP & s[ {\} =<> => resettable(P)/s= start(P/s, P);
(5) se resettable(P) => resettable(P)/s= resettable(P)/rest(s)
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We omit the proofs of the above mentioned properties. Similar properties could be
presented for other commonly used operations.

Conclusion

This paper presents an approach to the creation of mathematical models for software
systems, giving the example of a menu - select interaction using CSP facilities. The model can
be used for specification, proof of process properties and implementation. The implementation
of the model was carried out on the basis of LISP language and has been approved in a series
of applications. We do not consider these implementations here as we hope to present them in
the next paper. CSP theory permits the creation of models for a variety of software systems
and is especially appropriate for those that are based on an event-driven
programming paradigm. This paradigm is widely used in the majority of object—oriented
programming systems. The evolution of the object-oriented programming technique has
caused the appearance of the new CSP-OZ theory (Fischer, 1997, Enikeev, Benduma.2011),
which is based on a combination CSP and object-oriented specification language Object-Z
(Duke, 1995). This new theory provides a specification of the behavior of communicating
processes and in addition to CSP permits the description of object-oriented models.
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CONCEPT-PROCESS MODEL OF THE
2009 SECONDARY EDUCATION CURRICULUM:
ITS EFFECTS ON MATHEMATICS PERFORMANCE

Emerzen L. Echavez, MAEd-Math
Cebu Normal University, Philippines

Abstract

Education authorities have been finding ways and means in treating the steady decline
in the level of competencies of Filipino students in the global market. They have come up
with a proposal in changing the 2003 RBEC curriculum to 2009 Secondary Education
Curriculum in which the Concept-Process Model will be used as a method of teaching. This
study examines the effectiveness of the Concept-Process Model of the 2009 Secondary
Education Curriculum on the mathematics performance of the First Year students of Cebu
City National Science High School. It made use of the quasi-experimental design in which
two groups of respondents were given pre-tests, intervention, and then post-tests of the first
and second grading periods of the first year coverage. Results showed that both the control
and experimental group showed a significant mean gain in the mathematics performance level
of the students. However, results also showed that there was no significant difference
between the control and the experimental group in terms of the post-test mathematics level of
performance. It further showed that there was no significant mean gain difference between
the control and experimental group. In conclusion, the Concept-Process Model of the 2009
SEC was effective in increasing the level of performance of the students in mathematics. It
can also be said further that the CPM of the 2009 SEC was as effective as the 2003 RBEC.
However, it is recommended that this method must be tested to other concepts of mathematics
in the other levels for purpose of reliability and validity. This method may also be tested to
other subjects more specifically to the sciences as an alternative method in teaching the
concepts of the subject.

Introduction
Secondary Education Curriculum. 2003 RBEC. Concept-Process Model. Performance.
Pre-tests. Intervention. Post-tests. Control group. Experimental group

Main Text
Statement of the Problem

The main purpose of this study is to determine the effectiveness of the Concept-
Process Model (CPM) in the 2009 Secondary Education Curriculum (SEC) in the
Mathematics Performance of the First Year Students of Cebu City National Science High
School, SY 2008-2009.
Specifically, the study sought to find the answer of the following problems:

What is the pre-test mathematics level of performance of the students in the control
group (2003 RBEC) and in the experimental group (2009 SEC) before the
first exposure second exposure?

Is there significant difference in the pre-test mathematics level of performance of the
students in both groups before the first exposure second exposure?

What is the post-test mathematics level of performance of the students in both groups
after the first exposure second exposure?
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Is there significant difference in the post-test mathematics level of performance of the
students in both groups after the first exposure second exposure?

Is there a significant pre-post mean gain in the performance of the two groups after the
first exposure second exposure?

Is there a significant mean gain difference in the mathematics level of performance of
the two groups after the first exposure second exposure?

Methodology

This study made use of the quasi-experimental design. This design was used to
establish significant difference among the groups of subjects. Furthermore, this also
established balance among the subjects since the sectioning was based in terms of entrance
test results, Grade VI general average, and the school where they came from. Thus, with this
design (as shown in Figure 2), the effects of these intervening factors or threats to internal
validity were eliminated and this resulted to a guaranteed valid research finding and outcome.

Environment

The Cebu City National Science High School (CCNSHS), which is formerly known as
Cebu City Science High School, was established on July 17, 1970 as the brainchild of Dr.
Aurelio A. Tiro, Cebu City Schools Division Superintendent then, with a rationale patterned
after the objectives of Philippine Science High School in line with the Government Science
and Technological Education and Manpower Development Program (CCNSHS Handbook,
2006).

The school’s vision is to provide a pool of students who are proficient in Science,
Mathematics, and English imbued with moral values who will pursue science and technology
oriented careers in preparation for their leadership roles in the Philippine society.

Its mission is to gear education towards quality improvements through Science,
Mathematics, and English learning. It shall turn graduates to be academically and
technologically oriented and skillfully competent in the field of work through a well-equipped
school and well-trained teachers.

As of the present, the school is adopting the Engineering and Science Education
Program (ESEP) curriculum of the Department of Science and Technology (DOST). With this
curriculum, the students are having more science and mathematics courses than any other
public high school. In mathematics, the school is offering calculus while in the sciences; it is
also offering advanced biology, advanced chemistry, and advanced physics classes.

Aside from the ESEP curriculum, the school also now adopts the 2009 SEC in the first
and second year levels while this curriculum is still under study in the third year level.
Furthermore, for the fourth year, RBEC is still used. Among other schools in the region,
CCNSHS is one of the two schools selected as a pilot study for the 2009 SEC.

Respondents

The participants of this study were two of the five sections of the first year students of
Cebu City National Science High School that comprises of 35 students each section, SY
2008-2009. These groups were chosen since these had been scheduled in the afternoon session
and follow one after the other. In this manner, the difference in the focus of students was
minimized. But then, in the selection as to which group will take the CPM or the Linear
Sequential strategy was drawn by lot. As seen in Table I, it is evident that effects on gender
were minimized since both groups have equal number of males and females.

Instruments

To measure the mathematics performance of the students, the researcher used the pre-
test and post-test papers prepared by the Bureau of Secondary Education (Refer to Appendix
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D1 and D2). Attached with it is its Table of Specifications (Refer to Appendix C). Moreover,
the Philippine Secondary Schools Learning Competencies (PSSLC) as shown in Appendix B,
and the Lesson Guides provided by the Department of Education and The Bureau of
Secondary Education (BSE) were utilized in the preparation of the lesson. The Lesson Guides
of the Department of Education were used in treating the RBEC or the control group while the
Lesson Exemplars made by the researcher were used in treating the SEC 2009 or the
experimental group (Refer to Appendix H. In addition to that, the handouts of the 2009 SEC
distributed by the BSE during the training were also used. These handouts include the
Standard Matrix, Performance Matrix, Concept Matrix, and a few examples of Lesson
Exemplars for every grading period (Refer to Appendix E, F, and G).

Research Procedures

Permission to undertake the study to the first year students was sought from the kind
principal of Cebu City Science High School as well as from the Head of Mathematics and
Science Department. The transmittal letter is found in Appendix A.

As part of the plan, few days before securing the approval from the school authorities,
the researcher was able to request for the pre-post test papers and the Table of Specifications
of the aforementioned test constructed by the Bureau of Secondary Education and the
specialist in Mathematics with no hesitance, responded to this request and immediately e-
mailed the pre-tests.

With the approval of the school authorities, the researcher administered the pre-test for
the first grading to the two sections in the first year as the subject. These sections were
handled by the researcher himself to avoid biases.

The teacher conducted the class with the use of the traditional approach or the RBEC
to section Earth. In this approach, the lessons were presented by means lecture, demonstration,
and discussion. These modes of presentation were conducted to the class as a whole, and
exercises were given in terms of seatwork, board work, and homework. On the contrary, the
CPM of the 2009 SEC was conducted by the same teacher to section Venus.

The first grading coverage includes the topics on measurements and the real number
system. Measurements include the history of measurements, measures and measuring
devices, measurements involving ratios, rounding-off numbers, and problem solving while the
real number system includes the set of real numbers such as the whole numbers, fractions,
decimals, and integers and also it includes square roots.

At the end of the first grading, a post-test was administered to both the control and the
experimental groups.

The same process was done during the second grading period wherein the pre-test was
conducted prior to the treatment of the learning approaches. After which, a post-test was then
administered after the learning approaches have been utilized in the discussion of the topics.

The second grading coverage includes topics on algebraic expressions and special
products and factoring. Algebraic expressions include the topics constants, variables,
numerical expressions, translation of verbal to mathematical phrases and vice versa,
evaluation of algebraic expressions, monomials, scientific notation, and definition of
polynomials. On the other hand, the discussion on special products and factoring includes the
operations of polynomials, special products, and factoring.

Findings

The following were the major findings obtained after the null hypotheses were tested
at the 0.05 level of significance.

The students were below average in the pre-test performance level in both the control
and the experimental group. Specifically, For the first exposure, both groups were below
average in their mathematics performance level. More particularly, In terms of Measurements,
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both groups were below average in their pre-test performance level In terms of Real Numbers,
both groups were below average in their pre-test performance level.

For the second exposure, both groups were below average in the pre-test performance
level. More particularly, In terms of algebraic expressions, both groups were found to be
below average in their pre-test performance.

In terms of special products and factoring, both groups were found to be below
average in their pre-test performance.

There is no significant difference in the pre-test mathematics performance level
between the control and the experimental group. Specifically, In the first exposure, there was
no significant difference in the pre-test performance level between the control and
experimental group. More particularly, In terms of measurements, there was no significant
difference in the pre-test performance level between the control and experimental group. In
terms of real numbers, there was no significant difference in the pre-test performance level
between the control and experimental group.In the second exposure, there was no significant
difference in the pre-test performance level between the control and experimental group. More
particularly, In terms of algebraic expressions, there was no significant difference in the pre-
test performance level between the control and experimental group.In terms of special
products and factoring, there was no significant difference in the pre-test performance level
between the control and experimental group.The students were average in the post-test
performance level in both the control and the experimental group. Specifically, For the first
exposure, both groups were average in their post-test mathematics performance level. More
particularly, In terms of Measurements, the control group was above average in their post-test
performance level while the experimental group was average in their performance level. In
terms of Real Numbers, both groups were average in their post-test performance level.For the
second exposure, both groups were below average in the post-test performance level. More
particularly, In terms of algebraic expressions, both groups were found to be average in their
post-test performance level.In terms of special products and factoring, both groups were found
to be below average in their post-test performance level.

There is no significant difference in the post-test mathematics performance level

between the control and the experimental group. Specifically, In the first exposure, there was
no significant difference in the post-test performance level between the control and
experimental group. More particularly,In terms of measurements, there was no significant
difference in the post-test performance level between the control and experimental group.
In terms of real numbers, there was no significant difference in the post-test performance level
between the control and experimental group.In the second exposure, there was no significant
difference in the post-test performance level between the control and experimental group.
More particularly,In terms of algebraic expressions, there was a significant difference in the
post-test performance level between the control and experimental group. The actual mean
score of the experimental group (2009SEC) was much higher than that of the control group
(RBEC) thus making a significant difference.

In terms of special products and factoring, there was no significant difference in the
post-test performance level between the control and experimental group.

There was a significant pre-post mean gain in the mathematics performance level of
both groups. Specifically, In the first exposure, there was a significant pre-post mean gain in
the mathematics performance level of both groups. More particularly, In terms of
measurements, there was a significant pre-post mean gain in the mathematics performance
level of both groups.

In terms of real numbers, there was a significant pre-post mean gain in the
mathematics performance level of both groups.
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In the second exposure, there was a significant pre-post mean gain in the mathematics
performance level of both groups. More particularly, In terms of algebraic expressions, there
was a significant pre-post mean gain in the mathematics performance level of both groups.

In terms of special products, there was a significant pre-post mean gain in the
mathematics performance level of both groups.

There was no significant mean gain difference in the mathematics performance level
of both groups. Specifically, In the first exposure, there was no significant mean gain
difference in the mathematics performance level of both groups. More particularly, In terms
of measurements, there was no significant mean gain difference in the mathematics
performance level of both groups.

In terms of real numbers, there was no significant mean gain difference in the
mathematics performance level of both groups.

In the second exposure, there was no significant mean gain difference in the
mathematics performance level of both groups. More particularly, In terms of algebraic
expressions, there was no significant mean gain difference in the mathematics performance
level of both groups.In terms of special products, there was no significant mean gain
difference in the mathematics performance level of both groups.

Conclusion

Based on the findings of the study, the use of the Concept-Process Model of the 2009
Secondary Education Curriculum has improved the students’ mathematics performance.
Moreover, the teaching of mathematics with the use of CPM of the 2009 was as effective as
teaching mathematics concepts using linear sequential or the discipline-based learning of the
RBEC. Thus, it can be said that both methods of teaching affected the students’ performance
in all content areas covered in this study.
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VARIANCE COMPONENTS ESTIMATION IN A K-WAY
NESTED RANDOM EFFECT MODELS
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Abstract

This work aims to presented the k - way nested random models (designs) and discuss
the estimators for the variance components in this kind of models presented by Henderson
(1953), proposing condition concern their existence, as well as its two proposed modifications
presented by Khattree (1999). At the first proposal, where he choose to sacrifice the
unbiasedness of the Henderson's one to preserve the nonnegativity of the variance, and after
noting (through simulations) that his estimator has better performance than the Henderson's
one except for the variance of the error term, which has less mean square error than the
corresponding error term of the Khattree's estimator, Khattree (1999), on is proposed
modification, replaced the error term by the error term of the Henderson's estimators. Using
Henderson's estimators, method of determining hypothesis tests based on Satterwaite (1946)
procedure are discussed as well.

Keywords: Nested random models, variance components, henderson's estimators, khattree's
estimators, tests of hypothesis

Introduction

The completed nested models arise in many experiments and surveys. Suppose, for
sake of motivation, that some local government is interested in choose laboratories to
administrates urinalyses to human subject, who work caring for plants with hazardous
materials, and nextly several analyses may be made from each urine samples, so that the
underlying model involves laboratories, human subjects within the laboratories, tests within
human subjects, and analysis with tests. Each one of the factor (stage) may be chooses fixed
or in a random way. For a variety of reasons, more sublevels (data) may be available for some
levels than for others, i.e., the data are unbalanced. For example, there may be some occasions
on which some subjects does not appears to his test, or more analysis is needed at different
levels of the factor tests, so that the sublevels within each level may varying. In this case the
coefficient of a particular variance component in the mean squares expectation will vary from
one mean square for another, leading to strong difficulties in computation of the variance
components estimations or in performance of tests of hypothesis, situation which does not
holds for the case when the data are balanced (see Gates and Shiue (1962)).

This work aims to analyses the estimators for the variance components proposed
separately by Henderson (1953) and Khattree (1999) in a k - way nested random model (see,
for instance, Gates and Shiue (1962) for notions of this kind of model), proposing condition
on their existence, and the performance of tests of hypothesis for the variance components,
taking the data to be unbalanced and assuming that the observations of the last factor levels,
which are randomly taken, constitute the (k-1)th factor (see Tietjen and Moore Tietjen (1968)
for tests of hypothesis in k - way random nested models). The approach to the construction of
the estimators for variance components presented here is proposed by Henderson (1953).
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General K-Way Nested Model - Basic Notions
A statistical model is said be a k-way nested one if it consists of k factors, say
A, ..., A (seethe Figure 1), having each one of than some levels, where:

- The levels of the factor A are nested within the levels of the factor A, ,;

- The levels of the factor A, are nested within the levels of the factor A, _,;
[ X X J
- The levels of the factor A _, are nested within the levels of the factor A _,;
- The levels of the factor A, ,are nested within the levels of the factor A, .

The effect associated with any factor is the effect which its levels have on the interest
response variable.

One supposes now that:
There is a,,,, ; observations nested within the j,th level of the factor A, ;

The factor A has a, , levels nested within the j, ;th level of the factor A,
Ok =Ly ,p) s
The factor A, has a, ,, levels nested within the j ,th level of the factor A,

(jk—2 :1"“7a(k_2)jk—3'“jl);
[ X X ]

The factor Ajhas a,; ; levels nested within the j,th level of the factor A, (j, =1,...,a,,);
The factor A, has a,; levels nested within the jith level of the factor A (j, =1,...,a);
The factor A has a, levels.

Factor A,

Factor A,

Factor A3

. ee e eee e e e

A DNNAN A

Figure 1. k-way nested model with unbalanced data, with factors .., A . The observations

Factor A,

(sublevels) nested within the different levels of the factor A, are assumed to constitute the factor A, .
So, a k-way nested random model can be written as:
Yioies = HF By 4 Bty + Bistiir- Bictieico  Biatiio

k+1 (01)
=p+p; +Zzlﬂji(h...ji,1)’

with
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h=L1...,a,
ii=1...,a i=2,...,k+1,

A | PRSI L
where

Y., 1s the j,th observation of the j,th level of the factor A nested within the
Jqth level of the factor A _, nested within the j, ,th level of the factor A _,nested ...
nested within the j,th level of the factor A, nested within the j,th level of the factor A,
nested within the j;th level of the factor A ;

L represents the general mean;

B, is the random effect due to the jth level of the factor A ;

B, 1s the random effect due to the j,th level of the factor A, nested within the

J,th level of the factor A;
B, (.., 18 the random effect due to the jith level of the factor A; nested within the
J,th level of the factor A, nested within the j,th level of the factor A ;;

coe

B (in.iy 18 the random effect due to the j,th level of the factor A nested within the
Jsth level of the factor A _, nested ... nested within the j,th level of the factor A, nested
within the J,th level of the factor A, nested within the jth level of the factor A;

Bi ..., IS the random error due to the observation y,, . .

Following Sahai and Ojeda (2005), one assumes the S's to be mutually and
completely uncorrelated variables with means zero and variance Var(ﬁh)zaf, $

_ 2 _ 2 T _ 2
var(B, g, i) =0 Var(B, i p)=or.  1=2...k, and - var(p, ;. ) =0
Var(B. .. .,)=o’. This last one is the variance of the error term. Here, o7,...,0}

Jksa Choeeer Jic) e 1 k
c’,...,of and o2 o2 are known as the variance components of the response variable.

The Analysis of VVariance: The Expected Mean Squares

In order to establish the analysis of variance (ANOVA) sum of squares for each factor,
one firstly provides the sums of the number of levels for different factors, as well as the sums
of observations at different levels.

Conveniently, one denotes the number of levels at factor A as

a, = Z...Za(kﬂ)jk._'h, i=1,...,k-1,

Jia J

A = Ay .y

and the total number of levels (observations) in the sample by a,, = Zal,.
h

The general sum of observations, denoted by VY,., is

Yo. = Z : Z yj1<-'jkjk+1
h Jen
and the sums of observations at different levels is given by:
Yo =22 Y=Lk (02)
ji+1 jk+1

Thus, the sum of squares for the factor A is given by
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Z . (0.3)

h al aO
The one for the remaining factors A, i=1,...,k, by

Zl Zy' -y Zy'-l i=2,..k (0.4)

i- h Jia '—

and the sum of squares for the errors is given by

SS _Z th i Z Z

h ke h Ik a(k+1) Skt
See Sahai and Ojeda (2005) for some additional explanation.
Having in mind the total number of observations at different factors A, i=1,...,k, the

degrees of freedom, d., i=1,...,k +1, at each sources of variation is computed as follows.
dl :ai_l; dz :ZaZ(h) —ay;
h

d; ‘Z 2[26‘-(1.1 ) —l(jiz.”jl)j’ i=3,...,k+1, (05)

h Ji-z \UlJia

is the degrees of freedom among the levels of the factor A, d., i=1,...,k, the degrees
of freedom among levels of the factor A nested within the factor A, and d,,, the one

among the error factor.
Thus, the mean square (which is obtained by dividing the sum of squares by its
corresponding degrees of freedom), denoted here by Ms, , i=1,...,k+1, can be written as

SS .
MS,Ai =— A i=1..Kk,
di
and
SS
MSAW—l = Ae )
dk+l

Now, in what follows, one presents the result concerning expected mean square. Such
result, which is presented here as a proposition, can be found at Sahai and Ojeda (2005) or, for
instance, at Searle at al. (2006).

Proposition 1.
Consider all the results established up to now. Then, the expected mean square at each
source of variation is given by
0':+Cikof+cikflo'kl+ +C”a|, i=1..
T ' (06)
o i= k +1

e

E(MS,)=EMS, ={

where ¢, ., i <s<Kk, are given by
} L ,1<s<k. (0.7)

Y A

The proof of the above result is very tedious and expensive in what concern the time to
perform it, so one will not give it. Instead of that, one recommends Gates and Shiue (1962) or
Sahai and Ojeda (2005) for some more details.

Note 1.

| 1
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It must be noted that the condition a,, #0=a,, i=1,...,k, which means every factor
has always at least one level, must hold in order to ensure the existence of the ¢ ., i<s<Kk.

i,s’?

The system of equation (1.6) can be rewritten in the matrix notation as follows:

1 Ciy Ckw - G G, Gy O'e2

1 ¢y Coka - Cuz Cp O sz

1 Cy Cya - Gy 0 0] |07,
[EMSAEMSA?EEMSAKEMSAM]= : : : U : CoIx| o

1 ¢ Cuaga -~ 0O 0 O o?

1 ¢, 0 .. 0 0 O o

1 0 0 .. 00 0] | o; |

(0.8)

Estimation of the Variance Components

One of the most common procedure for the estimation of variance components is the
one suggested by Henderson (1953) through is three variations known as method 1, method 2
, and method 3, especially because of its simplicity in what concern the computational
implementation (even on a hand-held calculator), and umbiaseness. Although the three
methods common underlying idea is to form the (observed) mean squares for different factors
and then equating them to their respective expected mean squares (in some case with some
readjustment), leading to a system of linear equations, which solved in the variance
components gives the corresponding estimator, the scenario in this paper is appropriate for the
method 1, since all terms g, and g, ; ;. i=2,...,k+1, are regarded as random variables.

Such estimators, as well as their existence and consistence, are discussed at the subsection
which comes next (Subsection 3.1).

Despite its good performance, the Henderson's estimators for the variance components
abdicate the nonnegativity of variance, situation which is approached by Khattree (1999) on
its proposed estimators. The approach proposed by Khattree (1999) which preserve the
nonnegativity of variance constitutes a modification to the Henderson's estimators. This is
discussed at Subsection 3.2.

Estimators Proposed By Henderson

On this subsection one will present the estimator proposed by Henderson (1953)
(making use of its method 1) to obtain the estimators for the variance components in models
with (completely) random designs, which is the case of the one discussed here ( see model
(1.1)), and proposes some additional condition over that model in order to get the desired
estimators.

Recall the result concerning the expected mean squares (the system of equations (1.6)
or its matricial notation (1.8)).

Rearranging the matrices involved in (1.8), such result can be, equivalently, rewritten
as follows:
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[ EMS - T 27

A Ci G, Cg ... Gy Cp 1 0
EMS,, 0 C, Cpys ... Cuy G 1| | oF
EMS,, 0 0 Cy - Gy Gy 1] |67

: = Fr T : Dot x| (0.9)
EMS, 0 0 O Coara Coax 1] |02,
EMS, O 0 0 .. O Cx 1| | of
ems, | LO 0 0 .. 0 0 1f[o]
Now, let )

M =[MS, MS, MS, ...MS, MS, Ms, |
be the vector whose the entries are the mean squares of the different factors,

E=[EMS, EMS, EMS, ..EMS, EMS, EMS, |

the vector whose the entries are the expected mean squares of the different
factors, and
o=[c}c;ct...0l, 0T

the vector of the variances of the effects due to different factors (including the
one for the error term). In order to find the estimates for the variance components, one
must solves the following system of linear equation in o :

E(M)=E =Co, (0.10)

where

_Cl,l C1,2 C1,3 tee Cl,k—l Cl,k 1_
0 CZ,Z CZ,3 T CZ,k—l CZ,k 1
0 0 c¢; ... Cyy € 1

C=|: : RS : B (0.11)

0 0 0 ... Cus Gy 1
o 0 o0 .. O G 1

0 0o 0 .. O 0 1]

The system (1.10) yields the (unique) consistent solution
c=C'M,

with &:[gf o <D7§...<D7k27l o QZ} , if the matrix C is nonsingular (invertible), having,

e

therefore, the inverse C™. So one has only to ensure the nonsingularity of the matrix C .

Note 2.
One should note that, in fact, the Henderson's estimator is unbiased. Indeed,

E(6)=C'E(M)=C'Co=0.
Proposition 2.
The necessary and sufficient condition for the matrix C in the equation (1.10) to be
nonsingular is
a, . #a.,i1=1..k
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Proof. Since the matrix C is a triangular one, it is nonsingular if and only if all its
diagonal elements are nonzero (this is ensured by the Theorem of Lipschutz (1991)). But this
holds if and only if

a’ |1 .

Ci=D | B [ 0,i=1. K,
h Ji a‘i—1- di

which, by its turn, holds if and only if & ,. #4a,,a8, #0=a,,i=1...,k. See Note 1 for the

latter inequality explanation
Thus, in order to guarantee that the condition a_,, #a,, i=1...,k, holds, and,

therefore, the existence of C™, it must be assumed that each factor A, i=1,...,k, has more

than one level and each level must have some (sub) levels nested within. One should note that
the levels nested within the levels of the factor A, are, clearly, the observations.

In the next subsection it is discussed the notable modification to the Henderson's estimators
proposed by Khattree (1999).

Estimators proposed by Khattree

As seen at the preceding sections and subsections, the Henderson's estimator
& =C™M which is a consistent solution to the system $M = C\sigma$ do not preserve the
nonnegativity of the variance, preserving instead the unbiasedness. On its suggested
modification to Henderson's estimator, Khattree (1999) (see Khattree (1998) as well), unlike
Henderson (1953), choose to sacrifice the unbiasedness of its components to guarantee their
nonnegativity.

Namely, on its approach, he considered the problem:

min_,[M —E(M)||=min_,|M -Co|, (0.12)

=0 20

with M, C and o defined above, and || (although it may be an appropriate norm) taken to
1
be the Euclidean norm ||x| = (x" x)?.

In an equivalent way, the problem (1.12) can be stated as
min_, %0' C'Co, (0.13)

which is a quadratic problem with linear constrains o >0. Such problem, as did Lemke
(1962), using the primal-dual notion relationship of (1.13) with another optimization problem,
in our case can be posed in a different way: find o and u such that

c—(C'C)'u=6,0,u=0,0u=0, (0.14)
with & the Henderson's estimator (see subsection 3.1).

Let 6 = [gf o2 620, 62 5 J be such solution on o .

Through simulation using a $3%-way nested random model, Khattree (1998) remarked
(Khattree and Gill (1988) and Ahrens at al (1981) made the same remarks, although in others

contexts) that the mean square error of its suggested variances components estimators Qf is

generally smaller than the correspondent one of the estimator & suggested by Henderson, gf

, except for the case of the error variance component estimator gez . For that case he remarked
that the result
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2 2
E{(o-f -67) }g E{(aj = }
holds in generally, that is Qf has in generally less mean square error than Qez :

In order to get a estimator with higher performance, Khattree (1998) (see Khattree
(1999) as well) combines the “goodness” of his suggested one with the “goodness” of the one
suggested by Henderson (1953) performing a modification which applied to our case can be
stated as follow.

Let o, = [0'12 0} 0}...00, O} } , that is the k first variance components (dismissing the one

of the error term), M, =[MSA1 MS, MS,,...,MS, MS, ] , the mean square of the
different first k factors, and
C 1
c=| ™ 7| (0.15)
0 1
where 1is an unitary vector with dimension equal to the row number of the sub matrix C, ,
so that
0=[‘7(1) U:] M =[M(1> MSAM]
and once the system of equation (1.10) can be rewritten as
M =Cuyou + 0%
MSAk+1 = Gez’
equivalently,
Mg —MS, | =Cuyo + 0,
the problem (1.12) can now be stated as
min,., =[M"-Cyyop|.  (026)
with M™ =M MS
that

which amounts to find (following Lemke (1962)) o, and s such

(1) - Ak+1 !

. -1 °
o = (CapCoy) 8= Q(l), ) 520,045 =0. (0.17)

Let Q(l) be the solution in o, . Thereby the Khattree suggested estimator for the
variance components is then

G- [@m 32 } |

with cD;ez the Henderson's estimator for the error term.

Hypothesis Tests for the Variance Components

Tietjen and Moore (1968) proposed a method to constructing an approximate (pseudo)
F-tests to test the hypothesis

Hy:0?=0vsH 07 >0,re{l....k+1} (0.18)
in nested models with unbalanced data, based on Satterwaite (1946) procedure for testing a

MS
linear combination of the mean squares. To perform such tests one construct the ratio A

r
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where MS, is the mean squares error at the factor r, having expectation

2 2 2
EMS, =c,, o7 +C”+1O' +...+C 1O, +C, O T O,

r+l
K+1
and D, = Z ;MS, an appropriate linear combination (presented below: equation

i=r+1
(1.20)) of the mean squares
MS, .....MS, |

having expected value, i.e., E(D,), given by
E(D ) Cr r+lo-r+1

which has an approximate F distribution with appropriate degrees of freedom. The
degree of freedom of the numerator is d, (see result (1.5)). To calculate those for the

denominator, considering C, the rth row of the matrix C (see the matrix C in (1.11)),
clearly EMS, =C,o, so that

DcacDz MS, ¢, o

is the desired denomlnator of the ratio above.
The degrees of freedom for the denominator are usually given by

k+1
(ZIMS j
d* — i=r+l )
ca( (1Ms, )
i;& di

2 2 2 2
+ Cr,r+20-r+2 tot Cr,k—lo-k—l + Cr,ko-k + O-e

(0.19)

Let assume now that o2, = o and o, =0l .

Taking Ci,j to be the ith row and jth column element of the matrix C™, i.e., the
inverse matrix of the matrix C, noting that

D, =c 52 +C\1n . +crklgfl+crkcurk2+(myk2+l

rr+l r+1 +2 r+2

K+1 K+1 k+1 K+1
= Cr,r+1zcr+1,stAj +Cr,r+zzcr+2,jMSAj +"'+Cr,kzck,stAj +zck+l,jMSAj’

i1 =L = =
(0.20)

P . , ,
where o7, i,...,k+1, are the Henderson variance components estimators, which are

k+1
unbiased as showed the Note 2, reorganizing the term on (1.20) and noting that Z C.C; is
i=r+l

the coefficient of MS A and also that except for the absence of the nonzero term ¢ (and

r,r I’ j
k+1
the r—1 terms each equal to zero), the expression Z c

i=r+l

at the rth row and jth column of CC™ =1, where | is the identify matrix of order k +1.
Thus, by adding and subtracting the term ¢, .c, ; to the expression of D, one obtain

is recognized to be the element

r||J

k+1

D, =->.c.c;MS, (0.21)

r,reri
i=r+1

The coefficient of MS, is zero since the diagonal elements of C! are the reciprocals
of the diagonal of C . Therefore, the degrees of freedom for the denominator are given by
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D2

d’ = i . (022
4l (cr'rc:i MS, )
i:er;l di

This last expression of d is easily to compute provided the matrix C and its inverse
C—l
So, the test procedure for testing the hypothesis H; vs H, is based on ratio statistic

MS
T’\, which follow an approximate F - distribution with d, and d” degrees of freedom.

r

Conclusion

The both Henderson's estimator and Khattree's estimators for the variance components
discussed here should not be seen mutually exclusive, seen instead to complement each other,
in the sense that when the data are note highly unbalanced or when certain condition on
variance components are not violated (the nonnegativity of the variance, for example), the
method to find estimators suggested by Henderson (1953) are adequate, as showed Swallow
and Monahan (1984) (among others) through Monte Carlo Simulation. Indeed, the underlying
approach to his method still play a central role in the variances approaches since it is never
totally dismissed, been, instead of, appropriately modified by many researchers (Blackwell at
al.~\cite{Blackwell(1991)} proposed to assign zero to the values of the estimators when the
correspondent estimative are negative, but this, clearly, compromise their weak optimality of
the unbiasedness). On the other hand, the Khattree's estimator and the Khattree's modificate
estimator, which as seen constitute a modification to the Henderson's one, inspite of its good
performance, sacrifice the unbiasedness (this is preserved for the Henderson's one) of the
variance components to guarantee their nonnegativity, and are not explicitly calculated.

Tests of hypothesis presented here are based on the Henderson's estimators. A
numerical example for such a tests can be found at Sahai and Ojeda Sahai(2005).
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Abstract

In this paper we discuss several aspects of teaching mathematics to engineering
students in developing in countries taking into consideration the methods and strategies of
teaching mathematics both at school level and higher education level in general and especially
for engineering students. A proposal for measures to remedy the negative aspects of teaching
in developing countries is then given.

Keywords: Teaching Mathematics, engineering students, developing countries, developed
countries, school level, higher education level .

Introduction

Some negative aspects of methods and strategies of teaching mathematics at school
level, higher education level in general, and especially for engineering students, in several
developing countries are briefly discussed. A proposal for future measures is accordingly
given.

In Section 2 the current situation of teaching at school level, higher education level in
general, and especially for engineering students in several developing countries are given.

The negative aspects of teaching mathematics at school level and higher education level
in general and especially for engineering students in developing countries are illustrated in
section 3.

A proposal to remedy the negative aspects is discussed in section 4.

In section 5 our recommendations for the future are given.

Finally the conclusion is then

briefed in section 6.

Current Situation in several Developing Countries
To study the situation of teaching in general in developing countries we have to consider

following differences (see [1], [2]):

Governing system ranging between dictatorship and partial democracy.
Economic situation differing between very rich and very poor countries.
Standards of teaching in schools and universities which is rather good in some countries and
quite bad in some other countries.

Total population which ranges between some hundreds of thousands and some tens of
millions.

Ratio of number of schools and universities to total population differing between
adequate and not adequate.

Area of the country ranging from a small area and a huge area.

Geographical situation ranging from well situated developing country between 3
continents and very far countries from Europe and USA.

Percentage of non-alphabetical people which is very high in some countries and very
low in some other countries.
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Technical and financial support of developed countries which ranges from excellent
support for some countries and very poor for some countries.

Negative Aspects of teaching mathematics in Developing Countries
General Aspects

The main negative aspects are (see [1], [2]):

Dictatorship is usually not interested in raising critical thinking people. One of their
strategies is to keep low standard teaching.

Economically weak developing countries cannot afford investing financially in the
field of education.

Developing countries with high population and/or huge area are hindered to spread
education in the whole country

High percentage of non-alphabetic people gets sometimes higher priority than
education in schools and higher education

Technical and financial support of developed countries is usually based on political
decision for definite developing countries

At School Level

The main negative aspects are (see [3], [4]):

Lack of potential teacher with pedagogic high standards and up to date teaching
strategies.

Over populated classes.

Emphasizing memorization rather than thinking.

Neglecting visualization and imagination skills.

Lack of support of uneducated parents.

Spending long time on games and internet.

In higher Education

The main negative aspects are (see [5], [6]):

Ignoring the negative aspects of teaching mathematics at school level by some
instructors.

Using textbooks written by scientists in developed countries which do not take into
consideration the negative aspects of teaching at higher education level in developing
countries.

Over populated classes at state universities.

Lack of critical thinking, systematic
analyzing, objective criticizing, and

creative proposing especially by the

freshmen.

Lack of visualization and imagination by the students.

Engineering Students

The main negative aspects are (see [7], [8], [9], [10]):

Many engineering students do not realize the importance of mathematics for their
study and careers.

Even some instructors of engineering courses also do not realize the importance of
mathematics for the students’ study and careers.

Using textbooks written by mathematicians in developed countries which do not take
into consideration the negative aspects of teaching mathematics to engineering studentsl in
developing countries
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Several universities minimize the number of mathematics courses for the sake of more
engineering courses.

A Proposal to Remedy the Negative Aspects
Generally

Establishing a democratic governing system which is really interested in raising
critical thinking people.

Investing more in the field of education by state and private sectors.

Decreasing the percentage of non-alphabetical population.

Planning to eliminate or at least minimize technical and financial support of developed
countries.

At School Level

Educating the teachers oat school level to have pedagogic high standards and up to
date teaching strategies.

Decreasing number of populated classes.

Emphasizing thinking rather than memorization.

Stressing visualization and imagination.

Organizing special tutoring for socially needed parents.

Motivating the young people to get better attitude towards learning.

In higher Education

Taking into consideration the negative aspects of teaching mathematics at school level
by all instructors.

Using textbooks written by scientists in developing countries which take into
consideration the the negative aspects of teaching at higher education level in their countries

Decreasing number of populated classes at state universities.

Stressing of critical thinking, systematic analyzing, objective criticizing, and creative
proposing especially by the freshmen.

Stressing of visualization and imagination by all students.

Engineering Students

Engineering students must realize the importance of mathematics for their study and
careers.

All instructors of engineering courses must also realize the importance of mathematics
for the students’ study and careers and convey that to them.

Using textbooks written by mathematicians in developing countries which take into
consideration the negative aspects of teaching mathematics to engineering students in their
countries

Universities’ administration must increase the number of mathematics courses.

Recommendations

To remedy the negative aspects given in section 3 in developing countries, we
recommend following measures:

Establishing democratic governing system which encourages critical thinking people,
invests more financially in education, and decrease the number of non-alphabetic population.

Educating all school teachers, who stress critical thinking and visualization in less
populated classes.

Recognizing the higher education instructors of the negative aspects of teaching at
school level.

Stressing critical thinking and visualization by all higher education instructors.
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Realizing the importance of mathematics by all engineering students and instructors.

Increasing the number of offered mathematics courses with wide spectrum for
engineering students.

Using textbooks written by scientists in developing countries which take into
consideration the political, sociological, economic, social and cultural aspects in their
countries

Conclusion

Enhancement of e-learning in all developing countries according to their sociological and
political aspects is highly recommended. In all those countries an intensive informative
educative campaign is accordingly very important.

Due to its important role in social and development aspects traditional learning should
not be replaced by e-learning in developing countries.

Potential technological support of all developed countries like Bahrain is a necessity

Generous financial support of developed countries to economically week developing
countries like Egypt should be granted. This financial support must be directed to the needy
people and not to the governments.
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Abstract
We consider a linear control system with the origin as target and study the behavior
of the minimum norm control as time duration goes to infinity.

Keywords:control systems, minimum time, minimum norm

Introduction
Consider the abstract control system

y =Ay+Bu
(3.1)
where A generates a continuous semigroup in a Banach space X and B is linear and
bounded from a Banach space U to X. This setting is very general and covers most
systems encountered in applications: distributed control systems, point control systems,
neutral functional differential equations.
The solution of equation (3.1), which satisfies the initial condition y(0)=x, Is given by

y(t,8,u)= S(t)x + [o' S(t-s) Bu(s) ds.

Here S(t) is the linear semigroup generated by A. The minimum energy (norm
control) to bring x to zero in time tis denoted by E(t,x).

Suppose that the system (3.1) is null-controllable on some time interval t, i.e., for
each x in X there exists u(.) such that y(t, x, u)=0. Obviously, if a state x can be steered to
zero in some time, then it can be steered to zero in any larger time and it is expected that, as
the time grows, the control energy needed to transfer x to zero to become smaller. In this
paper, we study the behavior of the minimum energy to transfer x to zero when the
transferable time tends to infinity..

The reverse case, of fast controls (when t is small), was treated in the finite
dimensional setting in [10] for L? -controls and in [11] for LP -controls, with p in the interval
(1, o) and there were given asymptotics of the minimum norm control as t tends to zero. In
infinite dimensional case, this problem was studied in [12] for coupled systems of partial
differential equations.

In [13], for large t, there are given estimates for the control cost, for an abstract
parabolic equations of form (3.1) (A being a generator of a contraction semigroup) in Hilbert
spaces, with L? -controls.

In [8], W. Krabs considered a control systems described by an abstract wave equation
of the form y” =Ay +u in a Hilbert space and studied the null controllability for every positive
time with L™-controls. He showed that for every positive t, the null controllability is possible
by a minimum norm control which is unique on [0, t] and satisfies a bang-bang principle.
Moreover, he proved that the norm control tends to zero when t tends to infinity. Similar
results have been proved in [7] for L? -controls. We mention also the paper of S. Ivanov [6]
where it is studied the rate for the minimal energy to tend to 0 as t tends to infinity, for
second order control systems with L? and L* -controls. The constrained null contollability of
the system (3.1) was proved in [2] for contaction semigroups. Estimates for fast controls
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were also obtained in [3] in the finite dimensional setting as well as in some infinite

The above result says that a function r(t) satisfying (3.3) on some interval [0, To] can be
extended on the whole interval [0, ) again satisfying (3.3). Moreover, we are interested in
getting a continuous (eventually, strictly increasing) function satisfying (3.3) on [To, «©). To
this end, recall that, considering a suitable norm on X, for some o we have |S(t)| < exp(wt) for
any t>0. Let us define the function r(t) on [To, ) by r(t)= (r(To)C. exp (-0 kTo-0q) + r(q)),
k=0,1, ..n-1, t=qg+nTowithqin (0, To]. Itis clear that if r(t) is continbuous on [0, Tg], then
its continuation defined as above is also continuous for any t> Ty, and satisfies the inclusion
(3.3).

dimensional cases.

For any positive t, let us define the operator V(t) by

V(t)u = [o' S(t-s) Bu(s) ds,
which, clearly, is bounded and linear. Then, the null controllability of the control system (3.1)
on t means that

range S(t) < range V(t). (3.2)

Denoting by B(r) the closed ball centered at zero with radius r in a Banach space, by
the open mapping theorem, inclusion (3.2) is equivalent to the following one:

SMB(r()) = V(HB(1), (3.3)
for some constant r(t). This equivalence still holds in the case when V(t) is only a closed and
densely defined operator. This allows to consider also boundary control systems.

Define the reachable set at time t, denoted by R(t), as the set of all points x such that
there exists a control u in B(1) with y(t,x,u)=0. The reachable set in free time is the union of
all R(t) for
positive tand is denoted by R.

Definition The control system (3.1) is said to be admissible null-controllable if all points of
X can be transferred to zero in finite time with controls in B(1), i.e., R=X.

In this paper we study estimates of the sets R(t) for t large and in particular we study
cases when R=X. As a matter of fact, R is the domain of the minimal time function. Recall
that, the minimal time corresponding to x is the infimum of the times taken to transfer x to
zero with admissible controls. Of course, here the set of admissible controls is a ball with the
center in zero.

Supposing that system (3.1) is null-controllable on any time t in [0,To], we provide
here remarkable subsets of R(t) for any t=T, and we get estimates of the minimum energy.
Moreover, if we know a continuous function r(t) on [0, To] satisfying (3.3) for every t, we
extend continuously this function on the whole interval [0, «) preserving condition (3.3) and
having a good growth rate. Further, if the semigroup has a linear growth (in particular, if it is
uniformly bounded), then this new function r(t) has the property that tends to infinity when t
tends to infinity. Consequently, the control system is admissible null-controllable in this
situation. Now we give the main results of this paper.

Results
Theorem

Suppose that there exist To and a function r defined on [0, To], with r(0)=0 such that
(3.3) holds for any tin [0, To]. Then, it can be extended on [Ty, «©) by

r(t)=(r(To)/|S(q)|)Zl/|S(To)|k +r(q), k=0,1,..n-1 4.1)
for t=q+nTo with g in (0, To], which satisfies (3.3) for every tin [To, o).
In particular, if S(t) is a semigroup of contraction, we get
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Corollary

Suppose that |S(t)] < 1 for any t > 0. Suppose further that there exist To >0 and a
continuous and strictly increasing function r(t) defined on [0, To], with r(0)=0, which satisfies
(3.3) on [0, To]. Then, the extension r(t) defined on [Ty, «©) by

r(t)= nr(To)+ r(a)
for t=nTy+q, g in (0, To], is continuous and strictly increasing too and satisfies (3.3) on [Ty,
o). Moreover, r(t) tends to infinity when t tends to infinity.

A similar result can be obtained in case S(t) has linear growth, i.e. |S(t)| < c(t+1) for
any t>0 and some constant ¢ > 0. In this case define r(t)=(1/c)( r(To)> 1/(kTo+q+1)+r(q)),
k=0,1, .. n-1, for t=q+nT, with qin (0, To].

A finite dimensional example of a continuous semigroup with linear growth, which is not
uniformly bounded, is given by S(t)=[-2t+1 -t; 4t 2t+1], with t nonnegative, generated by
A=[-2 -1;4 2]. Itis easy to see that the norm of S(t) is not less or equal to M, for any
nonnegative t and any positive M, but satisfies [S()x|< ¢ (5t+1) |x| for any x in R? and any
nonnegative t.

Examples
In this section we give examples of functions r(t) satisfying (3.3).

Example 1 In the finite dimensional setting, when X = R", in [3, Theorem 2.2], it is provided
the function r(t) of the form:

r(t)= ¢ min{t", t}/sup{|S(s)|; s in [0,1]},
where c is a positive constant and k is an integer such that the well known Kalmann condition
is satisfied:
span{BU, ABU, A"'BU}=X.

It is clear that r(t) is strictly increasing with r(0)=0. In the case when the semigroup is

uniformly bounded, then r(t) tends to infinity when t tends to infinity and, for each x of X,
E(t,x) tends to zero for t large.

Example 2 Consider the case of reflexive X, U=X and B is the identity operator.

It is known that the corresponding control system is null-controllable on every t >0
with controls from L” (see, e.g., [14]). More exactly, we have that the ball B((1/w) (1-exp(-
wt))) is a subset of R(t). Therefore, in the case when ® is not zero, we have r(t)= (1/oM) (1-
exp(-wt)). If o is positive then r(t) tends to 1/ when t tends to infinity. Therefore, the open
ball centered in zero and having the radius 1/ is a subset of R. Take now the case when o =
0. It is easy to see that r(t) = t is a good function that satisfies (3.3). Moreover, if ® is not
strictly positive, then r(t) tends to infinity when t tends to infinity, so we have controllability
with vanishing energy and R=X.

Example 3 This example refers to the heat equation on a bounded domain (with boundary
of class C? ) with homogeneous Dirichlet boundary conditions, in which the control is
distributed internally on an open subset.

The considered partial differential equation can be rewritten as an ordinary differential
equation in L? of the form (3.1). In the L™-control, in [5, Proposition 3.2] it is proved that
there exists C>0 such that (3.3) holds with r(t)=exp(-C(1+1/t+t)), for any positive t. Clearly, r
tends to zero when t tends to zero. This function increases on [0,1] and is decreasing
otherwise, tending to zero when t tends to infinity. Then, by Theorem 4.1, we provide a better
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function fot t greater than 1 with the property that it tends to infinity when t tends to infinity.
Moreover, we get that E(t,x) tends to zero for t large and for any x in L% Consider now the
L? — control case. In this situation, again in [5, Proposition 3.2] it is proved that there exists
C>0 such that (3.3) holds with r(t)=exp(-C(1+1/t)), for any positive t. Clearly, r tends to zero
when t tends to zero. This function increases on [0,1] and is decreasing otherwise, tending to
exp (-C) when t tends to infinity. Theorem 4.1 provides a better function fot t greater than 1
with the property that it tends to infinity when t tends to infinity.

We recall that the semigroup generated by the Laplace operator subject to Dirichlet
boundary conditions in L? has M=1 and ©<0.

We mention finally that throughout we supposed that |S(t)| > 0 for each t>0; the case
when S(tp) = 0 for some tp is not of interest for the problem studied here.

Conclusion

The behavior of the minimum energy for large time does not depend on the control
operator. It depends on the state operator under the basic assumption that the system is null
controllable at some time. In the case when the control system is null controllable for every
t>0, then the minimal time function is continuous in zero. Moreover, the reachable set R is
open and the minimal time function is locally uniformly continuous on R. We end this paper
pointing out that the results can be extended to systems with boundary controls, both for
parabolic and hyperbolic type. In this situation the operator B is not necessarily bounded but
there are no differences in reasoning (see [15] for a good reference).
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MAKING NATURE’S VALUE VISIBLE:
VIDEO ARTISTS AS CITIZEN SCIENTISTS
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Abstract

Rewilding vancouver community projects was a community mapping, storytelling &
visioning project designed to reconnect residents in the Metro Vancouver region of British
Columbia, Canada with the city’s “wild side” (the historical natural environment) and to help
“make visible” the different forms that nature takes in Vancouver as ways to inspire the
valuing, protection and potential “rewilding” of nature.. The project was developed through a
two-semester cross-disciplinary studio-based community projects course in the Faculty of
Culture + Community at one of Canada’s leading post-secondary art institutions, the Emily
Carr University of Art + Design (Vancouver), in partnership with one of Canada's leading
environmental organizations, the David Suzuki Foundation (DSF), and the bold,
contemporary Museum of Vancouver (MOV).
Postsecondary art students across a variety of levels and disciplines were facilitated in
producing a media arts-based “virtual urban safari” as part of the MOV’s Rewilding
Vancouver exhibit running February 27-September 1, 2014. This exhibit is believed to be the
first of its kind in Canada to feature the historical ecology of a major city. Many of the
students, by their own self-description, came into the course feeling disconnected from the
natural world themselves. The course was structured in a way that encouraged students to
reconnect with nature in the city through their creative process. The course culminated in a
public screening and dialogue, offering the students the opportunity to see the effects of their
work on a public audience and feel like their input could have an impact.

Keywords: rewilding, education, civil society, historical ecology, museum

Introduction

How should we see nature? How does what we are shown about nature, whether it be
something we witness directly in the wild or through the mediation of some sort of
documentation, affect our perceptions, understandings, and values of nature? How does this
visual evidence (or lack thereof) influence our behaviours and our ability to imagine what the
natural world should and could be like in the future?

In 2010, a grey whale visited False Creek, thrilling the people of Vancouver. Most had
no idea that it was memory come back to life. Just 150 years ago, grey and even humpback
whales-the species known for its haunting underwater songs-were common in Vancouver
waters. By 1908, the local whales had been wiped out by whaling (Rewilding Vancouver
exhibit, Museum of Vancouver).

I had been living and working in VVancouver at the historic moment that the grey whale
visited False Creek. I live and work right on the False Creek flats, so technically the grey
whale swam into my neighbourhood that day. Unfortunately, 1 did not see it with my own
eyes. | definitely heard about it, though. In fact, it seemed to become a comedic way for
characterizing a typical Vancouverite: "one whale swims into the creek and the whole city
shuts down for the day to go see it." | was definitely someone who, surely like many others,
took this to be a once-in-a-lifetime occurrence. That was before discovering that this used to
be a common occurrence in the area. When | learned how important this story was to inspiring
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the Rewilding Vancouver exhibit at the Museum of Vancouver, | decided to search for some
videos of the whale to show my Rewilding Vancouver Community Projects class at ECUAD.
Finding a plethora of youtube videos filmed by citizens on smartphones and other portable
devices from curious vantage points including office windows, the sea bus, an inner city
bridge, and a kayak, certainly helped to paint a picture of the general atmosphere of awe that
day. What stood out for me the most in these videos were the reactions of the eye witnesses,
most often available through the sounds of shrieks and comments of disbelief in the
background of mostly point-of-view shots. One of the most memorable for me (and perhaps
the 48,000+ views it's had at the time of writing this) was Chris Brown's Science World Whale
Vancouver May 5th, 2010, [http://www.youtube.com/watch?v=iGVj3D1LqG0] where Chris
rides his skateboard down the causeway alongside Vancouver's science-based museum to
document the grey whale, Chris's opening commentary setting the tone, "Wow, wow! Holy
crap! Insane!"

What if no one had noticed the grey whale’s swim into False Creek in 2010? What if
some people had seen it but no one had video documented it? Would it have been easy to
convince others who had not seen it for themselves that it actually happened? As J.B.
MacKinnon, MOV’s guest curator of the Rewilding Vancouver exhibit and author of the book
The Once and Future World: Nature As It Was, As It Is, As It Could Be (2013) reminds us, our
first task is to go outside while our second task is to see the nature in our urban locale:

The crisis in the natural world is one of awareness as much as any other cause. As a
global majority has moved into cities, a feedback loop is increasingly clear. In the city, we
tend not to pay much attention to nature; for most of us, familiarity with corporate logos and
celebrity news really is of more practical day-to-day use than a knowledge of local birds and
edible wild plants. With nature out of focus, it becomes easier to overlook its decline. Then, as
the richness and abundance of other species fade from land and sea, nature as a whole
becomes less interesting — making it even less likely we will pay attention to it (77).

When the whale spouts in his video, Chris continues to express his wonderment with
an exuberant, "Ohhhhhhh.” After someone in the background confirms his documentation of
the historic moment with an "I got it!" Chris shrieks in delight, "I got it too!" Where Chris's
enthusiasm speaks to me of the wonder that the wild world can inspire (and therefore
reinforces one of its values), Chris's confirmation of documenting the historic moment offers a
glimpse into the potential of video artists (be they amateur video-making citizens or visual
artists armed with video cameras) to be citizen scientists - suggesting new ways of seeing
nature and our relationship with it.

The history of nature is critically important to the way we see the world around us.
When we forget that whales used to live here, the absence of whales seems normal. When we
remember, it becomes possible to imagine Vancouver with whales once again (MOV).

To better understand what I mean by video artists being citizen scientists, let me first
define what I refer to when | say “scientist.” While there is a seemingly infinite range of areas
of specialization and methodologies, in this case | am referring specifically to the role of
scientists in general in terms of how they, through a general process of hypothesizing,
inquiring, investigating, observing, documenting and concluding, suggest new ways of seeing
the natural world and humans’ relationship to it. This can have profound effects in terms of
influencing our perceptions, understandings and values of nature, which in turn can influence
our behaviours in response to the natural world. An example of this would be the “wilderness
myth" - the belief that when European explorers first arrived in the Americas, what they found
was mainly empty wilderness. Thanks largely to the work of the indigenous peoples of the
Americas, as well as anthropologists, archaeologists, biologists and ecologists, today the
“myth” aspect of this has been proven, and consequently our understanding of what is meant
by “wilderness” is evolving.
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The myth of the wilderness as “virgin,” uninhabited land had always been especially
cruel when seen from the perspective of the Indians who had once called that land
home...they were forced to move elsewhere, with the result that tourists could safely enjoy the
illusion that they were seeing their nation in its pristine, original state... (Cronon, 79)

When video artists, creative makers who by practice offer a unique way of seeing the
world in general, equipped with audio and visual documentation tools (i.e. video cameras,
sound recorders, and audio and video editing software), undertake a similar process of
hypothesizing, inquiring, investigating, observing, documenting and concluding, they in turn
create new ways of seeing the natural world and humans’ relationship to it.

...documentary is not shot in studios but on location, and thrives on the ability of the
camera, from the very beginning, to freely roam the world. In the process, documentary
creates its own cognitive map of the world it goes out to meet. Like all cognitive maps, the
places are real but the angles from which they’re seen and the ways of moving around
between them derive from the map-maker’s own criteria-cultural, social, imaginary and
symbolic (Chanan, 78).

One way to explain this concept is through a brief examination of the history of nature
films. Scott MacDonald, in his book Adventures in Perception: Cinema As Exploration
(2009), offers a concise overview of some diverse approaches to producing nature films in the
past and the kinds of influences these may have had on humans’ relationship to nature.
MacDonald explains how Disney’s True-Life Adventures (approx. 1948-1960) came about at
a time when animation proved too expensive, so the dramatization of nature became a more
cost-effective format of producing films for entertainment. These films anthropomorphized
animals and often created stories that promoted conventional ideas about domestic life. These
films were constructed narratives compiled out of footage gathered over fragmented times and
locations, essentially fictionalizing nature for human consumption. Perhaps these films have
contributed to people thinking about the environment as material for human consumption, and
in an anthropocentric way-mostly as it relates to the well-being of humans without as much
consideration for how our actions and choices affect the non-human world. National
Geographic’s ongoing series World’s Deadliest Animals boasts *“a violent eden” with
sequences condensing time and scenes of animals attacking, fighting, killing, and seeming
overall dangerous and threatening. These videos and others like them may encourage people
to fear nature which might inspire us to urbanize more as a way to protect ourselves from
these wild threats.

Jean Painlevé, a French filmmaker, tried to prove that cinema can be a tool for science,
documenting scenes to suggest they were fairly objective observations but often making
parallels with human behaviour in subversive ways to challenge stereotypes. An example of
this is when he showed how male seahorses carry eggs and birth baby seahorses in his film
L’Hippocampe (1934). Painlevé’s films presented a shift from commercializing nature to
understanding the educational value of nature including how the human imagination can be
inspired by phenomena that exist in the natural world. Microcosmos (1996, Nuridsany &
Pérennou) suggested we pay attention to the fine details of nature in our own backyards by
magnifying the actions of everyday insects (i.e. the Dung beetle struggling to push a ball of
dung up a hill). These last two examples are perhaps ones we can point to as closer examples
to the approaches we have encouraged students consider as they endeavour to inspire the
public to pay attention to nearby nature.

Why do we need video artists to show us new ways of seeing the natural world? |
consider there to be three main problems currently preventing the general human population
from seeing the natural world in ways that can support the wholistic health of the planet: 1)
Nature Deficit Disorder, 2) Shifting baselines and 3) Change Blindness.
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Nature Deficit Disorder is a term coined by Richard Louv in his book Last Child in
the Woods (2005) to suggest that “human beings, especially children, are spending less time
outdoors resulting in a wide range of behavioural problems.” Louv outlines some of the
problems to include, “diminished use of the senses, attention difficulties, and higher rates of
physical and emotional illnesses™ (Godbey, 9). Over 80% of Canadians now live in cities and
are spending more time indoors and than outdoors. The average Canadian child now spends
approximately 6 minutes per day outdoors in contrast to approximately 6 hours per day
indoors in front of a computer screen (Charles and Louv). Since 2008, more than half the
world’s population has lived in urban areas (United Nations Population Fund). We simply are
not outside to see what is happening there.

Shifting Baselines is a term created by the University of British Columbia’s Fisheries
scientist Daniel Pauly in 1995. It refers to the incremental lowering of standards, with respect
to nature, in which each new generation lacks knowledge of past environmental states and
consequently redefines what is “natural’ according to his/her personal experience. This sets
the stage for the next generations (shifting) baselines. We might go outside but the problem is
that we see what is happening there today. We do not see what was happening there sometime
in the past and this influences what we might believe we can hope to see there in the future.

Some 120km of fish streams once flowed through Vancouver, producing 100,000 or
more salmon and trout every year. The decline of these streams is an example of 'shifting
baseline syndrome’... Each generation sees the natural world around them as normal, and
measures degradation of the environment against that baseline. The next generation then
takes the degraded state of nature as normal, and so on. Over time, we collectively forget
what nature used to be... (MQOV)

Change Blindness is “a phenomenon in visual perception in which very large changes
occurring in full view in a visual scene are not noticed” (O‘Regan). This condition, which Dan
Simon and Christopher Chabris proved is part of our hardwiring as humans with their famous
Selective Attention Test involving a gorilla suit (2999;
http://www.youtube.com/watch?v=vJG698U2Mvo0), prevents us from seeing major changes in
the natural world around us like the depletion of fresh water, healthy food and clean air. As
MacKinnon points out, this is further exacerbated by our preoccupation with urban living:

The adapt-and-forget pattern is amplified by modern life. If you, like me, are a city
dweller, then you’re unlikely to suffer change blindness to shifts in the natural world because
you’re not there to witness those shifts... For you, the baselines that shift will be mainly urban
and technological ones...

Given these three main problems, Nature Deficit Disorder, Shifting Baselines and
Change Blindness, what then is the responsibility of the modern nature filmmaker? If the
nature film historically has contributed to humans’ sense of being disconnected from and/or
fearful of nature, I suggest that the modern nature filmmaker’s role is to encourage humans to
reconnect with nature — “nature as it was, as it is, as it could be” (MacKinnon) and not just
nature outside the city but the urban wilderness, not just as something “out there” but as
something integral to who we are. This is precisely what we endeavoured to do through the
Rewilding Vancouver Community Projects course.

Main Text

Rewilding is a term coined in the early 1990s by Dave Foreman, founder of the direct-
action Earth First! Environmental network (MacKinnon). In the most general sense,
MacKinnon points out, it means “To make a place wild again.” A question arose concerning
restoring to what/when. The definition was expanded by Michael Soulé and Reed Noss in the
1990s. The term has since evolved to acknowledge that it may not be possible to achieve some
specific natural condition from the past, but rather “to bring back species and ecological
processes that have been [lost]” (MacKinnon). Rewilding has been implemented in a variety

180


http://www.youtube.com/watch?v=vJG698U2Mvo

of ways around the globe, including in Seoul, Korea in 2005 where Cheonggyecheon, a sacred
stream that ran through the heart of the city, was daylighted, in the US’s Yellowstone National
Park where “wolves were re-introduced after a 70-year absence” and in “Dundreggan, a
10,000-acre estate in the Scottish Highlands, overgrazed by deer and sheep [that is undergoing
an] ongoing, decades-long process [of reforestation by] the organization Trees for Life
(Monbiot).

Green infrastructure is “the name given to natural systems which provide services to
human populations that might otherwise require the creation and use of the manufactured, or
grey, infrastructure. Green infrastructure can assist, and in some cases, replace conventional
engineered solutions or grey infrastructure” (David Suzuki Foundation). The simplest way |
have explained this concept to my students involves thinking of a healthy ecosystem as an ebb
and flow of life: migrating animals, flowing water and air, travelling seeds, etc. The normal
course of urban development leads to a fragmented natural landscape where this ebb and flow
is intercepted by the built environment of concrete, steel, dams, walls, etc. Green
infrastructure acts to reconnect severed pathways along this ebb and flow, whether that be
designing a green roof that can be a landing pad for migratory birds, restoring a wetland or
leaving a first-growth forest intact.

Materials and methods

In the 2012/13 academic year, the Emily Carr University of Art + Design and the
David Suzuki Foundation partnered to pilot a studio-based community projects course that
would engage postsecondary art students in media arts based public education projects
supporting sustainability initiatives. The pilot course, called Natural Capital, was designed to
promote the non-market value of natural’s ecosystem services in the Lower Mainland region
of British Columbia, Canada, and shed new light on the importance of fragile coastal
ecosystems in people’s lives. Students in the course created a series of short documentaries for
an app developed by DSF to bring to life their report on aquatic ecosystems in British
Columbia’s Lower Mainland. The course was part of a minor in Social Practice and
Community Engagement (SPACE) in ECUAD’s Faculty of Culture and Community. My
article about the course can be found here:
http://online.liebertpub.com/doi/abs/10.1089/SUS.2013.9838 After a successful pilot year, the
course was proposed to continue into a second year.

In the Summer of 2013, J.B. MacKinnon, author and guest curator of the MOV’s
Rewilding Vancouver exhibit, approached DSF to collaborate on some aspects of the exhibit.
DSF suggested we all meet to discuss the potential involvement of ECUAD students. From
those early brainstorming meetings, with each stakeholder identifying and aligning his
objectives with the others, emerged the Rewilding Vancouver Community Projects course
offered in the Fall of 2013 and the Spring of 2014.

In Fall of 2013, 16 students created a series of short documentaries as part of a
“virtual urban safari” or video eco-tour of the different forms that nature can take in Metro
Vancouver’s urban environment. Building relationships with unique expressions of nature,
students had outdoor adventures, used technological innovation and harnessed the wisdom of
local community experts (outside the University) to produce site-specific media projects as
part of a public education strategy around the natural history of Vancouver’s wild sites. The
underlying goals of the overall project were to: inspire near-by nature explorations, highlight
personal connections between natural areas and individual/community well-being, identify
how wild sites contribute to our city’s urban environment and “make visible” the natural
world in the city, where it tends to be overlooked.
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Site selection

Part of our goal in mapping out specific wild sites in Metro Vancouver was to expand
the public understanding of green infrastructure to include examples of sites we considered 1)
engineered, 2) restored and 3) intact. In other words, we wanted the public to comprehend that
green infrastructure could include everything from first-growth forests to urban farms to
daylighted streams. Stream “daylighting” is a term used to explain the process of intentionally
removing the grey infrastructure, like asphalt, covering over a stream and returning that
stream to “the light of the day” to be flowing above ground once again. We were also aiming
to include a variety of land cover types (i.e. forest, beach, wetland, streams, rivers, etc). We
also wanted to be sure our sites were no further than one hour of travel time on public transit
from the ECUAD campus so that the task of site visits would be feasible for students. Project
partners at DSF, MacKinnon and myself brainstormed a variety of sites across Metro
Vancouver that included examples in each of these categories. We then cut down our list to 18
sites (the maximum number of students that can register in the course at one time).

Local expert recruitment

Students’ documentaries from the Fall 2013 semester centered around interviews
filmed with local experts affiliated with each of the wild sites. These were people from the
broader community who had wisdom and often first-hand experience with a site’s natural
history and biodiversity. Project partners at DSF, MacKinnon and myself did research and
outreach for nearly two months in advance of the start of the semester to confirm the
participation of local experts. These experts, ranging from biologists, authors, lighthouse
residents, park interpreters and more, also provided background information to students and in
some cases offered one-on-one walking tours of sites to students.

In Spring of 2014, building on the work of the first semester, a new group of 15
students created short documentaries that presented their views of reconnecting with wild
nature at one of 15 distinct wild places in the Metro VVancouver region through an artistic lens.
To encourage more conceptual approaches to the work, myself, MacKinnon and our project
partners at DSF decided to give the students themes to use as lenses through which to produce
the work. Together we brainstormed and arrived at 18 themes, 9 of which we categorized as
benefits of time spent in nature (well-being, memory, balance, creativity, healing, focus,
energy, mood and responsibility), and 9 of which we considered larger concepts related to
rewilding (life, resilience, shifting baselines, nature deficit disorder, change blindness,
ecosystem services, zoopolis, biophony and biophilia). The terms categorized as benefits from
time spent in nature stem were provided by project partners at the David Suzuki Foundation.
As David Suzuki himself writes in the article, ““Prescription for health and happiness: daily
dose of nature on the foundation’s website, “researchers from fields as diverse as biology,
psychiatry, engineering, horticulture, neuroscience, and medicine have realized what most of
us know intuitively: nature is good for our health and well-being. These experts have
discovered countless links between time spent outdoors and cognitive, physical, and
emotional development.”

Site visits

In the process of creating videos aimed at inspiring the public to see nature in a
particular way, students began to see nature differently themselves. This translated to the
public through the videos they made. In both Fall and Spring semesters, an essential aspect of
the curriculum required students to build relationship with their sites through a minimum of 3
sites visits (although students often end up doing many more than this, sometimes 3 in just
one week!) Students began by being tasked with exploring their site through the lens of a
camera. They started paying attention and noticing details about their site that they may not
have otherwise, like the presence or absence of specific plant or animal species, or evidence of
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human impact. Student April Piluso created her video in the Fall of 2013 after multiple visits
to Vancouver’s popular Stanley Park to observe first-hand one of the park’s lesser known
features: “one of the largest urban great blue heron colonies in North America” (Stanley Park
Ecology Society). The process enabled her to interrupt her routine of urban living and reflect
on how important nature is, particularly in the city:

We are defined in part by the patterns we drive ourselves towards. | am grateful to say
that my participation here allowed me to break the eat-work-sleep pattern that so many of us
get drawn into. We need to remind ourselves to stop and observe. We need to have
moments of true connection with nature, to simply enjoy the beauty of the world around
us. If we do not remember to stop and just appreciate it, it becomes so easy for us to
ignore all that nature does for us.

After examining their sites through the lens of a camera, students were then tasked
with exploring their sites through sound. Equipped with a sound recorder and microphone,
students repeatedly reported that they often heard things they did not see, and then saw them
only after hearing them. Student Faber Neifer created his video in the Spring of 2014 through
a series of site visits to False Creek Habitat Island, a restoration project created to make up for
shoreline lost to development. Faber visited his site with sound recording equipment in hand
at different times of the day and noted:

Hearing birds on False Creek Habitat Island before sunrise, you wouldn’t think we
were in the middle of the city. They’re singing before most of us are awake.

Even in the deepest and largest green spaces, students have reported their challenges in
recording isolated animal-generated or earth-generated sounds without the infiltration of
human-made sounds in the background. In the words of Bernie Krause, soundscape ecologist,
“Qur ears tell us a very different story” (Krause).

Just as looking through a camera lens you see the world differently, when you begin to
record you hear the world differently. -Hildegard Westerkamp, sound ecologist

Unlike some indoor or studio-based art practices, outdoor site-specific media projects
require that students consider elements of nature as part of both their creative palette of
materials and the challenges they need to creatively problem-solve around. This in turn
contributes to shifting the way students see nature. Watching the tide tables was important to
prevent students from getting trapped at or losing access to Vancouver’s last wild beach, the
Point Grey Foreshore. An unexpected winter snowfall inspired students’ ideas about the role
of seasons in food production and consumption at UBC Farm. The diverse paths that water
takes and surfaces it flows over provided a rich library of aquatic sound effects at the Lower
Seymour Watershed.

Screening & exhibit

Students’ media arts-based projects resulted in the creation of a “virtual urban safari”
that were featured as part of the Museum of Vancouver’s Rewilding Vancouver exhibit
running February 27-September 1, 2014. This exhibit is believed to be the first of its kind in
Canada to feature the historical ecology of a major city.

To expand the public outreach of our project objectives, the course culminated in a
public screening of students’ work and community dialogue, the first at one of the featured
"engineered" wild sites, the VanDusen Botanical Gardens Visitor Centre (in December 2013,
so prior to MOV's exhibit launch) and the second at the MOV on April 7, 2014. Both events
welcomed a diverse public audience in hopes of spreading the public education aspect widely
amongst the broader community. The artistic video works produced through the project were
displayed in the MOV, posted to DSF's YouTube channel and continue to have an impact
through various means of distribution. The first screening presented new community
connections and distribution opportunities for the videos, for example, when a school teacher
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asked if a student could visit her school and show her work since the teacher’s class was
studying the featured wild site.

Activating student sustainability leaders

One of the most significant outcomes of this project was the way it activated students.
Rena Harker, an ECUAD student who participated in the course in Fall 2013, shared in the
public screening and dialogue event in December that a real “aha” moment for her was when
she ventured beyond the highly industrialized area of her site, the Fraser River, to visit a
different region of the river where she discovered it was relatively pristine and, contrary to her
previous impression, “beautiful.” This is when the site, for her, went from something not
worth mentioning to something worth protecting. Through her film featuring an interview
with Riverkeeper Tyee Bridge, Rena has herself made visible nature’s value and, as she says,
discovered the value in applying her artistic skills to environmental issues. Rena has since
founded ECUAD’s Environmental Collective, a student-driven club on campus dedicated to
raising awareness about and participating in art activism related to environmental issues. Rena
is also undertaking an individual project about rewilding the planned new ECUAD campus for
her course in public art.

The history of nature is not always and only a lament: it is also an invitation to
envision another world* (MacKinnon quoted in MOV exhibit)

Conclusion

I grew up spending my summers along the rural and relatively wild west coast of
Vancouver Island, left to my imagination and nature for entertainment. | would spend hours
drawing and so many of them spent drawing orcas, which | would frequently see swim past
my father's house across from a beach leading into the Strait of Juan de Fuca, that still some
20+ years later | can practically draw orcas with my eyes closed.

Vancouver’s False Creek is "false" because it was filled in as part of city
developments. It used to be that the ocean flowed straight through this part of the city to what
is now Clarke drive. That means that where I currently look out from my patio onto a busy
street that will soon be host to ECUAD’s new campus, | would have once been looking at the
sea and would have maybe enjoyed the passing of grey whales in the same way | grew up
watching orcas. But alas, what has disappeared in nature is now left to my imagination. At
least now, when | need a burst of hope, I can pull up Chris Brown’s video of the grey whale’s
visit to False Creek on YouTube and glimpse simultaneously the way things were and the way
they might be once again.

As Rena Harker’s video reveals that the Fraser River is not just an industrial river but a
remarkably beautiful one, Jaymie Johnson’s video reveals that the daylighting of the urban
stream previously buried under asphalt, Still Creek, has witnessed the successful return of
salmon two years in a row, and Yuzhen Wang’s video reveals a unique overlapping dual-
ecosystem in one of the last remaining first-growth forests of the Metro Vancouver region,
Lighthouse Park. These video artists have applied their creative abilities as citizen scientists in
helping us see what we may not have seen otherwise. Be it due to change blindness, shifting
baselines, nature deficit disorder, or our inability to simply notice what is going on in the
urban wildnerness we live, study, work and play in regularly, we might have eventually
reduced or removed some of these wild green spaces, replacing them with grey infrastructure.
While it is too soon to predict if these videos may inspire residents to demand policies that
will not only protect these wild spaces but also rewild some current grey spaces into green
infrastructure, certainly that potential now exists. Where nature itself shows us new
possibilities, video artists find new ways of making visible these new possibilities, of getting
us to pay attention and to understand what nature is telling us.
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Abstract

This paper examines practice, growth and research associated with numerous
experiential science, field studies and related place-based activities incorporated in a number
Indigenous and rural communities in northern Canada. These approaches to science are
presently being applied in the public school systems of the northern Canadian Territories
(Yukon and Nunavut), and in numerous Cree and Dene Nation reserve schools in the northern
Provinces of Alberta, Saskatchewan and Quebec. The research has followed students over a
range of years following their engagement in these programs exploring their ongoing
participation in the field of science and in community affairs.
The capacity for communities to direct and manage their own educational programs has been
a central concern particularly in rural, remote and Indigenous communities. Characteristics of
peripheral communities provide opportunities to initiate and manage various conditions of
social change. This paper identifies those characteristics that favor educational approaches
that require changes in how schools organize time, teaching staff, and curriculum offerings.
These include experiential and place-based science approaches. These approaches have
shown a greater engagement and improved outcomes of Indigenous and rural students.

Keywords: Multidisciplinary science, field studies, rural and indigenous communities,
experiential education; place-based learning; student engagement; educational reform

Introduction

This paper examines practice, growth and research associated with numerous
experiential science, field studies and related place-based activities incorporated in a number
Indigenous and rural communities in northern Canada. These approaches to science are
presently being applied in the public school systems of the northern Canadian Territories
(Yukon and Nunavut), and in numerous Cree and Dene Nation reserve schools in the northern
Provinces of Alberta, Saskatchewan and Quebec. Our research has followed students over a
range of years following their engagement in these programs exploring their ongoing
participation in the field of science and in community affairs.

Such initiatives were undertaken among these peripheral communities in response to
concerns about student engagement, performance and ineffectual applications of conventional
schooling. These conditions created an appetite for change. Significant variations to the ways
in which time was used for instruction, the application of multidisciplinary approaches to
many subjects and embracing instructional activities as social enterprises were the foundation
principles of these initiatives. Within this broader context we have conducted research on the
practice, growth and outcomes of multidisciplinary science programs.

The Settings

We build upon Reeler’s (2007) use of the terms ‘core’ and “periphery’ to distinguish
between the urban and rural areas in which differ in their concentrations of economic and
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political power. “The conventional division in the world today between urban/core policy-
makers (and their theorizing) and local practitioners is deeply dysfunctional, leaving the
former ungrounded and the latter unthinking” (p. 3). The relationship between the Core and
the Periphery is increasingly being shaped by a trend of developing Projects, and paying
people as service providers to achieve centrally determined outcomes. The core most often
sees Project interventions themselves as the change stimulus and processes. EXxisting
Indigenous social change processes, usually invisible to conventional analysis, is seldom
acknowledged and is effectively reduced to irrelevancy — except where resultant active or
passive resistance to change cannot be ignored.

Urban cores tend to concentrate economic, political and capital infrastructure.
Educational institutions in core areas tend to be large complex organizations and structures.
Schools are often governed by an institutional inertia that makes operative change difficult
requiring sustained energy and focus (Fine & Somerville, 1998). These educational systems,
often secondary schools, are typically organized about specific subjects where teachers may
teach a single subject within repeated blocks of time. Teachers are typically older and have
extensive experience in teaching a narrow range of subjects using traditional didactic
instructional practices. The timetabling tends to be inflexible and students are thrown together
in different groups each timetable rotation. A teacher may encounter more than 100 students
each day and after the semester may not see the cohort of students again throughout their
secondary school career.

Rural and Indigenous communities function so that change is initiated at the
community level (Barnhardt, 1999; Emekauwa, 2004). Typically, people living in rural and
Indigenous communities have an ideology of environmental, community and economic
interests setting them apart as a culture distinct from core populations (Gladden, 2001). Such
communities have some unique opportunities to develop and implement educational
approaches leading to an early engagement in multidisciplinary approaches to science
(O’Connor, 2010). In this paper, we examine three different social change processes as
defined by Reeler (2007), to explore dynamics related to changes in educational institutions in
the periphery.

We use Indigenous to refer to the conditions, rights, and way of life of many groups,
cultures, communities and peoples who have a historical continuity or association with a
given region or parts of a region before its subsequent colonization or the formation of a
Nation-State. We do not wish to insinuate by the use of a single reference that Indigenous
people can be classified by one term that excludes each group’s specific and particular
identity. We have learnt that not only are there definite relations and nuances within
Indigenous Nations but they are explicitly specific within each community and reserve. The
historical specificity and variability of culture and its synchronous interaction with many other
diverse environmental and social structures create specific identities amongst groups that are
not to be trivialized by a single term.

With the increase in land claim agreements, renegotiation of treaty rights and local
control of resource development, the quest for self-governance by Indigenous people and rural
communities is a motivating factor for improving education. This direct control and
involvement leads to issues of preservation and sustainable development of their resources.
There is a great need to reconnect schools with their communities, so as to provide
opportunities for students to contribute to their community and also benefit from the
opportunities before them.

Dynamics of change processes institutions

The undeniable interest attributed to Sir Ken Robinson’s call for Changing Education
Paradigms in his Royal Society for the Arts presentation (Robinson, 2012) represents a
growing unrest in public support for current educational processes. He argues that the
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industrial model that many educational institutions pattern themselves upon is both crippling
and nonresponsive. Robinson’s presentation identifies how contemporary approaches to many
subjects are ill suited to the needs of our creative and innovative world today. Calls for
educational change are supported by a wide variety of historical and social analysis (Dewey,
1916; Foucault, 2002; Freire, 1970; Giroux, 1997; Kincheloe, 2005), but these calls often do
not address the “how” such change could take place. This paper identifies such change
processes as they may apply to communities at the periphery. Institutions, even those in the
periphery, posses an inertia that compels organizational patterns that follow long standing
practice that often resists alternative paradigms.

Emergent change is change originating with lived experiences

Emergent change describes the day-to-day unfolding of life, adaptive and uneven
processes of unconscious and conscious learning from experience and the change that results
from that. This applies to individuals, families, communities, organizations and societies
adjusting to shifting realities, of trying to improve and enhance what they know and do, of
building on what is there, step-by-step, uncertainly, but still learning and adapting, however
well or badly. (Reeler, 2007, p. 10).

Cartesian modernists have the tendency to generalize, and through this process it
prevents the development of a certain understanding of the uniqueness of the human
experience (van Manen, 1990). With the promotion of “ultimate truths” and the need to own
those truths in a capitalist-like banking of knowledge, there is little validity put on ones’ lived
experience. This goes against the principles of experiential science education, in that learning
takes place through direct experience, by action and reflection. The learner assesses the
experience, assigning their own meaning and understandings as they relate to learned
scientific principles, goals, aims, ambitions and expectations. From this processing of the
experience come the insights, the discoveries and the understandings that are generally
referred to as experiential learning (Dewey, 1938). As this processing takes place, the pieces
fall into place, and the experience takes on added meaning in relation to other experiences and
previous knowledge. All this is then conceptualized, synthesized and integrated into the
individual’s schema of cognitive constructs which he/she imposes on the world, and through
which he/she views, perceives, categorizes, evaluates and seeks additional experiences
(Wright, 1970). “Lived experience has a methodical feature relating the particular to the
universal, part to the whole, episode to totality” (van Manen, 1990, p. 36). A powerful
description of experiences’ relational aspects comes from Dilthey (1985): “lived experiences
are related to each other like motifs in the andante of a sympathy” (p. 227).

Varela (1999) provides a progressive description of the relation of experience in
conscious thought. He claims that experiential structures are relational to conceptual
understanding and rational thought. “The point is not that experience strictly determines
conceptual structures and modes of thought: it is rather, that experience both makes possible
and constrains conceptual understanding across a multitude of cognitive domains” (p. 16).
This speaks to the learner as being privy to various forms of knowledge, and also exposed to
various types of learning styles; the power of difference.

Transformative change is change through response to problems

At some stage in the development of all social beings it is typical for crisis or
stuckness to develop. This may be the product of a natural process of inner development, for
example the crisis of the adolescent when that complex interplay of hormones and awakening
to the hard realities of growing up breaks out into all manner of physical, emotional and
behavioural pimples. Another example is of a pioneering organization growing beyond the
limits of its informal structuring and relationship’s. (Reeler, 2007, p. 12)
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Varela’s (1999) enactivist ontology states that our identities are not pre-formed, and
we often learn best when we empty ourselves of all that has been learned, towards what he
calls the “virtual self” or “selfless self”. “Knowledge appears more and more as being built
from small domains composed of microworlds and microidentities” (p. 18). The key times to
learn are in those “moments of breakdown” (Varela, 1999), or what Aoki (2005) would refer
to as “moments of tension”, when we are no longer experts of those microworlds and we
become beginners who search for ways to understand what is foreign (through deliberation
and analysis) so that we may feel comfortable and at ease with the task at hand. This speaks to
experiential and place-based science programming strategic inclusion of adversity and
resilience into curricular delivery and content.

It is a radical notion for many educators to envision that wisdom can be gained
through a variety of traditions. The applications of enactivism as pedagogy have tremendous
implications for experiential science educators, as they provide a rationale for providing
diverse experiences and environments in the process of learning. This goes beyond the general
tenets of experiential education that: promotes context therefore engagement; addresses
diverse learning styles; and, encourages the integration of subjects. It provides a progressive
rationale that we hope will provide other educators with a better understanding of the benefits
of experiential science methods.

To advocate to students the need to empty ourselves of our pre-learned “baggage” and
become beginners, open and eager to experience the “new”, is a concept that has powerful
possibilities for learning. It begins the journey to selfless-hood, in which we can begin to
understand the creation of a self that is socially constructed (and can be reconstructed) in
different environments and through various experiences. This is congruent with Vygotsky’s
(1997) concept of the zone of proximal development (ZPD), in which the social context
shapes the range of learning that takes place. We propose Varela’s (1999) search (based on
Taoism, Confucianism and Buddhism epistemologies) for the selfless self and ultimately a
virtuous self, is one that many experiential and place-based science educators should put into
praxis, as it has positive implications for character building, critical personal reflection and a
promotion of a socially just community.

Projectable change — Working with a Plan

Human beings can identify and solve problems and imagine different possibilities,
think themselves and their present stories into preferred futures, being able to project possible
visions or outcomes and formulate conscious plans to bring about change towards these.
(Reeler, 2007, p. 14)

Numerous plans have been developed by small communities to address educational
needs of their youth. These differ from the “planned project approach” developed by the core
areas to “solve” the problems of periphery schools. Small communities are able to plan
adaptable approaches that encompass community contexts, resources, and skills. Such
community plans are characterized by their flexibility and responsiveness to changing
community conditions.

Change in educational systems — periphery problems and opportunities

These are not the problems of someone else. They are our problems. We need to find
solutions, not have ones passed down to us. We can learn from others, but our own
experiences are paramount. Don’t tell us what to do, give us ideas, access to resources and
discussion, then let us work it out. (Kleinfeld, McDiarmid & Hagstrom, 1985, p. 89).

The peripheral community, by their very nature, have attributes favoring a range of
social change processes that differ from those found in the “core”. An analysis of rural Alaska
High Schools identifies these as “rural advantages” that are often ascribed as similar to the
benefits associated to private schools (Kleinfeld, McDiarmid & Hagstrom, 1985).
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Children can grow up at home with their families

In small high schools, children receive a great deal of individual help and attention
from teachers who know them well.

In a small high school, children are participants, not spectators.

Small rural high schools offer students increased access to special educational
opportunities, such as the chance to travel and lots of time on the computer.

With the schools nearby, parents can exert considerable control over their children's
education.

Local high schools enable communities to teach local cultural traditions, languages,
and subsistence skills.

Local high schools provide such important community facilities and services as
gymnasiums and workshops, spectator sports, newspapers, and community education
programs.

A parallel and more in-depth study in rural Yukon Schools added to this list of
opportunities for change found in rural communities (Sharp, 1985).

The small size of peripheral communities means that most people know each other,
they are part of the same community and they are aware of their issues and have
understandings how they may be addressed.

Smaller communities posses greater institutional adaptability and flexibility. Schools
in these communities are more responsive to community concerns and disposed to providing
programming designed to engage students and respond to community concerns. Community
resource people are known to schools and to teachers.

Teachers are often required to teach a variety of courses across many grades. They are
required to approach a variety of subjects with an integrated perspective because of their
diverse teaching load.

Community issues and problems are more accessible to school as study topics.

Many smaller communities are starting places for young teachers, as young teachers
their educational training has often included more contemporary understanding about diverse
instructional practices that engage students, understanding of neurological processes, and the
value and involvement in instructional communities.

The absence of institutional resources encourages communities to develop their own
resources from locally accessible materials.

Limited course offerings encourage students to explore topics they might otherwise overlook.

As educational practitioners, we acknowledge the complexities associated with the
process of change and therefore confirm the need be cognizant to the dynamics of change, to
be thoughtful, diligent and regulate practice accordingly. This is not a simple practice, one
that challenges science educators to think critically regarding social conditions which begins
by addressing emergent, transformative and projectable forms of change. Given the need for a
more responsive educational approach, and based on opportunities associated with rural and
Indigenous educational environments, we will provide a number of alternative educational
approaches below that were developed in recognition of the various conditions of social
change.

We begin with a focus on the development of educational approaches that involve
integration of curriculum across disciples, addressing local situations as a means of providing
relevance to school studies and using collaborative approaches to schooling. Experiential and
placed-based approaches have been a logical extension the rural educational setting.
Experiential and place-based initiatives have become a major factor in education, as many
Indigenous and rural northern Canadian communities move toward greater autonomy and self-
determination: to encourage students to be aware of, and feel responsible for the lands their
ancestors have occupied; and, to better prepare and encourage the students for employment
opportunities that exist within rural territories and beyond. Initiating experiential and place-

191



based approaches require changes in the ways in which schools organize their time and
instructional processes. These approaches require flexibility in scheduling integrating and
combining courses, and changing relationships between student and teacher.

Experiential and placed-based science initiatives have been created to address the lack
of success and disengagement amongst Indigenous and rural students in formal schooling.
Such initiatives take many form and themes. Within the sciences, a holistic form of science
education has evolved. A form that values the importance of “place’ and the role of cultural
knowledge within the disciplines of what some would consider “formal science” and also
more cultural interpretations such a traditional ecological knowledge. The balance of this
paper examines a number of approaches in which peripheral communities have used
multidisciplinary approaches to science and restructured school experiences to build on the
strengths of such communities.

Research Methodologies

Our action research studies—utilizing anecdotal evidence, semi-structured interviews
of a sub-set of students, teachers and administrators, and end-of-semester focus groups and
anonymous surveys and questionnaires has revealed several key factors related to the concept
of place and its relationship with social change processes that contributed to the positive
outcomes of these multidisciplinary approaches to science education.

The surveys of the students who took part in the experiential and place-based science
programs between five and nineteen years ago (2008-1994) explored many aspects of their
life following secondary school (grade 12). Information was collected across this time span
through email responses, phone or in-person interviews and focus groups. The analysis of this
program is still ongoing.

Data was analyzed using methods of constant comparison to identify emergent
patterns and themes (Erickson, 1986; Lincoln & Guba, 1985; Patton, 2002) within and across
sites.

Periphery schools — examples of change

There have been a number of programs and approaches developed in peripheral
communities that have built on the various aforementioned conditions of social change. Four
of these approaches are described below.

Experiential Science Programs: One response to these conditions have been the
development of multidisciplinary science programs in which a single teacher teaches a cohort
of students across three or more fields of traditional science core courses for a semester. In
these programs, the courses are built around experiential models of learning, attention is given
to community topics, time allocation is flexible to meet study demands and the cohort of
students work in collaborative problem solving contexts. Some of these programs have been
functioning for more than twenty years and our research has followed cohorts of these
students since they were involved (O’Connor & Sharp, 2013).

Our research shows overwhelming success across a number of dimensions. A
significant proportion of these students remain engaged in sciences in subsequent
undergraduate and graduate studies. More than 80% complete university, compared to less
than 50% from the larger rural student population. Many of the field studies associated with
the studies undertaken by the cohorts of experiential science programs have assisted
communities understand and address local problems.

Rural Experiential Models (REM): Another response has been the development of
alternative ways of offering courses in weeklong blocks of time. This approach was more
readily accommodated within rural high schools. The course offerings were designed around
surveys designed to gain the interests of students. The science-based weeklong courses
focused on experiential elements and field activities. The REM courses were typically built
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around experiential models of learning, focused on community topics and the cohort of
students work in collaborative problem solving contexts. Some REM programs have been
functioning for more than twenty years.

Research following REM programs has shown high levels of student engagement and
ongoing teacher involvement (Kleinfeld, McDiarmid & Hagstrom, 1985; Sharp, 1985, 2007).
They have involved a wide range of community support and community members
volunteering in a range of REM activities. The REM approach can be part of smaller schools
because of both scale and the teachers’ knowledge of the students.

First Nations Land-based and cultural programs: A third approach has been
undertaken by a number of Indigenous communities involving groups of students in land
based activities based on a blend of cultural traditions and contemporary science. These
activities honor Indigenous traditional knowledge and provide a medium that integrates
science with Indigenous knowledge. These types of programs have been embraced by many
Indigenous communities where the activities are credited and linked with other fields of study.
In order to credit such activities, curriculum outcomes were identified along with ongoing
assessment strategies. These were designed to bridge many areas of traditional knowledge
and ways of understanding with contemporary sciences (O’Connor, 2009; Sharp, 2005).

Place-based activities addressing community concerns: The fourth approach we
describe is a more general method of embedding multidisciplinary science initiatives within
school programming. Place-based education seeks to help communities through employing
students and school staff in solving community problems. Place-based education differs from
conventional text and classroom-based education in that it understands students' local
community as one of the primary resources for learning. Thus, place-based education
promotes learning that is rooted in what is local—the unique history, environment, culture,
economy, literature, and art of a particular place (Kawagley & Barnhardt, 1999). Addressing a
variety of community problems brings into play many different aspects of science,
engineering and mathematics. The “problems” call for solutions requiring multidisciplinary
approaches. When students deal with “real” issues and work with community members to
find solutions they become engaged. The engagement spills into many fields of science.

Examples of such place-based activities include working to reintroduce salmon
populations, addressing problems of highway litter and solid waste, monitoring water quality
in community water courses, recording forest structure and growth rate. Most of these
activities take place over a period of years. Students build on the work of their older peers
and may follow a project over a period of years, growing with knowledge and skills related to
the “problem”.

Through a recursive process of data analysis, specific themes emerged in our research
that was deemed crucial to experiential initiatives. We explored those themes through the
participants’ voices. They were: the importance of Partnerships within the community; the
application of alternative forms of Evaluation; the use of Field Studies to deliver curriculum
and engage students; an incorporation of Indigenous Culture and Knowledge in many aspects
of the educational context; and the issues of Sustainability that include alternative structures
and scheduling of the experiential and place-based science programs (O’Connor, 2010).

Lessons Learned

This paper supports the call by many authors who cite the importance of educators
modeling constructivist approaches to science education that engage students in
interdisciplinary exploration, collaborative activity and field-based opportunities for
experiential learning, reflection and self-examination (Cajete, 1999; Carlson, 1999; Dewey,
1938; McGinnis & Roberts-Harris, 2009; O’Connor, 2009; Rogers, 1969; Sharp, 2007; Tyler,
1949). Using an experiential model that supports reflective inquiry, students learn to
appreciate the myriad of ways that science curriculum and pedagogy can be linked to real life
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experiences. Students make discoveries and experiment with knowledge first hand instead of
exclusively hearing or reading about the experiences of others, often who are considered to be
real “scientists”. Students also reflect on their experiences and share them with other active
participants in such environments as weekly sharing circles and also, in the less formal
settings of school cohorts. Through this process they develop and share new skills, new
attitudes and new theories or ways of thinking about science. Students then use this cognition
to make informed decisions about scientific endeavors in and outside of the classroom, with
the security that they are supported in partnerships.

This experiential science model helps create an educational climate where students can
develop into engaged, critical and empowered learners of a diverse and complex globalized
society (Bayne, 2009). Pedagogical decisions are based on the teachers’ insights into
consciousness construction in the experience of themselves and their students, the interaction
of the collective and the personal, diversity, social and educational theory, and instructional
strategies. Such informed teaching creates unprecedented levels of awareness and higher
forms of cognitive activity in the field of science.

Through the use of extended science field studies that promote experiential and place-
based learning, and critical investigations supported by school-community partnerships,
students become intimate with the dimensions of their science-based schooling and in society
in general, that has been often missing in regular school programs. The teachers of these
science programs are now engaged in an educational praxis that raises the conceptual and
ethical value of the science education profession and better reflects the present climate of our
society today.

Experiential and place-based science educators face the challenge of incorporating
some or all of the principles aforementioned while avoiding simple “lip service” through the
act of tokenism. Experiential science initiatives, such as a community presence in the school
or the incorporation of student journals and self-assessment alone may not lead to improved
discourse and less hierarchy. Many students, who have been habituated to their role as passive
recipients of knowledge (Freire, 1970; Kincheloe, 2005) may find difficulty and provide
resistance with this alternative methodology. This is why we think we need to reconsider the
teacher’s role as dictatorial and consider them as facilitators, as it is crucial that they guide
transactional relationships between teacher-student and student-teacher. It is the responsibility
of teachers to engage in meaningful, experiential and critical praxis of science with students,
while avoiding an authoritarian paternalism (Breunig, 2005).

Many experienced educators who have attempted, or are providing, experiential and
place-based science praxis speak of its challenges (O’Connor, 2009; Raffan, 1993). Issues of
institutional adversity, academic science mistrust, parental resistance, extra time constraints
with respect to student-centered learning and activity preparation, funding, legal implications
of field activities, and a lack of teacher training in post-secondary institutions are all valid.
With that acknowledgement, the majority of our studies’ participants speak to the benefits
outweighing the negative, as the application of an experiential and place-based science praxis
is crucial toward a vision of a more effective pedagogy towards the preparation of the learner
within a socially just world. The advantages from the student, teacher, school and
community’s perspective is unlimited, as long as those theoretical and practical components
are enacted in a mutual praxis.

It begins with the new generation of teachers, as a better collaboration between
theorists and teachers is needed to reinforce the congruence of theory and practice in post-
secondary science teacher education programs (Raffan, 1995). Imparting theoretical
knowledge is no longer sufficient, yet promoting an isolated experience that lacks intention,
purpose and meaningful reflection is also inadequate. Literature on place-based and
experiential science education has predominantly grounded itself in “soft skill” environmental
or outdoor educational practices. Its location in the school’s curriculum is often limited to its
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own specific subject matter (i.e. as Physical Education and Mathematics are found in a
school’s curriculum). More research is needed in the practical applications of this type of
programming, which actually drives the overall operation and philosophy of the school in
order to study the application of these methodologies in diverse school environments that
incorporate varying learners, cultures and communities.

New science pedagogy is needed that incorporates the best of the fields
(experiential/place-based science pedagogy) that is rich in both theory and practice. One that
provides substance to the fields’ application towards a purposeful science classroom and that
incorporates critical learners actively in the development of a science learners identity that
will sustain them in good standing in a socially just world. We call for science pedagogy of
generative praxis that teaches “in ways that will help each learner walk home experiencing
their world differently because of what they learned in school that day” (Jardine, 2005, p. 4).
A pedagogy that invests each student with a sense that they can be agents of change on the
basis of how and what they learn.

The capacity for communities to direct and manage their own educational has been a
central concern particularly in rural, remote and Indigenous communities. Characteristics of
peripheral communities provide opportunities to initiate and manage such change. These
characteristics favor educational approaches that require changes in how schools organize
time, teaching staff, and curriculum offerings. These include experiential and place-based
science approaches. These approaches have shown a greater engagement and improved
outcomes of Indigenous and rural students. In summary, these programs are practical
applications of experiential education and multidisciplinary science as praxis.
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Abstract

The basic task of education is training of specialists who are capable for effective
participation in the industrial-innovative development of the country. In connection with it
qualitatively new approaches of training and the creation of effective education system
directly effect on development of a technical science innovative processes in republic and
integration of domestic scientific researchers at world level.

President of the Republic of Kazakhstan Nursultan Nazarbayev emphasized that “With
the growth of economic indicators increased attention should be paid to improvement of
cultural and educational level of our society, the formation of a new intellectual Kazakh
nation.

To assess the existing problems of improving the quality of training of competent
technical staff in the universities of Kazakhstan have been used such methods as empirical
research, analysis of engineering and production problems in these sphere. The solution of
tasks aimed at improvement of the training of the modern national and competent engineers in
the technical colleges, whose implementation is possible, only through a deep theoretical
understanding of the national mentality.

Conclusion. The system of technical higher education should not only provide one of
the main components of the innovation economy - human, but also fulfill the role of a bridge
linking education, science and production in all sectors and regions of the country. Therefore
the main task of meaningful training of engineers is to describe the processes of studying of
new knowledge and changes in thinking, which is the ability to make independent judgments
and enables as to form our own point of view.

Keywords: higher professional education, modernization, innovation, engineer

Introduction

Positive changes in the social, economic and political life of society on the eve of the
third industrial revolution has created a growing need for highly qualified personnel. In his
message, President N. Nazarbayev said: "A key condition for the success of the new policy
should be supported by staff”. [1] Kazakhstan school to enter into international education unit,
supported the integration of the Bologna process (member since 2010), the main objectives of
which are contribution and improvement of the international competitiveness of higher
education, mobility, training and employment of citizens. The new law "On Science" is a
historic landmark in the organization of the development of fundamental and applied research
and it requires training of specialists of the new formation, which should be carried out
jointly, by merge of education-science-production.
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Efficiency of formation of the engineering staff has significant reserves for
improvement, as knowledge has been preserved; there is human capacity and technical
resources, and the desire of the state to its accelerated development. However, there are
problems in their preparation. Thus, there is no clear interdisciplinary organization of the
content of training, especially in schools, where unpeculiar specialties have been opened,
where connection with the production has been lost, due to lack of scientists, which could
conduct as equal discussion with experts of the enterprises even in such a matter as the
creation of a modern material and technical base of educational institutions. Therefore there is
a strong need to strengthen the practical component of education.

Today there is a significant time lag in training of specialists on specific, key,
production processes, i.e. it slightly promotes the modernization and re-equipment of the
leading companies. To accelerate the process of adaptation of future professionals, creation of
regional training, research and production associations is required with the purposes of
modern training of personnel for the innovation economy, creation and marketing of
innovation. This is an important tool as the future specialist must possess certain skills of
creative solutions of practical problems, and have ability to use all the new things that appear
in the science and practice, constantly improve their skills and quickly adapt to the conditions
of production. This, of course, would enhance the quality of training through closer
cooperation of technical universities, research organizations and industry.

Feature of modern Kazakhstan's education is also its entry into the world educational
space; it causes profound changes in all areas of education: in the scientific basis, in the
function, content, technology, results, i.e. it is a question of change of the educational
paradigm. Knowledge-model of education is superseded by competent model, which is based
on action and promote versatile development of personalities, successful in society.

There is a reorganization of system of relations between the participants of educational
process in high school, from authoritarian pedagogy to student-centered pedagogy based on
interaction between teacher and student. Due to the orientation on competence-based
approach to education and the transition to a new generation of standards we should focus on
building core competencies of engineers, that provide mobility of the individual in a rapidly
changing world and professional success in the innovation economy,

The modern engineer must leave the space of knowledge and enter in space activities
and life meaning, therefore offer the following goals and objectives of educational processes

in high school.
Table 1. The main objectives of training in university courses on technical specialties
Purpose of the 1 course Purpose of the 2 course Purpose of the 3 course | Purpose of the 4 course

Identity formation, the | To teach how to | To teach students to | To teach students how to
transition from opinion | understand and analyze | methods of problem- | pass from questionable to

to the position of self- | the subject of controversy | thinking undisputed

views

Masters program A professional manager

To teach how to act, work and live in situations | To be able to develop their own point of view and not be
of misunderstanding afraid to include a conflict of different points of view

To achieve the above mentioned objectives modern technical university should
represent an elite school, in which along with a deep professional knowledge students can
receive basic training in the natural sciences, social and psychological, general engineering,
socio-economic and humanitarian fields. In this case, the role of fundamental training of
future engineers should be specially emphasized. It forming a methodologically systematic
invariant knowledge provides the basis for further learning professional application training
material, develop creativity and systems thinking, arms by methods of learning, promotes and
improves the scientific world, increases the level of professional and general culture of the
future expert [2] . Therefore, the main task of teaching the courses should be as follows
(Table. 1).
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Table 1. The scheme of distribution of the main tasks of training courses for technical college degree

Improving the system of engineering education adequate to the new demands of the
times it is important to know what is necessary for the training of engineers in accordance
with the long-term development projects in Kazakhstan. Here, the main criterion is the
successful employment of graduates, level of their salaries. It is necessary to develop and
introduce a system of qualitative social standards and professional qualifications of
Kazakhstan’s citizens, especially the economically active population. It will mortgage a basis
of socially fair wage of workers with average vocational training, and the Center for the
reception of additional knowledge, increase of qualifications, will allow acquainting with new
technologies and technical solutions on a regular basis.

On the other hand, the retained gap between the education sector, science and industry
do not allow effectively use modern scientific equipment for research and teaching. Today
there is a process of modernization of production, leading enterprises are buying high-tech
equipment, which we do not have, and so many graduates of technical universities of the
country are not able to work on it. That’s why we should establish joint centers and
laboratories, small innovative enterprises, campuses, that would constitute a practical platform
for the preparation of highly qualified professionals in various industries..

Top managers and key specialists of the industry, among the requirements for young
professionals have pointed out not only fundamentalization their knowledge, but also the
ability to innovation, expansion of the scope of activities, the willingness to consistently self-
training. Young people should possess advanced knowledge of new technologies; have skills
of communication, decision-making, high degree of flexibility and ability to work with
different systems of motivation and more. We have to activate the system target contract
training in various industries, resume distance learning engineering staff. So there is a
necessity to work out a system of interaction of technical universities with research
organizations and industry. It should be based on the establishment of joint departments,
training centers to prepare students for undergraduate programs and external objective
independent assessment of quality of education.

Representatives of the companies recommended by the Ministry of Education and
Science of Kazakhstan, and the Heads of technical universities must organize training and
retraining courses for government and engineering industry workers in Almaty on the urgent
issues of management of industrial and innovative projects, science, engineering and
technology. In turn, the teaching personnel of technical universities should have an
opportunity of an internship on the present expensive equipment of companies of Almaty and
Almaty region, because direct interaction of the university and the company will allow to
evaluate properly the prospects of further training of various professionals and make timely
adjustments to the plans set students on a various specialties.
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To improve the quality of technical training in high schools of Kazakhstan we should
specially emphasize the role of fundamental training of future engineers. It provides a basis
for further learning of application training material, develops creativity and systems thinking,
arms methods of learning, promotes and improve the scientific world, increases the level of
professional and general culture of the future specialist.

However, the effective development of the educational export of universities is
undermined by several factors: poor educational infrastructure, lack of recognition of
diplomas of many universities in the former Soviet Union and abroad, teaching only in
Kazakh and Russian languages, etc.

For the Republic of Kazakhstan, direct investment in the creation of individual
institutions, is not as actual as investments to its infrastructure - providing free access to the
Internet, computerization, and creation of online platforms. For example, in Ukraine a
national project "Open World", funded by private investors ($ 700 million) acts for several
years. Such mechanism of specialists training is most perspective today, as means are invested
in development of mental potential that allows everyone who wishes to get education, to
realize the abilities and desires, and to the state receives the high quality experts, capable to
develop a national economy and actively participate in a public and cultural life. This program
is accessible and attractive to all participants and able to balance the interests of society and
the state in education. Involvement of the production sector in the formation of future
professionals’ qualifications, direct and indirect participation in the formation of educational
programs - is not only an effective way of additional funding of higher education, but also a
way to improve access to high quality higher education for young people, able to give impetus
to the effective development of the education sector as a whole.

As you know, the Bologna process is considered as a means of implementing mobile
learning. The process has a great integration potential, which will facilitate the integration of
Kazakhstan universities into a uniform international educational space. However, entering the
Bologna process we must take into account existing national characteristics and traditions of
engineering high school.

Recently the tendency of the leveling relation to various kinds of education is tracing,
which we believe is fundamentally wrong. In the early 90's of the last century, Kazakhstan has
entered the period of market reforms and faced with an acute shortage of managers,
economists, and lawyers. Already existing schools, and the newly emerged, including, and
non-governmental responded to this demand. Their joint efforts have eliminated the deficit,
but created not less a severe shortage of engineers.

Why is this? One of the reasons - the egalitarian attitude of the government, the
training of engineers is fundamentally different from the preparation of the humanities or the
lawyers: the need for complex, expensive equipment and for passing of practices at the
industry enterprises. That is why the leading technical universities of the republic are still not
able to fully master the technology of education of the Bologna process is extremely cautious
about the introduction of the two-stage system for the preparation of the basic disciplines. It is
simply impossible to receive necessary volume of knowledge and to run in the most
complicated equipment within the limits of new offered system

We believe that the technical institutions must implement the principle of the integrity
of the educational process in a single industrial-scientific-educational space. This will:

1. Establish strong connection with industry and implement the principle of "education
through science," i.e., to merge the educational process and scientific research.

2. Solve the problem conformity of structure issued staff to frame structure needs of
the industry. In particular, conduct targeted training, defining the contractual relationship
between the administration of the enterprise, institution and the student.

3. Develop and implement a system of improvement of the professional competence of
teachers of technical colleges with their practical research and teaching as soon as possible.
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4. Create an optimal model of the educational process taking into account the
requirements Bologna process and the requirements of enterprises to tier system of training
(dual and mono-).

5. Efficient use of existing resources and attract investment capital to the educational
sphere.

Ministry of Education and Science provides all the prerequisites for the solving of
these and other problems, the rest depends on the ability of the first heads of technical
universities to manage the available scientific expertise and physical facilities. For example,
Belarus for the first time entered the list of countries with high level of human potential
development, taking 64th place in the world and the first among the CIS countries, that is, and
there's a launch pad for serious reform, aimed at dynamic and positive development of the
economy as a whole [3].

Already now, a lot of the technical universities, including the Central-Asian
University, do much for preparation of the technical experts, capable of working in a
competitive environment: new curricula are developed; new specialties and specializations
are opened by request of the ministries and the enterprises of real sector of economy;
business schools and the centers, institutes on advanced training and retraining of personnel in
new directions of a science and engineering are created, branches of universities are opened at
enterprises allowing to make educational process closer to real conditions of production and
to involve high quality experts of the enterprises in transfer of practical experience. And we
should also note the ways in which technical education should be developed:

The creation of a system of continuous education on the basis of higher education
institutions, vocational schools, vocational schools, meeting the staff needs of leading
industries and improvement of management of the system of continuing technical education
and training programs, including multi-level system of continuous training and retraining of
management, transfer and commercialization of technology, intellectual property
management, development of logistics technical colleges, institutes and centers of training and
retraining;

- Increasing the efficiency of scientific research focused on the needs of the industrial
complex of the republic;

- Improvements in the scientific activities of the technical high schools to meet the
needs of the regional economic complex, the development of experimental and production
base of technical universities.

- The use and dissemination of the integrated system of education, i.e. corporate
training system, which means the theoretical training of full-time students of higher
educational institutions in close connection with their work in the chosen profession at the
base enterprises, scientific, educational and other institutions. This training is conducted in
accordance with state educational standards, curricula of universities and labor laws. Here we
can mention the need to strengthen the coordination of the Kazakh National Technical
University after name .K. Satpayev and Karaganda Technical University, both basic
institutions in higher and technical education of the country.

Conclusion

Economic realities require constant updating of knowledge associated with scientific
and technological progress and highly competitive workforce in the context of globalization.
The system of technical higher education should not only provide one of the main components
of the innovation economy - human, but also act as a bridge linking the education, science and
production in all sectors and regions of the country. Therefore, the main task of the content of
training engineers is to describe the process of acquiring of new knowledge and changes in
thinking, which is the ability to develop independent judgment to form their own opinion.
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Fundamental education, remaining the prerogative of the state, can make adjustments
on the applied training specialties. In this case, the provision of financial support by the
private capital for scientific and theoretical search, research of deep relationship of higher
education and science, the results of which can be incorporated in the relevant industry,
should also have state support through tax incentives.
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Abstract

The cultural tools to connect, communicate, and prepare learners for future academic
and workplace activities underpin today’s education. In the 21st century, the use of
technologies, and in particular social technologies, provide a paradigm shift in the way
teachers become engaged and personalize professional development. The technologies are the
cultural tools (Vygotsky, 1975, p. 3) deployed to communicate and analyze learners’ realities;
however, some experienced teachers are reluctant to embrace these realities. However, there
are other teachers who are adopting the 21 century cultural tools to make their learning and
the learning of their students relevant, social and personal. This paper examines how social
practices and cultural tools deployed, in a study with experienced teachers, adds value to
teacher professional development. It examines the scaffolding with social technologies to
enable learners to progress to higher order development in a Zone of Proximal Development
(Vygotsky, 1978) in Higher Education.

Keywords: Professional development, cultural tools, experienced teachers, zone of proximal
development.

Introduction

The explosion of social technologies in the 21% century has enabled more people to
become involved in the creation, management, sharing and transfer of information and
knowledge. 21% century students value and use technology to achieve their academic
outcomes (76%), they see technology as preparing them for future educational plans (76%)
and it prepares them for the workplace (61%) (Dahlstrom, 2013, p. 1). Organizations like the
United Nations Educational, Scientific and Cultural Organization (UNESCO) advocate digital
literacy since it “improves employability because it is a gate skill, demanded by many
employers when they first evaluate a job application. It also works as a catalyst because it
enables the acquisition of other important skills” (UNESCO, 2011, p. 1) to communicate and
participate in the life of contemporary existence. Not only 21 century students require digital
literacy but “all citizens of the knowledge society in order to: select and apply ICT systems
and devices effectively; utilize common generic software tools in their private lives; use
specialized tools for work; [and] flexibly adapt to changes in infrastructure and applications”
(UNESCO, 2011, p. 3). Teachers, as citizens of the knowledge society, should be
knowledgeable and able to integrate digital technologies into their professional practice. Like
other professionals, experienced teachers have been attending ICT inductions and capacity
building sessions to acquire an understanding of digital literacy and in particular social web
applications “that enable collaborative knowledge construction and creativity” (UNESCO,
2011, p. 10) Additionally in the knowledge society, learners are required “to find and present
knowledge to others” (AQF (2013, p. 14) by deploying social technologies as cultural tools
(Vygotsky, 1975) to ensure they are employable or future academic ready. Therefore, teachers
need to embrace these cultural tools to ensure digital literacy for their learners. Many teachers
have embraced the technologies by attending professional development, where they
experience a different way of learning from the learning in their initial degrees. “Teachers
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were collectively and independently engaged in doing, experimenting and reflecting on their
concrete experience in different ways” (Senjov-Makohon, 2009, p. 189) they were interacting
and collaborating. In the knowledge society collaboration and interaction are encouraged
through such tools as twitter, instant messaging, web meetings and yammer to share and
receive information in a timely manner to solve problems and communicate a variety of
possible solutions. Videocasts with short learning segments are and can be uploaded into You
Tube (Mohsin & Trinity, 2012) and these can enable learners to understand concepts of
learning and gain social capital in achieving their personal goal (Lin, 2001) of learning. Blogs
and wikis to further allow learners to share and socialize learning (Hsu, 2008); to collaborate,
interact and reflect on their shared knowledge and content. Learners deploying these cultural
tools go through a process involving planning, thinking, drafting, revising and editing to
communicate or express their ideas to peers and educators. The cultural tools (Vygotsky,
1987) in the form of social technologies enable learners to solve problems and communicate
their learning in a context. Learners need to construct learning, which cannot be separated
from the social context of the day.

Learners need strategies to assist to further their intellectual capacities. They need
guidance, thus the skills acquired during teacher professional development is imperative for
the guidance of learners to differentiate and appropriately deploy the social technologies for
learning and application in new social contexts. Thus, learning is different from the
experienced teachers initial preservice learning; learning now requires action, interaction and
collaboration in a Zone of Proximal Development (ZPD) (Vygotsky, 1978). The teachers need
to be engaged through social interaction and guidance; they need to acquire and develop the
appropriate cultural protocols to function appropriately in the given contexts, so that
knowledge and skills are transferable to the new context. The learning needs to be active
allowing teachers to make sense of the required knowledge and skills. They need guidance
and in this study in the university classroom, the teacher educator guided teachers to make
sense, to critically think and solve problems in real work context by structuring learning using
appropriate cultural tools “on the social level, and later, on the individual level” (Vygotsky,
1978, p. 57).

The teacher educator, as the guide on the side, assists the experienced teachers to
realize the benefits of the social technologies and guides them through scaffolding into the
new milieu. These experienced teachers become learners who have lagged behind in the
uptake of social technologies in Higher Education. Nonetheless, they are realizing the need to
be knowledgeable, skillful, and able in applying social technologies in reference to
pedagogical theories in relation to learning and teaching that incorporate the technologies.

The Challenge

A major challenge for experienced teachers is to understand what information,
knowledge and skills are required for teaching in the twenty-first century and how to best
apply it to enhance learning. These teachers have been the ‘sage on the stage’; however,
information is readily available for their students; nonetheless, today’s students require the
appropriate critical thinking, problem solving skills and other 21% century skills, as mentioned
above (UNESCO, 2011), to differentiate the mass of information presented at them.
Therefore, the role of these experienced teachers is, now, to scaffold from teacher centered
teaching to student centered learning. This paper discusses how the social and professional
practice of a group of experienced teachers was enhanced when they deployed social
technologies in their teaching to augment their students’ learning. These teachers actively
engaged in the construction of authentic and purposeful learning, that they could use the next
day ...
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The Study

This study focuses on the learning of sixteen experienced teachers who had general
classroom teaching experience, but who were unfamiliar with ICT. The study observed the
teachers’ learning about ICT, how they were learning with ICT and integrating it into their
workplaces. The study observed teacher learning in the university classroom. Vygotsky’s
(1962) concepts of social interactive learning and teaching in a cooperative and scaffolded
zone of proximal development [3ona 6ruscaiiueeo pazeumus] (Vygotsky - Beirorckuii, 1999)
provided a model against which to investigate teacher learning. He describes the zone of
proximal development (ZPD) as the “distance between the actual developmental level as
determined by independent problem solving and the level of potential development as
determined through problem solving under adult guidance, or in collaboration with more
capable peers” (Vygotsky, 1978, p. 86). In the ZPD, under the guidance of the teacher
educator, individuals shape and fashion their learning environment with the prospect of
becoming self-directed, lifelong learners. Although Vygotsky in his work discussed mainly
children’s learning, his theories have also been applied to communities of practitioners’
learning (Lave & Wenger, 2003). The mention of “more capable peers” by Vygotsky himself
implies a more general potential for the application of his ideas. The study utilised these ideas
in relation to adult learning environments. Therefore, Vygotsky’s (1999) concept of ZPD was
chosen to guide the research and the data gathering and analysis.

This research applied a qualitative participant observation methodology to assist in the
further development and understanding of the learning displayed by teachers in a blended
mode of learning in higher education. Blended learning mode delivery entails face-to-face
interaction as well as online delivery. In this case the teacher educator met the experienced
educators for a designated time during the academic year in a university classroom. The other
component of the delivery occurred when the whole group transferred to online mediation:
WebCt (1995).

Research Design

A qualitative research approach has been used to identify, explore, and find meaning
that has been reconstructed in a reflective, critical, sceptical, and imaginative manner. The
focus of this study is the learning of experienced teachers with limited ICT exposure. The
methods used to gather information about the learning were comprised of three activities:
participant observation, interviews, and written documentation. At the end of the fieldwork,
the teacher educator verified the analysis of data.

Analysis of the data employed methods of qualitative research analysis and concept
synthesis, coupled with content analysis, to constantly compare and contextualise all the
facets of reality depicted by the data. This complex approach was necessitated by the
application of the extensive theoretical background, the broad framework of the study and the
need to completely understand the phenomenon under examination in the broad and deep
world of teacher education. The data was coded according to categories based on Vygotsky’s
terminology to reflect the 21 observations during the field work, the three interviews,
teachers’ journals and their online interactions. The research showed the paradigm shift of
learning and how the cultural tools were deployed to communicate and solve problems under
the guidance of more capable peers.

Analysis of the Cultural Tools

Learning was scaffolded within a zone of proximal development (ZPD) “through
problem solving under adult guidance or in collaboration with more capable peers”
(Vygotsky, 1978, p. 86). While an abstract concept, the ZPD became evident when it was
realised that in this new learning and teaching environment, the teachers needed to become
involved and interact with the other rather than solely rely on the teacher educator. Some of
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them knew more than her [Penelope] and she could learn from them. The consequence of
Penelope’s learning involvement and doing this course ... allowed her to bring more
technology into her [workplace] class. Initially, she deemed it necessary that she have control
over her learning and teaching. Later she realised that, through collaboration with the other
teachers in the course, she had indeed acquired skills and knowledge not yet familiar to her.
She blogged that learning is making sense ... everyone is giving me tips Such successful
learning confirms Hammond and Gibbons (2005, p. 9) contention that classrooms “with high
challenge and high support are those where scaffolding is most likely to occur, and where
students are most likely to be working within the ZPD”.

Penelope introduced the technologies that she learned in the university classroom into
her workplace classroom. Her own learning has been with the assistance of Patrick, Patricia
and Danielle who jointly shared and problem solved the challenges of the ICT learning
environment. They set up the school calendars and we all know what’s happening. They
scaffolded and compared their new ICT skills. For example, Patricia said: you see ... has
similar features, so you can use it in the classroom... Last week | used audacity to record
some readings: it was such fun ... or when Patrick, an Art Teacher [,] informed and
enlightened the others with his knowledge of the Internet and the different sites, such as the
Louvre and how he used mind mapping with [his] students. Learning occurred through the
guidance of more capable or knowledgeable individuals in the ZPD.

Vygotsky originally proposed the zone of proximal development (ZPD) as a metaphor.
It refers to the sociocultural activities where what Vygotsky calls the intermental and
intramental planes appear. The intermental plane refers to the social interactions where an
individual mediates with others, while the intramental plane is where the individual, after
mediation with others, internalises learning (Vygotsky, 1978; Van Der Vier & Valsiner,
1994). For example, Con said:

it’s OK, when | explain this to you (Duncan) I’m also reinforcing my own knowledge
and rethinking my learning
Or as, when it was observed that Ashley explained to David about:

the icons, he used a similar program — ...! He felt comfortable because he could
scaffold this knowledge ... now I’m starting to see some connection (meaning the ...
application).

That is, these teachers worked together, shared a common purpose and common
information, and learned and internalised the different skills and information necessary for
further ICT learning in the two planes.

Vygotsky (1962) also referred in the ZPD to a complex chain of activities that is
dynamic and consecutively joins individuals from one link, along with all its attributes and
knowledge, to the next link. This dynamic learning and enculturating process fuses, and
guides the learners through the acquisition of new knowledge. Learners scaffold from
previous links and acquire new knowledge and skills that they in turn pass onto other
educators and so continues the chain. For example, Philomena mentioned that Peg’s been a
terrific help, very patient, very thorough, step by step, and if, [Philomena] needed any help
Peg seemed to know the stuff; she was able to guide her through the learning process.
Philomena also mentioned that at her workplace:

they’re helpful as well, and one in particular who is many years younger than her, he
will never do anything for her. He’ll say, you know how to do this, so do it yourself. He guides
more than actually takes over, he’ll say no, you do it yourself, which has actually made her
more confident and she has actually remembered and learned it [technology].

The teachers shared their knowledge about the various apps that they could download
and place on their iphone and ipads. One of the participants mentioned that there certainly is a
different buzz in this university classroom ... you know | come home and sit o the net ... |
skype to some of the others to talk about these new apps ... They were acquiring certain skills;
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but simultaneously, they also learned to guide each other. It also became obvious these
teachers required an extensive network to develop their new knowledge and skill base and so
attain their learning objectives and progress to the next transitional period of their learning.
Phoebe asked her younger brother in law, ... Polly asked her younger brother, ... Philomena
and Peg asked their children, ... Patrick allowed his students to assist him. However he was
adamant in reminding them that there are things that he can do and they can’t; like sign a
cheque ...

Vygotsky (1987) maintains that learners in an interactive, social and collaborative
environment follow each other’s examples. They gradually develop abilities to perform
certain tasks without the guidance of more knowledgeable learners. They become independent
by grabbing onto what others know and they take it from there as Polly pointed out in her
second interview. Ultimately, learners internalise knowledge by appropriately transacting with
the assistance of others (Vygotsky, 1962).

The research shows that the participants started the process of socialisation in their
communities on the interpersonal plane to maximise their learning and adopt the culture tools
to communicate, solve problems and critically think in a variety of ways in the new learning
environment. Patrick felt comfortable in using the graphic apps now, he showed his university
colleagues some of the things he was doing... Patricia asked him how he introduced this
activity to his students and he explained the process that he had learned in the university
classroom. Similarly, Patrick found himself increasingly using the appropriate language to
explain the icons in the some of the other apps.

In summary, through social interaction and in communities of practitioners, the
teachers interconnected when the teacher educator, or more capable learners among their own
groups, guided them through the task and shared in the problem solving process. The
scaffolding in this ZPD encouraged a positive support system that enabled the participants to
learn about the various social technologies and embrace the social realities to make their
learning and the learning of their students relevant, social and personal. In understanding the
social and cultural practices of their students, but in an environment in which they felt
comfortable to acquire the appropriate knowledge and skills to personalize their learning, they
were able to progress to their understanding of the social technologies that they could use the
next day with their students.

Conclusion

Although numerous conference papers, guidelines and government reports have been
published describing initiatives for learning about, and with, ICT since the mid-1990s
(Pearson, 2003), teacher education literature has been mute or has frequently been
underrepresented in the literature (Gibson, 2004; King, 2004; Loughran, 2006; Schwille et al.,
2007) on how experienced teachers learn ICT in the university environment. The literature
primarily relates to student learning, as it applies in schools and to pre-service teacher
education. Unlike student learning, the learning approach of experienced teachers has seldom
been investigated or explained. The absence of research on the development of ICT
understanding and competence by experienced teachers is noteworthy, because they represent
a substantial sector of the profession. As they age, any reluctance by them to take on ICT-
based curricular and pedagogical practices is likely to result in their having an increasingly
problematic, and even irrelevant, place in education. Any assumption that “the same methods
that worked for the educators when they were students will work for their students now... is
no longer valid” (Prensky, 2001a, p. 3emphasis in original). Indeed the literature indicates
that not all teachers are attempting to understand social technologies, although they are
realizing the need to become knowledgeable, skilful, and able in applying social technologies
in their learning and teaching.
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This knowledge about teacher learning concerning cultural tools (Vygotsky, 1987) in
the knowledge society and socialized learning (Hsu, 2008) in the Zone of Proximal
Development (Vygotsky, 1978) is important. Firstly, in understanding how experienced
teachers embrace social technologies and scaffold their own learning; they begin to enhance
their students’ learning with appropriate social technologies connecting the technology to
augment learning, with learning. Secondly, the realization of scaffolding and support in
learning environments is paramount because teachers take on the role of guides on the side
rather than ‘sages on the stage’. And furthermore, this understanding enables a supportive and
active enterprise for appropriately designed future professional development programs and to
improve employability, and effectively assist the immigration of experienced teachers into the
pedagogical domain of technologies-rich teaching practices that connects experienced teacher
to the system of participation “that enables collaborative knowledge construction and
creativity” (UNESCO, 2011, p. 10). In this domain, experienced teachers are connected
socially and the cultural tools of digital technologies add value to their teaching. They become
empowered by becoming digitally literate, enabling them to communicate, to participate and
creatively use digital information to construct their own learning and to use it the next day ...
for active student learning with authentic, relevant and engaging learning tasks in
contemporary reality.
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PROBLEM OF EMPIRICAL DISMUTATION IN TEACHING
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Abstract

In 2006 on the fourth level of education new types of text tasks were introduced in
Matura examination papers. Open tests relating to school experiment were supposed to
increase the importance of experimenting in school labs. Test tasks such as: Suggest an
experiment..., Note down the observations... should be considered easy because they have
roots in empirical work of students and teachers during lessons. The analysis of passing rate
of such test tasks on Matura examinations, compared with the results of research carried out
on teachers who admit to do no or few lab experiments, reveals a problem existing in Polish
schools. Further research proves the existence of a new problem of pedagogic, psychological
and social nature that I noticed back in 2007. | called it empirical dismutation, which is a
situation in which due to the lack of all elements necessary for it to arise, few people taking
part in it achieve teaching success and the vast majority experience partial or complete
degradation of success. The article enumerates the causes of pedagogic dismutation, suggests
the methods of prevention and describes the threats arising if no prophylactic measures are
taken.

Keywords: empirical pedagogic dismutation, high school, Matura exam, lab experiments,
open experiment tests, chemistry education, teaching chemistry

Introduction

Tasks that teachers must face on various levels of education change very dynamically.
In the light of modern core curricula for natural sciences, they make us reflect on the changes
in viewing teachers’ competences. It concerns mainly changes for Polish high school teachers,
but also teachers and students from all countries in the former Eastern block that after 1989
entered the realities of European or American way of understanding goals of education. The
changes determine on numerous planes the subject of research in pedagogy and the model of
teachers who shape students’ knowledge and skills in the new school reality. They also
intensify the research on improving the efficiency of teaching and pedagogic process.

In 2006 a new reformed Matura exam was introduced, which was a breakthrough and
it became a model for many European systems of education. Entry exams to universities were
abolished. They were replaced with external exams organised in students’ home schools. Such
considerable changes caused a big stir among the part of society that was interested in the
level of preparation of Polish schools for the new challenges. The group included parents,
students and teachers but also academia who observed with disbelief and scepticism the ideas
of the Ministry of Education transfering the authority to the Central Examination Board.

What constituted the main reason for concern was the new core curriculum, mainly
such its implementation so as to face up to the new method of testing, new examination
format and new way of grading students’ exam papers.

Until 2006 the only natural sciences entry exam to universities was a multiple choice
test in chemistry, biology or physics organised by the universities. The introduction of so-
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called new Matura exam caused almost total rejection of multiple-choice tests, in which
students chose one out of several suggested answers.

Research carried out among experienced high school teachers of natural sciences with
twenty-years’” work experience suggests that multiple-choice test is popular. There are several
reasons for this. Firstly, a big database with exercises was created over the years. Secondly,
teachers quickly learnt technical aspects of such tests and created them in a relatively short
time. Thirdly, such type of test is easy and quick to assess. However, further research
confirmed that modern open text tasks give students much greater freedom of doing them,
formulating conclusions and proposing hypotheses. In natural sciences, comprising chemistry,
biology and physics, when an exam task is well-written it is much easier to obtain
unambiguous answers. Moreover, an open test eliminates random answers. Naturally, a
multiple-choice task can be constructed from a number of elements to make a random answer
less likely to be correct, but this causes the task to become an open one.*?

Core curricula for Polish high schools, which were changed and modified a number of
times in recent years, usually suggested that lab experiments should be done in the form of a
demonstration or student’s individual work. However, before 2006 the effectiveness of lab
activities had little reflection in exercises or exam tasks, especially in the case of multiple-
choice tests, which contained hints for students.

Polish as well as many European education systems changed in this matter in the early
21% century. The core curriculum from 2006 contained requirements for teachers to combine
theoretical problems with experimenting. As early as on junior high school level general goals
of chemistry education (and other natural sciences) contain the following requirements:
“Students safely use laboratory equipment and reagents, design and conduct lab
experiments”.™® Other fragment reads: “Chemistry is an experimental subject. That is why, the
emphasis was put on chemistry experiment conducted by students themselves or observed by
them (detailed requirements contain a fragment that reads: Student plans and carries out
experiments)”.

This means that the whole students’ knowledge of chemistry comes from two sources:
theoretical background, including simple calculations, and lab experiments. The latter is of the
greatest importance. The core curriculum and commentary on it clearly indicate the obligation
to carry out lab experiments during lessons. Simultaneously, exam tasks in exam papers refer
to students’ ability to conduct lab experiments or their observations of demonstrations given
by teachers.

Having analysed the effectiveness of the new way of examining Polish high school
students in natural sciences, | observed that between 2006-2013 the passing rate of open
experiment tests included in Matura exam papers among all Polish high school gratuates who
chose chemistry as one of exam subjects came to 20-40%, sometimes as low as below 10%.
What is more, since 2006 there has not been a single Matura exam paper which did not
include instructions such as: suggest an experiment, draw up a diagram of experiment, choose
necessary reagents out of... etc.

The carried out research was a comparative juxtaposition of three elements:
carrying out lab experiments, described in the commentary on core curriculum, during
everyday school work,
teachers’ empirical work with tests taken from exam tests,
passing rates included in fact sheets compiled by the Central Examination Board.

Empirical pedagogic dismutation

12 TwardowskaA., Grajkowski W., Chrzanowski M., Ostrowska B., Spalik K., Dlaczego warto zamyka¢
zadania?, Instytut Badan Edukacyjnych, XVII Konferencja Diagnostyki Edukacyjnej, Krakow 2011.
13 podstaw programowa. Edukacja przyrodnicza (...) w liceum. MEN 2013.
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I first introduced the term empirical pedagogic dismutation in 2007 in the preface to
my problem books in chemistry for students preparing for Matura exam.

Dismutation is a term derived from chemistry. On pedagogic ground it is similar in
character to the chemical process described by the term. Empirical pedagogic dismutation is a
situation in which due to the lack of all elements necessary for it to arise, few people taking
part in it achieve teaching success and the vast majority experience partial or complete
degradation of success. I coined this term to describe the state | observed while doing research
on Polish chemistry teachers when new Matura exam was introduced.

The conducted research revealed that 100% teachers admitted that they were unable to
carry out all lab experiments described in the core curriculum, even though exam tasks
referring to lab experiments appear every year on Matura exam. The same applies to
experiments that are part of other tests in exam papers.

When we juxtapose other test tasks with data on conducting such experiments during
lessons and then with the passing rate, it comes as no surprise that the rate is so low.

Let us assume there is an open test task to do in the form of an experiment. Students
who are to complete it ought to have done it themselves or should have observed a teacher’s
demonstration during chemistry lessons. Students under teacher supervision learnt all the
elements of a lab task: 1) design of experiment (choice of glassware, methods, etc.), 2) choice
of reagents, 3) record of observations, 4) conclusions, 5) chemical equations.

experiment task

D

design of choice of observations conclusions chemical
experiment  reagents equations

t t T T i

Fig. 1. Mutual relations between elements of experiment.
Source: own data

The diagram shows that all five elements of experiment are closely combined. Usually
the knowledge of just one element enables to describe the others. This is the sense of all exam
experiment tasks.

Research carried out among teachers proves that situations when they do not do lab

experiments with students arise permanently. Teachers often believe that theoretical
knowledge (two out of five elements of experiment) is sufficient. When students during
examination encounter a task such as: design an experiment... and they have never done or
seen it before, a situation arises that is called empirical dismutation.
Students strive to find the elements of experiment. They are unable to do it because they have
never seen this exercise — they have neither seen the necessary reagents nor have observed the
processes organoleptically. Some students, especially those gifted ones, will have good
theoretical background, but no empirical) knowledge. Nevertheless, in this group of students
we can assume that the result of empirical dismutation will be a success.

Y Witowski D., Chemia. Zbior zadar otwartych wraz z odpowiedziami. vol. 1-2, Oficyna Wyd. Nowa Matura,
Lancut 2007.
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EMPIRICAL DISMUTATION

success ﬂ

partial or complete degradation of success

Fig. 2. Emergence of empirical dismutation.
Source: own data

Low passing rate of such text tasks is a consequence of the fact that chemistry teachers
abandoned lab experiments in schools. Among the majority of students (mainly average and
poor ones) a stressful exam situation together with no empirical knowledge of a task and
insufficient theoretical background will lead to an instant degradation of success due to
empirical dismutation. In this situation students are unable to combine the elements of
experiment. When a task concerns one element, but it requires adding other elements of
experiment as well, a degradation of one or all elements takes place.

Let us assume that an instruction to a task contains one element of experiment, e.g.:
chemical equation, but students are asked to write two other elements: reagents necessary to
produce a complex chemical reaction and observations. Empirical dismutation can degrade
the whole process of reaching correct answers because students will not be able to relate ions
to necessary reagents. To counteract total degradation of success, students can be given some
reagents as a hint. Then, passing rate of this part of test may be slightly higher. Unfortunately,
no such thing can be done in the case of the second part of instruction, i.e.: observations.
Students who had not carried out a similar experiment and had not recorded all its elements
will not write any observations. Here, partial dismutation takes place.

As shown on the diagram below, in a situation when an open test to be done refers to
at least one element from experiment record form, which element was not observed during lab
experiments in school, partial or total degradation of correctness of answer is about to take
place.

experiment task

D

conclusions chemical
equations

oot b i

Fig. 3. Degradation of elements of experiment as a result
of dismutation and absence of teacher’s empirical work.
Source: own data
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The Central Examination Board in 2010, i.e. four years after so-called new Matura
exam had been introduced, made a probably random diagnosis telling what to do in order to
prevent empirical pedagogic dismutation: “(...) those few students who attempted to complete
the exam task and planned further steps of experiment, frequently described actions
impossible to perform (...). Such answers are the consequence of verbal teaching of chemistry
with students learning about experiments mainly from coursebooks. We must bear in mind
that full understanding of chemical processes can only be achieved through unassisted
carrying out experiments by students. Unless the teaching process of chemistry changes, all
tasks referring to experiments (designing, recording actions and observed changes) will
always be considered difficult or very difficult.”*®

The research | have carried out over the last few years indicates that as many as 20%
teachers of natural sciences have not carried out any lab experiments in schools since 20086,
i.e.: since the introduction of so-called new Matura exam. Only 38% conduct more than a half
of experiments required by the core curriculum and contained in experiment tests in Matura
exam papers. And this number represents the approximate passing rate of more difficult exam
tasks. Thus, a direct relation can be observed between underestimation of the importance of
empirical approach to school experiments and the results of Matura exam.

The teachers subjected to research gave the following reasons for not conducting lab
experiments: lack of time due to insufficient number of lessons allocated for the subject
(100% answers), unavailability of reagents (45%), low school funding which does not allow
to buy reagents and lab glassware (38%) and others.

What is worth emphasising, also 12% students indicate that lab experiments are very
time-consuming. Not understanding the growing problem of empirical dismutation, they
suggest multimedia presentations as an alternative to real-life lab experiments.

The problem of empirical dismutation will increase in the following years. It is now of
not only pedagogic but also social nature. We should also pay attention to parents’ dilemmas
who observe with surprise students’ low results in experiment tasks, which were supposed to
be easy to complete. When parents blame teachers, they explain that experiment tasks were
discussed in the lessons. They may have been discussed, but not carried out and when an
exam task requires students to design an experiment, choose reagents and record observations
they are unable to do it. During examination lack of practical knowledge triggers empirical
dismutation, which manifests itself in partial or total degradation of synthesis of data needed
to provide correct answers.

Conclusion

On the basis of research on low passing rate for experiment tests and analysing
commentaries on the reports produced by the Central Examination Board, one might get an
impression that such type of test is difficult for examinees.

But the real cause for low exam results is the problem of psychological,
methodological, and social nature, which 1 called empirical dismutation and which has not
been discussed or researched yet. The underlying cause is the nationwide wrong approach to
lab experiments in teaching natural sciences. It demonstrates in the legal and mental spheres
as well as in the growing concern in schools.

The described dilemmas, being the result of laborious research on teachers’ work,
ought to undergo further study in order to make a correct diagnosis and counteract the
growing problem of empirical dismutation. Proper pedagogic prophylaxis supported by
nationwide measures such as intense control of following the core curriculum could overcome
the effect of dismutation and teaching failure, the latter showing in poor exam results.

> Osiggniecia Maturzystéw, Sprawozdanie z egzaminu maturalnego, CKE, Warszawa 2010, p. 129
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Abstract

The Faculty of Architecture of the Brno University of Technology represents an art
school at a technical university. That is why its study programmes include subject both from
the field of fine arts as well as from technology which get students closer to implement their
science. Future architects and urban designers get acquainted with technical creation tools to
achieve the goals of their study programmes - to acquire such knowledge and skills to make a
BA graduate capable of dealing with designing residential, public and production structures,
reconstructions of buildings or their interiors - all that from wider urban relations and basic
architectural concept of the work to the urban-design, architectural or technical details.
Graduates with Ing. Arch. degree will ten become experts - creative workers who can manage
project designing and management activities included in the process of investment
development in the whole complex of their profession.
We pay close attention to ensure that the education acquired forms basic dispositions for
activities which will fulfil all attributes of optimum formation of the environment and
principles of sustainable development.
The process of architectural creation fulfilment as a scientific path is conclusively
demonstrated to students directly in classes, accompanying workshops, involvement in
projects with partner schools, towns, professional institutions. The school then presents
outputs of their projects, competitions and stays at internships at exhibitions even in renowned
galleries, at conferences and in professional press.

Keywords: Architecture, urban design, sustainable development, education

Introduction

Architects and urban designers strive to form material environment that will contribute
to the improvement of quality of life. What should such environment look like is a question
that we have been trying to answer for centuries. At the beginning of the 21st century,
architects and urban designers look for solutions that would preserve architectural heritage
and historical values and at the same time eliminate land utilization with negative impacts on
landscape; they consider economic use of resources and they can be a positive influence on
sustainable development. In this process, education of architects and urban designers in the
context of sustainable development plays a significant role.

Main Text

The Faculty of Architecture in Brno is aware that students of architecture, as
significant forming agents of material development, should be systematically informed on the
condition of development in technologies allowing environmental solutions to urban-design
and architectural tasks and it makes considerable effort to improve conditions in teaching
architectural and urban-design disciplines.

At present, the faculty has finished a project from European Structural Funds
“Implementation of Sustainable Development Principles into Education of Architects”. We
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have innovated 20 subjects within the project; we have prepared e-learning support allowing
the students to access study materials and use them also for home preparation and self-study.
New lectures and teaching aids have been made as well as catalogues of reference examples
of environmental and architectural tasks; all that with respect to the latest trends in the field
and practical necessities.

In order to make students well-acquainted with natural building materials such as
wood, clay, straw and with the craft of building, we hold student workshops. The faculty inner
yard saw students building a wooden statue made of planed spruce wood under supervision of
Prof. Rajnis.

For architecture students, building something with their own hands represents non-
transferable and very significant experience. However, this was not only about teaching the
craft of wood construction. A very strong and coherent team was formed during the works
which as able to cooperate even under fairly complex division of labour. At the same time, a
perfect platform has formed in the yard for encounters of students, teachers, faculty
employees and external visitors. Utilization of natural materials and searching for building
principles natural for people and friendly for the environment were widely discussed. Other
Czech, Austrian and German universities showed interest in similar events.

Workshops are organized in cooperation with doctoral students and the Student
Community of the Faculty of Architecture (SOFA). Mutual cooperation among students of the
bachelor, master and doctoral study programmes has been manifesting in a positive way in
improved quality of students' and dissertation theses.

Every year, the university organizes an international conference of doctoral studies in
the field of architecture and urban design “Science in Building” and an international
conference “Healthy Houses” where Czech experts exchange knowledge and experience from
the process of sustainable structure building and evaluation of their optimal interior
environment with their foreign colleagues.

In the Czech Republic, development of energy-saving and self-sufficient buildings has
not spread too much yet. The problem is lack of quality project designers, experienced
construction companies and low awareness of investors. The Faculty of Architecture plays a
significant role in education and promotion in the field of sustainable building, together with a
non-profit organization “Passive House Centre”. Last year, the foundation Nadace Partnerstvi
implemented an ecological project in the Brno city centre called “Open Garden” as a
continuation of the municipal park of the Spilberk castle. It is a counselling and educational
centre of non-profit organizations, designed as a green structure using state-of-the-art
technologies. The building is heated and cooled using thermal pumps, it recycles rainwater
from its roofs and paved areas of the garden and uses it for flushing toilets and watering the
garden.

Apart from teaching spaces for experiments performed by school teams, the “Open
Garden” also offers interactive teaching routes, stations for watching seasonal natural
phenomena, stations designed for understanding physical phenomena and elements and for
using the energy of the Sun, wind or water, as well as touch and smell routes for the
handicapped. The complete project documentation from the study to the implementation
project was prepared by the studio Projektil Architekti s.r.o. which won the “The Award of
the Minister of the Environment for the Building Energy Saving and Efficiency” within the
competition Stavba roku 2013 (The Building of the Year 2013). Therefore, FA students had a
unique opportunity to watch the course of construction of a house which is one of the best
examples of green building in the Czech Republic and to acquire practical experience.

Construction of a detached family house designed by our professor Hana Urbaskova as
a passive-standard wooden structure also served as a “school laboratory” for our students in
the past. The house project was awarded in the competition “ROCKHOUSE 2009 and the
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house implementation won the “Construction Magazine Award” in the competition Structure
of the South-Moravian Region 2009.

It is an energy-saving, simple, purposeful structure with low initial and operation
costs, with a healthy interior climate which positively influences the feeling of warm comfort.
During construction, students had the opportunity to see for themselves that in order to
achieve quality, cooperation among the project designer, investor, construction supervisor and
construction companies is crucial since a passive-standard house will work only when
everything - the house design, project and construction - is provided by professionals.

Prior to the construction completion, the building air-tightness was verified by means
of the “blower door test”. Building thermal protection quality was verified by means of
construction thermography. Surface temperatures of the building were measure using an infra-
camera (thermovision) which allowed potential thermal bridges to be localised. Students have
the possibility to further monitor the house in terms of its operation and to assess its interior
climate.

Apart from structures in the territory of the Czech Republic, students also visit foreign
structures which meet the requirements of sustainable development. Expert field trips are
organized within the project “Paths to Experience” from the European Structural Funds
which the faculty organizes in cooperation with the Passive House Centre. The project also
allows students to go for domestic and international internship stays at project design
companies developing so called “green solutions”.

Students welcome and accept the effort to interlink the teaching process with real life.
This well-established interconnection between theory and practice manifests well during
submissions of Bachelor and Master theses topics which are assigned in cooperation with
cities. Students' works are displayed in municipal galleries and the public has the possibility to
get acquainted with them. The aim of student exhibitions is to raise interest of local
inhabitants in architecture as an inherent part of contemporary culture and as interest in their
city. To search for answers for the questions of today together: “Is it possible to meet
requirements of sustainable structures when demands of both commissioners and users keep
getting higher? How should we perceive actual investments into architecture and sustainable
development?”

Students' projects are also displayed in galleries together with projects and
implemented works of their teachers - architects. The university also has its own exhibition
premises; the “GALLERY MINI” where exhibitions alternate every 2 weeks.

Apart from tackling architectural tasks concerning sustainable development, the
university also deals with issues of sustainable urban development. Within the project
“AKTION Czech Republic - Austria” supporting bilateral cooperation in education and
science in the tertiary sector, we have been working on the project “Current Development in
the Cities of Brno and Graz in Terms of Sustainability and Energy Saving” with TU Graz and
on a project called “Is it possible to connect the rescue of the industrial monument with the
development of the city?” with TU Vienna. We have also been cooperating with the Donau
Universitat Krems on the project “Revitalization of small and medium towns in Lower Austria
and South-Moravian Region” and on “Revitalization of Church Structures and Premises in
NO and CZ”.

Partner relationships with foreign universities play a very important role in the field of
education; they are developed primarily by means of international mobility project defined by
the LLP Erasmus programme. Our university also cooperates with universities from countries
outside the European Union. At present, our cooperation is well-developed with the Swiss
university Berner Fachhochschule Architektur, Holz und Bau in Burgdorf, with TH VADUZ
Hochschule Liechtenstein, 1T College of Architecture Chicago, with the Faculty of
Architecture of the S.Seifullin Kazakh Agro Technical University in Astana.
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In the Doctoral study programme, we have had dissertation theses by students from
Irag, Iceland, Angola, Bolivia and most recently also from Syria, Turkey and Kazakhstan.
Currently, our professor, Ing. arch. Vladimir Slapeta, DrSc. is hosting at the Irwin S.Chanin
School of Architecture of the Cooper Union in New York.

Innovation in teaching and cooperation with foreign faculties has reflected positively
into success of our students in domestic and international competitions. For example, in 2013
our student Adela Kyselova won the 4th place in the international student competition
INTERNATIONAL STUDENT DESIGN COMPETITION and students Jakub Frolik and
Vojtech Kolar were successful in the INTERNATIONAL COMPETITION FOR THE
MIAMI MONUMENT with their design called “GREAT SPIRIT WOODS” and they
achieved the honourable mention.

Our students also achieved success in domestic competitions concerning the
environment and sustainable development; e.g. DUM NOVE GENERACE 2012 (House of
the New Generation), BUILDING EFFICIENCY AWARDS (BEFFA) 2012, ENVIROS
2012, REGIONAL ENVIRONMENTAL OLYMPICS 2012, ACTIVE HOUSE AWARD
2012.

The latest success our doctoral students achieved is the victory in the selection
procedure for the Czech pavilion for the EXPO 2015 in Milano, Italy. Doctoral students Ing.
arch. Ondrej Chybik and Ing. arch. Michal Kristof have designed the pavilion as a temporary
structure consisting of containers, with simple operation and maintenance which will be
disassembled after the EXPO and it will find a new purpose in the Czech Republic. The
sustainable project is in accordance with the theme of the world exhibition which is “Feeding
the Planet, Energy for Life” and follows the overall concept of Swiss architects Jacques
Herzog and Pierre de Meuron who strived to reduce short-term fashion fads and focus more
on the idea and sustainability of pavilion structures. The overall design by Herzog and de
Meuron is dominated by the water channel which will bypass the entire exhibition premises.
This is related to one of the key themes of the Czech pavilion - discoveries made by the Czech
Republic in terms of water treatment, nanotechnologies and biochemistry applied in
agriculture which push the topic development further into the future. The aim of doctoral
students architects Chybik and Kristof is to create an environment with high aesthetic value
using containers. They design confident architecture with contemporary expression referring
to the simplicity of national style - modernism. A Czech pavilion, as they say, should be both
a house and an experience.

Conclusion

Innovation of study programmes implementing the principles of sustainable
development has contributed to improvement in quality and modernisation of architectural
education at the FA BUT. Education of architects with the support of workshops, conferences,
excursions, competitions and exhibitions has encouraged students' creative abilities,
developed their independence and also their social responsibility and endurance. Students'
adaptability and mobility have also seen great improvement as well as qualifications of the
faculty's teachers.

The faculty strives to make its graduates from innovated study programmes capable of
seeking solutions to urban-design and architectural issues as a consensus acceptable for all
parties concerned which is the most efficient means of gradual fulfilment of the strategy for
the environmental spatial development.

Our university also had a visit from a team of auditors in October 2012 who arrived
within the international project QUESTE-SI which is organized by the EFMD (European
Foundation for Management Development) and which asserts sustainability and responsibility
(economic, social and ecological) as new criteria of quality. The team was formed by
Juan Jesus Perez, Full Professor, Universitat Politecnica de Catalunya, Spain
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Julia Falkerby, Research Officer, KTH Stockholm, Sweden.

Jérdme Tarbeés, Jet Conseil, France.

Muzio Gola, Vice-Rector for Quality, Evaluation and Accreditation, Politecnico di Torino,
Italy.

They made QUESTE-SI EXTERNAL AUDIT VISITS and our faculty was evaluated to
receive the QUESTE-SI Award on 28th January 2013.
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Abstract

Researchers have explored extensively into aspects of importance in the decision
making process, however, the field of researches on building an integrative decision making
model is uncultivated. To bridge the chasm, a systematic decision making model under crisis
conditions is built in this paper by integrating factors into the classical decision making
model. There are five main elements in the construction of the integrative decision making
model, i.e., classical decision making model, decision making under crisis, psychological
effects, risk and uncertainty and cross-cultural differences. By incorporating similar elements
into integrative factors, three factors as key components in the decision making model, i.e.,
external environment, risk and idiosyncratic characteristics are listed. The model is expressed
in two formats; the first being a simple mathematical formula while the second a flowchart
that transforms the abstract thinking process into concrete phases, namely, status quo,
identification, development and selection. The focus is centered more on the second method
since it matches the reality better. From the analysis, the conclusion is derived that when the
decision process is a stochastic dynamic Markov process, the final choice will approach a
standard function of the factors in the current state with certain factors dominating the process
in different circumstances as the times of making similar decisions increase. In terms of
practicability, the model can properly explain the decision processes in the Asiana Airlines
crash case and the Jiaduobao Trademark withdrawal case.

Keyword: Decision making process, crisis, culture, model, markov property

Introduction

Researches on decision making behaviors have gone through 3 major transformations.
The origination of decision making behavior studies is classical economics where the decision
making micro-body is assumed to be perfectly rational. In the 1950s, Herbert A. Simon put
forward theories of bounded rationality, which stated that the decision makers’ capacity of
information processing is limited by a set of constraints [1]. This hypothesis motivated
psychologists and economists to join forces and further researches on the psychological basis
of decision making behaviors. In the 1970s, psychologists Daniel Kahneman and Amos
Tversky published a series of papers discussing the role of cognitive biases and psychological
effects in the economic decision making processes. Their innovative incorporation of cutting-
edge research findings in the fields of experimental and cognitive psychology with economics
gave rise to new branches of studies where economics and other disciplines crossed paths.
Subjects like behavioral economics, behavioral finance and neuroscience-economics became
the new approach to answering questions about individual and organizational decision making
processes.

Hitherto, an abundance of researches have explored a great deal into aspects of
importance in the decision making process, ranging from psychological effects to cross-
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cultural differences, however, the field of researches on building an integrative decision
making model is pretty much uncultivated. To bridge the chasm, this paper aims to build a
systematic decision making model under crisis conditions by integrating factors of risk and
uncertainty, psychological and cognitive biases and cross-cultural differences into the
classical decision making model. After establishing the theoretical model, we analyzed two
real life crisis decision making cases under our modeling framework to provide some insights
into the model’s practicability.

Main Body
Literature Review
Classical decision making models

Simon (Simon 1960) proposed the three phase decision making sequence of
intelligence-design-choice, which insisted that the decision making process retained cerebral
rationality and can be decomposed into several simple preset steps [2]. After that some
researchers set out to refine the Simon 3-phase model. In 1976, Mintzberg et al expanded
Simon’s three-step method into a structured process with 3 central phases, 3 sets of supported
routines and 6 sets of dynamic factors (Mintzberg, Henry, DuruRaising Hani, and Andre
Theoret 1976)[3]. Still there are others that seek to treat decision making as a discrete-stage
stochastic dynamic sequential process and approach the problem with optimization
programming methods known as Markov Decision Process (Puterman, Martin L. 2009),
which assumes the stochastic process has the Markov property, that is, the conditional
probability distribution of future states of the process (conditional on both past and present
values) depends only upon the present state[4].

Psychological effects and decision making under crisis

Researchers of psychology have documented a vast variety of psychological and
cognitive effects that would distort the decision making processes in classical models.
Preference, for instance, is proved by much experimental evidence to be susceptible to
psychological effects such as loss aversion(Kahneman, Daniel, and Amos Tversky 1991)
[5]and status quo alternative,that is, doing nothing or maintaining one's current or previous
decision (Samuelson, William, and Richard Zeck hauser 1988)[6]. With respects to the
decision makers’ mental framework, overconfidence in their judgments. shortsightedness.
optimism (Russo, J. Edward, Paul JH Schoemaker, and Edward J. Russo 1990) [7]and
isolation effects (Kahneman, Daniel, and Dan Lovallo 1993) [8]will all induce seriously
biased decisions .

In crisis conditions, the role of psychological effects in decision making becomes more
prominent because when there is little time and the pressure surges, the stress becomes all too
overwhelming that a thorough review of the constraints and the primal objective of the
decision maker is out of the question(Sayegh, Lisa 2004)[9].In essence, stress is hardly the
only emotion evoked in crisis conditions, anger, fright, anxiety, and sadness (Jin, Yan, and
Augustine Pang 2010) [10],positive emotions such as gratitude, interest, love and so forth
(Fredrickson, Barbara L., et al 2003) would all surge up when a crisis is imminent[11].The
mixed effect of these emotions on the psychological state of the decision maker is a force to
be reckoned with, thus they play a determinant role in the decision making process in crisis
conditions.

Risk and uncertainty

Risk and uncertainty are highly correlated, but are inherently different. As Knight
pointed out in 1921 in his dissertation “Risk, Uncertainty and Profit”, uncertainty is a basic
fact of life whereas risk is only a special case of uncertainty, one that’s related to
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‘disagreeable events ( FH Knight 1921)[12]. In our research, uncertainty is a much more
relevant concept.

Cross cultural differences in risk perception

Cross-cultural differences have been a constant reminder of the imperfection of the
homogeneous economic agent assumption, moreover, due to its deeply-rooted influence on
the risk perception of the decision maker, it is an indispensable factor in an integrative
decision making model. Earlier researches on this subject tended to adopt the experimental
methodology. In one study, respondents from China, U.S.A, Germany, and Poland were found
to differ in risk preference, as measured by buying prices for risky financial options (Weber
and Christopher 1998) [13].Later studies focused on offering diverse explanations for the
discrepancies in risk perception caused by cross-cultural differences. According to
Hofstede(2001), individual attitudes towards risk and uncertainty are strongly associated with
uncertainty avoidance. A culture is characterized by high uncertainty avoidance when its
members feel threatened by uncertain or unknown situations(Hofstede2001)[14].More recent
studies focused on specific impacts of different uncertainty avoidance levels on behaviors
such as information search and planning (Money, R. Bruce, and John C. Crotts 2003)[15],
Internet shopping (Lim, Kai H., etal 2004) [16], technology acceptance (Hwang, Yujong

2005) [17]and business ownership rate(Wennekers, Sander, et al 2010)[18].

Integrative Decision Making Model under Crisis

There are TWO assumptions and FIVE components vital to the construction of our
integrative decision making model.

Assumption 1: The decision process can be divided into several phases, but there are
no simple sequential relationships between them.

Concerning phases in decision making processes, the most famous theorem is the
Simon (1965) intelligence-choice-design trichotomy. However, as is pointed out by several
scholars after conducting substantial amount of empirical researches (Witte 1972, Mintzberg
1976), human beings cannot gather information without in some way simultaneously
developing alternatives. They cannot avoid evaluating these alternatives immediately, and in
doing this they are forced to a decision (Witte 1972)[19]. We agree with this framework in the
paper as it is also our belief that phases do exist in human decision making behaviors, but
decision making is also a dynamic process with interactions and feedbacks between each
phase.

Assumption2: The development phase of the decision making process is in itself a
stochastic process which has the Markov property.

The development phase is the most important phase in the decision making process. It
is the phase when all the constraints, available information and inherent characteristics of the
decision maker begin to reconcile with each other and yield the final set of alternatives for the
crisis. We propose that this phase is a stochastic Markov process because we are under the
belief that after repeating similar decision making processes infinite times, given that the
decision maker is seeking alternatives in the current state, the past becomes irrelevant in terms
of what decisions are made now and what will be the possible consequences of these
decisions. Namely, if the decision maker is very experienced in a crisis situation, his/her
response to the circumstances will be infinitely close to standard reactions, leaving past
experience out of account but making small adjustments corresponding to the current state.

Elements and its corresponding role in the model

Classical decision making model: We choose to base our integrative decision making
model on the structure of the “unstructured” model in Mintzberg (1976), which divided the
decision making process into 3 phases, i.e., identification, development and selection. Even
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so, there are several immeasurably vast differences between Mintzberg’s and our model.
Firstly, to emphasize the importance of cross-cultural difference in risk perception and the
psychological state of the decision maker before the realization of the crisis, a phase
delineating the status quo is added to the original three phase model. Secondly, Mintzberg’s
intention was to build a general model of strategic decision making process, in most scenarios,
it lacked the sense of urgency in crisis conditions. The significance of psychological and
mental factors was reduced to oblivion, which is entirely opposite to the focus and purpose of
this paper. Thirdly, Mintzberg included 12 elements in his model, with 3 central phases, 3 sets
of supporting routines and 6 sets of dynamic factors, whereas in the model we proposed,
except for the 3 central phases ,all the other elements were replaced with our own set of
constraints.

Decision making under crisis: The specific setting of crisis conditions is the highlight
of our model. The recognition of crisis is not only a triggering event of change of state from
status quo, it is the underlying reason why a particular class of psychological effects such as
stress and loss aversion dominate the penultimate and final phases of the decision making
process. To put it another way, the identification of the crisis forced the decision maker to
change the status quo and remain alert to the emergent conditions until the decision making
process is completed.

Psychological effects: Psychological states and effects enter into our model in two
ways. First, the decision maker’s state of mind in status quo is worth looking into because
together with the examination of cross-cultural differences, the decision maker’s perception of
risk and level of uncertainty avoidance can be determined, which are inherent characteristics
that rarely change even in years, let alone in a transient period of crisis decision making.
Hence, the first way of factoring psychological effects into the model is permanent since it is
initiated from phase one—status quo. The second way of channeling psychological effects
into the model is to study the systematic biases in “rational decision making” caused by a set
of emotions kindled by the sudden awareness of the crisis, for instance, stress, fright and
anxiety, etc. In such a situation, the psychological effects are only important periodically,
especially in the development and selection phase.

Risk and Uncertainty: Even though the perception of risk and the level of uncertainty
avoidance are determined at status quo, they only begin to play a part until phases 3 and 4
when alternatives are developed, evaluated and selected. Aside from the effects of risk and
uncertainty perception on screening and searching for alternatives, the objective of the final
choice also depends heavily on the uncertainty level in general. Two people with low and high
levels of risk aversion respectively would probably have completely different goals in crisis
conditions and act accordingly when choosing from a series of alternatives, thus risk and
uncertainty are a set of factors most dynamic in phases 3 and 4.

Cross-cultural differences: The cross-cultural differences element in essence coexists
with the risk and uncertainty element. The symbiosis between these two elements is what
narrows the general concept of uncertainty and risk down to a real life case where the risk
perception accords with the decision makers’ idiosyncratic attitude towards risk. In
conclusion, phases 1, 3 and 4 in which risk and uncertainty play a major role in the decision
making process are the main phases where cross-cultural differences should be taken into
account.

A general Integrative Decision Making Model under Crisis

The five elements of importance can be integrated smoothly into three factors. The
emergent circumstances, denoted by E, correspond to the external environment similar to the
set of constraints in classical models. Risk and uncertainty can be incorporated into the risk
factor denoted by R. The psychological effects and the cross-cultural differences can be
summed up as the idiosyncratic characteristics of the decision maker denoted by C. The
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decision making process is considered as stochastic and dynamic. Last but not least, the
function f is an abstract form indicating the integration of the three factors rather than a
concrete formula. In conclusion, a simple mathematical form of our model can be written as:
Dl :fl(E'R'C) (1)
Dn = fn(E’R’ C' Dn—l) (2)

lim D, = f(E,R.C)  (3)

In words, equation (1) is a statement of the decision making process for the first time
in a series of similar circumstances. As experience accumulates, equation (2) declares that a
decision made is based not only on the external environment, risk and the individual
characteristics, but also the decision made in the previous time. Equation (3) is a
demonstration of Markov property in assumption 2, where after infinite times of repetition,
the decision making process grows independent of past experience and the final decision
becomes a standard function of the three factors.

Even though presenting mathematical formulas is a good way to illustrate what
constitute the model and what the model is aiming at, a flowchart suits our purpose better
since we are trying to transform abstract thinking processes into concrete steps. The General
Integrative Decision Making Model under Crisis is shown in figure 1. There are 4 phases in
the model, status quo, identification, development and selection, and each phase is explained
in detail as follows.

In the status quo phase, we are mostly interested in the decision maker’s psychological
state of mind and his/her perception of risk and uncertainty level largely determined by his/her
cultural background. Accordingly, the determinants are idiosyncratic characteristics unique to
the decision maker, which are only observable and detectable in real cases.

The second phase, identification, is where the crisis is recognized and the
psychological state of the decision maker changes accordingly. Although his/her perception of
risk is unaltered, this is the phase when the element of risk and uncertainty is activated. This
phase lasts for a relatively short period since one feature of a crisis is its suddenness or
conspicuousness. Once the crisis is recognized, the identification phase is over.

Development phase is the stage after identifying the crisis and the decision maker
searches avidly for solutions to the problems in crisis or makes attempts to create new ones. It
is the most important phase in the decision making process because the final decisions made
are contingent on the set of alternatives created. As is mentioned in assumption 2, we assume
that the development phase is a Markov process; consequently, this phase can evolve in 2
ways dependent on the decision maker’s experience in similar crisis conditions. If the decision
maker is very experienced, we can approximate the times of making similar choices to infinity
and the set of alternatives developed in this case is highly standard with minor adjustments to
the uniqueness of the crisis conditions. However, if the decision maker is very inexperienced
or rarely has any similar experience, the decision maker will lean on past knowledge more
heavily. As a result, he/she will go back to the former two phases in the hope of obtaining
more useful information, namely, there will be a feedback effect in this situation .In addition,
in developing various alternatives, risk perception and uncertainty avoidance are a pair of
constraints that restrict the number and type of alternatives constructed. So the first two
phases also have sequential effects on the development phase.

The final phase, selection, is bound up with the development phase as the decision
maker evaluates the alternatives and matches the one most suitable for his objective and
makes a choice simultaneously. Since the crisis condition in most cases is not duplicable, once
the choice is made, there will no longer be any feedback effect.
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Figure 1 A General Integrative Decision Making Modelunder Crisis

Case Study
Asiana Airlines crash case

On July 6th,2013, Asiana Airlines flight OZ 214 crashed at the San Francisco
International Airport when the attempt to land failed. The United States National
Transportation Safety Board (NTSB) ruled out mechanical failure as cause for the crash and
concluded that the pilot’s operation mistakes were the major reason why the tragedy occurred.

Status Quo

According to Hofstede’s in-depth studies on cross-cultural differences, South Korea is
characterized by strong collectivistic values, high power distance and strong uncertainty
avoidance (Hofstede1983) [20]. The ties between individual South Koreans are very tight.
Everybody is supposed to look after the interest of his or her in-group and the in-group will
protect them when they are in trouble. The degree of inequality in power and centralization of
authority is high. And low tolerance of uncertainty induces a higher level of anxiety in people,
which manifests itself in greater nervousness, emotionality and aggressiveness.

The crew on OZ214 consisted of 4 pilots, the one flying the plane is a 46 year old pilot
with nearly 10000 hours of flying experience in total but only logged 43 flight hours of
Boeing 777, the model of OZ 214. The other three pilots are very experienced and act as
tutors in the whole flight. This organizational structure accords with the collectivist culture
where the in-group members look out for each other. With regards to power distance, the
seniority of the other three pilots established the inequality in power. Therefore it is not
presumptuous to say that the flying pilot will turn to the other three for advice if anything
unexpected arises.

227



Identification

The crisis was first identified when one of the crew members realized the plane was
flying at a speed significantly lower than the target speed of 137 miles per hour. According to
the recording of communications between the control tower and the flying pilot, it is very
obvious that the pilot panicked and became so nervous that he can barely understand what the
tower’s orders were. As is consistent with the model, the feeling of stress grew strong and the
high uncertainty avoidance inherent in the entire crew’s nature worsened the situation by
making all of them on edge.

Development

Searching for or creating alternatives is exactly what the crew on OZ 214 did after
realizing the plane could not land at a speed far lower than the standard speed. Two
alternatives were offered altogether. 7 seconds before the crash, the black box recorded one
pilot from the cabin saying clearly to speed up. After 5.5 seconds when the first method didn’t
seem to work, another pilot demanded overshooting but it was too late.

The flying pilot is very inexperienced. In accordance with our model, he should go
back to former phases to obtain more information. However, in this case, the psychological
effect or the cross cultural difference proved to be the dominating factors in this phase. The
alternatives were offered by the more experienced crew members and the flying pilot abided
without a second thought because of the strong influence of high power distance, which
compelled him to take advice from more superior figures. Meanwhile, inherent collectivist
values made it natural to depend on in-group members when he was in trouble. On the other
hand, the propositions provided by the crew members with more experience proved our point
that rich experience yields standard response. Overshooting is a common practice for Asiana
Airlines. According to statistics compiled from mid-June to the end of July,2013, the
overshooting rate of Asiana Airlines is 6-8 times higher than other airlines. More experienced
crew members were able to come up with the alternative of overshooting when the flying pilot
could not demonstrates that the response to a crisis is infinitely approximate to standard
reaction after similar decision making processes have been repeated numerous times.

Selection

Same as the development phase, to the flying pilot with little experience of operating
Boeing 777, the selection phase was guided by his abeyance to seniority and the collective
leadership. He took action immediately once an order was given and switched to another order
swiftly when the first try was of no avail. The only reason the last two phases of the model
didn’t accord with what happened in reality is that the psychological effects and the cross-
cultural factors are dominant from the beginning.

JiaduobaoTrademark Withdrawal case

On May 11th, 2012, China International Economic and Trade Arbitration Commission
declared the "Wong Lo Kat" trademark licensing agreement and the Supplementary
agreement between Guangzhou Pharmaceutical Group and HongkongHongdao Group, the
parent company of "Jiaduobao", null and void. Contrary to popular opinion, Jiaduobao turned
around in just a few months.

Status Quo

China is one of the Asian countries that scored high on collectivist tendencies, power
distance and uncertainty avoidance (Hodstede, 1993)[21].Uncertainty avoidance is a very
distinct trait manifested in Jiaduobao’s management. Except for the efforts to prolong the
contract, they also launched the high-end mineral water“Kunlun Mountain” to lessen the
adverse impact in case the license to use the brand "Wong Lo Kat" was revoked.
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Identification

The identification phase of the crisis began in May 2012 when the arbitration award
was announced. According to the vice general manager of Jiaduobao Brand Management
Department, the moment the result was released, Jiaduobao stopped all producing and
marketing activities of "Wong Lo Kat" and began building their own brand Jiaduobao.

Development

Jiaduobao group has been a well-known expert in marketing strategies long before it
changed its brand in 2012. Based on the model, the management, as a group of very
experienced decision makers with concerted goals, is supposed to take action very rapidly
because they do not have to dwell too much on past information and the actions are standard
means of marketing that get the company through many crisis before. From what really
happened, we can see the management did exactly what the model predicted. They fleetly
took a series of forceful marketing measures such as advertising, packaging and sponsoring
hit shows to build the Jiaduobao Brand, which resembled the marketing strategies that put
"Wong Lo Kat" in the leading position in the herbal tea industry in the first place.

Selection

Since the management of Jiaduobao is highly experienced, the development phase and
the selection phase proceed simultaneously as the actions taken are also the choices made.
This corresponds with the model where an experienced decision maker searches for
alternatives and jumps directly to making choices. In other words, in Jiaduobao Trademark
withdrawal case, the dominating force is the Markov property because the case demonstrated
that an experienced decision maker’s response to a crisis is and is only a standard function of
the current state itself. The effects of psychology and cross-cultural differences are played
down partly due to the substantial experience of the decision maker, partly due to the fact that
the group of decision makers has conflicting idiosyncratic characteristics that tend to cancel
each other out when the group is large enough.

Conclusion

The decision making process in crisis conditions can be decomposed into four phases:
status quo, identification, development and selection. Integrating factors regarding external
environment, risk, psychology, culture and past experience into the process produces a new
method of obtaining realistic optimal choices. When the decision process is a stochastic
dynamic Markov process, the final choice will approach a standard function of the factors in
the current state as the times of making similar decisions increase. The model is solid in terms
of practicability. As is shown in the case study, our model can properly explain the decision
process in the Asiana Airlines crash case and the Jiaduobao Trademark withdrawal case.
However, the paper didn’t provide further discussions on the theoretical framework of the
intrinsic relationship between Markov process and the decision models, which is a field worth
exploring for fellow researchers in the future.
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Abstract

Global business is the key to creating a better economy. Businesses across the globe
need to work together in order to survive. Businesses need an understanding of other countries
through research and implementation. Companies which devote time and effort to adapt to the
countries they plan to do business in will be successful. Businesses need to realize that it
takes more than a good speaker or savvy manager in order to compete in global business.
Companies need to successfully understand three important aspects of business before they
enter a foreign market. The three aspects are culture, ethics, and language. Understanding
other countries culture, ethics and language are invaluable to creating a successful business
internationally. These three aspects are the learning foundation of entering a foreign market
and without them there will be no way to succeed. It takes time and commitment for a
company to learn and understand the culture, ethics, and language of a potential country. No
amount of studying and research will be able to show the company the rules and norms a
certain country lives by. These aspects of culture, language, and ethics can only fully be
understood through firsthand experience. All the training and education a company injects
into their employees is useless unless there is total commitment from the managers and
employees to prepare for conducting business abroad. Some aspects of global business are
similar to taking a class abroad. The reason you take a class in another country is to broaden
your skills and improve your understanding of other places. The traditions of a countries
culture are essential to the student’s success in studying in that particular county. This is
similar to the norms and cultural quirks which businesses must understand in order to be
successful in other countries.

Keywords: Culture differences and adaptation, language and communication, ethics and
decision making, and networking in business.

Introduction

Culture can be defined as “the collective programming of the mind which
distinguishes the members of one group or category of people from another.” Another
definition is that Culture is defined as the specific learned norms of a group’s attitudes, values,
and beliefs (Daniels, et al, 2011). The differences between two or more cultures may create
problems which make the business tough to manage. Therefore firms need to learn the rules of
the game and make an effort to mimic the cultural values and norms to show the countries
they are in that they respect their values and beliefs. Otherwise firms will be destined for
failure.

From an ethical standpoint, a business that is abroad must follow the rules by the book.
A business must accept and adhere to government laws and policies no matter what country a
business is located in. But, there needs to be a balance of understanding from both the
business and the country they are doing business in. Businesses must draw the line on certain
ethical dilemmas such as how women in Islamic countries are viewed and treated.
Businesses cannot expect to use the ethical principles from one country and have success in
another county. There has to be a set of guidelines businesses must follow in order to meet
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particular country’s demands. Decision making tools are necessary to improve a company in
foreign countries.

Speaking many languages in the business world is the foundation for communication
across multiple countries. Not being able to understand your clients or foreign business
workers will ultimately end your business. A company will not be able to perform because of
this barrier and have no idea what is being asked or requested. People in different parts of the
world have different interpretations and attitudes towards business located in the United
States. It is important for an American business to realize that entering a foreign country
without knowing how to speak the primary language of that particular country will be a huge
barrier for entry. The citizens of the foreign country need to be able to communicate with any
outside business trying to enter to grasp their purpose of entering.

Data Collection

In order to acquire the information necessary for this research paper, the researcher
was able to utilize local primary sources and the library’s vast secondary sources. Using both
primary and secondary sources allowed us to obtain in depth information from both angles on
how culture, language, and ethics are three of the most important variables in an international
business venture. Only after interpreting and analyzing the data, the researcher was able to
successfully report the results.

To fully comprehend the influence of culture, ethics, and language on international
business the researcher’s main priority was to get a first person view on the subject by
conducting an interview with a leader who is familiar with international business. Through an
interview the researcher was able to establish how a leader or company views the importance
of culture, ethics, and language when they are conducting business. Conducting the interview
was the researcher’s most valuable source when constructing this research paper. Obtaining a
first hand or primary source gave the researcher ability to go beyond the books and articles to
acquire a more in depth understanding on how crucial culture is in global business. The
questionnaire consisted of questions that tried to make a distinction between ethics, language,
and culture so that we could determine their value. This allowed researcher to clearly
compare and contrast data collected from secondary sources. Asking questions such as “What
cultural differences play into your decision to choose one country over another when it comes
to establishing a presence in a foreign country? (i.e. type of government)” permitted us to
evaluate a leader’s view on what variables are most important.

Literature and Results

Throughout the literature reviewed for this paper, one main theme occurred constantly.
Culture, ethics, and language present a direct impact on the way businesses interact globally.
Preparation is a key factor in the percentage of successful international organizations and
unsuccessful ones. The manner in which organizations treat new customers and employees in
foreign markets through business ethics differs in any given country. International
organizations that have recently entered a new country’s market know the difference it can
make between having an outsiders point of view on the local language versus having a
perspective from someone who has lived in the country. Traditions and culture can create
clashes between employees and management and even ruining an organizations representation
within the new country.

Culture Differences and Adaptation

Culture differences between an organizations home country and the new international
interest are far from an easy obstacle to overcome. Throughout the research there was a
pattern of success for companies who learned the culture extensively especially in terms of
how people interact with each other within the new country. “Not only do nonverbal cues help
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us interpret verbal messages, but they are also responsible in their own right for the majority
of the messages that make up human communication. This means that posture, hand gestures,
facial expressions, eye contact, proxemics, and touching” (Gary P. Ferraro 2002, pg 8) have
an impact on how people react to a new organization entering their country. All of these
tendencies and nonverbal communication tendencies of other countries citizens and potential
employees or business partners play a crucial role in the success of international
organizations.

Of course not everyone in the world acts the same or has the same needs as the
international business’s home country. Therefore businesses have to accommodate to their
various surroundings based on the demand of society. Cultures vary throughout the world and
change constantly. These changes and differences must be addressed by any organization
attempting to conduct business. A specific company that has had continued success in recent
years over many international ventures is Walt Disney. Walt Disney opened Disneyland in
1955 and within one year there were more than one million visits. Now there are near fifteen
million visits each year. With Disney’s overwhelming success in the United States, the
opportunity to expand and grow presented itself as a vital addition to their already impressive
organization. Like any company, their goal is to seek out potential consumers around the
world and meet their needs in order to gain a profit. They of course need to have the right
tools for decision making to send employees overseas and the method in which to market their
product in particular countries. A division in the company was created that actually lays out
the blue prints to improve globalization around the world. This division is called Walt Disney
International. They are constantly going to different countries trying to see what particular
markets have interest in them. Trial and error occurs constantly because they do not know
which aspect of their company fits best with the new country’s culture and with their own
goals in terms of revenue. Disney needs to evolve and transform in order to achieve their
goals, “more accountability and decision-making authority are being shifted to local managers
so they can determine which Disney brand, franchises, and characters are most relevant and
emotionally resonant to consumers in their markets” (corporate.disney.go.com). Only leaving
their headquarters and visiting a possible new international opportunity is not enough. An
American employee making an assumption on another countries culture based on a few visits
has a high risk. Disney products need to replicate the type of culture that is already present in
the new country in order for them to breed success. Their products must be designed and built
as if they were created within that particular country. With the employment of local managers,
Disney is able to learn specifically ways in which to improve sales by relating to the current
culture. Disney has seen its share of success and failure in international business but still
shows profits because of their discipline to doing research and learning from their mistakes.

In order for Walt Disney to be successful in other countries they need to actually take
the culture and create new and inventive ideas that suit the country in which they want to do
business in. Walt Disney, utilizing their Walt Disney International department’s research on
Russian culture wanted to create a movie that would relate to Russia. “Disney’s first locally-
made-Russian film, Book of Masters, an adventure story based on traditional local tales,
opened to strong box office and positive reviews in late  2009”
(corporate.disney.go.com/investors/annual reports). This film presented Russian ideals and
had a strong cultural reference. Many Russian people can cherish it because it is their very
own, similar to the reaction to Snow White and the Seven Dwarfs in America. It was
exclusively designed to be successful within Walt Disney’s new international business venture
and because they focused on Russian culture the movie was a success. Disney may have
started in the United States but they are beginning to act like they have no one real home.
With all the effort they are putting into research for international opportunity they are
beginning to see the world as their playground. With Walt Disney now focusing on a global
agenda, many countries are enjoying the magical experience they provide.
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Disney may be a successful company but success just does not happen all by itself.
Adapting to Russia’s culture was not an easy task for Walt Disney to perform. Where it all
started was Tokyo, where the first foreign park was built. It opened in 1983 and that’s when
the Disney Corporation knew it needed to continue its growth Disney knew it needed to
provide its services across the world. They knew that if they located themselves in the East
they could easily draw attention. It was an immediate success however if it wasn’t for the
wide popularity Disney would not be as successful.

When the Hong Kong Disneyland opened September 5", 2005 it was not so
successful. There were changes that need to be done in order for business to be successful.
Jonathan Matusitz wrote an article about Disney’s successful yet challenging globalization
process in Hong Kong. He explains that there were four changes of labor practices that were
needed to be in order for Disney to have its two feet planted in the ground. *“From a
globalization perspective, four major changes were made: (1) reduction of prices; (2)
adaptation to local visitors’ customs; (3) change of decors and settings; and (4) adaptation of
labor practices”. What wasn’t working was that Disney’s new park in Hong Kong
“demonstrated too much Western cultural imperialism (Jonathon Matusitz, 2009, pg 2).” and
needed to fix this situation by providing other means of pleasing the Chinese culture. The
changes that were made are clear examples on how any company needs to look into and
research about before they open an establishment. It shows that culture is an important aspect
to remember when a company is to globalize is industry and venture across into another
country. Disney’s major problems were the labor practices. If the general population is not
open and friendly then the people working in the park should not be up in your face and
smiling all the time. Even though happy employees makes a happy customer, too much of a
good thing can be bad. That was something Disney had to learn the hard way.

Language and Communication

To discuss language and how it pertains to international business the researcher
decided to research a company that does business internationally. The company the researcher
chose to research to see how they manage language differences is called L-3
Communications. L-3 Communications is the sixth largest defense company in the United
States, and is a leader and prime defense contractor in intelligence, surveillance, secure
communications, government services, training and simulation and aircraft modernization and
maintenance.

L-3 Communications Corporation has 101 business units worldwide and more than
60,000 employees. Their offices span to different countries like Australia, Canada, Germany,
United Kingdom, and United States. In order to communicate with the different countries,
there has to be a common language between the parties. Even though there are English
speaking countries where L-3 conducts business, there are other countries that don’t utilize the
language as much. L-3 doesn’t take the chance to go in to do business with another country
and just hope the country speaks English along with their native language. The corporation
takes into consideration the differences and thus makes proper adjustments and
accommodation to make sure that there won’t be language barriers. “Globalization has called
for the use of one common language”, that language is English because English speaking
companies contribute to 40% of world output (Peng, 65-66). L-3 communication hires
employees not only from US but from countries where they’re doing business. Also hiring
multi-language speaking employees as well as training helps to gap the language and
communication barrier. L-3 Corporation realizes the need for understanding between
employees that speak different languages and they take different actions in order to meet that
need.

Starting with L-3’s code of ethics and business conduct policies, they are done in
different languages in order to communicate their policy to the non-English speaking

234



employees. They have especially dedicated website I-3code.com that is designed in different
language where 1-3 does business so that ethic policies can be reviewed and complaints can be
made to the company. Very interestingly not only [-3 Communication Corporation
acknowledges the difference in languages and how it’s crucial in communication but they
have a designated report on Code of Conduct in different countries where they do business.
Because different countries have different rules the company employees need to be aware of
those rules. The company’s website has code of conduct for different countries like Australia,
Canada, China, Denmark, Germany, India, Ireland, Italy, Korea, Netherlands, Norway,
Singapore and United Kingdom. The Code of Conduct for different countries is different. For
example the code of conduct for Korea includes information about bribery, Anti-corruption
Act, gifts and entertainment with non-government persons, and fair completion. For
Singapore the document covers things such as avoiding kickbacks/soliciting and receiving
gifts and entertainment, avoiding bribery and improper payments, insider trading, avoiding
conflicts of interest, maintaining accurate books and records, confidentiality of information,
competition laws, drug and alcohol abuse and many other subjects and laws that pertain to
that country. “As companies expand internationally and their foreign operations become more
dispersed, language differences begin to influence inter-unit and intra-unit communication”
(Rogerson-Revell, 2007, 2008). “To reduce the negative effects of language diversity,
multinational companies (MNCs) have formulated language policies, that is, formal ways to
decide which language is used in corporate communication and documentation” (Marschan-
Piekkari, Welch, & Welch, 1999a). Such languages are chosen to make the communication
and understanding easier. The language is important because many aspects of business have to
be communicated through it. From institutional based view some examples include language
training for local employees in countries other than the original country, training and
development, recruitment and selection, and performance appraisals.

Ethics and Decision Making

Ethical decisions in international business are paramount to the success of a company
operating in a foreign country. There are two different views when it comes to companies
making ethical decisions which are not “fiscally advantageous” for the company. The first
view explains that making decisions which are socially responsible and ethical will lead to
maximization in shareholder wealth in the long-run even if they are fiscally unfavorable to the
company in the short-run.

Milton Freeman argued that corporate managers should be legally restrained from
deviating from their proper role of maximizing shareholder value. Various positions — that
corporate social responsibility is ‘bad capitalism school’, that weak corporate social
responsibility is ‘bad development’, that capitalism can make ‘hardly any corporate social
responsibility’, and that corporate social responsibility is nothing more than ‘good capitalism’
and therefore not worth thinking about in its own right — being discussed and debated(The
Ethics of International Business, 1996, p. 563) . Many companies are switching their view of
corporate social responsibility toward the stance of maximizing shareholder wealth even if the
decisions made by the company do not directly increase profits. Other companies see
corporate social responsibility as bad capitalism and a myth to maximizing shareholder
wealth. “While the corporate world is increasingly seen to be articulating its regard for social
responsibilities, critics continue to see this as more a myth than a reality, since corporate
capital is, in the final analysis, interested in accumulation alone” (The Ethics of International
Business, 1996, p. 563).

Coca-Cola is a world leader in the soft drink industry. The company’s wholesome
family brand image in the United States is very different in other countries such as India.
Coca-Cola faced major criticism from the Indian country of Kerala after there was a depletion
and degradation of the country’s water table. The Coca-Cola plant was shut down

235



immediately and was blamed for the poor quality and quantity of drinking water available to
farmers in Kerala. The bottling plant in Kerala has been shut down since March of 2004.
This incident created unwanted criticism toward Coca-Cola from the most populous country
in the world. Kerala demanded a ban of Coca-Cola in the state. A High Power Committee
established by the state government of Kerala in India has recommended that Coca-Cola be
held liable for Indian Rupees 216 crore (US$ 48 million) for damages caused as a result of the
company’s bottling operations in Plachimada. (www.indiaresource.org/news/2010/1003.html)
The criticism Coca-Cola faces is due their own negligence in choosing an ethically
irresponsible way to create their product.

Coca-Cola has also faced criticism over the level of pesticides found in their products
in India. The Coca-Cola products in India contained dangerous levels of lindane, DDT,
malathion and chlorpyrifos. Coca-Cola said sales in India declined 11 per cent in the third
quarter of 2003 due to “false” allegations that its soft drinks contained a high level of
pesticide (business-standard.com/india/news/coke-sales-fall-11pesticide-
controversy/159950/).

After facing criticism from India and pressure from neighboring countries Coca-cola
decided to pledge to support the UN Global Compact. Coca-Cola changed its stance on
corporate social responsibility from a second thought to “incorporated into every aspect of
doing business.” The UN Global compact seeks to promote “responsible corporate citizenship
so that business can be part of the solution to the challenges of globalization” and work
toward a “more sustainable and inclusive global economy” (Community-Coca-Cola Interface,
2007, p.106).

The interview with Charlie Fusco granted the researcher access to a firsthand view on
the importance on fully understanding a markets language, ethics, and culture before
embarking on a business venture. Mrs. Fusco is the owner and CEO of Synergixx LLC, a
company with the slogan of “building your brand through direct response synergy.”

Through the interview the researcher was exposed to her views on culture’s effects on
the marketing aspect of international business. Being in the international marketing business
for over a decade Mrs. Fusco provided the researcher with a plethora of information. When
asked about the importance of understanding your markets culture Mrs. Fusco replied,
“successfully marketing foreign products is no simple task and requires a vast amount of
information about a countries overall culture” (Fusco, 2010). Does Culture Matter provided
additional information on Mrs. Fusco position when the authors stated, “An understanding of
how culture differences affect international marketing decisions is important to a firm’s
external operation. It can be used to predict strategic moves and response of competitors and
hence design effect competitive strategies.” (Tse, Lee, Vertinsky, & Wehrung, 1988, p. 81).

Networking in Business

Networking is essential in business whether it be local or international. Through this
research the researcher was able to determine the importance of networking in specific
examples of such as “International firms collaborate with local firms in emerging BRIC
countries to obtain exposure to their consumer markets and local firms collaborate with
international firms for an introduction to the international business turf” (Gupta, Navare, &
Meleware, 2010). Mrs. Fusco believes her ability to network is her key tool in gaining a
competitive edge over her competition. When asked what culture differences play into your
decision to choose the market with the maximum potential, Mrs. Fusco responded “Through
many years in this business | have built a network of colleagues that | seek advice from
whenever | am determining which area would provide the best chance for success. Their
input on current values and trends in their own market has been the deciding factor for me on
countless media buys.” (Fusco, 2010). The interview with Charlie Fusco gave the results
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desired by the researcher with determining of the vital aspects of trying to penetrate a new
foreign culture.

Discussion and Implication of Culture, Language, Communication, Ethics and Decision
Making

Culture differences may be the most overlooked factor when it comes to doing
business globally; however in many cases it can make or break an organizations success
globally. Cultural differences exist in almost every place on Earth. Even in the United States
the difference from the east coast to the south is obvious. From traditions to food to religion,
cultures differ tremendously across the globe and many times businesses overlook this.

After researching about Disney and the problems they faced when entering a foreign
market companies can now be warned. The lesson learned is that even a good thing in one
country can turn into a bad thing somewhere around the world. To fix the problems that were
occurring was simple. Have a theme park that directly reflects the daily lives of the Chinese
culture. That means make them feel at home. Adaptation was the most important part of
providing for the Chinese. For example, here in America we celebrate New Year’s Eve. The
Chinese culture celebrates their own holiday. Therefore, “Disney’s Chinese New Year, are
shown in the park to celebrate main Chinese festivals” (Jonathon Matusitz, 2009, pg 2). This
shows Disney not changing the park but providing a better atmosphere for the Chinese culture
to relate to and understand. They need something to grab hold of and be part of so they can
feel somewhat astonished that their expectations are right on target. Otherwise they would feel
confused and lost while also clearly seeing the Western customs cared over. Disney tries to
make the Chinese community feel that this park is special for them and unique. That was their
goal for combining cultural traditions into an international worldwide company. Even a
company like Disney can have problems because it is so hard to pin point every little detail.
That was the risk they took and it made them see clearly what needed to be done.

It is easy to overlook cultural differences when beginning to extend an organization
globally. Many businesses solely look at numbers when deciding if it may be a good decision
to enter a global market. From the research done, it seems to be the biggest mistake for a
business looking to expand into a global market to overlook the possible cultural differences
within that market. Yes the numbers matter especially when deciding if it may be
opportunistic for a business to enter a new country, but it is the cultural differences that will
either bring success or hinder a company’s ability to obtain that same success. Cultural
differences range in a variety of things including some of the simplest of things like greeting
an individual. In the United States, greetings can be seen as too casual and inconsiderate.
Many countries, including some in Africa prefer a more in-depth greeting, one that shows
much more respect toward the individual.

Mistakes that are made when entering a global market can last a lifetime. A company’s
reputation can be ruined with just one mistake. “In 1983 Columbia pictures produced a four-
hour movie set In Egypt that resulted in the banning of all Columbia pictures in Egypt. The
Egyptian authorities were offended by the numerous inaccuracies that included accent
(Pakistani), clothing (Moroccan), and behavior (American). The late Egyptian president
Gamal Abdel Nasser, for example was portrayed publicly kissing his wife- an unacceptable
act in Egypt and in many other countries (Ricks, David A., 1993). It is so important to
understand everything about a countries culture before beginning to do business there because
just one overlooked detail can put a close on an entire project. The way in which Columbia
pictures conducted their business in Egypt led to a complete ban in that country. Because
Columbia pictures did not do research on the way in which the Egyptian culture sounds,
looks, and behaves, they failed their business venture into Egypt. Lessons like the Columbia
Pictures incident serve as examples for organizations doing business internationally. Putting
these attributes that people actually care about is detrimental to any business.
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Customers are the number one priority and without their expectations met they will not
be happy. If the customer’s expectations are not met then there needs to be new ways to
discover how it will be. Questions a business must ask themselves is what ways can we
improve our business and in the cheapest way.

Businesses entering a global market must understand that while some behaviors may
seem like minor details to the organization, they may actually mean much more to the local
people. Treatment of employees is essential to keeping a business successful . Many business
and organizations in the United States give employees coffee breaks at different times in order
to keep the organizations efficiency as high as possible. Unfortunately carrying that same
policy over into a new venture in another country may not work, as was the case for General
Motors of Canada. “General Motors of Canada reported that it sustained a forty-seven day
strike during the 1967 contract negotiations over the issue of the coffee break. This is a ten
minute rest period scheduled twice each day at all plants. It is a complete shutdown of all
operations — an uneconomic practice compared with the rotating rest period, which the
company favored, where only a small number of workers are away from the lines at any given
time. In the end, management capitulated to the unions on this issue because the workers had
become so emotional and adamant over it. Management stated that there was no compelling
rational to the workers position; it was something that they customarily expected and valued”
(Kujawa, 1971). In the case of General Motors of Canada, the organization overlooked the
value of a break between employees. The employees in Canada felt strongly enough about
their breaks with each other that they went on strike. In America it might be unheard of for a
group of workers to strike due to a coffee break issue but other cultures value the unity
experienced in one shared coffee break.

Drawing lessons from businesses doing businesses globally including Walt Disney, it
is clear that research, preparation, and training all play crucial roles in the success of an
international business venture. Training may very well be one of the most important steps a
business must partake in if they are expecting success. By making people in a business aware
of how another culture behaves and interacts, businesses are lowering their overall risk. A
good lesson learned and one that many businesses doing business globally constantly partake
in is international training. With employees of a company well aware of culture tendencies,
businesses are becoming better prepared for new global business. Businesses must be
comfortable enough to work within other countries and in order to do so they must do their
homework and study cultures so they can adapt to their new surroundings. First impressions
made between two potential business partners across countries can make or break a global
business. It is important to give international business partners the respect they deserve. Not
only from the perspective of the businesses home culture, but that of the new business
partners culture as well. “Even the rejection of a cup of coffee can cause major problems.
While a very profitable opportunity was being negotiated, one US executive innocently made
the mistake of refusing a Saudi Arabians friendly offer to join him for a cup of coffee. Such a
rejection is considered an affront in Saudi Arabia. Naturally, the Saudi became much less
sociable and the negotiation process was far less successful than it might have been” (Ricks,
David A., 1993).

Culture is the make-up of society and therefore should not be changed or persuaded to
change by other countries or organizations. It is important to also realize that with every
culture, laws and ethical issues will be considered because of the way particular societies
practice. Therefore studies conducted must be carefully acknowledged in order to help
businesses implement the best strategy for doing business internationally. Not every company
will be successful upon entry to a new market. A foreign company must be strongly connected
with the native company so that there is a strong relationship. Two countries need to have
similar perspectives about their overall goals and having research on a countries culture will
certainly benefit an international business looking to expand.
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Starting from the beginning,” language, as the generally agreed-on, learned symbol
system, used to represent the experiences within a geographic or cultural community”
(Samovar, Porter, & Jain, 1981). From gathering information about language and its effect on
international business, we can conclude that without a common language or a communication
policy business can’t exist. From the information we gathered from L-3 Communication
Corporation we can conclude that language and communication is very important when
stepping into outside countries to do business. The results from the research we did from L-3
communication company were first that you had to make policies and procedures in every
language where you are selling your product or service, second is that you need to hire
bilingual employees and third is that you have to make the code of conduct clear for every
country you are doing business.

L-3 communication decided to put up the policies and procedures in the different
languages where they do business. They put these documents online so that they can be easily
reached by anyone in any country and you don’t have to have the knowledge of the English
language to understand what the policies are. Another important factor we learned about
language and communication international businesses is that you need bilingual employees
that speak both English, in L-3’s case, and the language where they are doing business
internationally, for example Korea. “Scholars have argued that Multi-National Companies
should use a common corporate language for internal communication and local language(s) in
host country market(s). This strategy requires a substantial portion of employees to be
bilingual” (Van Den Born, 2010). Another very important piece of information we have
learned from L-3 Communication Corporation is the importance of understanding different
cultures and code of ethics and behavior when entering other countries for business. On the
company’s website they listed all the countries where they do business and they compiled
files about each country and the important information in regard of code of conduct and
behavior. We have discussed in class the importance of understanding culture and proper
behavior when it comes to doing business internationally in other countries. L-3
Communication Company has done all the things mentioned above in order to make the
communication and language barrier and issues smoother.

Some further data that could be collected in order to be able to do more research on the
topic of language and how it affects international business, we would have to take other
international companies and research how they manage this subject.

According to Mike W. Peng of Global Business, ethics is defined as the principles
standards, and norms of conduct that govern individual and firm behavior. Ethics is part of
both informal institutions and part of formal laws and regulations. One major problem with
ethics is the discrepancy between actions and behaviors which are deemed unethical yet not
formally illegal or against the law. This gray area is where a company’s business rules must
cover what is ethical and what is unethical. The grayness surrounding ethics throughout the
United States companies may seem immense, but when corporations go global these ethical
concerns are magnified greatly.

Companies which decide to go international must decide how they are going to choose
to manage their ethics in foreign countries. International companies must be able to manage
what the company believes is ethically correct without disrespecting the ethical ways of the
foreign country. The thin line company’s must tight rope is essential to the success of the
company in other countries. According to Peng, companies use one of two views on ethics in
other countries. The first view is called ethical relativism, which could be defined as
conforming completely to the ways of the country they are in. If a country does not eat beef,
we do not eat beef, if the country does not allow women to work; we don’t allow women to
work. The second view is called ethical imperialism. Ethical imperialism says, “There is
only one set of Ethics, and we have it.” This view takes the parent countries views on ethics
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and applies them to other countries because what is ethical in the United States is ethical in
France is ethical in Egypt.

Giant multinational companies such as GAP, Nike, Coca-Cola, and Wal-Mart are
always under scrutiny from the public eye. For giant companies, making decisions which are
unethical seem very easy because of the financial benefits that result from their choices. For
example, a company may realize that dumping their waste illegally into nearby water sources
and settling a potential lawsuit will be cheaper than the cost of properly disposing of their
waste. Companies who take the easy way out to increase profits are not ethically responsible.
There will be short-term benefits to the company’s decision to illegally dump which will
increase profits and lead to maximization of shareholders wealth. A company which is
revealed to have been knowingly dumping in a foreign country will see decreases in sales,
profits, and see their image destroyed. The short-term success will be ruined by a company’s
lack of ethical responsibility.

Corporate social responsibility is a key concept of ethics in international business.
Should a company make fiscally irresponsible decisions in order to help the environment or
give back to the community? This question epitomizes the definition of corporate social
responsibility. Many people oppose corporate social responsibility due to the fact that it is
‘bad’ capitalism. Those who have this view see corporate capital as the final analysis and this
alone determines the success of the company. Coca-Cola found itself hated in the most
populous country in the world due to their ethical negligence in how they operated their plant
in India. Coca-Cola now faces an uphill battle to redeem its tarnished brand image in India in
order to stabilize sales in this precious country.

Mrs. Fusco is a woman who has an abundance of experience in international business
and the researcher’s interview with her awarded detailed results to interpret and draw lessons
from. Via her instructions the researcher now knows the importance of fully understanding
your markets language, ethics, and culture before one decides to penetrate a foreigner market.
Her reference on a cookware product from Germany that succeeded to effectively penetrate
the Australian, New Zeeland, and American markets due to their development of specialized
commercials for each country was insightful. By specializing each commercial for each
countries preference in food and language they demonstrated how valuable creating a specific
marketing strategy for each culture can be. In general, culture differences should be the main
focus when planning for international marketing. Conversely, being able to analyze culture
differences is not a simple task and cannot be done effectively from simply secondary sources.
From the interview we were able to conclude a company must network with those from the
country or culture they are attempting to venture in to if they wish to gain an in-depth sense
for the foreign countries culture. As Mrs. Fusco said, “networking is the key when you are
trying to penetrate an unfamiliar culture” (Fusco, 2010). The interview allowed researcher to
relate the theories and how we can put them into practical real life situations. Comparing
theories from both Mrs. Fusco and secondary sources was crucial in understanding their
implications.

Conclusion

Not everyone has the same language ethical code of conducts and culture, or the same
values. Any company who plans to conduct business overseas or abroad needs to know these
fundamental aspects of a particular country or more before they embark on a business trip.
English is not the universal language around the world or handshaking with a right hand is
another norm, because it’s not. It is important to learn every single detail to properly present
yourself respectfully in front of another business representative. Being rude is the last thing
you want to be so you must be prepared. Therefore, abrupt surprises should not occur if a
company has thoroughly implemented their time to have a full awareness towards which who
they’re doing business with. Sudden surprises such as miscommunication could occur if and
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when your company does not know background information. Information about how attitudes,
languages, and perspectives may change depending on where you are in the world. So in order
for a business to successfully grasp what they need to do to accomplish their goals they need
to be able to understand the cultural differences within the country they are entering.
International business depends on those aspects and is a necessary tool of the trade for being
successful abroad. The mentioned businesses showed great examples of failure to explain in
detail what they needed to do to overcome their problems and make a successful turnout. The
companies also had positive business plans that were enough to make the changes necessary
to make the country they were working in accepted. International business is a great way for
new and existing companies to enter new markets but without the research and or firsthand
experience of how the each country operates there is no way to tell how entering or
establishing will result.
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Abstract

Standard econometric approaches have been many years a well-established workhorse
in economic research. However, widespread application of macroeconomic models with
explicit micro-foundations since rational expectations revolution in 1970 gave birth to
experimental macroeconomics recently, where controlled environment might be used to get
insights regarding the effects of alternative institutions and policies with direct implications at
the aggregate level. This article aims to enrich present discussion about appropriateness of this
method, since a very few studies deal with this new phenomenon among others Ricciuti
(2008), Duffy (1998). We claim that experimental macroeconomics shouldn’t be omitted as
one of the possible methods in economics, since individual and aggregate outcomes might be
assessed. As a result, it should represent complement to standard econometric techniques.
Furthermore, illustrative case study is used to demonstrate that macroeconomic experiments
are not a distinct ones from microeconomic ones and represent powerful instrument for
evaluation of micro-founded macroeconomic models.

Keywords: Macroeconomic experiment, controlled environment, aggregate outcomes,
external validity

Introduction

Standard econometric approaches have been many years a well-established workhorse
in economic research. Recently, experimental economics has gained considerable standing as
an alternative method. However, a very special subfield called experimental macroeconomics
is still very unheard of, despite being utilized by many well-known economists as mentioned
in studies of Ochs (1995), Duffy (1998) and Ricciuti (2008).

Experimental macroeconomics as a relatively new discipline aims to address aggregate
economic phenomena with help of controlled laboratory methods in which specific
assumptions and predictions of macroeconomic models are tested. Without rational
expectation revolution (Lucas 1972), development of experimental macroeconomics would
have been impossible. Since then, macroeconomic propositions started to be based on
individual maximizing behavior, given the constraint. These micro-foundations of
macroeconomic models opened the space for experimental macroeconomics, which observes
interaction of individuals in artificial environment followed by individual and aggregate
outcomes. Based on that, powerfulness of micro-foundations of macroeconomic models might
be assessed.

Although there are many possible insights to be gained, still experimental results are
met with skepticism with regards to macroeconomic implications from rather insufficient
experimental samples. As argued by Sims (1996, p. 107) “Economists can do very little
experimentation to produce crucial data. This is particularly true of macroeconomics.”

This article aims to contribute to relatively new research, outline relatively new
subfield of experimental macroeconomics and disprove common misleads about experimental
macroeconomics. After delineation of position of experimental macroeconomics within the
laboratory economics, identification of the main burning downsides of macroeconomic
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experiments mentioned by critiques is the case. Based on that, arguments in favor of this new
method are discussed in order to alleviate frequently mentioned deficiencies of experimental
design. Furthermore, illustrative case study is used to demonstrate that macroeconomic
experiments are not distinct from microeconomic ones and represent powerful instrument for
evaluation of micro-founded macroeconomic models.

The Nature of Experimental Macroeconomics

In order to understand the true nature of experimental macroeconomics, its position
within the laboratory economics has to be delineated. According to Ricciuti (2008) two
classes of experiments are present in macroeconomics. The first approach considers an
experiment which concentrates on single market. Not only it is easy to apply ceteris paribus
condition in case of a single market, but this approach is more consistent with the current
character of macroeconomic modeling, based on micro-foundations. As a result, most
experiments fall rather within this category. The main purpose of these types of experiments is
to test microeconomic predictions and assumptions of macroeconomic models with direct
implications at the aggregate level. This type of experiment may be summarized in vein of
Duffy (2011, p.6) who claims: “In practice, experimental macroeconomics is not distinct from
microeconomic laboratory experiments, there is just a different focus or interpretation. A
macroeconomic experiment is one that tests the predictions of macroeconomic model or its
assumptions or is framed in the language of macroeconomics.” Even Ricciuti (2008)
emphasizes that it is almost impossible to find a substantial difference of macroeconomic
experiment over microeconomic one, since these type of experiments are based on individual
behavior of agents and the only macroeconomic feature is analysis of aggregates such as
inflation, unemployment, etc. The second approach was firstly applied by Charles Plott in
several of his experiments and is the one, which has a real macroeconomic content due to its
focus on inter-relations between several markets and the spill-over between them. This
Walrasian type of the laboratory experimentation is related to examination of the system
effects, equilibration and spillowers between markets. To sum it up, although laboratory
economy is not as complicated as the real economy, its simplified version may provide clue
whether the model can or cannot be applied to more complex real world. If a simplified
version of the economy in the laboratory does not reject the model of macroeconomic
behavior, it means that the model may be actually plausible.

Precise origins of macroeconomic experiments are rather not clear according to Duffy
(2008). Explicit statement of the existence of macroeconomic experiment within economics
are mostly dated to Robert Lucas’s (1986) invitation to macroeconomists to conduct
controlled laboratory experiments to cope with coordination problems, which remained
unsolved by macroeconomic theory. However, Vernon Smith’s (1962) double auction
experiment is prevalently considered as the first macroeconomic experiment conducted ever.
Sometimes it is pointed to Phillips” (1950) experiment, which used a colored liquid-filled
tubular flow model of the macroeconomy, which however did not involve human subjects.
Additionally, John Carlson’s (1967) experiment, which aimed to examine price expectations
in stable and unstable versions of the Cobweb model is also one of the first possible attempts.

Possible Insights and Common Downsides of Macroeconomic Experiments

The basic difference between experimental approach to testing theories and standard
macroeconomic modelling might be illustrated with help of Figure 1 below. According to
Noussair (2012) both methods have the same chain starting from the structure of the economy,
followed by agents” behavior with outcomes at the end. The difference lies in the way how to
reach the final outcomes. Whereas theoretical models simply assume the structure of the
economy, macroeconomic experiments set up the structure of the economy in the laboratory
environment. Secondly, in case of theory the behavior of agents follows from assumption
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given by the structure of the economy. In case of macroeconomic experiment it ensues from
the interaction of individuals and their decision-making in artificial environment.
Lastly, in case of theoretical models simulated outcomes and equilibria are outputs

which might be compared with the data acquired on the basis of the laboratory experiment.
Figure 1: Experimental Approach to Testing Macroeconomic Theories

Theory Experiment
Structure of the Assume Create Structure
Econqmy Structrre l
Beha\*our of ) 5
Agents Ass_umpt.lons on /
Ratloqallty, 1
Outco) Equil&ﬁria, — U Data v
utcomes Simulated
Source: Noussair, (2012). Outcomes

The basic advantage of experimental economics as opposed to real data is that it offers
full control over parameters in the lab, since the experimenter is flexible in modelling and can
set parameters in a desirable manner and direction. As a result, precise information about the
factors, which changed during the experiment are available, (Ricciuti, 2008). This is also
connected to micro-level causal relationships, since experimenter can directly isolate
phenomenon which he aims to test via parameters setting. Moreover, unaccounted factors are
highly eliminated. Causal relationship in terms of so called internal validity is secured by
specification of experimental group, which is exposed to tested effect and control group,
which is not exposed to this effect, but otherwise groups face the same conditions ceteris
paribus. Critiques point out to Duhem-Quine problem related to under-determination (and
impossibility to secure all ceteris paribus condition), due to which it is highly tough to secure
internal validity and thereby examine given phenomenon. However, this is general problem in
experimental economics, (See for instance Guala 2005). Furthermore, if we make comparison
of experimental data with field data, they cannot be described by the same degree of internal
validity in terms of causal relationship, (Duffy 2008). Additional argument, which goes in
favor of laboratory experimentation is replication of the experiment (with adjustment) if
doubts about internal validity emerge, (Smith, 1982). Concerns about internal validity are
common for both microeconomic and macroeconomic experiments together. However, what
are the most striking methodological concerns related directly to experimental
macroeconomics?

The most frequently mentioned issue, which is considered to be a delicate problem, is
external validity. External validity refers to “inferring from the special circumstances created
in the laboratory to the phenomena that takes places in the real world”, (Guala 2005, p.141).
Firstly, external validity is also common for microeconomic experiments. As a result we
should delineate external validity in case of macroeconomic experiments, which is rather
related to the problem of sample size. Secondly, artificiality seems to play also some role, but
that is also the case for microeconomic experiments. As opponents point out, substantial
internal validity at the expense of external validity may lead to high artificiality of experiment,
whose results is impossible to apply in the real world, (Starmer 1999), Cartwright 2007). For
instance Lowenstein (1999) points out that economists “have not been able to avoid the
problem of low external validity that is the Achilles heel of all laboratory experimentation,”
(Lowenstein 1999, p.3).

To clarify the former, macroeconomic experiments are described by rather small
sample size. Involving small groups of experimental subjects interacting for a short period of
time represents serious problem according to opponents, in order to utilize experimental
outputs and derive implications for the real world. The analysis of aggregate economic
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phenomena or even testing of predictions or assumptions of models is met with some
skepticism due to non-representativeness of the laboratory experiment from macroeconomic
point of view. However, with the current trend of macroeconomic models with
microeconomic foundations, the issue of number of subjects may not represent a problem.
Classes of macroeconomic experiments centered on single market are considered to be rather
simplification of the real economy, which is aimed to test exactly microeconomic foundations
of macroeconomic models. In other words, definition of macroeconomic experiment itself
provides justification for acceptable external validity, consistent with the current trend of
macroeconomic modeling. Moreover, their scientific strength is in building on economic
theory, (Ricciuti, 2008, Duffy, 2008). Additionally, studies of Smith"s double auction (1962),
Forsythe (1982), Plott and Sunder (1982), Sunder (1995) with partial equilibrium approaches
and Lian and Plott (1998) with a general equilibrium approach, generally conclude that small
population of 5-10 subjects with enough trading experience is sufficient in order to achieve
efficiency consistent with competitive equilibrium in various market environments. Statement
about not necessarily large sample size is documented by various experimental studies of
macroeconomic nature like Fehr a Tyran (2008), with number of subjects n=76, Fehr,
Kirchsteiger, Riedl (1998), n=52, Adam (2007) n=30, Duffy a Fisher (2005), n=10, Arifovic,
Sargent, (2003), n=12, Van Huyck, et.al (1994), n=40 and others. Additionally, we should not
rest on too restrictive definition of macroeconomic experiment, since there are many
experiments like coordination issues, which have purely microeconomic content with
macroeconomic flavor as noted by Duffy (2008).

To clarify the latter, internal validity at the expense of external should not be
considered as serious problem, since the degree of external validity is dependent on type of
the experiment. Schramm (2005) emphasizes that highly theoretical experiment doesn’t
necessarily require high degree of external validity, but rather of internal validity in order to
secure strong causality. In this case, experiments are used to test performance of theories in
light of working institutions or to test the initial assumptions of the theory. The other side is
represented by experiments designed to test-bed policies. In these experiments external
validity is of a major importance. This is usually common, when some new institutional
design is tested and requires unique practical skills, which are out of student’s domain.

Ilustrative Macroeconomic Experiment

Robert Lucas’s (1986) invitation to conduct macroeconomic experiments was
followed up on by many influential economists, recently Lim, Prescott and Sunder (1994),
Marimon and Sunder (1993), (1994), (1995), with a consequent expansion of macroeconomic
theories tested in the laboratory, among others by Duffy and Fisher, (2005), Van Huyck et al.
(1990), (1991), 1994), Arifovic, Sargent (2003), Bernasconi, Kirchkamp (2000), Deck (2004),
Duffy, Ochs, (1999), (2012), Fehr and Tyran (2007), Fehr and Tyran (2008), Heinemann,
Nagel, Ockenfels (2004), Hey (1994), Noussair, Plott, Riezmann (2007), Lei, Noussair,
(2007) and others. There is infinite variety of macroeconomic experiments, ranging from
Walrasian competitive equilibrium, asset price bubbles and crashes, bank runs, sunspots,
Keynesian coordination failures to speculative currency attacks and contagions.

This study will restrict attention to microeconomic experiment with macroeconomic
flavor in vein of Fehr and Tyran (2001) in order to further support afore-mentioned
methodological discussion and provide possible justification for conducting macroeconomic
experiments. Experiment is based on n-player pricing game with unique equilibrium and
strategic complementarity in vein of Haltiwanger and Waldmann (1989), where the best
reaction of individual in order to maximize profits is to set price, which is positively related to
the average price set by other n-1 players. The game has 40 rounds plus one trial period, with
a group size of n=4. Experiment is divided into a pre-shock and a post-shock phase, all of
which has T=20 periods. Fully anticipated negative monetary shock is implemented during
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the game, which is common knowledge to participants, (reduction of money supply from
Mo=42 to M;=14). Treatment groups received payoff functions, which provide them with
information about their pricing strategy. Pay-offs of participants are expressed either in
nominal or real terms. In order for subject to decide correctly about the price of his product
(price lies between 1 and 30) in the nominal environment, he needs to re-count nominal pay-
off into the real pay-off. The nominal pay off is given by P-i. ;. In order to compute real
payoff, subjects have to divide their nominal payoffs P-i. ; by P-i.

The real pay-off of subject i is given in Fehr, Tyran (2001) by:
7i = m; (P, P-i, M) i=1,...n

where P; stands for nominal price, P-; is the average price of the other n-1 group
members, and M is nominal shock variable. Subjects are informed about payoffs of other
subjects in the group, since x and y types players are present in nominal treatment. The need
to recount nominal pay-off into real pay-off is a cognitively challenging task, which is the
main barrier to optimal behaviour. This experiment aimed to test the ability of subjects in the
economy to adjust to the equilibrium after full anticipated negative monetary shock depending
on whether they face nominal or real environment. Results of Fehr and Tyran show that
subjects, which have to face money illusion in form of nominal pay-offs adjust in much
slower way in line with strategic complementarity. In other words, subjects (despite their
rationality) have tendency to set prices close to the pre-shock price, consistently with
development of the average price of n-1 players if only few players in reality suffer from
money illusion. This proved that money illusion is persistent phenomenon, causing substantial
nominal rigidities. Consequently, implications are derived for the economy at the aggregate
level, strengthening thereby New Keynesian predictions. In line with previous methodological
discussion, question arises, whether it is possible to derive implications from such laboratory
experiment at the aggregate level. Based on afore-mentioned methodological discussion, the
following comments are worth mentioning with regards to laboratory experiment used for our
illustrative purposes.

Firstly, one dimension concerns the well discussed number of subjects under scrutiny
due to the belief that it is difficult to approximate macroeconomic world through a laboratory
experiment with a small number of subjects. However, this macroeconomic experiment rests
on micro-foundations in line with assumptions of New Keynesian economics built in
experimental design. Figure 2 demonstrates more closely derivation of the aggregate level
effects from individual behavior.

Figure 2: From individual effects to the aggregate effects
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Microeconomic foundations of experiment are initially based on artificial economy
with strategic complementarity, where pricing behavior of individuals is tested after the
shock. Figure 2 shows that decision-making of individuals is tested in two different
environments, based either on nominal or real pay-offs. Subjects j are expected to form wrong
expectations about behavior of the other players i in an environment of nominal pay-offs. This
is given by individual money illusion. Additionally this movement in wrong direction is
multiplied since nominally confused individuals are followed even by rational subjects in an
environment described by strategic complementarity. According to Fehr and Tyran (2001),
these multiplied effects of individual money illusion are called indirect effects of money
illusion. On the other hand, the control group in real environment is expected to form correct
expectations about actions of j. Experimental results in this study proved the presence of
strong indirect effects of money illusion, which are associated with nominal rigidities. This
proof strengthens even more microeconomic foundations of New Keynesian theory and is
additional reason for slow adjustment at the aggregate level, (others are imperfect
information, implicit contracts, etc.). This is shown further in diagram, where actions of
individuals are followed by aggregate outcomes. As a result the sample size need not be the
relevant issue, as already suggested above and conclusion about nominal rigidities might be
generalized at the aggregate level. Moreover, as emphasized by Duffy (2008), evidence from
many auction experiments since Smith (1962) suggests that equilibration to competitive
equilibrium occurs reliably with just a few individuals on supply or demand side market, so a
large number of subjects need not be a necessary condition.

Secondly, this experiment enables the collection of a type of data less directly
observed in the field and even of better quality in terms of causation as suggested by Duffy
(2008). For instance, the examination of expectation formation after the shock is valuable
output, which cannot be obtained otherwise. Additionally, it is extremely difficult to collect
individual information sets regarding the actual price in the pre-shock and the post-shock
phase in the field, needed for comparison with ideal equilibrium prices to identify nominal
inertia, (Tyran 1999). Also identification whether the monetary shock is anticipated or not is a
serious constraint. The experimental method (as opposed to field data) possesses an immense
advantage in its control over the environment and information conditions. This is closely
associated with causal relations (and internal validity), which are directly under experimental
control, where the frame can be easily set by specification of treatment conditions as
emphasized by Fehr and Tyran (2001), (2005). In this case environment of nominal and real
pay-offs was created in experimental design. Examined phenomenon is secured by
specification of treatment condition with possible elimination of all other factors, which
should be constant, (See Table 1 for more details). Experimental group faces environment of
nominal pay-offs, which represent the need of subjects to cope with some barrier, i.e. the need
to recount nominal pay-off into the real pay-off. On the contrary, control group has to work
with an environment of real pay-offs when making decision about the price of production.
This does not represent any cognitive barrier and subjects should be pretty comfortable in this
environment. When keeping other factors constant, we are able to examine phenomenon of
confusion by nominal values by comparing the difference between these two examined
groups. Since otherwise equal conditions are secured for both groups with sufficient
elimination of all other effects, we may consider causal relation to be strong enough. This
method “allows a dramatic reduction in the number of auxiliary hypotheses involved in
examining a primary hypothesis”, thereby reducing Duhem-Quine problem as emphasized by

Davis and Holt (1993, p.16).
Table 1: Treatment Conditions

Treatment Other factors
Experimental Group Nominal pay-off Constant
Control Group Real pay-off Constant

Source: Fehr, Tyran, (2001), Guala (2005).
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Additionally, objections might be raised regarding the external validity of
experimental results. However, in the case of the more theoretical character of the experiment
examined in this case, there are fewer objections against lower external validity, which is
supported also by study of Schramm (2005). In case of these experiments internal validity is
predominant.

Conclusion

Experimental macroeconomics is becoming increasingly popular method used even by
well-known economists for evaluation of various economic phenomena. Like every
alternative method even this field is under scrutiny of opponents, who point out that validity
of experimental outputs might not be satisfactory. This article tried to tackle the most burning
methodological issues of experimental macroeconomics. Consequently, illustrative case study
follows, which provides further justification for conduct of macroeconomic experiments.
Study shows that although economists need to be careful in making generalizations based on
the results of an experiment that involves a small number of subjects, still less objection
should be made against using experiments in order to test predictions of macroeconomic
models based on explicit micro foundations. These experiments might provide guidance for
how subjects perceive examined phenomenon with consequent generalization. For instance, in
the economy with multiple equilibria it might indicate what equilibrium subjects consider as
more relevant. Additionally, experimental data should be understood as a complement to
standard econometric analysis of field data if there is no possibility how to gather some
specific data or if field data do not possess the character, which is desirable for examination of
specific phenomenon. Indeed, experimental data offer possibility, how to secure sufficient
internal validity in terms of micro-level causal relationships and exhibit better characteristic in
this sense than standard field data. Last but not least, we have to bear in mind in vein of Duffy
(2008) that all experimental work should be judged by its findings and not deficiencies, since
all empirical methods have their strengths and weaknesses.

References:

Adam, K. Experimental Evidence on the Persistence of Output and Inflation. Economic
Journal 117, pp. 603-636, 2007.

Arifovic, J., Sargent, T.J. Laboratory Experiments with an Expectational Phillips Curve. In
D.E. Altig and B.D. Smith, eds., Evolution and Procedures in Central Banking, (Cambridge:
Cambridge University Press), pp.23-55, 2003.

Bernasconi, M. and Kirchkamp, O.Why Do Monetary Policies Matter? An Experimental
Study of Saving and Inflation in an Overlapping Generations Model. Journal of Monetary
Economics 46, 315-343, 2000.

Carlson J.A. The Stability of Experimental Market with a Supply-Response Lag, Southern
Economic Journal 33, pp.305-321, 1967.

Cartwright, N. Hunting Causes and Using Them. Cambridge: University of Cambridge Press,
2007.

Davis, D., Holt, C. Experimental Economics, Princeton University Press: Princeton, 1993.
dostupné z: http://www.upf.edu/leex/_pdf/events/BLEESSM11MacroExperiments.pdf

Duffy, J. Monetary Theory in the Laboratory. Federal Reserve Bank of St. Louis Review 80,
pp.9-26, 1998.

Duffy, J. Macroeconomics. A Survey of Laboratory Research. Chapter of the Handbook of
Experimental Economics,vol.2., lecture, 2011.

Duffy, J. and Ochs, J. Emergence of Money as a Medium of Exchange: An Experimental
Study. American Economic Review 89, pp. 847-77, 1999.

Duffy, J. Macroeconomics: A Survey of Laboratory Research. Working Papers 334,
University of Pittsburgh, Department of Economics, 2008.

249


http://ideas.repec.org/p/pit/wpaper/334.html
http://ideas.repec.org/s/pit/wpaper.html

Duffy, J., Fisher, E.O"N. Sunspots in the Laboratory, American Economic Review, Vol.95,
pp.510-529, 2005.

Duffy,J. and Ochs, J., Equilibrium selection in static and dynamic entry games, Games and
Economic Behavior 76, pp. 97-116, 2012.

Fehr, E., Tyran, J. Money lIllusion and Coordination Failure. Games and Economic Behavior ,
Elsevier, vol. 58(2), pp. 246-268, February, 2007.

Fehr, E., Tyran, J. Limited Rationality and Strategic Interaction: The Impact of the Strategic
Environment on Nominal Inertia. Econometrica , Econometric Society, vol. 76(2), pp.353-
394, 03, 2008.

Fehr, E.; Kirchsteiger, G.; Riedl, A. Gift Exchange and Reciprocity in Competitive
Experimental Markets. European Economic Review, Elsevier, vol.42(1), pp. 1-34, January,
1998.

Fehr, E.; Tyran, J.R. Does Money lllusion Matter? The American Economic Review, Vol. 91
No.5, pp.1239-1262, 2001.

Fehr, E.; Tyran, J.R. Expectations and the Effects of Money Illusion. In: B. Agarwal and A.
Vercelli (Eds.): Psychology, Rationality and Economic Behavior. Challenging Standard
Assumptions. International Economic Association, Ch. 8: pp.155-80, 2005.

Forsythe, R. et.al. Asset Valuation in an Experimental Market. Econometrica 58, pp.537-68,
1982.

Guala F. ed. The Methodology of Experimental Economics. New York: University of
Cambridge Press, 2005.

Haltiwanger, J.; Waldman, M. Limited Rationality and Strategic Complements: Implications
for Macroeconomics. The Quarterly Journal of Economics, Vol.104, No.3, pp.463-483, 1989.
Heinemann, F., Nagel, R. and P. Ockenfels, P. The Theory of Global Games on Test: Experi-
mental Analysis of Coordination Games with Public and Private Information. Econometrica
72, 1583—1599, 2004.

Hey, J. D. Expectations Formation: Rational or Adaptive or ...? Journal of Economic Behavior
and Organization 25, pp. 329-344, 1994,

Lei, V. and Noussair, C.N. Equilibrium Selection in an Experimental Macroeconomy.
Southern Economic Journal 74, pp. 448-482, 2007.

Lian, P. and Plott, C.R. General Equilibrium, Markets, Macroeconomics and Money in a
Laboratory Experimental Environment. Economic Theory 12, 21-75, 1998.

Lim, S. Prescott, E.C. and Sunder, S. Stationary Solution to the Overlapping Generations
Model of Fiat Money: Experimental Evidence. Empirical Economics 19, pp. 255-77, 1994.
Loewenstein, G. Experimental Economics from the Vantage-point of Behavioural Economics.
The Economic Journal, 109:F25-F34, 1999.

Lucas, R. E. Jr. Expectations and the Neutrality of Money. Journal of Economic Theory, Vol.
4, No.2, April, pp.103-124, 1972.

Lucas, R.E. Jr. Adaptive Behavior and Economic Theory. Journal of Business 59, pp. 401-
426, 1986.

Marimon, R. and Sunder, S. Indeterminacy of Equilibria in a Hyperinflationary World:
Experimental Evidence. Econometrica 61, pp. 1073-1107, 1993.

Marimon, R. and Sunder, S. Expectations and Learning under Alternative Monetary Regimes:
An Experimental Approach. Economic Theory 4, pp. 131-62, 1994.

Marimon, R., and Sunder, S. Does a Constant Money Growth Rule Help Stabilize Inflation?
Carnegie-Rochester Conference Series on Public Policy 43, pp. 111-156, 1995.

Noussair, C.N., Plott, C.R. and Riezman, R.G. The Principles of Exchange Rate De-
termination in an International Financial Experiment. Journal of Political Economy 105, pp.
822-61, 1997.

Noussair, Charles. Macroeconomic Experiments. Lectures, Tilburg University, 2012,
Available at: http://www.upf.edu/leex/_pdf/events/bleess12 courses/macro_experimentsll.pdf

250


http://ideas.repec.org/a/ecm/emetrp/v76y2008i2p353-394.html
http://ideas.repec.org/a/ecm/emetrp/v76y2008i2p353-394.html
http://ideas.repec.org/s/ecm/emetrp.html

Ochs, J. Coordination Problems. in J.H. Kagel and A.E. Roth, eds., The Handbook of
Experimental Economics Princeton: Princeton University Press, 195—251, 1995.

Phillips, AW. Mechanical Models in Economic Dynamics, Economica 17, pp. 283-305,
1950.

Plott, C.R. and Sunder, S. Efficiency of Experimental Security Markets with Insider
Information: An Application of Rational-Expectations Models, Journal of Political Economy,
90, 663-698, 1982.

Ricciuti, R. Bringing Macroeconomics into the Lab. University of Siena Department of
Economics WP No.4, 2005.

Schram, A. Artificiality: The Tension between Internal and External Validity in Economic
Experiments. Journal of Economic Methodology, 12 (2), pp. 225-237, 2005.

Sims, C. A. Macroeconomics and Methodology. Journal of Economic Perspectives 10, pp.
105-120, 1996.

Smith, V. L. An Experimental Study of Competitive Market Behavior. Journal of Political
Economy, Vol.70, pp. 111-137, 1962.

Smith, V. Microeconomic Systems as an Experimental Science. American Economic Review,
72, pp. 923-955, 1982.

Smith, V.L. An Experimental Study of Competitive Market Behavior. Journal of Political
Economy 70, 111-137, 1962.

Starmer, C. Experiments in Economics: Should we Trust the Dismal Scientists in White
Coats? Journal of Economic Methodology, 6, pp. 1-30, 1999.

Sunder, S. Experimental Asset Markets: A Survey. in J.H. Kagel and A.E. Roth, eds., The
Handbook of Experimental Economics Princeton: Princeton University Press, 445-500, 1995.
Tyran, Jean-Robert. Money Illusion and Strategic Complementarity as Causes of Monetary
Non-Neutrality, Lecture Notes in Economics and Mathematical Systems. Berlin: Springer,
1999.

Van Huyck, J.B., Battalio R.C., and Beil R.O. Tacit Coordination Games, Strategic
Uncertainty, and Coordination Failure. American Economic Review 80, 234-48, 1990.

Van Huyck, J.B., Battalio, R.C. and Beil R.O. Strategic Uncertainty, Equilibrium Selection,
and Coordination Failure in Average Opinion Games, Quarterly Journal of Economics 106,
885-910, 1991.

Van Huyck, J.B., Cook J.P., and Battalio R.C. Selection Dynamics, Asymptotic Stability, and
Adaptive Behavior, Journal of Political Economy 102, 975-1005, 1994.

251



THE IMPACT OF VIOLENCE ON THE MENA REGION
BUSINESS AND TRADE

Akl Kairouz, Prof. Emeritus

Issam Atala, DBA
Sagesse University, Lebanon

Abstract

International business, historically, consisted of trade and transactions of goods being
exchanged between different parties. It embodies manufacturing, purchasing, shipping and
marketing of specific products under different brands and shapes within a highly competitive
environment. After the research and findings conducted by Adam Smith and elaborated in his
book the wealth of nations, the world made tremendous changes. The Division of work and
tasks along with the evolution of the business concept and trade more control and
coordination are needed nowadays. Since the evolution by itself created new processes to
implement, the human behavior faced new challenges as well, the repercussion of the latter
affected the exchange of goods and services system and the situation is becoming more
ambiguous to understand if what drives the forces in trade are result of violence carried out by
market forces or initiated in organizational culture!
The success in international business depends on many key factors namely; the product’s
quality and costs, the financial, political and legal ingredients, cultural differences and
similarities, the availability of natural and human resources to acquire and sustain competitive
advantage, within a secured and stable environment.
This research focuses upon the cultural- military environment and its impact on national and
international business trends in mainly the MENA region.

Keywords: Violence, international business, trade, communication, behavior

Introduction

Originally, successful international trade led many empires, in human history, to gain
political and military powers as they exploited conquered territories and colonies. The main
actors in history have been identified in ancient Phoenicia/ Greece, Venice, England, Spain
and many others. Presently with the technological revolution in science, communication and
transportations, goods are offered to consumers at competitive prices and within shorter time;
for the world has been reduce to an international “global village” whereby, ideologies, people
and goods are no longer confined to borders or limited geographic space. Nevertheless,
humans so far failed to build the human prototype of the future by adopting the culture of
peace, cooperation, mutual respect for human rights and other sublime objectives.

For many international writers, the ruling devils controlling humanity remain
insistently motivated and mobilized by greed, fear, exploitation, violence and mutual
destruction.

The much sought global order has not been born yet inspite of the many expressed
wishes, attempted regulations and hopes. The jungle law, camouflaged by cultural, economic
and ideological masks remains in force. It is indeed the extension of the international “ball of
masks” and econo-political-religious adultery: all of which form the tiny prison in the planet.

The main focus of this research revolves around the attempt to clearly define and
outline the trends, obstacles, and consequences adopted by diverse actors in the MENA
region, particularly the Arab world that once was qualified as “the cradle of civilization”, but
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recently transformed into the grave of civilization. Furthermore, this world suffers from
creepy economic stagnation, generated by the legal-political and military environments that
control the region, particularly in the non-oil producing countries.

Main Text
The Mena business environmental determinants

Multinational corporations as well as business firms in general would not be able to
globally export their goods and services, unless the market environment proves favorable and
attractive; consequently an in-depth assessment of that environment is required in this
research. The business environment is not limited to simple transactions or exchange of goods
and currencies; it also incorporates transfer of expertise, technology, transportation,
communication channels, services, and human resources, all operating under a dome of a
socio-political-religious and legal system. It is the international Olympic game between
governments and people. The key players set up the rules and the parameters for what is
allowed or forbidden. They are the masters with undisputed authority, known by most as the
sovereignty to formulate policies and make decisions relating to planning, employment,
security, taxation, environmental protection, currency stability, regional and international
relations. (Morrison 2009)

The focal issues this paper intends to highlight involve:

The laws governing business transactions in selected Middle Eastern countries to
promote and sustain national industrial productivity: including types, levels, and availability
of natural and human resources.

The politically stable environment that would reduce immigration flow of skilled labor
from one country into another to promote economic growth through intelligent and visionary
planning by experts in diverse fields. This environment requires the application of democratic
governmental systems based on lawfulness and good governance.

Evolution from a primitive culture based on individualism, violence, revenge,
exploitation and slavery into a modern one promoting cooperation, collectivism, partnership
and peace.

The promotion of human secularism facing the traditionally blind theocratic
dictatorship by few self-appointed leading “generals” of God’s armies to defend his honor
and fight his battles.

Governmental policies underlying different types of economic systems such as liberal
market model, state planned and controlled economy, or a social market model whereby
outcome would be through division among the MENA countries. Some of them are rich in
natural resources namely oil and gas such as the Gulf countries, others are struggling with
unemployment, low Gross National Income (GNI), dependent on foreign subsidies, aid and
borrowed funds, while intermittently they receive a meager portion of foreign direct
investment (FDI). Examples of these countries are Egypt, Syria, Jordan, Lebanon; others are
torn by civil unrests and wars that destroy their economies businesses and resources such as
Egypt, Libya, Syria, Yemen, Iraq etc...

In general, most of these countries are classified as importers rather than exporters,
once oil and gas are excluded. Lebanon’s imports for example reached in 2013 over 16 billion
U.S dollars while its exports failed to reach 4 billion.(The National Association For Economic
Reforms 2013)

Violence in the Arab world

Most Arab countries, known historically for their geography and cultural traits such as
generosity and hospitality, are presently in the process of rapidly losing the positive qualities
their people enjoyed, drenched in storms of individualism, materialism and violence.
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Kidnapping, assassination, corruption, religious / ideological fundamentalism, terror
and wars have become the governing rules of the socio-economic and political games. The
examples are numerous starting with those countries that once enjoyed glorious ancient
civilizations such as Lebanon, Syria, Iraqg, Palestine in its Jewish and Arabic sections, Egypt
as well as neighboring Iran and some North African states.

The political- military deadlocks in the region imposed great influence on the socio-
economic fibers of those countries as they become immersed with unemployment, poverty
and crimes. (Kfoury&Baahous, 2008)

The intense human violent behavior stands as a major cause for political instability and
economic deterioration. (Aluede&Imhanlahimi 2004)

This environment of violence adversely affects the business and industrialist ability to
take risks and be more creative.

The aggressive behavior

The violent behavior in the sampled countries begins with the child in his mother’s
womb, expending to family circles, media programs, schools and awkward learning
environments, ending with religious and socio-political ones.

The MENA region is more dangerous today than it has ever been, for terrorism has
been justified and praised by some as a religious duty of the faithful under the concept of
“Jihad”, (holy wars) in defense of God’s interests on earth.

Causes of violence and wars in the MENA region

Although there are general common causes for violence and terrorism, each region and
even country has its own peculiarities and motives. The main reasons for violence, in the Arab
world maybe summarized in the following:

The revival of nationalism often blended with cultural intolerance and narrow
mindedness. ( Journal of Cultural Studies, 2007)

The fierce conflict lies in the fact that culture is amalgamated with religious taboos and
fundamentalism, leading to/or presaging of local, regional and even international conflicts.

The economic conditions since the majority of the countries’ populations suffer from
unemployment, poverty, and the absence of strategic and adequate economic planning
intensifying the economic disparity between states and people. The general environment is
one of uncertainty, dictatorial control and mobilization of the masses against a designated
enemy in order to preserve the power of the ruling leadership. ( Kairouz 2008)

Terrorism in all its kinds and forms, whether military, psychological, economic,
cultural or cyber technological has been justified even confused by many religious, academic
and political leaders as “sacred resistance” against the presumed western plan to destroy the
Arab Muslim culture, religion and identity threw materialism and secularism. As a result a
faithful Muslim has the duty toward God to stand up, carry arms and enlist in “holy wars”
(Jihbad). God has been promoted to and impersonated as a military “general” with armies,
waging wars against innocent humans just because they belong to a different faith.This
psychological indoctrination and brain washing wipes out all principles of ethics. The ultimate
goal is to subdue and rule land and people under the pretext of serving God. The tools used to
reach such objectives are impregnated by fear, uncertainty and feverish emotional
mobilization of the masses. In contrast a large humber of educated and reasonable rulers as
well as religious Muslim leaders call for the adoption of peaceful coexistence with other
cultures. They are waging an open, but shy battle with the fundamentalists, trends, movement
and armies.
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The Arab Israeli conflict

Israel constitutes another unresolved problem in the Middle East. It is viewed, based
on teaching transferred from generation to another, as a tool implanted by the great western
Satan to destroy Islam and Islamic culture. The Arabs, safe Jordan and Egypt, who signed a
peace treaty with Israel, continue since 1947 to boycott Israeli goods and all international
firms or businesses that directly or indirectly deal with Israel and in matters including books,
newspapers, Christian arabs, visits to the holy lands and participation in international events
should the Israelis be present.

This unresolved Arab Israeli conflict displays negative effects on the flow of trade and
economic growth in some countries. Lebanon, for example has at its disposal one international
route through which it can export its produce to the gulf countries, namely through Syria.
However, when the Syrian borders are closed for a variety of unjustified reasons, Lebanon’s
economy pays dearly a heavy penalty instead of being able to use a substitute route from the
south via Israel and Jordan. Furthermore, in the educational system, children are exposed to
learn a culture of violence instead of one of peace and conflict resolution.

The cult of leadership

Certain Arab leaders have been worshiped and proclaimed “divine” e.g the case of
Jamal Abdel Nasser. They resort to buying the devotion of their followers, through favors,
imposed obedience and fear. The main issue remains the continual struggle for power between
civil and religious leadership to which no clear path has been yet determined.

The arms race and military spending

The arms race between member states, further contributes to the deterioration of local
economies and international businesses. This includes conventional, chemical and recently
nuclear weapons.

The economic and business consequences of the unstable environment

The economic and business consequences upon the developing MENA countries have
so far been tilting toward negativism and unpleasant trends in different areas due to instability
of the region.

Lower flow of FDI

The MENA region embodies an intensified paradox with regard to international
business transactions, in a region, still so much backward in its political systems, torn by
violence, conflicts and wars, continually destroyed, rebuilt to be re-destroyed and destabilized.
As a result, for example the share of FDI flow in 2012 did not surpass the 0.38 of 1%.

This unstable environment and endemic institutional constraints fail to attract but an
abysmal flow of investors and FDI (Revlin, 2001). Compared with other regions, the MENA
countries received lately less than any other countries foreign investment shares( Sadik&
Ballal,2001). The least recipients and beneficiaries are Egypt, Lebanon, Syria, Iraq, Libya,
Yemen... (Eid& Paua,2002).

Most of the targeted FDI recipients are countries with petroleum related businesses, in
particular producers of hydrocarbons. According to UNCTAD’s Inward FDI Performance
Index in 2003, 6 of 10 listed countries to receive the lowest FDI percentage were in the
MENA region (UNCTAD, 2003).

Consequently, the main factors affecting economic development and FDI flows
comprise (a) indecisive and risky return on investment ( ASIEDU, 2002); (b) political and
armed revolutions and conflicts; (c) lack of institutional stability and rule of law; (d) absence
of proper infrastructure relating mainly to energy, communication, telephones, internet, roads
etc... ; (e) bureaucratic corruption and endless red tapes; (f) unattractive investment climate;
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(g) human capital shortage, since low benefits and poor security drive skillful elements to
immigrate (Rinkin 2001); (h) erratic availability of natural resources due to political unrests
excluding oil flow (Moriset 2000); (i) unsound macroeconomic fundamentals relating to
inflation, taxation, and external debts that usually increase in times of wars and violence.

Restrictions on international trade

Wars and conflicts result in the counter flow of capital out of the combat zone.
Investors as well as businesses closely calculate the risks they might be victims off. Their
initial decisions would focus on (a) laying off employees and causing more unemployment in
addition to lesser purchasing power among the citizens and higher taxation; (b) more
smuggled goods flooding the black market affecting prices and sales; (c) businesses inability
to secure loans from banks as they fail to settle their debts, and consequently forfeiting their
properties and hard assets. Furthermore, most of the MENA countries have small and poor
markets to attract foreign capital. Worst, the overwhelming evidence about the absence of
good governance, the rule of law and economic freedom negatively struck any business
contemplating to enter the market.

Rise in crimes and corruption

In the absence of an efficient legal system, individualism and uncertainty dominate,
terror and the gun replace the government role. Factories, stores, and all business concerns
would seek huge profits at the expense of the poor and less fortunates. This unhealthy
environment does not attract foreign investors and firms, for (a) the local market in unstable
and impoverished except for a handful of promoters; (b) the resources are either destroyed, or
confiscated by powerful military groups or difficult to secure; (c) absence of efficiency
(Dunning 1993).

Poor governance

Under the revolutionary and violent trends that are sweeping the region, the political
and legal authority is concentrated in the hands of a military or civilian dictator dragging the
country into economic stagnation and destruction (Kaufman et. Al 2000). Transparency, the
rule of law and accountability are non-existent, for the legal system is usurped by fanatic
religious leaders (Goberman& Shapiro, 2003). The ultimate risk in any business transaction
will be aggravated when fair judicial proceedings are subservient to corrupt political power.

Lack of economic freedom

The basic ingredients of economic freedom such as free competition, protection of the
individual and private property, trade liberalization, fair tariffs and taxes, relaxed banking
regulations and funds repatriations should not be controlled by militants and warriors.
Furthermore international trade contracts must be equitably enforced rather than subjected to
fraud (Beck, Levin &Loayza, 2000). The worst is the absence of protection of property rights
(Gwatney, 2003) which legally determines the protection of foreign capital and firms’ assets
from expropriation or nationalization as has been the case when facing wealthy and powerful
individual rulers or groups (Globerman& Shapiro, 2003). In this case the enticement for
foreign companies to invest is removed and replaced by a multitude of risks (Drabek& Payne,
2001). In addition, costly relations between the investor and the public sector limit all
attractions for investment ( World Bank, 2003).

Conclusion

This paper attempted to identify and examine the impact of instability, violence and
warfare, as well the absence of the rule of law upon international trade and business with Arab
countries in the MENA region.
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The analysis clearly confirms the hypothesis that political, legal corruption and
unlawfulness do lead to violence, instability, and consequently poor flow of FDI as well as
disruption of international business.

Since the MENA region is beleaguered by wars and terrors, its share of FDI flow has
been abysmal. Consequently this research suggests several policies to be urgently adopted and
implanted to remedy these deficiencies.

Reduction of corruption, bureaucratic red tapes and trade closure (Batra et al 2000).

Reduction of governmental role in endorsing privatization and liberalization of trade
by removing barriers.

Improvement of the macroeconomic performance to sustain the fundamentals of
economic growth.

Promotion of the culture of peace at all levels of education to trigger a real evolution
from the ancient Middle Eastern human mentality and cultural values through secularization
and peace.

Time is running short before reaching the point of self destruct. The MENA
governments and societies are urged to apply a surgical evolutionary change to the rigid and
outdated legal, political and economic systems.
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Abstract

According to our research companies that have closer connections with their clients,
suppliers and research institutes use the latest digital/network tools proactively, their
organizational and inter-organizational relations are technology oriented, they are more likely
to achieve success in research and development (innovation). Existence and development of
network competences have a positive impact on corporate culture, inter-organizational
technical co-operation, on openness and integration as well as on further innovations. The
research plan envisaged making 30 interviews. In the preparation of the sample, we planned to
interview in 80% representatives of companies where either digital innovation or the use of
digital networks plays a crucial part in their business profile. The remaining 20% were
intended to be made up of manufacturing and service companies. The analysis of the sample
monitored the way companies and organizations allocated supplementary resources on behalf
of information management in order to develop competences and to implement digital
innovations. From the results - as suppositions for a future quantitative survey to test - we can
state the followings: Using digital network solutions for the purposes of networking is mostly
typical of large B2C enterprises, or firms and organizations where the development of
(natural) networks plays a crucial part in their business profile (non-governmental
organizations). The staff of companies with a “digital profile” play a leading role in terms of
utilizing informal professional communities and networks (both online and offline). This
mostly involves professional communities, professional platforms and meetings.

Keywords: Network, competence, digital embeddedness, education

Introduction

Our goal was to examine both online and offline networks mapping them on an
interface of two measurable success-indicators. One of these indicators had been defined as a
set of achievements gained by a competitor. It is related to figures of effectiveness, growth
and sales. We had labelled this indicator as the “competitive advantage™. We had labelled the
other indicator as the “visible success indicator””. The indicator of visible success had been
generated from the results of marketing, brand awareness, PR and to partners’ and consumers’
loyalty. The analysis of the sample monitored the way companies and organizations allocated
supplementary resources on behalf of information management in order to develop
competences and to implement digital innovations. We assumed a close correlation between
the results of measurable success-indicators, investments and developments. Furthermore, this
research also focused on the size of companies, industrial embeddedness and on the profiles of
the analyzed networks for a deeper understanding. A literature review preceded the empirical
work in order to clarify the conceptual framework of the hypotheses and in order to set up the
framework of the questionnaire.
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Network competence

The basic category of the research is network competence which we analyze with
reference to activities both online and offline. Business and organizational networks have
been facing the breakthrough of online communication, growing data resources and
vulnerability, the transparency of partner and trust-based networks and, also, security risk. In a
digital environment the continuous development of networks and network competences as
well as the redefinition of offline networking channels and competences are also important for
an effective and successful operation of networks.

A network is conventionally understood as the sum of hubs and that of the hubs’
linkage. Within each framework we analyze the connections among digital social, business
and sophisticated users’ networks. These are dynamically changing systems built on network
competences or via developing network competences. Quantity, quality, centralization or
decentralization of linkages in close correlation with digital-technological innovations, with
the use of online networks will all determine the rationale of these complex networks.

We assume that the function and decision-making processes of offline networks are
under the influence of digital platforms and online networks primarily because the Internet is
a scale-free network. Besides, scale-free frameworks are extremely resisting to occasional
errors, so a great number of randomly chosen points can be removed without ruining the
coherence of the framework. However, on the other hand, these frameworks are really
vulnerable in case of a targeted attack because the removal of relatively few points could ruin
the biggest hubs of networks — and they might disintegrate. We analyze networks with
reference to their spots of risk, vulnerability and effectiveness: we map how much they attend
the logic of scale-free networks in the use of online networks.

To operate a network or organization network competences are needed that manage
processes of decision, promote effective organizational communication and the
competitiveness of the company concerned. As long as progressive and interactive
understanding and skills cooperate on various levels of an organization, network competences
can prevail (Edgar — Lockwood, 2008), and effectiveness as well as competitiveness improve.
The use of digital tools and the rapidly changing digital environment deconstruct certain
network competences, and set up or weaken the importance of others.

Digital tools and platforms, online networks and ICT innovations rely exclusively on
digital and network competences, and their continuous improvement is of uttermost
importance because accumulating amount of data and their supply chains within the
organization and in inter-organizational relationships are determinative. The online data
collection and the interpretation of the results on the organization or that of the
partner/concurrent organization imply separately analyzable competences. Our indirect target
is to point to an emerging effect that makes the analysis of network competences
indispensable: this is the so called big data or data boom. The network of data and contents
are facing a serious challenge in the digital environment. The growing amount of data, that
come from sensors, social media networks, online knowledge sharing and from lots of other
resources, brings up basic questions for the handling of data resources and induction, network
innovations and network education.

Basic questions

Our research questions are the following: How do social and business networks, that
use the Internet as a scale-free network, measure the vulnerability and risk of digital/online
networks? Furthermore, how are they getting ready for big data’s effects, how can they make
advantage of them. Do communication and education decrease vulnerability and risk? How
much does it depend on the size of the company/firm/organization/network? How much does
it depend on the industrial or other embeddedness of the company/firm/organization/network?
How determinately do they consider the technical-digital embeddedness and how much do

260



they consider the human/organizational decisions? Which one of these two promotes
effectiveness? What is the connection between the size of the network and the level of
competence?

Theoretical Background
The Framework of Networks: Relatedness, Tight Bonds and Vibrations

The network, as defined above, is the sum of the hubs and the links connecting them.
Due to the infrastructural development of digital environments various and effective tools are
available via online and social networks (Gloore et al., 2012). Within business and
organizational networks, the nodes belong to the same sector’s interconnections or to that of
different sectors. The wiredness or a particular node involvement makes the organization
more sensitive and influential in the network information flow. Theories of competitiveness
emphasize the importance of taking care that a company or organization would not keep the
network under control, otherwise it will be less effective and innovative and they would be
seeking profit with the help of others' initiatives and creative solutions. It is important to try to
understand: they need to see and know how the network operates in terms of the associated
partners, and how they see their positions from there (Anderson — Hakansson — Johanson,
1994; Dodgson, 1993; Hakansson — Ford, 2001; Mattsson, 1997; Wilkinson — Young, 1994).

The relationship of these companies and organizations can be divided into online and
offline networks, and can be examined according to these dimensions. Information
management, the most recent digital network services, the use of digital tools and programs
require additional resources. The question is how much these resources can be regarded as an
investment, and how they support the company's or organization's competitiveness. The
offline networking competence from this viewpoint is also indispensable because traditional
fiduciary and risk mitigation tools have an important role. The so-called network quakes
according to their extent and strength have various effects on the operation and effectiveness
of companies and organizations. It is therefore an important issue for the members of the
network how they can reduce this kind of vulnerability and what crisis management solutions
are used online and offline concerning their networks in order to be able to preserve their
position and innovative capacity (Csermely, 2009).

Offline and Online Networks: After the Digital Turn

As we have mentioned earlier, exploiting the potential of online networks is crucial for
corporate and organizational relationships, and, presumably, for their business and social
communication and decision-making chains, that use the most recent digital and online tools
and competencies, they might become more competitive compared to the sector’s other
companies and the organizations. However, we assume that the online network extensiveness,
its importance for the company, using the latest digital tools, and the importance of the
education all depend on the profile of the company, its size, and on the staff generations
represented.

Trusting a network (Krackhardt - Hanson, 1993) the legitimacy and strength of nodes,
streamlined network management, issues of safety versus effectiveness are present both in
online and offline networks, but in different ways, and - at the same time - also interconnected
with one another. Innovations and effectiveness support the openness, and trust and security
supports increasingly exclusive and restricted network solutions. So when we talk about
offline and online networks after the digital revolution, it is a fundamental question where the
boundaries of the development of the network, of the point of view and that of online-offline
network competences are. To what extent does competitiveness strengthen the node’s place
within the network and the trust, and when should restrictions be launched for cost cutting,
returning investments in order to save security functions? How should competitiveness and
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the proportion of expenditure, the investments of the communicable and demonstrable
competitiveness be optimized?

Operating along algorithms generate common platforms and network management for
companies’ management, logistics, organizational development, project management,
administration and other corporate and organizational functions’ online associate frameworks.
They are less flexible between two stages of development, their codification limits usability,
and their infrastructural vulnerability could lead to the vulnerability of human network as
well.

Information economy, knowledge economy and the network economy model was to
call attention to the fact that networks are resources in themselves: within a network
technological innovations can spread more easily, and it is easier for companies and
organizations to adapt to each other, they have a greater influence on each other to increase
their effectiveness and competitiveness (Bharadwaj, 2000; Seltzer - Bentley, 1999; Vergeer -
Pelzer, 2009).

Network Competence, Education and Connectivism

Competence as a sum or as a framework of skills is closely related to the concept of a
network. Social capital, the Internet or the digital community - professional platforms’
management - just to name a few — assume complex capabilities. Network management
capabilities and skills (Mdller - Svahn, 2003; Ritter - Geminden, 2003) define a definite
competence-portfolio (Vlasyuk, 2010).

The concept of network competence applies to offline and online network management
and network control, to self-learning solutions and to organized education at the same time.
Traditional offline forms are moving to some extent to online networks and online
frameworks are newer, platform-oriented stage among competences.

The sustainability of digital networks and the increase the competitiveness altogether
assume continuous innovation and competence development as well as education: recent
developments represent at the same time pre-studies, research and the
company’s/organization’s opportunities or expectations to ease its whole network’s
competence. The development of competence is in this sense system-levelled and includes
within the network all those who are involved in the innovation. Developed or adapted
solutions are therefore not solely individual components: they also operate as restructuring
devices (Henderson - Clark, 1990). Along proper network and digital competences in the
digital environment, rapid changes make it possible for companies and organizations to
achieve competitive advantage fast and/or on the long run (Grover - Kohli, 2013), and their
success can be communicated, marketed, visible, and — in terms of marketing and in
partner/customer loyalty — a leverage. As far as the involvement of related resources is
concerned it is the process that is in the focus (Partanen - Mdller, 2012: 491), where it is
important to develop competences continuously. In operation management of networking
competence co-operation, collaboration, competition and perceptibility (Vlasyuk, 2013: 970-
971) — all enhance the visibility and representation of success. Within networks an online
community space or a knowledge-sharing portal can have a featured terrain that is being co-
developed by an increasing number of organizations based on social media and interactive
content services. The activity started earlier in forms of mailing lists and, later, via forums
provided some space for communication, and by now social network sites have largely shifted
to this type of activity.

Competitiveness, Network Trust, Vulnerability

Networking competences are in a dynamic interaction with one another and they
promote corporate competitiveness for a strategic vision (Edgar - Lockwood, 2008 and Wang
et al, 2012.). It is based on the thesis that a strategic network development approach is needed
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which is built on the so-called ICT fund (Partanen - Médller, 2012), and that also represents
value creation (Msanjila - Afsarmanesh, 2009: 4769).

Trust is a collection of personal beliefs (Berners-Lee et. 2006: 88): competitiveness
and the level of trust are fundamentally interlinked within networks. The results that mark a
higher quality and creativity assume networks based on trust (Gloore et al., 2012). Trust and
loyalty can be built and can feature among companies and organizations in multiple ways, but
according to our study the most important question is a sustainable level of online reliability —
can it be as reliable as its offline counterpart, or can the online discourse of reliability
strengthen offline trust. A further question is how much these factors depend on digital tools
and platforms, how much on the human factor, and what impact they would have in online
and offline networks in the presence and absence of trust. What does risk imply within these
networks?

Without trust the majority of online activities would not be viable. Lack of trust can
have many reasons, the most significant of which is incorrect communication and information
sharing and the unwillingness to share risks (Alawamleh - Popplewell, 2010). This question —
among others — is answered by the MESH of companies, a response to the rapid evolution of
technology solutions by results built on networks and sharing. In such networks proper
resources are only available until the company, the organization or consumers need it. So
these are trust products and services, where the credibility of the members of the network and
their reliability are standard (Gansky, 2010). As far as trust is concerned networks’ informal
relationships are important. Their mapping makes the understanding of important and strong
linkages possible. In the restructuring of networks and via the network dynamics these
linkages may get damaged or they could develop (Sellitto, 2011: 27).

Trust also implies vulnerabilities — both in case of trust on tools and on human
relations. Vulnerability can be reduced on the network level if the network is scale-free, so it
has enough strong bonds and therefore it is more resilient to random errors, and if targeted
attacks can be prevented. These formal and informal bonds on corporative and organizational
level are needed to be treated carefully, their removal may be critical. So networks quakes can
be prevented.

Network Competence, Strategic Co-Operation, Collaboration

The size of the organization and the organization’s position within the business-
network concerned provides its functional networking status quo (Wang et al., 2012). Position
and linkage might only be qualified after entering into co-operation (Partanen — Méller, 2012:
491). Insight, analysis, the integration of networking competences for this are indispensable
both in case of nodes with tight linkages and in case of nodes with lose ones investigating
separately the speed and methodology of a node’s connectedness (Watson et al., 2004). Only
an overall system can be error tolerant.

Networking competence is consequently the basic question of strategic co-operation
and its analysis requires the monitoring of the quality of collaboration (Partanen — Mdller,
2012: 491) and that of a shared or alternative strategy (Grover, V. - Kohli, R. 2013).
Competitive advantage within this networking complexity is viable via a strategic point of
view supported by education.

Networking Visibility and Reputation

Visibility is a basic requirement for the nodes within networks: the extent of visibility
depends on corporate profile, business embeddedness, vulnerability, risk factors and on
communicational strategies and marketing/PR targeting. Competition and visibility together
(Vlasyuk, 2013: 970-971) enhance the visibility of success — c.f. above. The extent of
visibility has become even significant within online embeddedness: the organization, people
working within these organizations, the ones in collaboration with the organization all
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produce, share and traffic masses of digital data. It is of strategic importance what and which
segments of these data will become available, visible, recognizable and with what
implications. Just think of the fact that the good reputation of a corporation can be ruined on
account of a piece of information that has gone viral on an online social platform: the impact
and the vulnerability of visibility are obvious.

The online visibility of networks consequently constitutes issues of reputation and
vulnerability — and these rely on organizational and inter-organizational collaboration. This
implies the availability of marketing, PR, HR and data security functions and the development
of competences that are needed for these for effectiveness and competitiveness.

The research

Subject of the interviews: level and impact of corporate network competences
(innovative digital technologies, online networks) on the competitiveness of companies.

Survey methodology: semi-structured interviews

Population: Middle managers of dynamically changing companies based on or
engaged in the development of network competences. These managers have relevant
information about the subject of the research.

Sampling: Planned number of interviews between 25 and 30, specified later on by
saturation analysis.

Preparation of the sample, recruiting respondents: The research plan envisaged making
30 interviews. In the preparation of the sample, we planned to interview in 80%
representatives of companies where either digital innovation or the use of digital networks
plays a crucial part in their business profile. The remaining 20% were intended to be made up
of manufacturing and service companies.

According to the planned sampling procedure, the respondents were contacted through
personal channels (in person, by phone, by e-mail) with 10% of the planned sample. After the
first interviews, we asked them to recommend people from their own networks who could be
relevant in terms of the research topic (snowball sampling). In the sampling procedure, first
we contacted 10% of the planned total sample — a tool manufacturing company, an online
agency and a company that develops portals for posting media content. At the end of the
interviews, we asked the subjects to recommend experts or organizations where it would be
useful to ask our questions. In this way, we contacted additional respondents. Snowball
sampling worked well in the sense that one participant led us to another; the experts
interviewed recommended respondents who worked in the same or a related domain. This
method also helped us to include companies of different sizes in the sample, since small
companies can relate to bigger ones, and the big ones are also in connection with small ones,
thus we reached participants from all levels of the networks identified.

Final number of interviewees: 26 middle managers (senior managers in small
companies) who have relevant information about the competences of their own company
networks and could give useful answers to our questions.

Analysis
Basic data

The answers of the interviewees to each question depart along certain parameters —
more specifically, some characteristics of the company determine what the respondents think
of the questions we examined.

The usefulness of the interviews largely depended on whether we managed to
interview companies of different sizes, with different activities and clientele — since in terms
of networks, different problems arise in organizations with different parameters, and the
individual companies can give answers to such problems based on their own characteristics.
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With regard to the scope of activities, we divided the 26 companies we had contacted
into two groups according to whether there were any IT products or services that played a
crucial role in their business profile. More than half of the companies had a “digital profile”.

The companies employing our experts have contacts with mostly corporate clients:
76% can be regarded as purely B2B suppliers, four companies serve retail/private customers
as well, but their corporate customer base is more important. Only two of the experts
interviewed reported that their companies focused primarily on retail customers, but their
networks included corporate clients as well.

In terms of company size, almost one out of four companies employ less than 10
people, more than one third have between 11-50 employees, i.e. almost every second firm is a
small enterprise. One company with 51-250 and one with 251-500 employees belonged to
medium sized enterprises and there were 5 large companies: one with 501-1,000 employees
and four employed more than 1,000 people.

Summary

Our research aimed to describe the system of business relations of companies through
network dynamics. The wide-ranging networks of companies — the main components of which
include the customer base, the partner base and the employee base — can be described with the
characteristics of the networks, since the basic definition can be related to these systems.
However, these systems or certain parts thereof do not always and not necessarily bear the
typical characteristics of networks; for example, a customer base is not necessarily organized
in a network, there are not necessarily relationships between the individual customers
(nevertheless, the entire system of relationships of the company can be considered as a
network).

Thus the extension of this system of relationships does not always happen with
network tools. For the companies, the most important thing is to attract and retain customers —
to this end, they employ various marketing methods but, apart from a few exceptions, network
dynamics in the extension is less typical. Many companies perform networking-like activities
to extend their networks — here, however, formal networks and their nodes play an increased
role.

Competitive advantage and visible success

Based on the basic hypothesis of the research, those companies, which employ the
latest digital and online tools, are both measurably (efficiency, growth, sales) and observably
(marketing/brand awareness, PR, partnership and consumer loyalty) more successful than
their competitors.

The interviews showed that companies that employ digital innovation appropriately
can indeed gain an advantage over their competitors by using modern technology. The key
question, however, is what technologies they integrate into their operation and how — the
general principle in this area is “the right tool for the right purpose”. Our respondents find that
the applications supporting operational functions, coordination, and project management make
work more efficient. Our experts attached the greatest importance to network applications that
enable efficient joint work from home or in the form of teleworking — thus the digital
innovation brought the greatest breakthrough in the field of resource management.

However, the introduction and operation of these systems requires an expertise that
many companies lack among their resources — therefore, it is becoming more and more
common that IT systems are operated by a third-party or outsourced.

In the “visible success” dimension, the online and network tools have proved to be as
useful as offline methods — in this respect, our respondents did not report of any difference.
Maintaining an online presence, which belongs to the dimension of “visible success”, also
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consumes resources; accordingly, such campaign activities are mainly performed by large
companies.

Development of competences

We assumed that the networks of the analyzed segments regularly use external and
internal solutions for development and self-education in the areas of digital and online
innovation and competences.

In our sample, companies with a “digital profile” are firms where some kind of
network or digital innovation as a provided service plays a major role in their business profile.
Predominantly, these companies constantly develop their digital competences through
organized and informal training, but mainly through self-education using online tools. Among
traditional companies, digital innovation does not play such a crucial role in their course of
business for digital training to be important. Instead, training into system management is
provided when the company governance, task management or database management system
are introduced.

The companies consider it more important that their main activity be smooth and
profitable — training at traditional companies mostly focuses on sales or foreign languages.

Digital innovation

We also assumed that companies use competence development to be able to introduce

new tools, make the increasing amount of data and the data explosion manageable as well as
to allow risks to be reduced. Education is provided in several channels in several related
networks.
Network competences — and here, for the time being, we are only talking about natural
networks — enable individuals to find their way in the relationship net surrounding them and
identify those groups and individuals who, if contacted, can help them get closer to their
goals. In this sense, the interviews showed that the most important network competence
development method can be found within the organizations. They show the job of the
individual work groups or divisions to other divisions, or, within a division, the work of
colleagues to each other. Network competences are more in focus in companies where
networking activities play a crucial part in their business profile. These include: non-
governmental organizations and companies providing financial services.

Training preparing or accompanying digital developments is not so much about the
development of network competences (unless in a specific IT technical sense), but about
understanding systems that support work processes and effectively mastering their use. Such
training really appears outside the internal networks of companies as well: an essential
condition for effective co-operation between companies is to be able to satisfactorily manage
each other's IT systems (especially in the case of the suppliers of a multinational company).
The main aim of digital networks employed by non-governmental organizations developing
small enterprises is exactly to develop the digital competences of its members.

Apart from this, another aim of digital developments is mostly to support work
processes, to enable joint work and teleworking, database management — technical solutions
play an elementary role in eliminating the increasing data quantity and vulnerability — except
for the companies where, due to their activity, data handling is a particularly sensitive area:
banking sector, nationwide providers with high customer traffic.

To protect the data and to reliably manage the increasing amount of data, special
technical solutions are developed that require high level of special expertise (in mathematics,
information technology) to introduce and manage such solutions. Thus, companies either fully
outsource these tasks (a big data commission can be rather costly), or entrust the management
of systems to an in-house system administrator. What the employees absolutely need to know
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about the technical part of IT will reach them through the company’s IT department or
through organized corporate training.

Competence development and competitiveness

At the beginning of our research we thought that companies find it essential to
understand and develop online network competences in order to become competitive and
efficient, but offline networks are treated above all by using traditional tools to build trust and
reduce risks.

Understanding and developing online network competences is really fundamental in
the sense that the popularity, usefulness and efficiency of IT systems based on network
solutions makes day-to-day orientation more efficient, faster and less resource intensive. As a
result, the companies that use these solutions can enjoy a “competitive advantage” in this area.
These network solutions are basically not aimed at expanding and building the network but
rather support work processes and enable operative communication in connection with work
processes.

The natural networks are indeed managed and maintained mostly in person. The
interviews showed that at the international level, but more importantly in a local context
business relationships are determined by the quality of personal relationships and professional
values (there is the risk that personal relationships invade business life and loyalty overrides
professional considerations).

Digital innovation as an investment

We assumed that the introduction and operation of digital innovation requires
additional resources, which the examined segments view as an investment, and develop their
material and intellectual resources accordingly.

Depending on the segment examined, the experts have a rather varied opinion of
digital and network developments. It is the companies with a “digital profile” that realize the
importance of developments, in particular the applications supporting work processes.
However, since most of them widely use open source software, the issue of return on
investment is less important.

Among the traditional companies, it is the large enterprises active in a special market
environment that pay the most attention to this area. Medium sized companies generally
follow the big ones after some delay, whereas the level of digital competences of small
enterprises largely lags behind both at international levels and compared to local large
companies. Generally speaking, traditional companies spend on digital development if it is
required by their market position, or if the development is so efficient that it enables them to
save resources, thus they can reduce their costs.

Vulnerability

The vulnerability of natural networks is mostly reduced by the management or an
appointed company division by keeping personal contact with the customers and preserving
good personal relationships.

The vulnerability of digital networks has a totally different meaning: on the one hand,
technical problems, loss of data, and on the other, deliberate external attacks can cause
destruction. As already mentioned, the protection of digital networks usually involves using
specific technical solutions. These are not the kinds of issues that non-technical staff could
manage. Therefore, the management of digital networks is either outsourced or dealt with by
the company’s system administrator.

Segmentation differences
As suppositions for a future quantitative survey for testing we can state the followings:
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Using digital network solutions for the purposes of networking is mostly typical of
large B2C enterprises, or firms and organizations where the development of (natural)
networks plays a crucial part in their business profile (non-governmental organizations). The
staff of companies with a “digital profile” play a leading role in terms of utilizing informal
professional communities and networks (both online and offline). This mostly involves
professional communities, professional platforms and meetings.
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Abstract

This study aims to analyze whether open company costs in Latin America countries do
vary asymmetrically. We used a 669 open companies sample in nine countries of that region
from 1995 to 2012. We applied log linear regressions estimated by Ordinary Least Squares
(OLS) for panel data, assembling time series to transversal data (cross-section). The results
suggest that the behavior of selling, general and administrative (SGA) expenses is asymmetric
with respect to changes in sales revenue (SR). This research shows that on average, when
sales revenue increases by 1%, SGA 0.56% increase, but when the SR decreases by 1%, SGA
decrease only 0.45%. The study confirmed the hypothesis of a possible reversal of the
asymmetry when considering lags. However, this asymmetry seems to decrease when
considering longer than one year. The results partially corroborate the results of the research
of Anderson et al. (2003) performed with U.S. companies; He, Teruya and Shimizu (2010)
who analyzed Japanese companies, and Costa, Medeiros and Silva (2005) that investigated
Brazilian companies.

Keywords: Sticky costs, Latin America, panel data

Introduction

Three characteristics define traditionally cost behavior: they are proportional to the
activity level; they can be fixed or variable concerning activity volume; it is asymmetrical the
relationship between cost and activity volume (Noreen & Soderstrom, 1994). However,
empiric studies on cost behavior (Brasch, 1927, Anderson, Banker, & Janakiraman, 2003,
Costa, Medeiros & Silva, 2005, Balakrishnan & Gruca, 2008, He, Teruya, & Shimizu, 2010,
Banker, Byzalov & Chen, 2013) suggest an asymmetrical variation on costs related to activity
volume. In other words, the magnitude of in the cost increase changes is greater than the
magnitude of this variation equivalent to a reduction of revenue. A company with sticky costs
shows a greater drop in income when their activity level drops when compared with
companies with less sticky costs (Weiss, 2010, Guenther, Riehe, & Robler, 2013).

Cost asymmetrical behavior is consistent to the argument that managers tend to adjust
deliberately their resources as an answer to activity volume changes (Anderson et al., 2003).
These authors identified that with selling reduction, managers tend to purposely delay the
decision to reduce costs and expenses until they have greater certainty about the permanence
of the decline in demand, keeping unused resources to avoid personal consequences when the
retrenchment. Moreover, there may be a time gap between the cost reduction decision and
achieving reduction.

Asymmetry hypothesis was confirmed for samples formed by companies in the United
States (Anderson et al., 2003), in Brazil (Costa et al., 2005); in the United States, England,
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France and Germany (Calleja, Steliaros, & Thomas, 2006), in Japan (He et al., 2010), in
Germany, Australia, Austria, Belgium, Canada, Denmark, Finland, France, Ireland, Italy,
Japan, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, United Kingdom and
United States of America (Banker et al., 2013), among some others. The legal system of the
origin countries of these open companies can influence the magnitude of this asymmetry. For
example, Calleja et al. (2006) and Steliaros and Thomas (2006) found that the variation in
costs in France and Germany (country code-law regime) is more asymmetric than the
variation in costs in England and the United States (countries of common arrangements law).

This cost variation is defined not only in function of the selling volume, because some
other factors are determinant in its formation, such as: the location and size of the company,
management incentives, corporate governance level, timing, macroeconomic factors,
institutional factors, the legal system of the country of origin of the company, among others
(Calleja et al., 2006, Banker & Chen, 2006, Baumgarten, Bonenkamp, & Homburg, 2010,
Weiss, 2010; Chen, Lu, & Sougiannis 2012).

Via Dalla and Perego (2012) analyzed Italian companies not listed in micro and macro
level including specific business characteristics, magnitude of activity, performance sector.
They Adapted to both the base model to analyze the asymmetric behavior of the proposed by
Anderson et al. (2003) costs. The survey results suggest the absence of sticky costs in the
Italian context behavior, corroborating the traditional literature that defines the behavior of
costs as symmetric.

Thus, the research problem arises as follows: do the Latin America company costs
vary asymmetrically? This study aims to analyze whether the costs of Latin America open
companies do vary asymmetrically. We used the methodology proposed by Anderson et al.
(2003) in order to verify cost stickiness in panel data and log linear regressions estimated by
OLS (Ordinary Least Squares). The sample consists of 669 public companies from nine
countries in Latin America, from 1995 to 2012

This research aims to analyze the asymmetry of costs, but will only examine the
variation in selling, general and administrative (SGA) expenses in relation to the sale level.
According to Chen et al. (2012), these expenses represent a significant portion of the cost of
business operations and they are aligned with management interests and are susceptible to
manipulations from corporate governance.

Knowing cost behavior is essential for an efficient management in a company
(Anderson et al., 2003). This is because many management decisions are based on knowledge
of cost behavior in relation to the activity level in the company (Costa et al., 2005). Thus, the
results of this research can be useful for practicing managers, shareholders, investors, analysts
and especially for allowing the reduction of agency conflicts. Furthermore, this research can
contribute to the overall literature on standard costs. Costa et al. (2006) argue that researches
that contributes to understand the economic environment of the jurisdictions are required, as
they bring out the similarities and differences between these countries, assisting in
understanding this new globalized reality

These surveys become important also in Latin America countries, because they have
many common characteristics: the legal framework of the countries based on the code-law
legal system, strong regulatory accounting exerted by governments, ownership structure based
on stakeholder’s system, without accounting profession prestige, strong impact of tax laws on
accounting, funding provided mainly by financial institutions (Costa et al., 2006). Among
studies on symmetric costs we did not identify any comparative study on this behavior in
Latin America countries, which have besides those characteristic have several blocks of
economic integration, such as Latin America Integration Association (LAIA), Mercosul —
South Common Market and Andean Community.
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This paper has six sections. After this introduction we present the literature review on
cost behavior, Third section shows the search hypothesis; the fourth one describes the study
methodology; the fifth one present the results the last one the conclusions.

Cost Behavior

Studies on cost behavior are relevant to scholars, academicals and every professional
involved in management activities (Oliveira, Lustosa, & Sales, 2007). These professionals
make decisions which require knowing cost behavior related to the activity level. (Costa et al.,
2005). Garrison and Noreen (2001) state that management decisions made without knowing
cost and their behavior can lead the company to insolvency.

Cost behavior is used to describe how this resource responds to changes in activity
level (Garrison & Noreen, 2001). According to Anderson et al. (2003), managers handle the
increasing volume of expenses in that increased sales. However, when the volume of sales
decreases, managers assess the possibility of such sales decline is temporary, opting to keep
costs rather than incur adjustment costs.

These managers decisions to maintain the same level of costs can also be caused by
personal interests, resulting in a form of agency costs (Anderson et al., 2003). Jensen and
Meckling (2008) define agency costs as the expenses incurred by the company caused by
decisions of calculating managers who seek to maximize their personal utility, without taking
into account the interests of shareholders. These administrators can keep unnecessary
expenses to avoid personal consequences of containment, such as loss of status when the
company is lowered, or the anguish of firing employees, contributing to the asymmetric cost
behavior.

The cost stickiness occurs when managers decide to keep idle rather than adjusting the
cost resources when there is a decrease in sales volume (Anderson et al., 2003). The reasons
that lead managers to incur stickiness of costs are listed by Anderson et al. (2003): the agency
costs that occur when the manager makes decisions according to their personal well-being,
psychological adjustment costs that occur with layoffs, causing negative impact on the image
of the administrator, and the need of time to confirm the reduction in market demand and,
consequently, the volume of business activity.

Anderson et al. (2003) analyzed industrial firms in the United States, where the main
variables used were: selling expenses, general and administrative (SGA) and net sales. The
authors found the prevalence of sticky costs for SGA behavior, showing the importance of
managers in adapting resources in response to changes in market demand, while reducing the
level of activities that utilize these resources

The results of the research developed by Costa et al. (2005) corroborate partially the
findings of Anderson et al. (2003). The Brazilian open companies that comprised the sample
of this study showed an asymmetric elasticity of costs in relation to revenue and this
asymmetry is partially reversed over time, corroborating the hypothesis of cost stickiness.
However, these authors did not confirm the hypothesis that the asymmetry observed reduced
over the years, justifying this as being possibly caused by more rigid labor laws applied to
Brazilian companies. Countries with a more rigid (code-law) legislation may have a degree of
asymmetry of the steeper costs (Banker et al., 2013).

In Japan, public companies also showed an asymmetrical relationship of costs (He et
al., 2010). Despite the Japanese labor laws do not be as rigid as the layoffs, the decision to fire
the employees takes time, since managers tend to wait for confirmation of permanent demand
reduction to reduce costs (He et al., 2010). To these authors, the asymmetrical behavior may
be justified for two main facts: 1) managers believe that the market reacts negatively to a
reduction of costs, 2) the image of managers may be compromised in the face of reduced
expenses with hand labor. This attitude can be characterized with a conflict of agency, since
the manager favors personal interest. Nonetheless, not only would the agency theory a
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possible explanation for this fact. To Banker et al. (2013), a possible explanation for the
asymmetrical behavior of costs in relation to revenue would be the economic theory of
optimizing the decision, stating the search managers for a great decision on the adjustment
costs. Managers can also have great conviction future demands, and the decision not to "cut"
the excess costs in preparation for these future increases in activity level (He et al., 2010).

Kama and Weiss (2013) show that agency theory can be adjusted by smoothing cost
stickiness. Encouraging managers to align their personal goals with the institution can be
considered a technical maneuver in designing Kama and Weiss (2013), since the incentives
for optimization of results, as subsidies, driving managers to achieve the goals and defined
objectives. Thus, the company can minimize the agency conflict, providing also the reduction
of the asymmetry between the costs.

We emphasize that manager influence is related to expectations on future demands for
their products (Anderson et al., 2003, He et al., 2010, Kama & Weiss, 2013). This is due to
the decision makers in maintaining or not the surplus spent, material, labor, and other
elements of the production process, the time of these decisions reduction may be related. For
Kama and Weiss (2013) the results show that when future sales expectations are perceived by
managers as more "pessimistic” a reduction is observed in the asymmetry of costs, since there
is a more immediate reduction in production costs to reduced revenues. In the opposite
situation, managers are "optimistic” about the future market behavior and even with the drop
in revenue, they tend to keep the costs of production for a longer period, thus boosting the
asymmetry of costs.

Hypothesis

Following the model proposed by Anderson et al. (2003), which was adapted by Costa
et al. (2005) for the investigation of sticky costs, four hypotheses will be tested in this
research. The first one is that cost behavior is asymmetric in relation to revenue. This may be
caused by the fact that changes in the volume of sales are not accompanied by the managers’
decision making, suggesting that weak demand variation does not lead to a decision to reduce
or increase the immediate costs by managers (Costa et al., 2005). Thus, our first hypothesis is
that:

H1: The magnitude of the increase in SGA expenses due to increased sales in publicly
held companies in Latin America in the period 1997 to 2012 was greater than the magnitude
of its reduction in case of falling sales in the same period

The considered divergence between the reduction or increase of costs against the
behavior of increase or decrease in income, may also be linked to other reasons such as
agency conflict, which may be indicated in this case because the managers have a concern
about your image social, in order that a wrong decision may over time prove the most
appropriate, impairing its performance. As shown by Anderson et al. (2003) and Costa et al.
(2005), changes in demand can be something momentary. In this case, a wrong decision could
incur higher costs, since the reversal of the situation may or may not occur quickly.

The temporal question then is another item that should be checked when it is expected
to make the analysis of a single period alone does not take into account the adjustment costs in
relation to the variation of the amount of revenues that are more permanently, thus these
conditions the asymmetry tends to be more conspicuous. In order to evaluate this
presupposition, we formulate the second hypothesis:

H2: The level of asymmetry of SGA expenses in publicly held companies in Latin
America in the period 1997-2012 is mitigated with the aggregation of periods

The equalization of costs to fluctuations in sales volume cannot be limited to the
contemporary environment, but still lagged way, i.e., the expectation is that cost stickiness is
reduced when it is observed in lag of one period. With the intention to test this has been the
third hypothesis:
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H3: The investigated Public companies in Latin America underwent adjustment of
expenditure SGA regarding changes of sales.
When managers note the occurrence of a variation in sale volume they tend to wait for a final
decision regarding cost variation. Labor laws rigidity can also hamper efforts to minimize
costs given the decline in the level of activities, resulting in cost stickiness. Considering the
possible delay in decision making cost reduction on the reduction in the volume of activities,
the stickiness observed in one period may be reversed in subsequent periods. Thus we
formulate the fourth hypothesis to be checked for this search:

H4: Public companies from Latin America revert the cost stickiness in subsequent
periods.

Methods

This is a descriptive quantitative research using the methodology developed by
Anderson et al. (2003) to measure cost stickiness. This methodology involves log-linear
regressions estimated by Ordinary Least Squares (OLS) for panel data, assembling temporal
series to transversal data (cross-section). To ensure the robustness of this research results were
tested three types of models for panel data: the constant coefficient (pooled), the fixed effects)
and random effects (random effects). As the sample involves a variety of different industries
and sizes of companies, the log-linear specification improves the comparability of variables
between firms and reduces the potential for heteroskedasticity (Anderson et al., 2003).

Anderson et al.’s methodology (2003), used in this study, was effective in identifying
cost stickiness to revenue for U.S. companies. The work carried out by Costa et al. (2005)
with Brazilian companies also demonstrated that the model is effective to measure the sticky
costs. Later, other authors have also confirmed the effectiveness of this methodology for the
measurement of sticky costs (Calleja et al., 2006, He et al., 2010, Kama & Weiss, 2013).

Models | and Il, developed by Anderson et al. (2003) to assess asymmetry costs are
shown in Equations 1 and 2, respectively.

|09{ VoA }:ﬁo + 51 |09[ ind :|+,32 Dummy,_, *log ALYy :|+‘9it (Eq.1)
VGA ;4 RLVjy 4 | RLVjy 4
Iog{ VGA, }z Bo + By Iog{ RLVis }ﬁz Dummy, , *log RLVie }
VGA;; 4 RLVi 1 | RLVi (Eq.2)
RLVi 1 RLVi 1
B3 |09{ RLVi:t—z :|+ﬁ4 Dummy;;_, * |09{ RLVi:t—Z :|+€i,t

Dummy variable assumes value 1 when the sale liquid revenue (SLR) decreases
between t and t-1 periods, and zero when the contrary happens. B1 coefficient measures the
percent change, sale, general and administrative expenses (SGA) with an increase of 1% in
SLR. The sum of B1 and B2 coefficients results in percentage change in VGA with a 1%
reduction in RLV. For the first research hypothesis (H1) is not rejected, the coefficient 1
must be greater than zero and the coefficient B2 should be significantly less than zero.

To test the second research hypothesis (H2), that stickiness cost of public companies
from Latin America decline with the aggregation of periods, the model | regressions were
estimated for aggregate periods of 1, 2, 3 and 4 years.

Model Il (Equation 2) is used to test the third and the fourth hypotheses. The
coefficient B3 indicates the lagged effect of the variation in costs of revenues (H3). It is
expected that this coefficient is significant and positive. The coefficient B4 measures the
reversal of asymmetric costs in subsequent periods (H4).

The conditions for the research hypotheses are not rejected are summarized in Table 1
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Table 1: Conditions for not rejecting hypothesis

Hipothesis Expected effect

H; B1>0, <0, pi+ fa<1

H, [, decreases in absolute value with the aggregation of years per
Hs Bs>0

Hy Ba>0, Ba < 1Bl

Source: Costa et al. (2005)

To test the research hypotheses we used a set of unbalanced panel data of listed
companies in nine countries in Latin America (Argentina, Brazil, Chile, Colombia, Costa
Rica, Jamaica, Mexico, Peru, Venezuela) with available data on the basis of Thompson
Reuters data for the period 1995-2012 (Table 2).

Table 2: Countries, company and observation amount

Country  Acronym Company

Observation

Argentina ARG 56 896
Brazil BRA 225 3.600
Chile CHL 130 2.080
Colombia coL 45 720
Costa CRI 3 48
Jamaica  JAM 17 272
Mexico MEX 81 1.296
Peru PER 92 1.472
Venezuela VEM 20 320
Amount 669 10.704

Source: Elaborated by the searchers

Initially, this database had 1,364 listed companies located in Latin America, and only
868 had data for net sales and selling, general and administrative disclosed for the period of
study. We excluded companies that did not have data in at least eight years of the time
horizon of the study, resulting in a sample of 669 companies and 12,042 data. We also
excluded the observations in 1995 and 1996, because they were used only for calculating
lagged variables, resulting in a final sample of 10,704 observations and 669 public companies.
Due to the different currencies of each country in the sample, data were collected in U.S.
dollars. Thus, the research sample consists of listed companies of Latin America accounting

information disclosed in that currency.

Results and Discussions
Table 3 presents the descriptive statistics segregated by country component of the sample.
Table 3: Descriptive statistics per country

Country Variable Quant. Average % Pattern Minimum Median Maximum
ARG RLV 731 0,043 0,216 -2,142 0,046 3,113
VGA 724 0,029 67% 0,198 -1,131 0,038 1,788
BRA RLV 3.068 0,031 0,189 -2,229 0,040 1,790
VGA 3.037 0,022 70% 0,186 -1,360 0,029 2,056
CHL RLV 1.697 0,037 0,219 -2,911 0,042 2,619
VGA 1.669 0,029 0,223 -2,538 0,033 2,219
CoL RLV 585 0,049 0,208 -0,630 0,041 3,817
VGA 582 0,031 64% 0,165 -0,820 0,038 1,478
CRI RLV 32 0,063 0,153 -0,356 0,075 0,317
VGA 32 0,061 0,163 -0,441 0,041 0,408
JAM RLV 219 0,017 0,156 -0,923 0,030 0,425
VGA 218 0,016 93% 0,169 -0,741 0,025 0,569
MEX RLV 999 0,036 0,285 -3,726 0,044 3,074
VGA 991 0,027 0,223 -2,438 0,033 2,278
PER RLV 1.209 0,031 0,190 -1,183 0,035 1,442
VGA 1.204 0,024 79% 0,186 -1,340 0,028 2,172
VEM RLV 305 0,033 0,119 -0,379 0,034 0,691
VGA 305 0,026 77% 0,136 -0,448 0,036 0,544
América RLV 8.845 0,035 0,209 -3,726 0,040 3,817
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Latina VGA 8.762 0,025 73% 0,196 -2,538 0,031 2,278
Source: Elaborated by the searchers

The total valid for the variable 'net sales’ (SRV) observations is 8,845, whereas the
Latin American region, and 8,762 for the variable 'selling, general and administrative' (SGA).
Brazil is the country with the largest number of observations in the sample (3,068 to 3,037 for
SRV and SGA). On the opposite side is Costa Rica with 32 observations for SRV variation of
listed companies in Latin America averaged 0.035, i.e. the SRV increased on average 3.5%
from 1995 to 2012. This variable has a median of 0.040, close to the average value of 0.035,
which suggests that the average is not affected by extremely high or low values of SRV
(Table 3). The mean change from SGA was 0.025, suggesting that the costs of sales, general
and administrative of public companies in Latin America increased by 2.5% on average over
the time horizon of the study. The variation of the SGA of the listed companies in Latin
America represents 73% of the variation of the SRV. The lowest average SRV was the listed
companies of Jamaica (0.017), but the SGA expenses represent 93% of RLV.

Descriptive statistics of the SRV and SGA, segregated by sampling period are presented in
Tables 4 and 5, respectively.

Table 4: Descriptive statistics per year SRV

Year SRV — - -
Quant. Averag Pattern Minimum Median Maximum
1997 266 0,034 0,176 -1,486 0,027 1,137
1998 337 -0,003 0,168 -1,121 -0,005 1,062
1999 406 -0,038 0,271 -1,345 -0,034 3,817
2000 450 0,041 0,253 -1,169 0,028 3,113
2001 475 -0,015 0,170 -1,778 -0,010 1,089
2002 512 -0,087 0,193 -1,504 -0,052 0,613
2003 550 0,069 0,175 -1,104 0,078 1,196
2004 590 0,090 0,140 -1,372 0,084 1,442
2005 636 0,084 0,186 -2,229 0,082 1,613
2006 648 0,069 0,157 -1,366 0,058 1,146
2007 657 0,088 0,298 -3,726 0,090 3,074
2008 662 0,008 0,155 -0,957 -0,002 1,153
2009 663 0,052 0,189 -0,659 0,051 1,788
2010 665 0,081 0,213 -1,182 0,069 2,619
2011 664 -0,006 0,258 -3,078 0,018 0,899
2012 664 0,016 0,163 -1,094 0,028 1,324
Total 8.845 0,035 0,209 -3,726 0,040 3,817

Source: Elaborated by the searchers

We noticed that the number of observations for SRV (Table 4) and SGA (Table 5)
variables increased over the time horizon of the study. In addition, the mean change in net
income and the change in selling, general and administrative expenses are negative for the

years 1998, 1999, 2001, 2002, 2011 (2012 only for VGA).
Table 5: Descriptive statistics per year SGA

Year SGA — - -
Quant. Averag Pattern Minimum Median Maximum
1997 258 0,036 0,176 -0,814 0,023 1,646
1998 326 -0,002 0,151 -1,128 0,000 0,821
1999 400 -0,041 0,179 -0,869 -0,041 1,478
2000 442 0,016 0,186 -1,001 0,011 1,788
2001 469 -0,003 0,158 -0,905 -0,007 0,949
2002 506 -0,091 0,191 -1,340 -0,068 1,640
2003 541 0,046 0,191 -2,538 0,047 1,150
2004 585 0,070 0,175 -0,536 0,064 2,278
2005 633 0,083 0,163 -1,131 0,072 2,056
2006 647 0,084 0,160 -0,688 0,059 1,690
2007 652 0,087 0,217 -1,186 0,074 1,624
2008 661 0,004 0,178 -1,017 -0,006 2,149
2009 661 0,065 0,160 -1,096 0,063 0,839
2010 659 0,051 0,187 -0,910 0,052 2,219
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2011 660 -0,047 0,225 -2,438 -0,007 1,045

2012 662 -0,010 0,254 -1,920 0,020 0,984

Total  8.762 0,025 0,196 -2,538 0,031 2,278
Source: Elaborated by the searchers

Table 6 presents the results of Chow, Lagrange Multiplier (ML) of Brusch and Pagan
and Hausman tests for the Latin American sample. The Brusch and Pagan and Chow test
suggest that pooled ist he most appropriate model. The Hausman test indicates the model as
fixed as appropriate. Thus, the test results show that the model common intercept (pooled) is
the most suitable for both the Model | (Equation 1), and for Model 11 (Equation 2).

Table 6: Chow, LM and Hausman tests— América Latina
Model Bre_usch and Haysman Chqw Suik_ta_lble_
Chi2 Prob Chi2 Prob Chi2 Prob specification
[ 0,00 1,00 2290 0,00 061 1,00 Pool
Il 0,00 1,00 2281 0,00 0,64 1,00 Pool
Source: Elaborated by the searchers

From the results of Table 6 data, we present the regression results for the three panel
data models (pooled, fixed and random), but we will comment only the results of the more
suitable, model, pooled. Besides the coefficients and the statistics t, we will present R2, F
statistics and the observation number.

The results of estimation of model | (Equation 1), using the constant coefficient
(pooled regression) are shown in Table 7. For the Latin America country sample, the
significant value of the coefficient B1 (0.560) indicates that the cost of sales, general and
administrative (SGA) increased 0.56% for a 1% increase in sales (SRV). The negative and
significant sign of the coefficient B2 (-0.107) shows that, in a similar way to the United States
(Anderson et al., 2003), to Japan (He et al., 2010) and Brazil (Costa et al., 2005), SGA OF
Latin America present sticky behavior. The combination of the f1 and B2 values (0.560 to
0.107 = 0.453) shows that the SGA decrease only 0.45% for a 1% reduction in SRV. The fact
that B1 and B1 and B2 sum to be significantly smaller than 1 shows that the SGA are not
proportional to the variations of the recipe. With this result, considering the sample of listed
companies in Latin America, the H1 hypothesis SGA asymmetry with respect to variations of

the SRV is also not rejected in this study.
Table 7: Model | - Estimate Coeficients ( T statistics) — Pooled Regression

Lat Am ARG BRA CHL COL CRI JAM MEX PER VEM

Bo 0,001 0,012 0,004 0002 0016 -0,010 -0,005 0,005 -0,004 0,003
(0,59) (207) (115) (0,47) (2,81) (-043) (-0,39) (0,83) (-0,75) (0,31)
By 0,560 0701 0427 0591 0499 1,016 0736 0521 0,709 0,750
(44,61) (23,82) (16,01) (19,84) (18,88) (6,36) (5,78) (15,98) (20,90) (10,41)
B, -0,107 -0,224  -0,091 -0,102 0291 -0211 -0,200 -0,494 -0,152 0,065
(-5,6) (4,24)  (228) (2,21) (3,82) (-0,70) (-1,15) (-1,16) (-2,87) (0,42)
F 1.926 402,87 268,92 359,45 297,56 46,02 51,00 36855 437,86 124,91
R 0,307 0528 0152 0,303 0508 0,760 0322 0431 0422 0,453
N 8.701 719 3.013 .655 580 32 218 978 1.201 305

Source: Elaborated by the searchers

Although the results of Chow, Lagrange Multiplier (LM) of Brusch and Pagan and
Hausman tests suggest that common intercept model (pooled) is the most suitable for the
research sample (Table 6), the results of the estimation of Model I (equation 1), using the
fixed effects model, a random effects and are shown in Tables 8 and 9, respectively, for
comparison purposes.
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Tabela 8: Modelo | - Coeficientes Estimados (estatistica t) — Fixed Efects

ALATINA ARG BRA CHL COL CRI JAM MEX PER VEM

Bo 0,001 0,010 0,004 0,002 0018 -0,005 -0,002 0,005 -0,006 0,002
(0,50) (-1,95) (0,88) (0,43) (3,05) (-0,20) (0,11) (0,81) (-1,05) (0,21)
By 0,551 0694 0420 0590 0481 1,053 0703 0500 0,725 0,749
(39,78) (22,80) (13,82) (17,60) (17,21) (6,12) (5,15) (14,12) (19,21) (9,59)
i -0,118 0212 -0,115 -0,105 0,318 0,018 -0,127 -0,628 -0,184 0,038
(-5,36) (-3,83) (-2,34) (-1,95) (3,95) (0,05) (-0,67) (-1,33) (-3,06) (0,22)
F 1.619 377,79 220,12 314,85 259,87 4124 4423 28567 386,71 10891
R 0,287 0533 0137 0,293 0494 0753 0,308 0389 0411 0435
N 8.701 719 3.013 1655 580 32 218 978 1.201 305

Source: Elaborated by the searchers

We noticed that SGA HL1 sticky hypothesis regarding variations of the SRV is not
rejected using the three models for panel data: pooled (Table 7), fixed (Table 8) and random
(Table 9).

SGA H1 stickiness neither is rejected to open companies in Argentina, Brazil, Chile
and Peru (Table 7). This is due to the fact that besides the coefficient Bl being positive and
significant, the coefficient B2 is negative and significant for these countries. It is noteworthy
that the coefficient Bl is positive and significant for all countries in the sample, suggesting

that variations in costs are not proportional to revenue changes.
Table 9: Model | — t statistics Estimated Coefficients— Random Efects

ALATINA ARG BRA CHL COL CRI JAM  MEX PER VEM

Bo 0,001 0,011 0,004 0002 0016 -0,010 -0,005 0,005 -0,004 0,003
(0,59) (137) (1,15) (0,47) (2,78) (-043) (-0,39) (0,83) (-0,75) (0,31)
By 0,560 0698 04273 0591 0498 1,016 0,736 05521 0,709 0,750
(44,61) (23,73)  (16,01) (19,84) (18,81) (6,36) (578) (1598) (20,90) (10,41)
B, -0,107 -0,224  -0,091 -0,102 0292  -0211 -0,200 -0,049 -0,152 0,065
(-5,60) (4,23)  (228) (-2,21) (3,83) (-0,70) (-1,15) (-1,16) (-2,87) (0,42)
Wald chi2(2) ~ 3.851 8058 537,85 718,91 592,65 92,04 102,01 737,09 87572 249,82
R 0,287 0533 0,136 0293 0494 0749 0307 0,389 0411 0,435
N 8.701 719 3.013 1.655 580 32 218 978 1201 305

Source: Elaborated by the searchers

H2 Hyphothesis that cost stickiness decreases with period aggregation is rejected
according to the results of Model | estimative for multiple periods (Table 10). The signs and
significance of the B1 and B2 coefficients estimated for periods of 2, 3 and 4 are similar to
those estimated for Model | (one year - Equation 1).

The value of the coefficients B1 and B2 decreases with the aggregation of periods. The
combination of these coefficients (31 + B2) results in an asymmetric variation of 0.45%,
0.42%, 0.42% and 0.39% for periods of 1 year, 2 years, 3 years and 4 years respectively.

These results suggest an increase in the SGA stickiness with the aggregation of periods.
Table 10: Model | — Period aggregation
t statistic estimated coefficients

Pooled
1 year period 2 years period 3 years period 4 years period
Bo
(0,59) (1,02) (0,62) (1,48)
B1
(44,61) (26,72) (23,66) (20,09)
B, -0,107 -0,084 -0,088 -0,079
(-5,60) (-2,74) (-2,64) (-2,20)
F
N

Source: Elaborated by the searchers

The rejection of the hypothesis of decreasing asymmetry of VGA open Latin
American companies investigated, for 1995-2002 period with period aggregation confirms
Costa et al.’s findings (2005) concerning to Brazil. However, it does not confirm those from
Anderson et al. (2003) regarding the United States neither those from He et al. (2010) related
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to Japan. Costa et al. (2005) suggest greater rigidity of the Brazilian labor legislation as
justification for H2 rejection. This justification was also presented by Calleja et al. (2006). For
these authors, countries legal system code law (such as Brazil) may have a more pronounced
cost stickiness and can take longer to make the decision to reduce costs in the face of reduced
revenues. This fact can be explained by these countries present a weak corporate governance
system, and a least developed market, which can cause greater agency costs.

Table 11 illustrates the results of estimation of model Il (Equation 2) using the pooled
regression model (as results of Table 6). The values and significance of the coefficients 1
(0.573) and B2 (-0.107), for Latin America, are similar to those found in Model | (Table 6).
The B3 (0.026), positive and significant coefficient suggests an outdated SGA in for a change
in the sales effect, corroborating the hypothesis H3. This hypothesis is confirmed in studies
carried out by Anderson et al. (2003), concerning to the United States, and that one done by
He et al. (2010), in relation to Japan, however, this hypothesis is rejected in Costa et al.’s
study (2005), for Brazil. These authors suggest a rigid labor laws in Brazil as justification for
this result.

The B4 (0.065) coefficient is positive, significant and smaller than the B2 coefficient
leading to non-rejection of the hypothesis H4 that sticky SGA in Latin American open
companies are reversed in subsequent periods (Table 11). This hypothesis is neither rejected

by Anderson et al. (2003), He et al. (2010) and Costa et al. (2005).
Table 11: Model Il — t statistic estimated coefficients - Pooled

ALATINA ARG BRA_ CHL COL CRI JAM MEX PER VEM

-0,001 0,011 0,002 0,004 -0,013 0017 -0,012 0009 -0,009 -0,002
o (-0,54) (-181) (0,41) (0,66) (-1,86) (0,90) (-0,81) (1,28) (-1,64) (-0,17)
By 0,573 0676 0437 0546 0840 1,020 0772 0456 0748 0,761
(39,23)  (21,66) (14,97) (17,12) (16,35) (8,52) (5,80) (9,48) (20,85) (10,32)
B, -0,107 -0,276  -0,058 0,006 -0,182 0,138 -0,391 0,020 -0,227 0,037
(-4,97) (-478) (-1,32) (0,12) (-1,86) (0,58) (-2,01) (0,35) (-3,99) (0,23)
Bs 0026  -0055 0,104 0003 0030 -0111 0050 0003 0,009 0,582
(2,58) (-1,95) (456) (0,11) (1,27) (-1,20) (0,70) (0,15) (0,34) (0,92)
Bs 0,065 0061 0032 0054 0060 -0542 0090 0095 0067 -0,031
(3,62) 1,37)  (0,90) (1,14) (1,00) (-2,93) (0,62) (2,24) (1,45) (-0,30)
F 839 158 141,11 160,67 133,3 48,3 17,65 142,82 201,22 60,4
R 0,293 0488 0166 0297 0500 0885 0262 0388 0421 0,456
N 8.096 668 2.818 1525 539 30 204 907 1112 293

Source: Elaborated by the searchers
For comparison, Tables 12 and 13 present the results of the estimation of Model 11
(EQ. 2) using the fixed effects model and random effects respectively.
Table 12 — Modelo 11 - t statistic estimated coefficients - Fixed
ALATINA ARG BRA CHL COL CRI JAM MEX PER VEM

Bo -0,001 0,009 0,001 0005 -0,010 0033 -0,008 0011 -0,012 -0,004
(-0,54) (-144) (027) (0,89) (-1,37) (1,69) (-0,51) (1,62) (-2,10) (-0,41)
By 0,569 0665 0437 0535 0814 0926 0745 0409 0778 0,779
(3531)  (20,52) (13,39) (14,78) (14,80) (7,66) (520) (7,84) (19,40) (9,61)
B, -0,121 -0,230 -0,079 0,028 -0,143 0562 -0297 0,036 -0,284 -0,027
(-4,94) (-3,75) (-1,52) (0,50) (-1,36) (2,06) (-1,37) (0,56) (-4,38) (-0,15)
Bs 0008 -0048 0081 -0,010 0,029 -0,028 0042 -0,028 0,002 0,054
0,77) (-1,62) (329) (-0,38) (L,17) (-0,26) (0,54) (-1,24) (0,08) (0,81)
Ba 0,087 0034 0063 0068 0025 -0592 0206 0129 0,089 -0,012
(4,53) 0,74) (1,65 (1,34) (0,39) (-347) (1,25) (2,91) (1,84) (-0,12)
F 699 151 114 140 114,03 46,95 1556 10508 1789 52,17
R 0,274 0499 0,150 0286 0482 0891 0254 0338 0413 0437
N 8.096 668 2.818 1525 539 30 204 907 1112 293

Source: Elaborated by the searchers
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Table 13: Modelo | - t statistic estimated coefficients - Random

ALATINA ARG BRA CHL COL CRI JAM MEX PER VEM

Bo -0,001 0,010 0,002 0,004 -0,012 0017 -0,012 0009 -0,009 -0,002
(-0,54) (-147) (0,41) (0,66) (-1,80) (0,90) (-0,81) (1,28) (-1,64) (-0,17)
By 0,573 0673 0437 0546 0,839 1,021 0772 0456 0,748 0,761
(39,23)  (21,51) (14,97) (17,12) (16,30) (8,52) (5,80) (9,48) (20,85) (10,32)
B, -0,107 0272 -0,058 0,006 -0,181 0,139 -0,391 0,020 -0,227 0,037
(-4,97) (-4,70)  (-1,32) (0,12) (-1,85) (0,58) (-2,01) (0,35) (-3,99) (0,23)
Bs 0026 -0056 0,04 0,003 0030 -0111 0,050 0,003 0,009 0,058
(2,58) (2,000 (456) (0,11) (1,27) (-1,20) (0,70) (0,15) (0,34) (0,92)
Ba 0,065 0057 0032 0054 0059 -0543 0,090 0095 0067 -0,031
(3,62) (1,29)  (0,90) (0,14) (0,97) (-2,93) (0,62) (2,24) (1,45) (-0,30)
Wald chi22) ~ 3.356 630 564 643 530,75 193,18 70,61 571,27 804,89 24158
R 0,273 0499 0,150 0,286 0482 0876 0251 0337 0413 0437
N 8.096 668 2818 1525 539 30 204 907 1.112 293

Source: Elaborated by the searchers
Table 14 shows the results of the hypotheses tested in this study (current column)
compared the results found by Anderson et al. (ABJ, 2003), He et al. (HTS 2010) and Costa et
al. (CMS, 2005).

Table 14: Result synthesis

Current  ABJ(2003)  HTS (2010)  CMS (2005)

H1 — SGA stickiness related to SRV Not N&o é¢ Naéo é Ndéo é
H2 - Cost stickiness decreases with period Rejected Notrejected  Notrejected  Rejected
aggregation

H3 — SGA lagged setting forth variations of Not Not rejected Not rejected Rejected

H4 — reversal of SGA stickiness subsequent Not Notrejected  Notrejected  Not rejected
periods. rejected

Source: Elaborated by the searchers

Conclusion

This research analyzed cost behavior, investigating the existence of cost sticky
behavior of listed companies in Latin America. The survey sample consists of 669 public
companies from nine countries in the region, from 1995 to 2012.

Our findings highlight the asymmetric cost behavior in relation to changes in sales
revenue for the listed countries of Latin America object of study companies. In other words,
on average, when the sales revenue (SRV) increases 1%, selling, general and administrative
expense (SGA) increased 0.56%, but when the SRV decreases by 1%, SGA decrease only
0.45%. These results are consistent with those found for public companies in the United
States, Brazil and Japan found respectively by Anderson et al. (2003), Costa et al. (2005) and
He et al. (2010).

Considering specifically the results of the sample of listed companies in Latin
America, H1 hypothesis, on cost stickiness in relation to changes in revenue, is confirmed in
this study. H2 hypothesis that cost stickiness decreases with addition of periods is rejected
since the results show an increase in the asymmetry of the cost of adding periods. A
conjecture for the fact that this hypothesis has not been confirmed in this study may be the
rigidity of labor laws of code-law countries. H3 hypothesis that there is a lagged adjustment
costs in relation to revenue variations, is neither rejected. H4 hypothesis, that stickiness costs
are reversed in subsequent years, was confirmed.

The results of this study show the importance of facing the development of new
models of analysis of cost behavior scientific research. The inclusion of quantitative methods
in cost analysis can assist accountants, shareholders, managers, analysts and other
professionals involved in the review process to identify the asymmetric cost behavior,
committed to adjusting the level of activities and resources more effectively timing.
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Furthermore, monitoring asymmetric costs can reduce agency costs, since the reluctance to
adjust resources in response to changes in demand may involve personal considerations.

Latin America currently has about twenty countries, but the sample of this research
consists of nine of these countries, which prevents generalization of results. For future
research, we suggest to investigate the magnitude of the cost stickiness in relation to
contingent factors, such as size, sector, strategy, perceived stage of life cycle and
environmental uncertainty as well the intensity level of competition, production technology
and technology management. Moreover, it could be relevant to conduct researches to identify
factors that could determine the reversion, or not, the asymmetry in lags and also to identify
why the asymmetry decreases in costs not exceeding one year.
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