
RJAS Vol. 1 No. 1 Jan.-Jun. 2011 
 

ADVISORY BOARD 

Arthit Ourairat
Andrew-Peter Lian 
Pornchai Matangkasombut 
Nares Pantaratorn   
Wichit Srisa-An 

Thira Sutabutra 
Vichai Tunsiri 
Suthat Yoksan 
Yongyuth Yuthavong 

 

EDITORIAL BOARD 

Sandro R. Barros 
Issa Batarseh 
Chainarong Cherdchu 
Pienkit Dangprasirt 
Narongrit Dhammabutra 
Suthat Fucharoen 
Kazuhiro Fukada 
Somchit Hanucharurnkul 
Poonlarp Iamchareon 
Geng Juanjuan 
Chul-Hee Kang  
Chom Kimpan 
Krisna Kraisindhu 
Molly N.N. Lee  
Yongwimon Lenbury 
Anna Barbara Lian 
G.B. Lockwood 
Witaya Mathiyakom 
Waykin Nopanitaya 
Gerard A. O’Donovan 
Ornsiri Panin 
Panarat Panmanee 

Wiroj Pimanmassuriya 
Tospol Pinkaew  
Wudhibhan Prachyabrued 
Weerachat Pramanon 
Pannathon Sangarun 
Teerapong Senjuntichai 
Supapan Seraphin 
Maree T Smith 
Sompong Sucharitkul 
Kiyomi Taniyama 
Morakot Tanticharoen 
Warapatr Todhanakasem 
Paitan Trakarnsakdikul 
Rungsunn Tungtrongchitr 
Daniel H. Unger 
La-ongthong Vajrabhaya 
Kamiel Vanwonterghem 
G.Roland Vela 
Jamie H.A. Wallin 
Bruce  Weeks 
Diana Wong 
Kanda Wongwailikhit 

 

EDITOR-IN-CHIEF 

Chatchai Trakulrungsi 

 
ASSISTANT EDITOR-IN-CHIEF 

Patamaporn Sukplang 

 
ASSOCIATE EDITORS 

 Anek Hirunraks   Patom Manirojana 

                                                                             
MANAGING EDITOR 

Pongjan Yoopat 

 
MANAGING STAFF

Payao Amittadej   
Sornsiri Haraunsheep   
Meanmas Pranpa  
Chatlada Putharaksa  

Nutweena Sarapipat  
Pornkamon Thoicharoen  
Siriwan Wasukree  
Alisa Youngnoon

 



RJAS Vol. 1 No. 1 Jan.-Jun. 2011 
 

RANGSIT JOURNAL OF ARTS AND SCIENCES (RJAS) 
Volume 1, Number 1, January-June 2011 

 
Editor’s Note 

 
The explosion of knowledge in our time has been swift and sustained and continues to grow at an ever-
increasing rate.  It has overtaken us in every important area of scholarship and technology, testing our ability 
to understand, order, manage and use it to our benefit.  Many see it as a broad, irresistible tsunami of 
advances in science, technology, health care, food production, the environment, physics, genetics, human 
thought, as well as in new areas of knowledge not yet defined or even identified.  Many celebrate mankind’s 
intellectual accomplishments, while others resist this exponential growth, feeling that it only serves to 
confuse the human mind.  As scholars and teachers, we must view current changes as a challenge to meet, 
and not as a whirlwind which will sweep humanity back into the “dark forest of ignorance”.  However we 
choose to view this tumult, our focus should be cautious and well-measured, understanding that the arts and 
sciences offer mankind intellectual and aesthetic wealth, necessary to enhance our shared living experience. 
This phenomenon of change calls for new perspectives.  
 
A university as an institution in society has a responsibility to provide quality education, enabling the next 
generation of leaders to develop the wisdom, knowledge and reasoning ability to evolve into balanced, 
productive individuals. Beyond teaching, another core mission of institutions of higher learning is to 
challenge the truths that no longer serve us and offer leadership in the search for genuine wisdom by 
informing and influencing policy-makers, government leaders and the wider public. In the turbulence of the 
current maelstrom of data and opinion facing the world, universities will need to play a leading role to help 
us navigate our highly complex and technologically interconnected world in positive and instructive ways.  
 
In response to the exceptional needs of our time, a new multidisciplinary journal has been established, the 
RANGSIT JOURNAL OF ARTS AND SCIENCES  (RJAS). 
 
It is with great pleasure that the editorial and management staff of RJAS launch the inaugural issue of the 
journal. RJAS is an international multidisciplinary journal that aims to provide a prominent medium for the 
publication of new insights over the entire range of academic endeavor. The scope of the Journal covers all 
those cited by Wikipedia’s field of arts, plus its field of science and technology. The aim, range and 
editorial policies have been set out in the Note for Authors section, at the end of this issue. Besides the lead 
article, the first issue of RJAS contains four articles in the arts and five articles in science and technology. 
 
On this auspicious occasion which celebrates the launching of the Journal, Dr. Arthit Ourairat, President of 
Rangsit University, and Chairman of the RJAS Advisory Board, has honored us by contributing the 
Inaugural Article entitled: “Challenges to education in an era of uncertainty”. This article provides the 
steering thematic for the Journal to follow. 
 
To borrow Dr. Ourairat’s words, we hereby extend our best wishes to the readers, the reviewers, and to 
current and future contributors who will help make RJAS a vehicle for disseminating new knowledge and 
new discoveries. 
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________________________________________________________________________________________________ 
 

The RANGSIT JOURNAL OF ARTS 
AND SCIENCES (RJAS), the most recent 
academic publication of Rangsit University, is 
being launched at a time when the world is 
experiencing shifts in culture, language and 
capital, largely due to the globalisation of everyday 
life. The rise of communication technology has 
helped to ignite the explosion of new knowledge 
that began in the 1950s. The resultant change has 
been swift and rapid and, for many, the speed of 
progress, especially in emerging fields like 
technology, communication, health care, food 
science, energy sources, environmental and 
transportation sciences has been entirely unpredictable. 
Academics, researchers, administrators, legislators 
and people in general, particularly those who have 
been at the top of their profession, are nowadays 
occasionally caught off-guard by the emergent 
expansion and the multitude of initiatives in a 
variety of fields. In this foreword, I briefly outline 
the challenges that universities are facing in this 
new era and discuss their implications to 
education, research and, ultimately, to the 
contribution that the RJAS seeks to make in these 
areas of development.  

Only a few decades ago, the ways in 
which knowledge was produced allowed a small 
number of prominent individuals to dominate their 
respective fields of expertise, largely because 
access to information was more difficult and, as a 
result, it was less available across the community. 
The pace of change was slower, thus making 
progress more controllable. This traditional pattern 
began to break in the 1980s when the production of 
new knowledge and the making of discoveries 
accelerated at an explosive rate, outpacing the 
common human ability to understand, anticipate 
and adapt to change. Furthermore, developments in 
communication technology led to an unparalleled 
openness of information. The doors were opened 
for many more people to become involved in 
knowledge production and in the construction of 
alternative views of knowledge, thus challenging, 
at least in principle, those who had been 
dominating the various fields of intellectual 
activity. 

The impact of modern-day technology is 
evident and we need look no further than recent 

events in the Middle East and Japan to witness its 
effects on nations and their people in times of 
unrest and disaster. Because of the existence of 
Facebook, the people of Egypt were able to stand 
united in their quest for liberty and to achieve it 
ultimately. In a different perspective, the citizens 
of Japan were able to reconnect with their loved 
ones by posting news on their home pages. 
Without warning, Facebook and similar platforms 
have transformed the communication and 
interaction patterns between and among human 
beings. Internet statistics help us capture the rate of 
change involved (Bullas, 2011; Efrati, 2011). It is 
estimated that, every month, approximately 31 
billion searches are performed on the Google 
search engines (Fisch, McLeod, & Bronman, 
2008). Five years ago, in 2006, there were less 
than 3 billion (Fisch et al., 2008). Many sought-
after jobs in 2011 simply did not exist ten years 
ago (Kiplinger staff, 2011). If this trend continues, 
as it seems to be, today’s young people will work 
in jobs that do not exist currently and have not 
been thought of. They will use technology that has 
not yet been invented and will solve problems that 
we cannot even begin to foresee. It is estimated 
that in 2008 alone 4 exabytes of unique 
information were generated. This is more 
information than mankind has produced in the 
previous 5,000 years (Fisch et al., 2008). Further, 
the amount of new technical information is 
doubling every 2 years (Fisch et al., 2008). This 
means that students who begin a 4 year technical 
degree today will discover that half of what they 
learned in the first year of their studies has become 
outdated by the time they are in their third year 
(Fisch et al., 2008).  

In fact, we are witnessing a fundamental 
shift in our society, perpetrated by technological 
advances. The scope and impact of that change 
appears to be unlike any transformations 
experienced heretofore. We are moving into new 
and uncharted territory, potentially challenged by 
the new generation born into a world that we 
created, but that we no longer know. In order to 
identify our own role in this new world, we need to 
understand the direction of this change. 

Questions regarding change and its 
direction have also been raised by education 

*President of Rangsit University;  
  Chaiman of the RJAS Advisory Board  
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experts concerned with the kinds of skills and 
attributes necessary for students to embark on high 
quality learning. Engaging in these kinds of 
reflections enables academics to ponder over the 
kinds of contributions that the academy can make 
to society as a whole (cf. Barrie, 2004: P. 262). 
These are important matters to deal with if 
universities are to remain relevant in the new 
world. As a result of these concerns, many 
universities across the world engage in identifying 
generic attributes for prospective graduates and 
seek to explicate those in terms of the teaching and 
learning processes involved in the development of 
these attributes across the range of university 
courses available. These activities illustrate that 
universities are in fact ready to meet the challenges 
of the 21st century. While it is true that universities 
are actually responding to the learning pressures of 
modern society, it is difficult to imagine what 
could be the alternative. There are, indeed, new 
challenges for education in this “Era of  Uncertainty”.  

As traditional forms of teaching are 
giving way to irresistible change, support and 
encouragement are needed to accelerate the efforts 
of universities striving for academic excellence 
and innovation in both teaching methods and 
content. With this goal in mind, research needs to 
address questions relevant for universities so as to 
enable them to maintain their role as leaders of 
change, innovation and education by learning from 
past experience and through information sharing. 
Our quest for answers begins and ends with 
education. Education, therefore, is the key to the 
welfare of nations and their peoples. Where there 
are problems, economic or social, it is through 
education that the best solutions are formed. Hence 
it is critical that all people have access to 
education, regardless of their nationality, religion, 
culture, or way of life. We are all citizens of one 
world.  

To summarize, in order to assert the role 
of universities as leaders and innovators, we must 
open ourselves to new influences and truly 
embrace the new opportunities that are becoming 
available. We must accept the values of the new 
generation, even when they contradict our own 
habits and tastes. We must respect the new views 
of young people who are learning to gradually take 
responsibility for their future, as they mature. We 
must learn to perceive technology as one of 
mankind's greatest achievements, created to serve 
humans. We must understand and be skilled in new 
ways of communication and the corresponding 
benefits of faster and better-managed information. 
We must use technology wisely, as more information 

does not necessarily translate into an increase in 
knowledge, far less in the capacity (wisdom) to 
discern. We must invest in IT wisely and learn to 
use it wisely. We must acknowledge that, often, 
teachers and staff may be technologically less 
skilled than their students, as they grew up in an 
environment where technology was used to a much 
lesser extent. And most of all, we need to 
recognise that we are not only participants in 
change, but also creators of ongoing change.  

At the human level, an integral part of 
change is the growing recognition that we are all 
one people, despite our differences and diversity. 
We belong to ourselves, not to any specific 
country; we live together, learn together, and 
establish friendships and partnerships for future 
endeavors in an atmosphere which is conducive to 
fulfilling our intellectual and emotional potential. 
This creates the necessity for mutual cooperation 
and recognition and, while the goals of education 
around the world may be similar, the systems, 
processes and infrastructures will vary from 
country to country and from continent to continent. 
All cultures have positive aspects to offer, and 
sharing and collaboration help new “cultures” to 
emerge. When the uniqueness of individuals is 
cultivated and respected, such collaborative 
contexts can help foster a global vision while 
respecting the local conditions and values. This is 
often referred to as glocalisation, vs. globalisation: 
“Think globally and act locally”. Not all answers 
can be created by policy-makers and administrators. 
To a large extent, the shape of the new world will 
depend on the young people and the quality of the 
education that we produce.  

As part of the academic world, we are 
greatly encouraged to see a growing awareness 
among educators, parents and students of the 
importance of educational reform and the need to 
encourage the younger generation to participate in 
change in an informed manner. We are hopeful for 
the future of the nations in our part of the world. 
They have agreed to share and work together in a 
union known as the Association of South East 
Asian Nations (ASEAN). Full cooperation in many 
areas, most particularly research, is close at hand 
and will come to fruition in 2015. 

It is in our constant quest for new views, 
new perspectives and new insights that I express 
the hope that the RJAS will become one of the 
instruments by which research scientists, social 
observers and critics can share new knowledge  as 
well as challenge some of the dysfunctional 
notions inherited from the past. 
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In launching this new journal, it is my 
fervent wish that specialists in the arts and sciences 
everywhere, not just members of ASEAN, will 
contribute research articles and commentaries on 
important issues for us, global citizens, as we tread 
the path toward a more fruitful future in this “Era 
of Uncertainty”. I hereby extend my best wishes to 
the readers, the Editorial Board, and to current and 
future contributors who will help make RJAS a 
vehicle for disseminating new knowledge and 
discoveries that will enhance education as a tool 
for the citizens of all nations to lead a happy and 
productive life in the 21st century. 
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Abstract 

This reflective, future-oriented paper identifies eight trends/directions relevant to (language-) learning in the 
early part of the 21st century: an unprecedented rate of change; an unprecedented richness of information; a growing 
emphasis on interdisciplinarity; the potential growth of a research mentality; the centrality of meaning-making in all 
learning; the power of social networking; the need for creativity and divergent thinking; the empowerment of the 
learner. It then proposes a model of teaching/learning based on the notion of the rhizome as a way responding better to 
students’ needs through the elicitation of individual needs, and coupled this with a technologically-based solution 
constructed on a multimedia database. 

 
Keywords: culture learning, language learning, methodology, computer assisted learning, rhizomes, critical pedagogy 
________________________________________________________________________
 
Introduction  

The first decade or so of the 21st century 
has seen enormous changes on the geopolitical 
scene: the Tunisian government has fallen, the 
Egyptian government has fallen, Libya is on the 
verge of civil war, and the governments of other 
middle-eastern countries are under severe pressure. 
Arguably, these changes were largely driven by the 
emancipatory power of technology acting as a 
catalyst of profound social change. Central to the 
success of these world-changing events is the 
ability for ordinary people to communicate with 
one another freely and openly, thus enabling 
thought exchange and organisation of mass 
movements. Critically important to this enterprise, 
was Facebook with its half a billion users, and it is 
freely acknowledged by one of the organisers of 
the revolution in Egypt, Wael Ghonim, that he 
deliberately set out to create the revolution through 
the use of his laptop and Facebook (Knowles, 
2011). The power of the Internet was clearly 
recognised by the Egyptian authorities which 
promptly shut off all Internet access to the outside 
world, only to restore it in the next few days after 
realising that they were powerless to cut off 
communications to the world. Of course, change of 
the kind that occurred in Egypt is a function of the 
ability to enforce it (having the power to enforce it; 
the Egyptian people did) and of new ideas, new 
knowledge, and new understandings (including the 
understanding that one has the power to act). In 
other words, the technological revolution is 
bringing about, for the world at large and people 
from almost all walks of life, the opportunity to 

 

 
think in new and interesting ways, to empower 
people to act, thus enabling them to dare to engage 
in high-level political and other activities 
(something not easily achievable before). As a 
consequence of this empowerment, the world is 
changing at an unprecedented rate.  

More subtle in their impacts are changes 
in the intellectual and educational worlds. 
Although somewhat concealed or discreet, they are 
just as important and point to some educational 
trends for the 21st century. Eight of the more 
interesting of these for language learning, at least 
in my view, are identified and discussed very 
briefly and will serve to inform the second part of 
this article. 

 
An unprecedented rate of change 

It is almost a platitude to assert that the 
world is changing at an unprecedented rate (largely 
through better communication and better 
understandings often facilitated and mediated by 
modern technology). Hierarchies are flattening, 
increasingly placing access, knowledge, tools, and 
therefore power and the potential to contribute 
intellectually and in other ways, in the hands of 
ordinary people. Nowadays, intellectual and other 
productions can be shared quickly and without 
hindrance potentially with the entire world 
(Friedman, 2007). Small voices are being heard 
more than ever before and they are making a big 
difference. In particular, social networking is now 
firmly installed as a major means of communication, 
information-dissemination and personal and 
institutional openness, at least on the surface, with 
all the problems that this entails in relation to 
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privacy and other matters. The fact that the world 
is changing so fast means that we cannot be sure of 
what will happen next week let alone five years 
from now. This has an impact on needs in general 
and, in educational contexts, students’ needs in 
particular. What we can be sure of is that we need 
to be prepared to deal quickly and effectively with 
unspecified change much of which will be 
generated by technology. 

 
An unprecedented richness of information 

This too seems a little obvious. There is 
no doubt that the world is more information-rich 
and communication-rich today than at any time in 
its history. Information and thoughts on every 
conceivable subject can be obtained through 
technological and communication means at a 
moment’s notice and we are constantly bombarded 
with a multitude of signals about anything and 
everything, often in multimedia format and with 
multi-sensory input. From an educational 
perspective, this means that sources of information 
need not be limited to whatever can be provided by 
specific teachers, scholars or universities. Students, 
if they wish, are now able to access information 
from a multiplicity of highly reputable sources, not 
just from text books or lectures provided by their 
home institutions. Examples of such sources 
include the TED network (http://ted.com) which 
broadcasts videos of “Riveting talks by remarkable 
people, free to the world” and Academic Earth 
(http://academicearth.org) which offers free 
“Online courses from the world's top scholars”. These 
are but two of the thousands of available sources of 
high-quality information. The information found 
on these sites may actually be richer, more up-to-
date, better justified intellectually and generally of 
higher standard than that provided by the students’ 
own school or university. Faced with such 
richness, the problem now becomes that of 
selection of information, distinguishing between 
good and bad, valuable and less valuable for one’s 
own purposes. Importantly, information and 
knowledge are now emanating not only from 
dominant mainstream sources but also from 
innovative intellectual outliers. While these 
outliers still have to prove themselves, or 
otherwise become “accredited” or at least credible 
they are no longer buried by those in power and 
their voices have a chance of being heard.  
 
The universe is interdisciplinary in nature 

Despite long-standing academic categorisations 
(as exemplified by the creation of disciplines or 
departments which act as bastions of power for 
affinity groups), the educational world is beginning 

to realise/accept that the universe is essentially 
interdisciplinary and that traditional artificial 
academic boundaries and categorisations are 
weakening so as to reflect more accurately the 
realities of a world with no natural boundaries. 

This new attitude is reflected in many 
universities around the world, e.g. Rice University, 
in the USA, is instituting a low walls policy in its 
strategic plan. Half-way around the globe at 
Rangsit University, in Thailand, the same idea is 
equally enshrined in its strategic plan as it is for 
Curtin University in Australia. 

The growth of interdisciplinarity means 
that greater connections are being established 
between traditionally distinct and compartmentalised 
areas of study and research.  

For instance, interdisciplinary research is 
now showing strong evidence that a person’s 
native language clearly affects the ways people 
think and act. In a recent study of one of the 
Aboriginal languages of Australia published in the 
Scientific American, “empirical evidence for this 
causal relation has emerged, indicating that one’s 
mother tongue does indeed mold the way one 
thinks about many aspects of the world, including 
space and time” (Boroditsky, 2011).  

This discovery changes many things and 
helps to reinstate, at least in part, the previously 
discarded Whorf-Sapir hypothesis, and attacks the 
notion of language and cultural universals. 

Another example can be found in the 
work done by the verbotonal group (phonetics, 
rehabilitation of the deaf and language teaching), 
in Zagreb, Guberina (1972, 1976) at the SUVAG 
Centre, http://www.suvag.hr and elsewhere (Asp, 
2006), which interconnects pronunciation, gesture 
and movement (including dance) to bring about 
improved perception and pronunciation of sounds 
in foreign language learning contexts. A huge 
amount of interesting work remains to be done, 
particularly in the area of posture and 
pronunciation, following the pioneering work by 
Laurence Wylie (1977) and Carolyn Fidelman 
(1993a; 1993b).  

A further example relates to the clear 
relationship, now able to be demonstrated by 
modern instrumentation studies of the brain, 
between intonation and grammar. While it had 
long been argued that there was a close 
relationship between intonation and grammar (e.g. 
Boomer, 1965), this can now be demonstrated to 
be unequivocally true through the use of modern 
technologies, e.g. 'The brain generates its own 
sentence melody' (Hermann, 2003). That 
relationship should now be harnessed to enhance 
the   language   learning   process.      An important 
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realisation emanating from these studies, however, 
is a more general one, to the effect that we are 
physiological beings and that physiology should be 
taken into very serious consideration when dealing 
with areas such as learning grammar which,         
a priori, do not seem to have any connection with 
the body. In other words, language learning can be 
thought of as a whole body activity not just an 
intellectual one. Looking at it in this way changes 
how we deal with it (Planck, n.d.). In fact, all 
aspects of our performance are related to the body. 
Thinking, pronunciation, crossing the road, all of 
these activities are necessarily linked to it. 
Studying the relationship between the body and 
other phenomena is therefore likely to be critically 
important to our understandings of how certain 
fields of study, such as phonetics, can be 
influenced by other apparently unrelated fields 
such as posture. The same principle can also apply 
to other traditional “intellectual” disciplines.  

  

As the status of knowledge is no longer as 
stable as in the past, we need constantly to reassess 
the contributions of the belief systems that we have 
typically drawn upon to inform our thinking. In 
today’s world, recreating the stories or principles 
from the past (i.e. drawing upon traditional views 
of categories of knowledge) is no longer sufficient. 
Every school student, every graduate, every 
professional, indeed everyone who needs to 
function effectively, needs to be something of a 
scholar/researcher able to deal with the 
(intellectual) uncertainties of that world and to 
contribute to the construction of the future. In 
universities and schools, this necessarily implies a 
strong and consistent commitment on the part of 
academic faculty to genuine personal research. It 
will no longer be enough to split universities, as 
we sometimes do now, into teaching universities 
and research universities. All universities and 
teaching institutions will need to accelerate and 
strengthen their research effort. Students too will 
need to familiarise themselves with research and 
research practices and universities around the 
world should give serious consideration to 
implementing and extending the findings of the 

Boyer report (The Boyer Commission on 
Educating Undergraduates in the Research 
University, 1998). That report stipulated that 
undergraduate research should be mainstreamed in 
research universities but, to meet the needs and 
challenges of the future, the concept of research for 
undergraduates, indeed research for all, needs to be 
extended to all universities and educational 
establishments. 

Other areas of interdisciplinarity which 
are coming to the fore but are still not in the 
mainstream in language learning (traditionally 
dominated by linguistics) include critical theory, 
critical pedagogy, and complexity theory (so-
called chaos theory) as applied to organic 
processes such as language-learning which could 
help us, inter alia, to understand the organic nature 
of learning.  

 
The central importance of research for all  

Having said that, there are indications that 
students (and society in general) are already 
harnessing the power of the research tools 
available on the Internet and elsewhere to meet 
their personal needs (information, social, 
commercial). As soon as something is needed 
people nowadays immediately turn to the Internet 
for an answer. In effect, people are transforming 
themselves into researchers, using a do-it-yourself 
approach. While the information that they glean 
may not always be what they need, they are 
certainly learning to be more independent and 
more resourceful. Furthermore, as people use the 
Internet tools more extensively, the tools will in 
fact teach them how to think about the subject of 
their research, as they will incorporate, necessarily, 
the specific ways of seeking specific information 
forced upon them by the search engines: looking 
for an electrical appliance does not follow the 
same pattern as looking for information about 
actions or cultural events. Over time each search 
engines will acculturate the user into behaviour 
patterns appropriate for the task at hand. In effect, 
people are turning themselves into researchers. As 
educators, our job is to turn them into good 
researchers. 

 
Knowledge, perception and meaning-making  

Knowledge construction is understood 
increasingly as an act of individual meaning-
making rather than as an act of information-
passing or simple memorisation (A-P. Lian, 2004). 
Here, perception, in its broadest sense, plays a 
crucial role in determining the ways in which we 
understand the world. Essentially, our perceptual 
mechanisms help us make sense of the present 
because they act as a storehouse for our past and 
we use that past as a filter to understand the 
present. This view is consistent with Derrida’s 
notion of the deferral of the sign (Derrida, 1982).  
If we wish to move forward with our 
understandings of the world, we need to find ways 
of modifying our perceptual / understanding 
mechanisms. For this to happen, we need to act on 
our stored past in order to read the future better or, 
to put it more accurately we need to act on our 
present so that in the future, when it has become 
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our past, it will enable us to act differently and 
more effectively, i.e. we will have learned 
something. This complex task seems to 
encapsulate the essence of the learning enterprise.  

The following description, essentially 
postmodern in spirit, reflects the points just made 
in relation to educational contexts. It is based on a 
reflective piece which serves as the foundation for 
the development of a rhizomatic model for 
language learning (A-P. Lian, 2004) and will also 
serve as a partial introduction to the final part of 
this article.  

As we go about our daily activities, we 
are constantly engaging with complex multi-
sensorial signals which we relate to our personal 
internal logical and representational systems [the 
filter of our past, our history, our habitus 
(Bourdieu, 1995)] in order to produce meanings 
which, in turn, empower us to act. As explained 
above, in this model we never access reality 
directly but only through the filter of our past 
which tells us what is relevant. Thus, while the act 
of understanding is always individual, it is shaped 
by the practices of society in interaction with us. 
Meaning is constructed internally through a 
process of convergent inferences from multi-
channel experience and feedback. A useful way of 
thinking about this is that we are essentially sense-
making machines in constant need of generating 
understandings in order to be able to function 
during every moment and every context of our 
daily lives. Meaning-making is an integral part of 
the human condition. The act of learning is not 
different from that in essence. In order to learn, we 
have to make some kind of sense of what is 
presented to us or what we observe. Without such 
meanings, we would be incapable of learning 
anything. 

Now, for learning to occur the students 
need an effective way of distinguishing between 
their understandings that work and those that do 
not (and therefore need to be dealt with). We can 
think of this clash of understandings as the core of 
“learning needs”. Learning needs become 
identified when students’ current meaning-making 
mechanisms fail to resolve problems encountered 
as they seek to accomplish specific tasks. When 
this happens, some sort of intervention is required. 
Given that each student's history (and therefore 
meaning-making mechanisms) is significantly 
different from those of his/her peers, the 
difficulties that they will encounter are also likely 
to be different, unpredicted and unpredictable, and 
will require specific assistance tailored to the 
individual student and will lead to the personal 
construction of knowledge organically rather than 

according to some arbitrarily predetermined 
sequence. 

Thus, for best results, ways of dealing 
with unpredictability should be built into learning 
systems and provide (a) an opportunity to identify 
learning needs and (b) an opportunity for students 
to address learning needs both autonomously and 
with help. This is a very different model of 
learning from that normally offered by schools, 
universities and textbooks where learning 
sequences and paths through knowledge are 
predetermined and where everyone is supposed to 
traverse set knowledge in lock-step synchrony. 

 
The power of social networking 

There is good evidence that we learn well 
(some will say best, e.g. Robinson, 2008a) in 
groups when we collaborate and interact with 
others and receive feedback. For instance, “[..] in a 
collaborative learning setting, learners have the 
opportunity to converse with peers, present and 
defend ideas, exchange diverse beliefs, question 
other conceptual frameworks, and be actively 
engaged.” (National Institute for Science 
Education, n.d.). While this describes collaborative 
learning in formal settings, the emergence of social 
networks offers an added and highly significant 
dimension. 

Take the following example (A.B. Lian, 
2006): The Thai News Network (TNN) project 
conducted at Khon Kaen University, Thailand, 
with first year undergraduate students of Thai. The 
overall objective was to enhance students’ critical 
reading and writing skills (Buranapatana & A. B. 
Lian, 2002). Students were required to establish a 
news channel. The intention was to create and 
support an educational platform where critical 
investigation triggered a process for students to 
engage not only in the criticism of texts but also to 
enhance their interactions with people with a 
diversity of interests and belonging to the 
community at large.  

To achieve this, students developed a 
web-based information channel. Within the three-
month duration of the project, they created thirteen 
articles reporting on different issues relating to 
social, political and scientific issues. Students 
advertised their website around the university, 
among other students, with teachers from different 
subjects, and the community in general. They 
obtained email feedback from hundreds of readers. 
They also established a discussion forum. Thus, 
the project allowed students to approach the task of 
writing in a manner where success did not depend 
on teachers’ judgments alone, but on their ability 
to participate in, and generate, negotiation among 
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members of the general public who, as a result, 
provided them with both expert and non-expert 
feedback.  

Students reported learning many skills 
including the courage to talk to people from other 
towns or villages or other universities. They also 
developed a professional attitude toward their own 
work, and learned to seek out information. They 
learned to understand the power of informed 
participation.  

While the social site set up by the 
students was far less powerful technically than 
systems such as Facebook (pre-dating it by two 
years), it nevertheless demonstrated the value of 
interacting with people from all walks of life, 
resulting in enhanced critical awareness and 
thinking together with enhanced literacy skills (in 
Thai, the students’ native language). 

 
The need for creativity and divergent thinking 

Given the preceding, there is a clear need 
for a focus on creativity from both students and 
teachers. Dealing with such a broad range of new 
and different areas simultaneously, over the entire 
period of our lives (lifelong learning), will require 
equally new ways of thinking and dealing 
effectively, and at short notice, with issues and 
problems. Research will address some of these, but 
research alone is not sufficient as research models 
can become outdated and routinised. We need to 
become increasingly adaptive and creative and 
think creatively and divergently in order to 
maximise outcomes. At first glance, this may 
appear obvious, yet there is disturbing evidence to 
suggest that the educational system (perhaps the 
rise of standardisation or standardised testing 
(Robinson, 2008b), which is likely to get worse, at 
least in the USA (Krashen, 2011), or perhaps just 
“life”) tends to make people conform and lose 
creativity. This is the view of people such as Ken 
Robinson (2008b) and Larry Vint (2005), and they 
are not the only ones. Both quote a major 
longitudinal study by George Land and Beth 
Jarman (1992) indicating that, over time, creativity 
is unlearned rather than learned. Land and Jarman 
(1992) discovered that at five years of age 98% of 
children scored in the ‘highly creative’ range of a 
standardised creativity test. Five years later the 
same children scored only 30%. Five years after 
that their scores had dropped to an alarming 12%. 
They also discovered that the scores for 280,000 
adults of 25 years of age and older was only 2%. 
This is a disturbing but, perhaps, not totally 
unexpected finding, as it seems to reflect processes 
of economy of effort and growing conformity that 
occur in us as a normal consequence of everyday 

life. This finding could explain, at least in part, the 
blockages which reduce our ability to learn a 
second or foreign language. If this trend is still 
continuing today (the original study was published 
in 1992), then in an increasingly diverse and 
complicated world, moving at a faster rate than 
ever before, this is a dangerous state of affairs, 
which needs prompt attention. 

Encouragingly, there are signs of change 
at least in the ranks of bold and imaginative 
educators. 

For Ken Robinson, part of the answer is 
to find your passion, the Element as he calls it 
(Robinson, 2009): “We all have different aptitudes 
and we have unique passions[..] The challenge is 
to find them because it is in the fusion of both that 
we live our best lives”. In Robinson's terms this 
implies being highly creative (Robinson, 2011). 

For others, like Angela Maiers, it is 
possible to create passion-driven education through 
a classroom environment which she helped to 
implement with good results (Maiers, 2011). 
Teachers got to know students’ “passions, gifts 
and talents” rather than assuming some kind of 
uniformity of interests and purposes, and used this 
knowledge to enhance the learning process. The 
trick is in the creation of the environment that will 
release the passion and enhance the process. 

For others again, the way to creativity is 
through small-scale but precise radical change 
(perhaps facilitated by technology). At Michigan 
Center High School, teacher Dan Spencer changed 
practices in the classroom on the basis of an idea 
from two teachers in Colorado: Jon Bergmann and 
Aaron Samms. Instead of lecturing in class and 
letting students do homework at home, Spencer 
used technology to create screencasts of his 
lectures which students watched at home. Class 
time was used to do “homework”. He could now 
spend extra time helping students one-on-one 
(Stansbury, 2011). 

Significantly, and perhaps surprisingly, 
creativity is now being promoted by some of the 
popular media. One of the most popular channels 
in the United States, the USA network, is actively 
engaged in promoting creativity through its 
“Character Approved” honorees program which 
recognises the contributions of creative people 
who are “shaping our culture”. And channels 
which enjoy such a high level of popularity have 
the potential to place the notion of creativity in the 
minds of millions of people. This is a remarkable 
engagement in cultural activity by a channel 
which, typically, specialises in soap operas, 
television serials and movies. 
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It is clear, then, that despite fears to the 
contrary, creativity does manifest itself. The 
question remains, though, as to whether it is 
sufficiently widespread to make a difference and 
whether the systems currently in place are able to 
support creativity in a general sense and make it 
available to the entire community of students. One 
suspects that the answer is probably “no”. 
Educational systems, on the whole, tend to be 
somewhat resistant to and suspicious of change, 
and, seeking to bring about a paradigm shift is 
always extraordinarily difficult and requires both 
faculty and regulatory authorities to embrace it. 

 
More power to the students 

Just as in the case of ordinary people 
exercising political power resulting from changes 
in society and technology, students have increasing 
power in education in terms of access to 
knowledge and the ability to make choices about 
how to deal with such knowledge. They are no 
longer limited by their teachers’ knowledge or 
control of access to information. Quite 
importantly, they may even be able to create their 
own learning resources or learning materials 
according to their needs. For example they may be 
able to choose or perhaps even construct their own 
textbooks, with or without help, using systems 
such as Connexions (http://cnx.org) developed at 
Rice University by Richard Baraniuk (Rubinstein 
& Bernard, 2007). Connexions is for both authors 
and students. Here “authors create or collaborate, 
instructors rapidly build and share custom 
collections, learners find and explore context 
(Connexions website)”. Materials generated can be 
printed in the form of books (through on-demand 
printing technology), thus enabling textbooks with 
very specific content (and no waste) to be 
produced at a sale price to students of between 
10% and 30% of less flexible commercial 
equivalents.  

Following the same logic are systems for 
enabling students to construct their own lessons. 
For instance, a proof of concept example designed 
to teach intonation by drawing on authentic 
audiovisual materials, MMgen, was developed by 
the author. Students are provided with a video 
recording whose different intonation patterns have 
been indexed and made available according to 
certain identifiers. Students can then dynamically 
construct their very own intonation lessons 
according to their needs and a set of appropriate 
parameters (e.g. choice of pattern, contexts, words, 
etc.). They have the option of listening to the 
original recorded utterances, listening to the 
utterances through a digital filter [a low-pass audio 

filter set at between 320 Hz and 415 Hz so as to 
highlight the intonation patterns and reduce 
processing load (A-P. Lian, 1980)], listening to the 
utterances in context or listening to the entire 
recording. In due course, the generated lesson 
would be linked to other lessons which may also 
be under student control (A-P. Lian, 2004). While 
access to such tools is very valuable, once needs 
have been identified, needs are not always visible. 
Students will need access to environments able to 
elicit known needs and (even more important) 
unknown needs, as pointed out earlier. Suitable 
environments are created when students are able to 
confront their current state of knowledge against 
complex tasks to be accomplished. As they 
perform activities, they discover what they are 
lacking (i.e. their needs) and seek and receive 
appropriate help. 

One such environment is called 
Macrosimulation (Mestre & A-P. Lian, 1985) [the 
concept was later re-invented independently as 
Simulation globale (Yaiche, 1996)]. A macrosimulation 
is a long-term simulation where participants create 
for themselves a virtual living environment, e.g. a 
French village. They “build” houses and other 
buildings, generate local institutions and adopt 
appropriate ways of life. They select personae, 
determine their characters and act out their roles 
for significant amounts of time, e.g. a whole 
semester. After a while, they develop a sense of 
their own history in the simulation and their 
personal stakes change: they are no longer just 
doing an exercise, their “self” is at stake (Mestre & 
A-P. Lian, 1985). In that environment, language 
and culture are tightly integrated, are interactively 
related to one another, and are learned 
simultaneously, with culture acting as the primary 
contextualiser of both linguistic and non-linguistic 
activity. 

Most importantly from a learning 
perspective, macrosimulations provide an opera- 
tional space where collisions occur between each 
learner’s logical and representational systems and 
the tasks to be performed, thus generating needs to 
be dealt with by acquiring new knowledge or 
developing new strategies. Students can then get 
individualised feedback and move forward at their 
own pace using advanced approaches such as that 
emerging from Pannathon Sangarun’s research on 
the cognitive pre-task planning process (Sangarun, 
2010). 

Significantly, also, this environment 
encourages, indeed can demand, (a) creativity, in 
order to deal with the complex and unexpected 
activities which may crop up; (b) passion, it 
provides excellent opportunities for students to 
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A guiding intellectual framework engage in activities that really matter to them; (c) 
choices, by its very nature the environment 
requires people to make decisions about what 
activities to engage in and how: power is clearly 
placed in the hands of the students and they are 
ideal environments for students to capitalise on 
facilities for creating their own learning resources, 
e.g. books or lessons. 

Initially, the guiding intellectual framework 
was developed on the understanding that all 
meaning is personal and individually constructed 
as identified above and subject to individualised 
intervention. This introduces the notion of the 
rhizome as a fundamental structure in the model. A 
rhizome is a term from botany which has made its 
way into the critical theory literature. Conceptually, it 
is like the root of a ginger plant whose parts have 
no obvious and clear connecting points. Instead, 
every point is potentially connected to every other 
point. Below is a figure representing (in simplified 
form) some rhizomes: 

In other words, environments like this 
seem made for the 21st century and are mirrored, 
to some extent, in the recent development of three-
dimensional virtual worlds such as Second Life 
(http://secondlife.com) which provide the ability to 
create realistic, visible and manipulable spaces for 
human engagement and the activation and 
expression of imagination, creativity and passion. 

 
 
  

Toward a rhizomatic model of language-
learning 

 
 
 The trends and features identified above 

are applicable to all educational systems. They are 
transformative in nature. They are evolutionary 
rather than revolutionary, as well as organic in 
essence as they are the product of slow change 
(even though not widely implemented) and, 
arguably, represent the next logical step in 
educational progress. They are also coherent with 
one another and converge to suggest a solid 
structure for generating comprehensive teaching 
and learning systems.  

 
 
 
  
 
 

 Figure 1 Rhizomes
 
A rhizome can be thought of as consisting 

of a set of conditions which allows for multiple, 
non-hierarchical entry and exit points in data 
representation and interpretation (Deleuze & 
Guattari, 1987). This is the very antithesis of a tree 
structure. A rhizomatic structure can be thought of 
as a structure which contains components where 
each and every component is connected to each 
and every other component of the living, i.e. 
organic and potentially infinite, structure. Within a 
learning structure, this means that students are able 
to connect from any activity or information point 
to any other activity or information point according 
to perceived need. A rhizomatic structure should 
not be thought of as chaotic but rather as a self-
regulating structure responsive to the learners’ 
needs as determined by the mechanisms in place 
(human or otherwise) for determining such needs. 
The rhizome is a critical feature of the language 
learning system to be described (A-P. Lian, 2004). 

The next part of this article provides a 
very brief and abbreviated overview of the 
potential design of such a system in the context of 
language learning through the implementation of a 
model called generically: a rhizomatic system for 
language learning (all still work in progress). The 
system, partly based on A. B. Lian (1996), was 
described initially in A-P. Lian (2004) and in 
subsequent presentations at various conferences (at 
times with J. A. González) and focused on support 
structures (A-P. Lian & Gonzalez, 2008). 

 
Conceptual structure 

The conceptual structure of the system is 
simple and consists of three layers:  

(a)  a guiding intellectual framework 
(b)  an operational space and 
(c)  support structures and associated 

conceptual and physical resources and 
tools. 

Thus, in a rhizomatic system, whatever 
path students follow will be determined by the 
needs that they identify or negotiate with teacher, 
advisors or even technology as they attempt to 
perform cultural and linguistic tasks. Students 
entering the system engage in complex tasks which 
create confrontation between their logical and 
representational systems and the task requirements. 

 
These layers are similar to the minimum 

requirement for any learning system. The 
difference lies in the content of these layers. 
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In doing so, their needs will emerge, they 
will be identified and, subsequently, will be 
supported by human, material or technological 
resources. 
 
An operational space 

A macrosimulation operational space (see 
above) was selected as the space for needs-
generation in view of the author’s familiarity with 
it and his previous success using it. That 
environment also has the advantage of offering 
considerable student autonomy, thus empowering 
students to be active both in tasks and in problem-
resolution. Macrosimulation also enables them to 
engage in countless creative activities and, 
furthermore, it can accommodate to change very 
easily. 

 
Support structures 

Support structures can come in many 
shapes and forms. They can consist, for example, 
of teachers, books, other students, external 
contributors. However, given the current state of 
technology and the strong personal research and 
do-it-yourself attitude (potentially) of current 
students and likely future students, the primary 
support structure envisaged is technological and 
will come in two forms. 

(a) Technology-based help systems 
constructed on multimedia databases 
(originally proposed in A. B. Lian, 1996) 
containing information and lesson 
materials drawing on both authentic 
materials and pedagogic materials and 

(b) Social networks comprising of other 
students, expert teachers, expert managers 
of the systems in (a) above, native 
speakers and other interested parties. 
 

Significantly, the support structures just described 
are not restricted to rhizomatic models of learning. 
Potentially, they are of universal value, no matter 
what approach one uses and, therefore do not 
require macrosimulation as a front-end. 

 
Technology-based help systems 

In trying to solve the needs of students we 
are faced with an unordered set of demands and 
questions which can, potentially germinate at any 
point in the process of learning and connect to any 

other point in that process. In other words, needs 
are unpredicted and unpredictable. To meet those 
needs, technology-based help systems should 
provide support structures which reference rich 
resources and (especially given today's do-it-
yourself world) enable learners to find answers to 
their questions for themselves. They should also 
provide links to other rich resources and support 
systems which might lead students on a profitable 
serendipitous journey of discovery. 

Tools should offer support in at least the 
following areas: (a) information and awareness-
raising, (b) guidance (e.g. hints for language and 
culture use/learning) and (c) new opportunities 
(connections and links to other resources and 
lessons leading to curiosity/serendipity-based 
learning). 

These systems should also be plentiful, 
abundant and varied in nature so as to respond to 
students’ preferred learning styles. Wherever 
possible, they should offer rich feedback extending 
beyond the problem at hand. 

They should also enable students to ask 
questions, maybe not questions such as: “How do I 
greet my friends on Sunday morning?”, but 
perhaps something more like: Show me ‘greetings’ 
between ‘friends’ in context X at time Y (all 
accessed through dropboxes or keywords). 

They should actually show language in 
action (they should play video) and, if possible, 
enable learners to change the conditions of the 
situation to see what impact that might have on the 
language or communication. 

At the heart of the system would be a 
multimedia (primarily audiovisual) database with a 
good human interface containing authentic 
materials, quasi-authentic materials and pedagogic 
materials. 

While learners should be able to 
interrogate the database directly, it should also be 
possible for it to be accessed by other programs 
and to act as a source of materials for them. This 
combination of features provides the infrastructure 
for a properly rhizomatic learning structure, 
offering a large number of possible entry and exit 
points. 
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 Social Network 

Figure 2 above displays an example 
layout for a help system and includes programs 
extending the database’s capabilities. 

In the top layer, students connect to the 
World Wide Web, specialist social networks (if 
needed, see below), and data sources which they 
interrogate according to their needs. Requests are 
referred to the database (MMBase) and responses 
are provided directly. Students can also be 
connected to other sources of information and to 
lessons. This is provided primarily by the third 
layer which retrieves information or enables 
students to generate their own materials (e.g. the 
dialogue generator Dialgen), to generate lessons or 
connect to lessons provided by the fourth layer: 
listening comprehension (IBMreg), text 
exploration (MMBrowse), intonation training 
(IPF). Many of the programs make use of multi-
sensory input, sometimes modified so as to 
optimise students’ perceptions and reduce their 
processing load (e.g. low-pass filtering of natural 
sentences is used to heighten students’ perceptions 
of intonation patterns and to activate right-brain 
processing for enhanced learning of intonation and 
grammar). 

 
Social networking 

In addition to a self-managed technological 
infrastructure, a human infrastructure is required, a 

kind of helpdesk. There are many reasons for this. 
Most importantly, it is essentially impossible for 
the technology-only systems to contain answers to 
all possible questions. There will be many 
instances when students need to discuss their 
requirements with expert humans to get immediate 
answers to their requests. An important side-
benefit is that queries made can be fed back into 
the system and will enrich the database for future 
users. Thus, the amount of online information will 
keep growing, will become increasingly richer and 
will meet the needs of more and more students. A 
helpdesk would be a valuable front-end for 
students and for system development. 

Figure 2  Partial map of a possible help system

However, given the acknowledged value 
of collaborative learning and the recognition that 
much learning is social, it seems highly desirable 
to extend the human connections of students 
beyond the helpdesk to include other people. These 
could include other students with similar 
difficulties, teachers able to give feedback and 
advice, native speakers who could converse and 
interact with students and help them in unexpected 
ways, and other language and culture experts who 
would be able to contribute in much the same way 
as in the case of the Thai News Network discussed 
earlier. Such contact could occur through chat 
rooms, face-to-face videoconferencing, virtual 
classrooms, and interactions in virtual worlds. It is 
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not impossible to imagine that the social dimension 
of a rhizomatic system as described could become 
very large as it is possible to envisage not just a 
local learning network but, for greatest advantage, 
a worldwide network of systems capable of 
supporting thousands of students at any one time 
all of whom would be keen to engage in social 
interaction in support of their language-learning. 

 
An example interaction 

The following example may help to 
clarify the processes involved. Let us imagine a 
group of English-speaking learners of French. 
They have a specific problem to solve: they need 
to find out the workings of yes-no questions in 
French. They get together in person or virtually 
and engage in the following activities.  

 
• First, they query the system according to 

selected criteria using the built-in 
interface (e.g. show how yes-no questions 
work when two people greet each other. 
They have a particular phrase in mind: 
“Ça va?” – How are you doing?).  

• The database returns a list of yes-no 
questions in their original contexts.  

• They view extracts from multimedia 
documents (perhaps movies, or interviews 
or other forms of authentic interactions) 
containing the items of interest. Each 
instance listed is accompanied by 
significant information (ranging from 
cultural comments to analysis of gesture). 

• Students observe the contexts of use and 
cultural information and discuss how yes-
no questions seem to work. 

• Because of the richness of the media 
used, they identify and compare further 
instances of questions. In particular, they 
now compare the workings of yes-no 
questions with information questions, but 
decide to use only a particular movie 
which captured their interest. 

• Intrigued by what they have discovered, 
they decide to expand their search beyond 
questions and to examine how greetings 
work in general (within a specific movie). 

• Instead, however, they get caught up by 
the movie that they have been watching 
and decide to view it in its entirety. 

• As they view the movie, they stop at 
various points to check that they have 
correctly understood the events of the 
film. They do so by responding to some 
short comprehension questions. 

• Remembering their original purpose in 
interrogating the database, they request 
the system to generate individualized 
lessons according to specified parameters.  

• They leave their immediate task, but have 
some unanswered questions. Three hours 
later, two of them send a joint query to 
the system’s social network. Five hours 
later, they receive answers from their 
teacher, from a language expert who 
works on the system and from two native 
speakers (with whom they correspond in 
French). Over time, other people respond 
and a collection of data constructed 
around their query is built up, indexed 
and published. 
 
This example illustrates the rhizomatic 

nature of the experience. An arbitrary entry point 
was selected. It happened to be a 
grammatical/intonation structure, but it could also 
have been a function (e.g. a greeting) or a genre 
(e.g. an advertisement), a gesture or a facial 
expression (e.g. a raised eyebrow). The students 
engaged in a self-directed serendipitous adventure 
supported by self-constructed lessons which 
enabled them to establish a form of dialogic 
inquiry between themselves and the various texts 
with which they were interacting. The path that 
they chose to follow was not pre-established but 
was made possible by the availability of the 
database, its speed of retrieval and the 
communication systems connecting it to the 
students and other systems. Importantly too, the 
students were able to have their questions 
answered quickly, efficiently and effectively in a 
rich and engaging way at a time and place which 
suited them, with a minimum of effort on their part 
or the part of others. As a bonus to every user of 
the system, new learning data were made available 
to the benefit of all participants in the system 
(including educational and other researchers with 
access to the interactions and stored information). 

 
Conclusion 

This paper has sought to review and 
reflect upon developments in society, technology 
and language-learning systems in the 21st century. 
It offered a conceptual model of language-teaching 
and learning which recognises the centrality of 
individualised meaning-making in the learning 
process in general and language-learning in 
particular and proposed solutions consistent with 
perceived social and technological developments 
in the 21st century. These solutions, which revolve 
around eight trends/directions, engender, inter alia, 
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student autonomy. Furthermore, the solution of 
student-driven rather than teacher-driven communicative 
needs can be used not only for short-term language 
and culture education but also in the context of 
language maintenance and lifelong learning. Much 
more research, both intellectual and 
developmental, remains to be undertaken in order 
to implement and test the functionalities, 
effectiveness and practicalities of each component 
of the system and, ultimately, of the system as a 
whole. 
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Abstract 

The overall financial stability of the business sector has been a major concern of people involved with the 
economy, such as policy makers, financial institutions, and investors. The growth of a business, or a lack thereof, will 
directly affect the stability of that business, and thus the economy in which it operates. The aims of this article are to 
determine whether a statistical model can identify a firm’s debt crisis.  The groups focused on in this article are Small 
and Medium-sized Enterprises (SMEs) for both those financially distressed and non-financially distressed in the Thai 
economic market. A total sample of one hundred and fifty-nine firms, comprising both financially distressed and non-
financially distressed firms has been chosen for this study. Parametric t-test and Mann-Whitney U test were undertaken 
to distinguish the differences between the financial characteristics of the two SME groups. This study employs a logistic 
regression analysis to predict the likelihood of survival or failure of SMEs by developing a predictive model called 
ŶThai-SME.  This model achieves a result of 95.6 per cent regarding the classification accuracy of a business, and shows 
that liquidity and leverage ratios are the most predictive characteristics of Thai SMEs in financial distress. The results 
suggest that Thai SME failure is largely related to a business developing a debt crisis. The implication of the model 
could be employed by several stakeholders to identify financially distressed firms and provide an early warning in order 
to establish the foundations needed to make an informed decision regarding the allocation of resources. 
 
Keywords: financial distress, financial characteristics, Small and Medium-sized Enterprises (SMEs), bankruptcy, 
logistic regression analysis 
________________________________________________________________________________________________ 
 
1.  Introduction 

The financial stability of small and 
medium enterprises (SMEs) has been a major 
concern for policy makers and the business 
community owing to the substantial contribution 
these businesses and enterprises play in most 
economies. In the United States of America (U.S.) 
for instance, in 2007, SMEs comprised 99.7 per 
cent of all enterprises; provided approximately 75 
per cent of all employment positions added to the 
economy in that year, and employed 50 per cent of 
the total workforce in the private sector (Altman & 
Sabato, 2007). Similarly, in the OECD 
(Organisation for Economic Co-operation and 
Development) countries, SMEs constitute over 97 
per cent of the total number of firms. These 
statistics illustrate that the importance of the SME 
sector has been increasing within the economies of 
several nations.  This is also reflected in the 
increased interest from academic research in 
developing models predicting potential business 
failure, which has been a major concern for several 
decades (Ahn, Cho & Kim, 2000). In the U.S., and 
elsewhere, the number of small businesses has 
generally increased, with the number of large 
enterprises is decreasing (Hutchinson & 
Michaelas, 2000). The success, or the failure, of 
SMEs will inevitably, therefore affect other  

 
associated businesses. Nevertheless, relatively 
little academic attention has been given to 
modeling a formula to calculate the credit risk for 
SMEs (Altman & Sabato, 2007; Altman, Sabato & 
Wilson, 2008) thus such a study of SME failure 
and the identification of factors that predict the 
future possibility of failure is warranted.   In view 
of the significance of SMEs, the need to 
understand the underlying causes for their failure 
has attracted research attention in recent times 
(Altman & Sabato, 2007; Altman et al., 2008).  As 
SMEs tend to exhibit risk characteristics that are 
different from those of large corporations an 
understanding arguably assists in the development 
of measures to prevent failure.  It is apparent that 
there is limited literature on modeling financial 
risk for SMEs in general and even more so in 
regard to emerging economies such as in Thailand. 
This being so, this paper seeks to provide further 
empirical evidence required for modeling SME 
credit risk in Thailand. 

In general, the significance of SMEs in 
the employment sector by creating jobs and 
stimulating economic growth has been recognised 
(Bàkiewicz, 2005; Veskaisri, 2007). SMEs 
comprise a fundamental unit in the Thai economy, 
constituting over 99 per cent of total number of 
enterprises in the country (Office of SMEs 
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Promotion, 2007). As a result of this recognition 
and its importance to the nation's economy, the 
issue of the sustainability of SMEs has become 
increasingly important in the development of 
policies in Thailand. Although the Thai 
government has recognised the significant role of 
SMEs, and has implemented policies to enhance 
their viability, the problems associated with the 
failure of SMEs continue. The Committee for the 
Promotion of SMEs has summarised the obstacles 
facing SMEs in Thailand in the following four 
main categories: 1) limited financial access; 2) loss 
of competitive advantage; 3) lack of good 
corporate governance; and 4) ineffective support 
from the Thai government (Office of SMEs 
Promotion, 2006, 2007). 

The financial aspect of SME failure has 
attracted particular policy attention in Thailand 
since the financial crisis of 1997. At that time the 
percentage of non-performing loans (NPLs) to the 
total credit in the country’s financial system rose to 
47.7 per cent, which was the highest percentage in 
the country’s history (Bank of Thailand, 2008). 
This economic crisis also promoted a greater 
concern on the part of the government for 
economic recovery and growth (Bàkiewicz, 2005; 
Swierczek & Ha, 2003). The Thailand Ninth 
National Economic and Social Development Plan 
(2001-2006) (Thai 9th NESDP; Office of The 
National Economic and Social Development 
Board, 2001) emphasized a concern for economic 
growth, including greater focus on SME 
development. The Thai government, through the 
Office of SME Promotion (OSMEP), formulated 
the 1st SMEs Promotion Plan (2002 - 2006), a plan 
that aimed to resolve and limit the negative effects 
of the economic crisis as well as encourage and 
support the revival of SMEs. 

However, despite the recent generalized 
emphasis on SMEs, this sector in the economy of 
Thailand has received insufficient research 
attention (Bàkiewicz, 2005). Against this 
background, this study aims to develop a model for 
predicting the likelihood of SME success or failure 
in Thailand using logistic regression. SME failure 
prediction models can help facilitate business 
managers to distinguish financial problems as an 
early warning mechanism; they can also facilitate 
other decision makers to understand the financial 
profile of businesses (Ahn et al., 2000), and inform 
policy-makers by highlighting key priority areas.  

In Section Two this paper reviews 
literature and then develops research hypotheses in 
Section Three. Section Four outlines the research 
methods with Section Five presenting and 

discussing the empirical results of the study. Then 
finally, Section Six concludes the paper. 
 
2.  Literature 

2.1  Identifying SMEs 
The literature shows that SMEs are 

identified in various ways in different countries. 
They can be identified through several 
characteristics such as the amount of fixed assets, 
total assets, total sale volume, the number of 
employees, or by a combination of these factors. 
For instance, in the United States of America the 
classification of businesses is based on the number 
of employees. They are classified as very small 
enterprises if they employ less than twenty people, 
as small enterprises if they employ between twenty 
and one hundred people, and as medium 
enterprises if they employ between one hundred 
and five hundred people (Office of Advocacy, 
1984). Altman and Sabato (2007), by adapting the 
definition of SMEs from the new Basel Accord, 
considered businesses with a sales volume of less 
than US $65 million as SMEs. The European 
Commission, whose definition is used by many 
countries, states that small and medium-sized 
enterprises are companies that employ less than 
two hundred and fifty staff and have an annual 
turnover not exceeding EUR 50 million, or an 
annual balance sheet total not exceeding EUR 43 
million (European Commission, 2003). The 
nations of China, Indonesia, Japan, Korea, 
Malaysia, and Singapore also use the number of 
employees as the basis for classifying firms, with 
different levels used as cut off points (Khader & 
Gupta, 2002) 

In Thailand, SME sectors are divided into 
production, service and trading firms. They are 
classified as medium or small enterprises based on 
both the number of employees and the amount of 
fixed assets, excluding land (Institute for Small 
and Medium Enterprises Development, 2006). For 
example businesses in the production and service 
sectors are classified as small enterprises if their 
assets are not more than THB 50 million and 
employ no more than fifty people; while medium 
enterprises are those with assets between THB 50 
to 200 million and employ between fifty and two 
hundred people. On the other hand, businesses in 
the wholesale trading sector are classified as small 
enterprises if their assets are less than THB 50 
million and employ no more than twenty-five 
people and as medium enterprises if their assets are 
between THB 50 to 100 million and employ 
between twenty-six and fifty people. However, in 
situations where the number of employees and the  
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value of fixed assets place the firm in both 
categories, that is either small or medium, the 
lower of the two determines how the enterprise 
will be classified.  
 
2.2  Forms and consequences of business failure  

Business failure can take several forms, 
including excessive liability, financial deficit, 
bankruptcy, insolvency, default, distress, non-
performing loans, business termination, and/or 
liquidation (Kraus & Litzenberger, 1973). 
Interestingly, not every firm with financial 
difficulties goes bankrupt and ceases operation. 
Bernanke and Campbell (1988) argue that 
bankruptcy costs are actually quite small and can 
often be avoided by the renegotiation of debt terms 
or by the acquisition of the firm by a third party. 
However, Bernanke and Campbell (1988) indicate 
that the most important costs occur when firms are 
close to bankruptcy. Firms that are close to 
bankruptcy may be unable to borrow from 
financial institutions, or suppliers, or to take 
advantage of productive opportunities as they have 
difficulties convincing lenders to enter into long-
term relationships with them. Thus, these 
difficulties reduce their ability to operate profitably 
and to obtain new funds on reasonable terms, 
which is a major cost to firms with excessive 
debts. Such firms will have additional incentive to 
move even closer to declaring bankruptcy. 

Thus, to determine the actual cost of 
business failure it is often difficult because the line 
between business success and failure is not always 
clear and therefore determining the cost of failure 
may not be explicit. Dealing with financial 
distress, total bankruptcy-related costs to firms and 
claimants are approximate 13 to 20 per cent of the 
distressed firms’ pre-distress value. Further, 
indirect bankruptcy costs include the loss of sales, 
profits and goodwill.  These losses are incurred on 
account of reduced consumer confidence that 
result from individual customers’/client’s decisions 
towards distressed firms and their inability to 
obtain goods, credit or to issue securities. Beyond 
these losses, the distressed companies may be 
occupied in taking steps to avoid bankruptcy to the 
extent that normal business operations are 
disregarded (Ross, Westerfield & Jordan, 2008; 
Warner, 1977). Therefore, as going bankrupt is 
expensive, firms will spend much of their 
resources and put in a lot of effort to avoid it.  

In addition to the substantial direct and 
indirect costs of business failure, there are other 
dimensions to SME failure that should be 
considered. First, the probability of both personal 
and business bankruptcy, including the subsequent 

liquidation, is much higher with small enterprises. 
Second, the direct costs of bankruptcy and 
liquidation fall more heavily in relative terms on 
small enterprises. Third, there may be some other 
indirect costs associated with bankruptcy and 
liquidation that are not readily apparent (Holmes, 
Hutchinson, Forsaith, Gibson., & McMahon, 
2003).   
 
2.3  Financial ratios and business failure prediction 

Financial ratios have been used in 
numerous studies to predict business failure.  Jen 
(1963) stated that financial ratios could be fairly 
efficient as predictors of a variety of financial 
difficulties.  It was found that financial ratios 
consistently and clearly distinguished between 
profitable and unprofitable firms during the period 
1949-1955 (Jackendoff, 1962).  Examples of, 
financial ratios include current ratios (current 
assets divided by current liabilities); working 
capital (current asset less current liabilities) to total 
assets ratios; and net worth (liabilities less equity) 
to total debt ratios of profitable firms were 
consistently high. Total asset turnover (earnings 
after interest and tax expenses divided by total 
assets) was found to be inversely related to the size 
of firm.  The best predictors identified by 
Fitzpatrick (1931) were the net profit to net worth 
ratio and the net worth to total debt ratio.  
Whereas, the net working capital to total assets 
ratio has been stated as the most accurate and 
steady indicator of failure (Horrigan, 1968).  Most 
bankruptcy prediction studies have been used to 
construct bankruptcy prediction models by 
classifying failing and non-failing firms several 
years prior to the actual failure event.   
 
2.4  Approaches to failure prediction  

In the wake of the collapse of several 
corporations, the question arises as to whether 
pertinent financial information should have been 
used to alert stakeholders to potential problems 
before they actually occurred. Such an approach 
would have protected stakeholders from possible 
losses by enabling the possibility of introducing 
measures and taking the actions required to avoid 
corporate bankruptcy.  Therefore, one major 
benefit of being able to distinguish between 
distressed and non-distressed firms would be to 
provide early indicators of financial stress and to 
warn all parties so they may introduce and 
implement remedial actions. Financial concerns 
should be addressed as quickly as possible after 
their identification so that firms remain solvent. 

Davidson and Dutia (1991) found that 
small firms have less liquidity and are more 
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leveraged than large firms, yet tend to have lower 
profit margins. In the case of financially distressed 
firms, the financial characteristics are even more 
extreme with low liquidity, high leverage and low 
or negative profits (losses). As financially 
distressed firms tend to exhibit low liquidity and 
high levels of long term debt, financial ratios can 
be examined to predict the chances of business 
failure. 

Furthermore, numerous business failure 
prediction models have been suggested since the 
1960’s, with the development of such models 
starting with the univariate analysis by Beaver 
(1966, 1968). Subsequently, the best-known 
technique for predicting business failure, 
developed by Altman (1968), is multivariate 
discriminant analysis (MDA). As Fulmer, Moon, 
Gavin & Erwin (1984) argued, discriminant 
analysis is particularly useful when the objective is 
to categorize a variable as falling into one of 
several groups, such as good or bad, male or 
female, bankrupt or non-bankrupt.  The 
discriminant function is also derived in a way that 
minimizes the possibility of misclassification.  
Practically, using discriminant analysis may raise 
several questions regarding the percentage of 
accuracy that is required for classification, as well 
as the question of unequal sample sizes, of missing 
data, and of absences in multivariate normality, 
outliers, multicollinearity and singularity. Several 
studies, for instance those by Deakin (1972, 1977), 
Edmister (1972), Blum (1974), McGurr and 
Devaney (1998), have employed this technique as 
a tool for the prediction of bankruptcy.   

The artificial neural network (ANN) 
technique has also been used by several 
researchers such as Tam and Kiang (1992) and 
Lee, Han and Kwon (1996) to predict bankruptcy. 
More recent studies, for example those by Ohlson 
(1980), Gentry, Newbold and Whitford (1985), and 
Platt and Platt (1990, 1991) employed logistic 
regression (logit) and probit techniques. Logistic 
regression is relatively free of restrictions and 
assumptions regarding the distribution of 
predictors which are not required.  The lack of 
restrictive assumptions and the uncomplicated use 
of its prediction have increased the popularity of 
this form of analysis.  However, when the 
assumption of distribution of predictors is met, 
discriminant function analysis is more effective 
and seems to be a more efficient approach for 
analysis (Tabachnick & Fidell, 2001).  
 
3.  Setting objectives and hypotheses  

The objectives of the study are 1) to 
observe the similarities or differences of the 

characteristics of distressed and non-distressed 
SMEs, 2) to develop a model that can be used in 
predicting the financial status of Thai SMEs and 
whether they are more likely to become failures by 
considering their financial ratios from past years.  
Financial rations used in this study are separated 
into three categories: liquidity, leverage and 
profitability, further detailed as follows. 

i) Liquidity refers to how quickly and cheaply an 
asset can be converted into cash, or in other 
words, the ability of current assets to meet 
current liabilities when due. 

ii) Leverage, also known as gearing or levering, 
refers to the use of debt to supplement 
investment, or the degree to which a business is 
utilizing borrowed money. 

iii) Profitability refers to an ability of a firm to 
generate net income on a consistent basis. 

 
The following hypotheses were tested. 

H1: There are significant differences in the 
financial ratios between Thai financially distressed 
and non-financially distressed SMEs as listed on 
the Market for Alternative Investment (MAI) in 
terms of liquidity, financial leverage and 
profitability. 
 
H2: A logistic regression model predicts Thai 
financially distressed SMEs and non-financially 
distressed SMEs more accurately than a possible 
classification by chance. 

 
4.  Research methodology  

Due to the available resources on-line, 
this study utilized secondary data. Financial ratios 
from the designed sampling groups represented by 
the MAI and those of the non-financially distressed 
firms, were used to determine the differences in 
Thai financially stressed SMEs’ characteristics. 

This study employed both parametric and 
nonparametric approaches in the Statistical 
Package for the Social Sciences (SPSS) program, 
Logistic regression analysis is considered to be 
more flexible than discriminant analysis, therefore, 
to avoid the impact of the lack of multivariate 
normality, outliers, multicollinearity and 
singularity, the logistic regression model is used to 
develop the bankruptcy prediction models in this 
study. The percentage of accuracy from the model 
is then later compared with the percentage of 
accuracy by chance. 

The study employed an analysis of the 
financial ratios of two groups, one hundred and 
fifty-nine cases from between 2002 to 2005 to 
develop a logistic predictive financial distress 
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model for Thai SMEs. The validation of the                                  
constructed is made through examining the 
classification accuracy for both initial and holdout 
samples. Later, to investigate the prediction model 
and further test the suspected non-stationarity over 
time, sixty-five new cases drawn from between 
2006 to 2008 were entered into the analysis.   

                                                                                     

The companies that applied to the Thai 
Bankruptcy Court, the Central Bankruptcy Court 
and the Civil Court for debt restructuring during 
the years 2002 to 2005 were used as a sampling 
frame

The details of sampling and variable 
selection, with definitions are discussed as follows. 

4.1 Thai SMEs definition 
As outlined in the preceding section, the 

commonly used bases for categorizing the size of 
firms include the number of employees, the 
amount of fixed assets, the volume of sales, the 
balance sheet outstanding, and the structure of 
shareholders. Even though the number of 
employees is the most frequently used criterion in 
most countries around the world, with some 
difficulties in obtaining such data in the case of 
Thailand, asset size of an enterprise was therefore 
chosen as the criterion to classify the size of Thai 
firms. This method is in accord with the 
recommendation of the European Commission, to 
the effect that the annual balance sheet (or total 
assets) of a firm should not exceed EUR 43 million 
(European Commission, 2003), or THB 2,000 
million, to be classified as a small and medium-
size enterprise. In accordance with this criterion; 
firms for which the total assets do not exceed THB 
2,000 million at year’s end are classified as SMEs. 
 
4.2 Non-financially distressed SME: Market for 
Alternative Investment (MAI) perspective 

As the companies that are listed on the 
MAI are also listed on the Stock Exchange of 
Thailand (SET), none of them were identified in 
the non-performing group on the SET, and none of 
them possessed total assets at the end of the 
research years exceeding THB 2,000 million, 
therefore, the MAI-listed companies can be 
regarded as a representative sample of non-
financially distressed SMEs.  Of the financial 
statements collected from 2002 to 2005, ninety-one 
financial statements are used for comparison with 
financially distressed SMEs. 
 
4.3 Financially distressed SMEs definition 

1. Then, according to the definition of SMEs 
                                                           

1The name list of the companies that applied to a court in Thailand can 
be found on the website of the Legal Execution Department, Ministry of 
Justice, Thailand (http://www.led.go.th) 

in this study, companies with assets below BHT 
2,000 million were selected as financially 
distressed SMEs. The financial data of the sixty-
eight financially distressed SMEs were then 
collected2.  
 
4.4 The variables 

With these two different groups of SMEs 
sixty-eight financially distressed and ninety-one 
non-financially distressed - a total of nine 
independent variables were selected for use in this 
study. As defined in Table 1, these variables were 
divided into three categories: 1) liquidity, 2) 
leverage and 3) profitability. Nine independent 
variables, the most commonly used by previous 
studies, were identified and also included into the 
analyses. 

 
Table 1  Variables 

Measure Unit Name 
Liquidity
1. CA/TA % Current assets to total assets ratio 
2. CL/TA % Current liability to total assets ratio 
3. WC/TA % Working capital to total assets ratio 
Financial 
leverage 

  

4. LL/TA % Long-term liability to total assets 
ratio 

5. TL/TA % Total liability to total assets ratio 
6. DE  Time Debt to equity ratio 
Profitability   
7. TI/TA % Total income to total assets ratio 
8. EBIT/TA % Total earnings before income and tax 

expenses to total assets ratio 
9. EAIT/TA % Total earnings after income and tax 

expenses to total assets ratio 
 

5.  Empirical results and discussion 

5.1 Test of hypothesis One 
The study examined the differences 

between Thai financially distressed SMEs and 
non-financially distressed SMEs on the MAI by 
using both a parametric test (independent sample 
T-Test) and a nonparametric test (Mann-Whitney 
U Test) to analyse the first hypothesis.  
              The variables of interest in this study are 
the ratios relating to current liabilities, financial 
leverage, and profitability. The distressed firms 
had liabilities, which were much greater than their 
assets. Table 2 shows total liability ratios were 
over 100% of total assets (LL/TA and TL/TA 
ratios) for financially distressed SMEs, which 
resulted in the financially distressed firms having a 
negative equity (DE ratio). Under ideal 

                                                           
2The financial data of the 68 financially distressed SMEs were obtained 
from the website of the Department of Business Development (DBD), 
the former Ministry of Commerce, Thailand (http://www.dbd.go.th) 
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circumstances, liabilities would be kept below the 
level of total assets so that the debt-to-equity ratio 
shows a positive value.  The Parametric t-test was 
conducted to analyse the nine variables in order to 
find the significant differences between the 
samples, as every tested ratio shows the results 
matched the expectation. The results (Table 2) 
show that the financial characteristics of 
financially distressed SMEs are different from 
those of the non-financially distressed enterprises. 
All variables show statistically significant 
differences in both the parametric and non-
parametric tests at a 0.1% level of significance. 
The financially distressed SMEs exhibit low 
liquidity and profitability with high leverage. On 
the other hand, the non-financially distressed 
SMEs exhibit higher liquidity and profitability 
accompanied with lower leverage. Therefore, the 
evidence supports the first hypothesis. 
 
5.2  Test of hypothesis Two 

After the variables used in this analysis 
were tested, to assess the Goodness-of-Fit of the 
estimated model, logistic regression maximized the 
“likelihood” that the event would occur. The four 
variables were entered using Forward Stepwise 
Wald, in which one variable was entered into the 
model at a time, making four steps in total. The 
overall measure of the fitness of the model is  

assessed by the likelihood value (-2 times the log 
of the likelihood value referred to as -2LL or -2 
likelihood).  As Hair, Anderson, Tatham and  
Black (1998) indicated, a well-fitting model will 
have a small value for -2LL, and the minimum 
value for -2LL is zero.  The result shows that the -
2LL value was reduced from the base model value 
(Step 1) 131.228 to 39.291, a decrease of 91.937. 
The Cox and Snell R2 indicates a greater model fit 
with higher values where the maximum value is 1, 
which in this study, was .417 at the first step, and 
increasing to .673 at the last step. Nagelkerke R2 
proposed a modification that had the range of 0 to 
1, which in this study the Nagelkerke R2 was .904.  
It can be seen that this model had a high degree of 
fit.  Lastly, the HoSMBr and Lemeshow 
measurements showed no significance, indicating 
that there were no significant differences in the 
distribution of the actual and predicted dependent 
values.  The model coefficient was found to be 
statistically significant at every single step. The 
first variable that was selected to enter into the 
equation (or Step 1) was LL/TA ratio with 83.0 per 
cent correct classification, to be followed by the 
WC/TA ratio (Step 2) with 93.7 per cent, then the 
TI/TA ratio (Step 3) with 95 per cent and finally 
the EBIT/TA ratio (Step 4) with 95.6 per cent 
respectively.  

 
 
Table 2  T-Test and Mann Whitney U-Test summary results  

Hypo-
theses 

Variables Mean Parametric t-test Mann-Whitney U Test 

 FD**-
SMEs 

NFD*-
MAIs t 

Confidence 
Interval  
Result  

Z 
Confidence 
Interval  
Result  

1) Liquidity       

1.1 CA/TA of FD < of NFD 42.77 61.33 -4.59 *** -4.24 *** 

1.2 CL/TA of FD > of NFD 181.21 35.56 4.20 *** -5.82 *** 

1.3 WC/TA of FD < of NFD -138.44 25.76 -4.73 *** -7.54 *** 

2) Financial leverage       

2.1 LL/TA of FD > of NFD 127.65 7.61 6.96 *** -7.28 *** 

2.2 TL/TA of FD > of NFD 308.87 43.17 6.95 ***      -10.63 *** 

2.3 DE of FD < of NFD -2.77 0.78 -5.13 *** -8.93 *** 

3) Profitability       

3.1 TI/TA of FD < of NFD 68.32 118.93 -4.23 *** -7.07 *** 

3.2 EBIT/TA of FD < of NFD -12.14 12.52 -4.41 *** -8.25 *** 

3.3 EAIT/TA of FD < of NFD -28.37 8.87 -4.76 *** -5.90 *** 

 
***Significance at .1% level 

 
      

**  FD: Financially Distressed (68 firms) 
*   NFD: Non-Financially Distressed (91 firms) 
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As the technique enables selection of the 
most powerful discriminatory variables to be 
included into the equation followed by the next 
most powerful, accuracy percentages were 
increased as every step was completed. 
Consequently, the model to discriminate between 
financially distressed and non-financially 
distressed SMEs was developed as follows. 

 
 
ŶThai-SME =           е1.031+0.065X1 – 0.049X2+ 0.018X3 +0.082X4 

               1+ е1.031+0.065X1 – 0.049X2+ 0.018X3 +0.082X4 
 
 
Where, 
ŶThai-SME = Overall score of Thai-SMEs 
e             = Mathematical constant (2.71828), the base of  
                  natural logarithm 
X1 = Working capital to total assets ratio (WC/TA) 
X2 = Long-term liabilities to total assets ratio (LL/TA) 
X3 = Total income to total assets ratio (TI/TA) 
X4 = Earnings before interest and tax expenses to total  
        assets ratio (EBIT/TA) 
 
              The model’s classification result (Table 3) 
achieved an accuracy of at least 90 per cent.  Using 
Ŷ ≥ 0.50 to determine non-financially distressed 
SMEs, with Ŷ < 0.50 to determine financially 
distressed SMEs, four cases of misclassification 
were revealed from the distressed group to the 
non-distressed group (Type I error), or 5.9 per cent 
being misclassified.  There were three cases (or 3.3 
per cent) of misclassification from the non-
distressed group to the distressed group (Type II 
error).  With a total of accuracy of 94.1 per cent 
regarding the non-financially stressed SMEs and 
96.7 per cent regarding the financially stressed 
SMEs being classified correctly, this gave an 
overall accuracy rate of 95.6 per cent, which is 
much higher than the classification by chance, 
which is 51.046 per cent3. The overall accuracy of 
95.6 per cent of the model leads to the conclusion 
that the logistic regression model is useful for 
distinguishing between financially distressed and 
non-financial distressed firms.  The high overall 
accuracy rate also shows that the method adopted 
here leads to a more reliable outcome than the 
proportional chance criterion.  Thus, Hypothesis 
Two is supported. 

                                                           
3Classification by chance or proportional chance criterion (CPRO) when 
group sizes are unequal is calculated by using the following formula. 
 CPRO=P2 + (1-p)2   
Where p=Proportion of individuals in group 1;  
         1-p=Proportion of individuals in group 2  
 CPRO =(.42767)2  + (.57232)2=0.18290+  0.32755 

        =0.51046     or   51.046 per cent  

The model was further tested by entering 
a new set of variables from a sample of sixty-five 
firms from the years 2006, 2007 and 2008. Three 
groups of old and new cases of samples were used 
and the classification accuracy of the logistic 
regression model was tested.  The first twenty 
cases are non-financially distressed firms, which 
were ranked according to their profitability as 
recorded on data from 2009. Cases 21 to 40 are 
selected randomly from SMEs that went to the 
bankruptcy court during 2002-2005 (these are the 
old cases that were used as samples in developing 
the model). The use of this selection of companies 
enables identification of the model’s ability to 
identify companies that have recovered from 
financial distress once they had lodged bankruptcy 
applications.  A third group of twenty-five cases 
(cases 41-65) was then derived from companies 
that filed for bankruptcy after 2006 (new cases that 
have never been used in the developed model) to 
test the model with collected data from new cases 
of financially stressed SMEs. The result of the new 
test is promising.  It is found that the developed 
model can be used in predicting the failure 
likelihood with about 70 per cent of accuracy in 
the new cases.  

6.  Conclusion 
The results of this study were not 

surprising as they were in line with the conclusions 
of many previous researches in this area. The 
differences of the financial characteristics between 
financially distressed and the non-financially 
distressed companies were tested and confirmed. 
The non-financially distressed companies, 
understandably, exhibited a better financial 
performance when compared to the financially 
distressed companies.  The characteristics of the 
non-distressed companies included, as expected, 
high liquidity and profitability, with low debt; 
while distressed companies were characterized 
with low liquidity and profitability, but with the 
burden of carrying high debt.  It is important to 
note that a negative debt-to-equity (DE) ratio in 
financially distressed companies readily illustrates 
the ramifications of the tremendous strain caused 
by the great amount of liability, specifically long-
term debt mostly over their assets, as a result the 
DE ratio of the distressed firms become negative.  
Thus the evidence from the test supports the first 
hypothesis.  
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Table 3  Classification

 
Step Observed 

Predicted status 

FD-SMEs NFD-MAIs Accuracy (%) 

Step 1 Status 
FD-SMEs 46 22 67.6 
NFD-MAI 5 86 94.5 

Overall Percentage   83.0 

Step 2 Status 
FD-SMEs 62 6 91.2 
NFD-MAI 4 87 95.6 

Overall Percentage   93.7 

Step 3 Status 
FD-SMEs 64 4 94.1 
NFD-MAI 4 87 95.6 

Overall Percentage   95.0 

Step 4 Status 
FD-SMEs 64 4 94.1 
NFD-MAI 3 88 96.7 

Overall Percentage   95.6 
a. The cut value is .500 point 
 
 

   

With respect to the nine variables used to 
construct the logistic predictive model, which was 
utilized for predicting the likelihood of survival, or 
failure, of Thai SMEs was established and is 
shown as follows.  

 
ŶThai-SME = е1.031+0.065X1 – 0.049X2+ 0.018X3 +0.082X4 

          1+ е1.031+0.065X1 – 0.049X2+ 0.018X3 +0.082X4 
 

Four main variables, namely the working 
capital to total assets ratio (WC/TA), long-term 
liabilities to total assets (LL/TA), total income to 
total assets ratio (TI/TA) and earnings before 
interest and tax expenses to total assets ratio 
(EBIT/TA) were found to be the most powerful 
discriminatory variables. The holdout sample 
indicated that there was an overall accuracy of 95.6 
per cent, which is much higher and reliable than 
the classification by chance (51.046 per cent).  
Thus, concluding that Hypothesis Two is 
supported, yet, the result revealed some errors, 
with four cases of Type I error (misclassification 
from the distressed to the non-distressed group) 
and three cases of Type II error (misclassification 
from the non-distressed to the distressed group).  

The new sixty-five cases were entered 
into the formulae to test the validity of the 
developed logistic model.  A favorable result was 
found even though some errors were seen, even so 
the results led to the conclusion that the model is 
promising and that it is at an acceptable level of 
accuracy, thereby providing a useful means to 
distinguish financially distressed firms from non 
financially-distressed firms.  

The results of this study have implications 
in both the fields of financial/economic theory and 
in practice. As the consequence of business 
failures affects the sustainability of business over a 
wide range, there is a need to develop a systematic 
study of failures, rather than accepting failures as 
they come.  A study of this kind will enhance the 
body of knowledge and hopefully reduce the 
number of failures. The model developed here 
could be employed by several stakeholders to 
identify financially distressed firms and assist with 
making decisions regarding resource allocation. 
Many areas need to be focused on, such as the 
identification of the causes of failure, the 
identification of the indicators of potential future 
failure and the development of sophisticated 
mathematical models for predicting failures. 
Additional variables used in the model and non-
financial data are suggested to be included in 
future research. 

At a glance, working capital to total assets 
ratio (WC/TA) and long-term liabilities to total 
assets ratio (LL/TA) are the most predictive ratios 
to separate companies of financial concern and 
whether they potentially exhibit the characteristics 
of potential future financial distress.  The 
companies that exhibit low WC/TA and high 
LL/TA ratios would be more likely to become 
financially distressed, while on the other hand high 
WC/TA and low LL/TA ratios could safely be 
assumed as predictors of non-financially distressed 
firms. Yet, to distinguish the financially distressed 
firms from the non-financially distressed firms or 
in other words to identify the debt crisis of a firm, 
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use of the model ŶThai-SME gives us good results, 
confirming the potential status of a firm.  

 
 

7.  References 
Ahn, B.S., Cho, S.S., & Kim, C.Y. (2000). The 

integrated methodology of rough set 
theory and artificial neural network for 
business failure prediction. Expert 
Systems with Applications, 18, 65-74. 

Altman, E.I. (1968). Financial ratios, discriminant 
analysis and the prediction of corporate 
bankruptcy. The Journal of Finance, 23 
(4), 589-609. 

Altman, E.I., & Sabato, G. (2007). Modelling 
credit risk for SMEs: Evidence from the 
U.S. market. Abacus Journal, 43 (3), 332-
357. 

Altman, E.I., Sabato, G. & Wilson, N.  (2008). The 
value of qualitative information in SME 
risk management. Retrieved December 1, 
2010, from  
http://pages.stern.nyu.edu/~ealtman/SME
_EA_GS_NW.pdf 

Bàkiewicz, A. (2005). Small and medium 
enterprises in Thailand. Following the 
leader. Asia and Pacific Studies, 2, 131-
151. 

Bank of Thailand. (2008). NPLs and Loans.   
Retrieved July 2, 2008, from 
http://www2.bot.or.th/statistics/ReportPag
e.aspx?reportID=431&language=th 

Beaver, W.H. (1966). Financial ratios as predictors 
of failure. Journal of Accounting 
Research [Empirical research in 
Accounting: Selected Studies], 4, 71-111. 

Beaver, W.H. (1968). Alternative accounting 
measures as predictors of failure. The 
Accounting Review Journal, 43 (January), 
113-122. 

Bernanke, B.S., & Campbell, J.Y. (1988). Is there 
a corporate debt crisis?, Washington, 
D.C., U.S.: Brookings Institution Press, 
1988 (1), 83-139. 

Blum, M. (1974). Failing company discriminant 
analysis. Journal of Accounting Research, 
12 (1), 1-25. 

Davidson, W.N., & Dutia, D. (1991). Debt, 
liquidity and profitability problems in 
small firms. Entrepreneurship: Theory 
and Practice, 16 (1), 53-64. 

Deakin, E.B. (1972). A discriminant analysis of  
 predictors of business failure. Journal of  
 Accounting Research, 10 (2), 167-179. 

Deakin, E.B. (Ed.). (1977). Business failure 
prediction: An empirical analysis, New 
York: Wiley. 

Edmister, R.O. (1972). An empirical test of 
financial ratio analysis for small business 
failure prediction. Journal of Financial 
and Quantitative Analysis, 7 (March), 
1477-1493. 

European Commission. (2003). Commission 
recommendation: Definition of small & 
medium sized enterprises. Official 
Journal of the European Union, C(2003) 
1422, L 124/39. Retrieved July 5, 2010, 
from 
http://eurlex.europa.eu/LexUriServ/LexUr
iServ.do?uri=OJ:L:2003:124:0036:0041:e
n:PDF 

Fitzpatrick, P.J. (1931). Symptoms of industrial 
failures. Washington, D.C.: Catholic 
University of America Press. 

Fulmer, J.G., Moon, J.E., Gavin, T.A., & Erwin, 
J.M. (1984). A bankruptcy classification 
model for small firms. Journal of 
Commercial Bank Lending, 11 (July), 25-
37. 

Gentry, J., Newbold, P., & Whitford, D.T. (1985). 
Classifying bankrupt with fund flow 
components. Journal of Accounting 
Research, 23 (1), 146-160. 

Hair, J F., Anderson, R.E., Tatham, R.L., & Black, 
W. (1998). Multivariate data analysis, 5th 
ed., New Jersey: Prentice Hall. 

Holmes, S., Hutchinson, P., Forsaith, D., Gibson, 
B., & McMahon, R. (2003). Small 
enterprise finance, Australia: John Wiley 
& Sons Australia, Ltd. 

Holmes, S., & Kent, P. (1991). An empirical 
analysis of the finanical structure of small 
and large Australian manufacturing 
enterprises. Journal of Small Business 
Management, 1 (2), 141-154. 

Horrigan, J.O. (1968). A short history of financial 
ratio analysis. The Accounting Review 
Journal, 43 (April), 284-289. 

Hutchinson, P., & Michaelas, N. (Eds.). (2000). 
The current state of business disciplines 
(Vol. 3). Rohtak, India: Spellbound 
Publications Ltd. 

Institute for Small and Medium Enterprises 
Development. (2006). Definition of SMEs 
(in Thai). 

Jackendoff, N. (1962). A study of published 
industry financial and operating ratios. 
Economics and Business Bulletin (Temple 
University), 14 (3), 34. 

25 



RJAS Vol. 1 No. 1 Jan.-Jun. 2011 

26 

.th/ 

Jen, F.C. (1963). The determinants of the degree of 
insufficiency of bank credit to small 
business. Journal of Finance, 18 
(December), 694-695. 

Khader, S.A., & Gupta, C.P. (Eds.). (2002). 
Enhancing SME competitiveness in the 
age of globalization. Tokyo: National 
Statistical Coordination Board, Asian 
Productivity Organization. 

Kraus, A., & Litzenberger, R.H. (1973). A state-
preference model of optimal financial 
leverage. Journal of Finance, 28 (4), 911-
922. 

Lee, K.C., Han, I., & Kwon, Y. (1996). Hybrid 
neural network models for bankruptcy 
predictions. Decision Support Systems, 18 
(1), 63-72. 

McGurr, P.T., & Devaney, S.A. (1998). Predicting 
business failure of retail firms: An 
analysis using mixed industry models. 
Journal of Business Research, 43 (3), 
169-176. 

Office of Advocacy. (1984). The state of small 
business: A Report of the President. 
Washington D.C.: Small Business 
Administration. 

Office of SMEs Promotion. (2006). White Paper, 
in Export and Import by SMEs. 

Office of SMEs Promotion. (2007). White Paper, 
in Export and Import by SMEs. 

Office of The National Economic and Social 
Development Board. (2001). The Ninth 
National Economic and Social 
Development Plan (2001 - 2006). 
Retrieved November 2, 2010, 
from http://www.nesdb.go

 Default.aspx?tabid=139 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ohlson, J. (1980). Financial ratios and the 
probabilistic prediction of bankruptcy.  
Journal of Accounting Research, 18 (1), 
109-131. 

Platt, H.D., & Platt, M.B. (1990). Development of 
a class of stable predictive variables: The 
case of bankruptcy prediction. Journal of 
Business Finance and Accounting, 17 (1), 
31-51. 

Platt, H.D., & Platt, M.B. (1991). A note on the 
use of industry-relative ratios in 
bankruptcy prediction. Journal of 
Banking and Finance, 15 (6), 1183-1194. 

Ross, S.A., Westerfield, R.W., & Jordan, B.D. 
(2008). Corporate finance fundamentals, 
New York: McGraw-Hill Irwin. 

Swierczek, F.W., & Ha, T.T. (2003). 
Entrepreneurial orientation, uncertainty 
avoidance and firm performance: An 
analysis of Thai and Vietnamese SMEs. 
The International Journal of 
Entrepreneurship and Innovation, 4 (1), 
46-58. 

Tabachnick, G.B., & Fidell, S.L. (2001). Using 
multivariate statistics, 4th ed., Needham 
Heights, MA: Allyn & Bacon. 

Tam, K.Y., & Kiang, M.Y. (1992). Managerial 
applications of neural networks: The case 
of bank failure predictions. Management 
Science, 38 (7), 926-947. 

Veskaisri, K. (2007). The relationship between 
strategic planning and growth in small 
and medium enterprises (SMEs) in 
Thailand. RU International Journal, 1 (1), 
55-67. 

Warner, J.B. (1977). Bankruptcy costs: Some 
evidence. The Journal of Finance, 2 
(May), 337-347. 

 
 
 

http://www.nesdb.go.th/


RJAS Vol. 1 No. 1 Jan.-Jun. 2011 
 

Factors effecting consumers’ purchasing decisions on CSR banking:  
A case of commercial bank in Thailand 

 
Tamika Hirunpattarasilp1* and Nuntana Udomkit2 

 
 

Mahidol University International College, Mahidol University, Thailand 
 1E-mail: h.tamika@gmail.com; 2E-mail: icnuntana@mahidol.ac.th 

 
*Corresponding author 

 
Submitted 23 February 2011; accepted in final form 12 May 2011 

 
 
Abstract 

Corporate Social Responsibility (CSR) has become significantly important to corporations worldwide. In 
Thailand, awareness of social responsibility is increasing drastically. There are a number of research examined CSR 
effects in various sectors in Thailand, but no studies have been undertaken in the banking sector to date. This research 
aims to assess factors that affect consumers’ purchasing decision on CSR banking by applying the “Theory of Planned 
Behavior”, a widely applied psychological theory which predicts a single human behavior. It consists of attitudes, 
subjective norms and perceived behavioral controls, and in this case, the Universal Selection Criteria has been applied. 
An additional factor, moral obligation has been included to increase the explanatory power of the model. The 
methodology applied to this research is a consumer survey. Four hundred and ten questionnaires were distributed to 
commercial banks users in Bangkok who had purchased bank products or services and/or had made transactions at the 
banks at the time when the questionnaires were distributed. Descriptive statistics and stepwise regression analysis were 
applied to the analysis. The results show that there are three significant factors affecting customers’ purchase intentions 
namely moral obligation, attitude, and subjective norms.  
 
Keywords: Corporate Social Responsibility (CSR), Theory of planned behavior, Thai commercial banking sector, 
purchasing decisions 

 
 

1.  Introduction 
Corporate Social Responsibility (CSR) 

was introduced decades ago and has become a 
significant issue in the corporate world ever since. 
One reason for the growing number of 
corporations integrating CSR initiatives is that 
consumers do expect firms to be socially 
responsible and are applying social and 
environmental criteria to their consumption 
decision (Mohr, Harris & Webb, 2001; Perez, 
2009). 

Thailand, as an exporting country by 
nature, faced pressure from international firms in 
western countries, where CSR has become widely 
adopted; as well as from multinational companies 
operating in Thailand which brought with them a 
CSR culture. This leads to a growing 
consciousness of the need for socially responsible 
behavior in Thailand. 

CSR development in Thailand, however, 
can be described as being at the early stages with 
multinational companies being the pioneers, while 
small local firms or SMEs seem to be reluctant to 
undertake CSR. The practice of CSR in Thailand 
has been adapted to fit in with a Thai cultural 

context (Kuasirikun & Sherer, 2004) but the lack 
of consumer demand for socially responsible 
businesses, combined with there being no legal 
requirements, post problems to the development of 
CSR in Thailand. From a Thai consumers’ point of 
view, CSR tends to stem from “individual spirit”, a 
Thai custom of making merit which is not an 
obligation for Thai Buddhists to perform. This then 
causes a barrier for Thai firms considering aligning 
CSR practices to their core business, and for 
society seeking to benefit from Thai firm’s CSR 
initiatives. 

The impact of CSR on consumers is 
becoming even more important to firms competing 
in the market, where similar products and services 
are offered to a limited number of consumer 
groups (Poolthong & Mandhachitara, 2009). In the 
banking sector, it can be said that its products and 
services are not greatly different, and incorporating 
CSR to its banking operations could help banks 
achieve their goals. 

At the Earth Summit (UNCED) in 1992, 
the United Nations Environment Program (UNEP) 
and financial institutions established the “UNEP 
Financial Initiative on the Environment and 
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Sustainable Development” with two main 
objectives; firstly to promote the integration of 
environmental considerations into all aspects of the 
financial sector’s operation and services, and 
secondly to foster private sector investment in 
environmentally friendly, sound technologies and 
services. In 1995, UNEP reported that 80% of the 
banks had carried out assessments of 
environmental risk, and a report by Yeomans 
(2005) suggested that around 30 international 
banks, such as the Hongkong and Shanghai 
Corporation (HSBC) and Citigroup, support social 
responsible development, and reported these 
initiatives in their annual reports. Research by 
McDonald and Rundle-Thiele (2008) revealed that 
the amount banks spent on CSR initiatives is 
increasing every year, and yet studies on the 
effects of CSR on a bank’s consumers are still rare.  

The banking industry in Thailand has 
undergone changes since 1997, with the economic 
collapse leading to both structural and regulatory 
changes. After the crisis, the number of 
commercial banks in Thailand decreased, and 
some banks underwent intervention and were taken 
into state ownership. Foreign banks were given the 
opportunity to operate in Thailand through 
strategic partnerships or one hundred percent 
ownership. The 2009 Krung Thai Bank annual 
report stated that Thailand will have more banks 
with foreign shareholders, but there will be a 
decrease in the total number of foreign banks 
resulting from mergers, a decrease in operating 
costs and strengthen business as well as improving 
CSR practices amongst the banks in Thailand 
(Poolthong & Mandhachitara, 2009; Kuasirikun & 
Sherer, 2004). As of 2009, 16 out of 17 
commercial banks registered in Thailand reported 
their CSR practices in either their website, annual 
report or both (Hirunpattarasilp, 2011).  

Although the banking industry in 
Thailand had been reported to adopt certain CSR 
initiatives, there have been claims from the media 
that they have been poorly managed. For example, 
the Bangkok Biz News 
(www.bangkokbiznews.com) reported (by 
Santiwong, 2008)  on December 16th, 2008 that the 
Thai banking sector showed a lack of 
responsibility to customers and society in that they 
were focusing only on making a profit from 
customers, especially small- and medium-sized 
ones. The banks did not assist customers during the 
global financial crisis, but instead tried to find a 
way to charge them higher interest rates. This 
claim points out the weakness of CSR among the 
banking industry in Thailand and that banks may 

not see the benefits of their CSR initiatives as 
reported in other industries.  
 
Theory of planned behavior 

In order to observe consumers’ behavior, 
a widely known theory proposed by Ajzen (1985) 
has been used to predict a single human behavior. 
The theory describes an individual’s Behavior (B) 
by linking it to the individual’s intention to 
perform that behavior, which is called “Behavioral 
Intention (I)”. Behavioral Intention, an antecedent 
of behavior is made up of three components; 
attitude towards behavior (AB), subjective norms 
(SN) and perceived behavioral control (PBC).  

The first component, attitude, is defined 
as “a person’s general feeling of favorableness or 
unfavorableness for that behavior” (Ajzen & 
Fishbein, 1980). In the CSR area, a large amount 
of research has been done to assess consumers’ 
attitudes toward firms CSR initiatives, the results 
of which present in more positive attitudes rather 
than negative attitudes leading to a greater demand 
for firms to disclose their CSR initiatives (Khan,  
Halabi & Samy 2009; Lundmark, 2009).  

The second component, subjective norms, 
refers to the “perception that most of the people 
who are important to him or her think he or she 
should, or should not, perform the behavior in 
question” (Ajzen & Fishbein, 1980). In the service 
industry, these subjective norms can be defined 
from reference groups or by word-of-mouth. From 
various researches on consumers’ bank selection 
criteria, the influences of other people present a 
positive relationship to consumers’ decisions on 
which banks to patronize (Gerrard & Cunningham, 
2001; Kennington, Hill & Rakowska, 1996). 

Perceived behavioral control (PBC) is 
defined as “people’s perception of their ability to 
perform a given behavior” (Ajzen, 2010), or a 
difficulty level to perform that behavior (Xiao, 
2008) which reflects both past experiences and an 
anticipated barrier, have been added with the 
objective of capturing volitional control. Not only 
should the ability to perform the task be measured 
in term of perceived behavioral control, non-
emotional factors of requisite opportunities and 
resources (money, time, skills, etc) can represent a 
person’s actual control on the behavior, to the 
extent that a person needs opportunities and 
resources to perform that behavior (Ajzen, 1985). 

In sum, behavior can be derived from the 
following equation: 

B~I = [W1AB+W2SN+W3PBC] 

Where; W1 ,  W2, W3, are weights of each factor. 
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In this research, non-emotional factors are 
applied to consumers’ bank selection criteria. 

Studies of consumers’ bank selection 
criteria have varied across geographical and 
demographic characteristics of the population. For 
instance, consumers in Poland consider the bank’s 
reputation to be the most important criteria in their 
bank selection (Kennington et al., 1996) whilst in 
the USA, findings revealed that the most important 
selection criteria was service charge policy.  In 
Hong Kong, service quality was the critical factor 
in deciding which bank to patronize (Kaynak & 
Kuchukemroglu, 1992).  

This research has adopted the “Universal 
Selection Criteria” suggested by Kennington et al. 
(1996). It is a standard criterion which consumers 
use for selection of banks they would patronize. It 
comprises of reputation, price/cost, convenience 
and service, in which: 

Reputation refers to image, institutional 
stability, continuity, and corporate soundness 

Price/cost refers to interest on saving 
accounts/loans, service charge policy, 
competitiveness, and fair rates. 

Convenience refers to convenient 
location and evening hours. 

Service refers to quick, polite, friendly, 
courteous service, concerned management, 
personal recognition and attention, tellers who 
smile, create a feeling of being at home, plus 
reliability, and efficiency in completing the 
transaction 

To this extent, it can be inferred that the 
higher the favorable attitude to perform the 
behavior, the higher the subjective norms, and the 
easier it is to perform the behavior, and the 
stronger the level of intention, there is a higher 
possibility of that behavior being performed. 
Moreover, it can be inferred that perceived 
behavioral control can positively affect behavior 
directly, which is referred as to “Actual Behavioral 
Control” at this level.  
 
Moral obligation 

Moral obligation as described by Bosnjak, 
Tuten and Wittmann (2005) is “a variable 
reflecting internalized rules”. Several researches 
have pointed out that in certain situations, external 
factors, social norms and perceived behavioral 
control, are not sufficient to explain behavior 
(Gorsuch & Ortberg, 1983; Ajzen, 1991; Bosnjak 
et al., 2005). Research by Beck and Ajzen (1991) 
and Bonsjak et al. (2005) therefore, included a 
moral obligation factor to the model, as it provides 

a greater explanatory power to the prediction of 
behavioral intention. 

In Thailand “moral obligation” is 
expected to be a critical internal factor influencing 
a person to perform or not to perform such a 
behavior. Research undertook by Prayukvong and 
Olsen (2009) found that the consumers’ view of 
CSR in Thailand is rather more of an individual 
spirit. Moral obligation will act as an antecedent to 
behavioral intention the same way attitude, 
subjective norms and perceived behavioral control 
do.  

 
2.  Objectives 

This research aims to assess the CSR 
effects on consumers’ purchasing decision by 
applying the “Theory of Planned Behavior” 
proposed by Ajzen, 1985. It consists of attitudes, 
subjective norms and perceived behavioral controls 
in which the “Universal Selection Criteria” 
proposed by Kennington et al. (2006) has been 
applied. The criteria comprising of 4 factors; 
perceived reputation, perceived price/cost, 
perceived convenience and perceived service 
quality will behave as a barrier in performing the 
observed behavior. An additional factor, moral 
obligation has been included to increase the 
explanatory power of the model. The conceptual 
framework is presented in Figure 1. 
 

 
Figure 1  Conceptual framework 
 
Seven hypotheses were tested, namely: 

H1: Consumers’ intention to purchase 
from banks adopting CSR initiatives is expected to 
be influenced by consumers’ attitudes towards 
purchasing products from the banks adopting CSR 
initiatives. The more favorable the attitude towards 
purchasing products from those banks, the stronger 
the intention to purchase products from banks 
adopting CSR initiatives. 
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H2: Consumers’ intention to purchase 
from banks adopting CSR initiatives is expected to 
be influenced by subjective norms, which in this 
case refers to the influences of an important 
person. The more favorable the influence from that 
important person is, the stronger the intention to 
purchase products from banks adopting CSR 
initiatives. 
 H3: Consumers’ intention to purchase 
from banks adopting CSR initiatives is expected to 
be mediated by perceived reputation. The more the 
customers feel the banks' reputation important, the 
lower the intention to purchase products from 
banks adopting CSR initiatives. 
 H4: Consumers’ intention to purchase 
from banks adopting CSR initiatives is expected to 
be mediated by perceived price/cost. The more the 
customers feel the banks' price/cost important, the 
lower the intention to purchase products from 
banks adopting CSR initiatives. 
 H5: Consumers’ intention to purchase 
from banks adopting CSR initiatives is expected to 
be mediated by perceived convenience. The more 
the customers feel the banks' convenience is 
important, the lower the intention to purchase 
products from banks adopting CSR initiatives. 
 H6: Consumers’ intention to purchase 
from banks adopting CSR initiatives is expected to 
be mediated by perceived service quality. The 
more the customers feel the banks' service quality 
important, the lower the intention to purchase 
products from banks adopting CSR initiatives. 

H7: Consumers’ intention to purchase 
from banks adopting CSR initiatives is expected to 
be influenced by moral obligation. The higher the 
customers’ moral obligation, the higher intention 
to purchase from banks adopting CSR initiatives. 

 
3.  Research methods 

The research was conducted by using 
consumer surveys. Four hundred and ten 
questionnaires were distributed to commercial 
banks consumers in Bangkok who had purchased 
banks products or services and/or had made 
transactions at the banks at the time when the 
questionnaires were distributed.  

The questionnaire was divided into two 
parts; general information and factors influencing 
decisions to buy products or services from 
commercial banks adopting CSR initiatives. 

The first part of the questionnaire aims to 
evaluate the general characteristics of demographic 
data which is the participants’ backgrounds 
including demographic features, namely; sex, age, 

occupation, highest education obtained, and times 
they had visited the banks per month. 

The second part of the questionnaire was 
developed using the 7-point Likert Scale, 
following the Theory of Planned Behavior 
questionnaire construction as suggested by Francis, 
Eccles,	 Johnston, Walker, Grimshaw, Foy, et al. 
(2004) as well as literature regarding CSR and 
banking consumers in order to examine each 
proposed factors that may affect consumers’ 
purchasing decisions. 

In respect to demographic features, 
descriptive statistics were used to determine the 
characteristics of the respondents. Stepwise 
regression analysis was employed to test the 
research hypotheses, and the validity and reliability 
of the model. 

 
4.  Results and discussions 

Demographic features 
 The respondents consisted of 67 percent 
female and 33 percent male with 88.5 percent of 
them obtaining bachelor degrees and master 
degrees. The subjects’ age ranged between 20-49 
years, and income dispersed ranged between 
10,000-39,999 Baht per month. Twenty six point 
eight percent of them are bankers and the 
frequency of bank usage is approximately 2-3 
times per month (Table 1). 

Validity test 
Attitudes toward purchasing products 

from banks with CSR initiatives were measured 
from consumers’ beliefs about benefits of buying 
products from banks with CSR initiatives. The 
overall attitudes were measured by accessing 
usefulness of purchasing products from banks with 
CSR initiatives and necessity of performing 
behavior. The validity was tested by using 
Cronbach’s Alpha scale providing the validity of 
0.935. 

Subjective norms measurement involved 
questions referring the degree to which influential 
persons influenced the purchasing of products 
from banks with CSR initiatives. The Cronbach’s 
Alpha for this factor stood at 0.914. 

Perceived behavioral controls, which are 
perceived service quality, perceived price/cost, 
perceived reputation and perceived convenience, 
are measured by assessing a person’s self-efficacy 
which is how difficult it is to perform behavior and 
how confident respondents can perform it, and 
controllability. The Cronbach’s Alpha for 
perceived service quality, perceive price/cost, 
perceived reputation and perceived convenience 
were 0.911, 0.855, 0.911, and 0.877, respectively. 
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Moral obligation was assessed by 
referring to perceived internalised moral pressure 
with each question including wording such as; my 
conscience calls me to..., my decision to... is fully 
lined with my moral conviction. The Cronbach’s 
Alpha for this factor was 0.918. 

Purchase intention is assessed by a 
generalised intention procedure which included 
statements for instance, I intend to..., or I definitely 
buy products or services from banks’ with CSR 
initiatives”. The Cronbach’s Alpha for this factor 
was 0.939. 

 
Purchasing intention and hypothesis testing 

For the prediction of purchasing intention: 
seven hypotheses were tested to examine the 
relationship of the proposed factors namely; 
attitude, subjective norms, moral obligation, 
perceived reputation, perceived price/cost,    

 

perceived convenience, perceived service quality 
and moral obligation, as a predictor variables and 
their ability to predict customers’ purchasing 
intention toward products and services from banks 
with CSR initiative as a criterion variable.  

As a principle of Stepwise method, the 
best predicting value is entered in the first 
proposed model provided the adjusted R2 
contributed to 0.662 (p<0.05). The next significant 
factor added to the model provided the improved 
the adjusted R2 to 0.699 (p<0.05). The last 
significant factor entered to the model provided the 
adjusted R2 of 0.706 (p<0.05) (Table 2). Co-
efficient analysis was shown in Table 3. β value 
for standardize coefficients of moral obligations, 
attitudes towards the purchasing behavior, and 
subjective norms were 0.634, 0.200, and 0.114, 
respectively. 

Table 1  Demographic features of the respondents 
 Frequency Percent Valid Percent 

Sex Male 116 32.0 33.0 
Female 235 64.9 67.0 

Highest 
Education 
Obtained 

High School 11 3.0 3.1 
Vocational High School 28 7.7 7.8 
Bachelor’s Degree 245 67.7 68.4 
Master’s Degree 72 19.9 20.1 
Others 2 0.6 0.6 

Age Under 20 10 2.8 2.8 
20-29 139 38.4 38.7 
30-39 104 28.7 29.0 
40-49 73 20.2 20.3 
50-59 29 8.0 8.1 
60 and over 4 1.1 1.1 

Income per 
month 

Below 10,000 Baht 22 6.1 6.2 
10,000-19,999 105 29.0 29.6 
20,000-29,999 99 27.3 27.9 
30,000-39,999 59 16.3 16.6 
40,000-49,999 32 8.8 9.0 
50,000 and above 38 10.5 10.7 

Banker Yes 97 26.8 26.9 
No 251 69.3 69.5 

Occupation Student 8 2.2 3.0 
Government Officer/ State 
Enterprise officer 75 20.7 28.1 

Private sector officer 166 45.9 62.2 
Others 18 5.0 6.7 

Frequency of 
bank usage 
(per month) 

0-1 63 17.4 19.2 
2-3 156 43.1 47.6 
4 or more 109 30.1 33.2 
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Table 2  Multiple regression analysis, stepwise method  

Model 
 

R 
 

R Square 
 

Adjusted 
R Square 

 

Std. Error of 
the Estimate 

 

Change Statistics 
R Square 
Change F Change df1 df2 Sig. F 

Change 

1 .814(a) .663 .662 .70723 .663 707.383 1 360 .000 
2 .837(b) .701 .699 .66715 .038 45.551 1 359 .000 
3 .842(c) .708 .706 .65969 .007 9.175 1 358 .003 

a  Predictors: (Constant), Moral obligation 
b  Predictors: (Constant), Moral obligation, Attitude 
c  Predictors: (Constant), Moral obligation, Attitude, Subjective norms 

 
Table 3  Coefficient analysis  

Model 
 

 Unstandardized 
Coefficients

Standardized 
Coefficients t 

 
Sig. 

  β Std. Error β 

1 (Constant) 1.287 .136  9.482 .000 
 Moral Obligation .759 .029 .814 26.597 .000 
2 (Constant) .578 .166 3.494 .001 
 Moral Obligation .638 .032 .684 19.670 .000 
 Attitude .249 .037 .235 6.749 .000 
3 (Constant) .514 .165  3.116 .002 
 Moral Obligation .591 .036 .634 16.631 .000 
 Attitude .213 .038 .200 5.545 .000 
 Subjective Norms .112 .037 .114 3.029 .003 

 From the analysis, where H1-H7 were 
tested, only H1, H2 and H7 were accepted, this 
means the purchasing intention from banks with 
CSR initiatives is influenced by three factors; 
moral obligation, attitude toward behavior, and 
subjective norms. Purchasing decisions, based on 
the Theory of Planned Behavior, is expected to be 
a product from the function B~I, where I or 
intention, is a product from three factors namely; 
moral obligation, attitude and subjective norms. 

Therefore, it can be concluded that 
consumers’ behavior of purchasing product or 
service from banks adopting CSR initiatives are 
influenced by consumers’ moral obligation 
towards purchasing products or services from 
banks with CSR initiatives, consumers’ attitude 
towards purchasing products or services from 
banks with CSR initiative and subjective norms or 
influence persons’ view towards purchasing 
products or services from banks with CSR 
initiatives. While marketing factors, in the 
Universal Selection Criteria, surprisingly do not 
sufficiently explain the purchasing decision. 

Moral obligations, which explains the 
internalized rules of a person, is the most 
significant factor (standardized coefficient β = 
0.634) that effect consumers’ decision to purchase 
products or services from banks with CSR 

initiative. This finding aligns with the observation 
by Prayukvong and Olsen (2009) which suggested 
that Thai consumers’ views of CSR is rather a kind 
of making merit in Thai culture as well as they feel 
good when they have done so and also confirms 
the study of Ajzen (1991) that moral obligation in 
some situation will significant raise an explanatory 
of the model. 

The attitudes towards the purchasing 
behavior (standardized coefficient β = 0.200) also 
suggested that Thai consumers feel that purchasing 
products or services from banks with CSR 
initiatives is a good action for good causes. 
Positive attitudes towards the banks can benefit 
firms in many ways, such as promoting a good 
reputation and brand awareness. These factors 
could influence the purchasing intention, 
especially when each bank offers similar type of 
products and services. 

Subjective norms, which refer to 
influential person or society around the consumers, 
have a significant explanatory power (standardized 
coefficients β = 0.114) regarding purchasing 
intentions. This reflects society’s awareness and 
concerns about CSR initiatives in such a way that 
if society and government policies place high 
importance on businesses responsibility to society, 
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customers’ purchase intentions could also rise as 
well. 

Marketing factors namely, reputation, 
price/cost, convenience and service surprisingly 
did not significantly contributed to the explanation 
of the purchasing behavior in this study. The 
possible explanation to this could lies on the level 
of competition in banking sector in Thailand. 
During the past ten years, as a result of trade and 
investment liberalization, the competition in 
banking sector has increased drastically. Each bank 
has invested and developed its products, service 
and infrastructure i.e. online service, ATMs, and 
auto passbook machines. Fierce competition drives 
each player to upgrade its products and services to 
a higher level. Customers may not perceive much 
of the differences in reputation, price/cost, 
convenience and service between each banks, 
hence customers might place the importance of 
these factors after others, with the perception that 
banks now provide similar products and services at 
the very same standard. 

 
6.  Conclusion 

It is beyond doubt that corporate social 
responsibility will continue become significantly 
important to corporations as customers and that 
which influence them have more positive attitudes 
towards firms. Consumers’ awareness of social 
responsibility is on the rise as the results show that 
consumers feel that they have obligations to 
support firms’ activities.  

This research aims to assess factors that 
affect consumers’ purchasing decision on CSR 
banking by applying the “Theory of Planned 
Behavior”. The analysis has shown that moral 
obligation, attitudes, and subjective norms are the 
most significant factors that influence purchasing 
decision on CSR banking.  

There are a number of limitations to this 
study. On the theoretical ground, as the definition 
of behavior is the manifest of observable response 
in a given situation with respect to a given target, 
there is of course a limitation to observe the actual 
behavior of the respondents when it comes to 
purchasing behavior. On the methodology front, 
the stepwise regression method only allows the 
best predictor variable to the model, other factors 
with less explanatory power may not be included 
into the model. Therefore, even though the four 
factors from the Universal Selection Criteria were 
excluded from the regression model, it cannot be 
concluded that those factors had no effects at all on 
consumers’ purchasing decision. Also, the 
questionnaires were based on the assumption that 
CSR initiatives are a major factor in whether 

consumers will choose to purchase from bank, but 
if the respondents were asked inversely whether 
CSR initiatives are the most important factor, the 
result may have been different. Lastly, on sampling 
of respondents, it may be bias to only include 
respondents from Bangkok Metropolis,  in which, 
in general, have average higher education obtained 
and higher income per month than average of Thai 
citizens. 

Future research in the different methods 
and aspects of CSR is much needed to further 
validate the findings and give a better 
understanding on how business and society can 
best coexist together. 
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Abstract 

Multi-stage membrane extrusion (ME), a process that extrudes a premixed emulsion prepared by a 
conventional method through a porous membrane for several repeated cycle, was introduced to prepare an oil-in-water 
(O/W) emulsion. A uniform-size and fine emulsion is produced using this method: this consumes less energy, a key 
point in maintaining the structure of the emulsifier employed in the emulsion system. In the present work, a hexadecane 
emulsion stabilized by bovine serum albumin (BSA) was initially produced by a sonicator before extrusion through a 
polycarbonate membrane. After that, the properties of the resulting emulsion were explored by measuring the oil 
content after extrusion, the mean diameter of oil droplets, and the adsorption of BSA at the oil-water interface. The 
multi-stage ME was processed at various permeate fluxes in the range of 0.07-3.8 Ls-1m-2 for 1 to 3 repeated cycles and 
it was demonstrated that a third extrusion at a permeate flux lower than 2 Ls-1m-2 was successful in producing an 
emulsion with a smaller and more uniform-sized of oil droplets compared to the emulsion before extrusion. 
 
Keywords:  bovine serum albumin, multi-stage membrane emulsification, polycarbonate membrane, droplet size 
distribution, and protein adsorption. 
________________________________________________________________________________________________ 
 
1. Introduction 

Oil-in-water (O/W) emulsions are widely 
found in a processing of many products, such as 
food, pharmaceuticals, and cosmetics. Controlling 
emulsion stability is important to provide desirable 
characteristics and required shelf life for 
emulsified products. The size and distribution 
pattern of oil droplets dispersed in a bulk phase 
play a crucial role for emulsion stability. Low 
emulsion dispersibility tends to be observed in 
systems containing large-sized and poly-dispersed 
oil droplets due to an enhancement of drop 
aggregation (McClement, 2004; Gutiérrez, Rayner 
& Dejmek, 2009). The conventional emulsification 
methods, e.g., rotor-stator homogenizer, colloid 
mill, and sonicator, always provide a significantly 
poly-disperse emulsion. Some instruments, e.g., 
high-pressure homogenizers, might provide a 
mono-disperse emulsion with high-energy 
consumption which leads to emulsifier structure 
damage, especially when proteins are employed to 
stabilize the emulsion (Scherze, Marzilger & 
Muschiolik, 1999). During the past decade,  
membrane emulsification (ME) has been 
developed for the utilization in many industries 
including food, pharmaceuticals, and so on 
(Valdisavljevic & Williams, 2005). ME is an 
emulsification process which can produce an 
emulsion with a narrower droplet size distribution  

 
by using less energy compared to a conventional 
method. In the present work, a multi-stage ME has 
been focused on because it could effectively 
produce a uniform size emulsion with a simple and 
easy experimental set up (Ribeiro, Rico, Badolato 
& Schubert, 2005; Surh, Jeong & Valdisavljević, 
2008; Trentin,  Ferrando, López, & Güell, 2009; 
Trentin, Güell,  López & Ferrando, 2010; 
Valdisavljević, Shimizu & Nakashima, 2004). To 
operate the multi-stage ME, the premix emulsion is 
initially prepared by a conventional method before 
it is passed through a porous membrane for several 
repeated cycles. This process results in a breaking 
up of oil droplets into fine particles. With this 
application, a more uniform-sized emulsion is 
obtained with low energy input which is important 
to maintain the emulsifier structure 
(Valdisavljević, Shimizu & Nakashima, 2004). 

In the present work, an emulsion was 
prepared by using bovine serum albumin (BSA) as 
the emulsifier. To produce the multi-stage ME 
emulsion, a polycarbonate membrane was used. 
The polycarbonate membrane, a hydrophilic 
membrane suitable for use in O/W emulsion 
systems (Valdisavljević & Williams, 2005), is 
generally employed to manufacture potable water, 
wine, and dairy products. The objective of this 
work is to establish suitable conditions for the  
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multi-stage ME process by providing a small and 
uniform-sized emulsion. The premix emulsion was 
prepared and filtered through a membrane with 
various permeate fluxes. To evaluate the effect of 
ME extrusion on the emulsion properties, oil  
content, oil droplet mean diameter, droplet size 
distribution pattern, and adsorption of BSA at the 
oil-water interface were examined. 
 
2.  Materials and methods 
2.1  Materials 

BSA was purchased from Sigma Chemical 
(St. Louis, Mo) and used as received without 
further purification. n-Hexadecane from Wako 
Pure Chemical (Osaka, Japan) was employed in 
the oil phase to produce an oil-in-water (O/W) 
emulsion. To prepare an aqueous buffer solution 
pH 7, disodium hydrogen phosphate 12-water 
(Na2HPO4.12H2O) and sodium dihydrogen 
phosphate (NaH2PO4.2H2O) from Wako Pure 
Chemical were used. Guaranteed grade NaN3 from 
Kishida Chemicals (Osaka, Japan) was added as an 
anti-microbial agent. For the multi-stage ME, a 
polycarbonate membrane of 3 μm pore size 
(IsoporeTM, Millipore, Ireland) was used. The 
effective membrane diameter was 13 mm giving an 
effective area of 133 mm2. The membrane was set 
in a stainless holder (Millipore, Ireland). 
 
2.2  Experimental set-up 

The multi-stage ME was performed as in 
Figure 1. Firstly, BSA solution (1 g/L) was 
prepared in a 10 mM buffer solution (pH 7, 
containing 0.02% NaN3) and mixed with 
hexadecane by sonication (Sonifier 250, Branson 
Sonic Power Co., USA) operated at 40% output for 
90 s. The oil content of the premix emulsion was 
35% (v/v). Next, the premix emulsion was filtered 
through the membrane at various constant 
permeate flux (J) rates aiming to determine the 
conditions that will provide a uniform-sized 
emulsion. The premix emulsion was loaded into a 
plastic syringe (volume capacity 3 mL) and 
squeezed out through the membrane at the various 
J in the range of 0.07-3.8 Ls-1m-2; J= V /(t A), 
where V is the volume of emulsion, t the time used 
for the total volume to pass through the membrane, 
and A the effective area of the membrane. The 
multi-stage ME was repeated up to three times 
using the same membrane. The extrusion was 
processed in two directions, controlled by a 3-way 
valve. The arrows show the direction of extrusion 
in each repeated cycle (Figure 1). 
 
2.3 Oil content in the extruded emulsion 

The percentage of oil content in emulsion, R,  

was estimated by precisely measuring density;   
R = 100[(ρ−ρ1)ρ/(ρ2−ρ1)ρ2], where ρ, ρ1, and ρ2 
are the density of the emulsion sample, aqueous 
phase, and oil, respectively. The densitometry was 
performed using a U-tube oscillating density meter 
(DMA 5000, Anton Paar GmbH, Graz) at 
25±0.001 ˚C. 
 
2.4 Droplet size determination 

The volume-weighted mean diameter, d43, 
for oil droplets in the emulsion was estimated 
utilizing a laser diffraction particle size analyzer 
(SALD-3000, Shimadzu, Kyoto); 
d43

34
iiii= , where ni is the number of 

droplets in the ith range of sizes, the mean 
diameter of which is di. d43 is sensitive to the 
presence of large oil drops and effectively 
indicates the degree of drop aggregation. All 
samples were triplicate measured and the mean d43 
value was reported. The distribution of the droplet 
size was also considered in determine the effects of 
extrusion. 

dndn ∑∑

 
2.5 Adsorption amount of BSA around oil 
droplets 

The surface density of the adsorbed BSA at 
the oil-water interface was estimated as follows: 
the emulsion was centrifuged to separate oil 
droplets using a dispersion stability analyzer 
(LUMifuge116, L.U.M. GmbM, Germany) which 
can accelerate phase separation of the emulsion up 
to 1200 times faster than under normal gravity 
conditions. The preliminary tests confirmed that 
the centrifugation at 2000 rpm for 1 h was enough 
to completely separate oil drops to form a cream 
layer above the aqueous serum phase without 
evidence of oil drop coalescence. After the 
centrifugation, the serum phase was taken out to 
quantify the amount of unabsorbed BSA. The 
concentration of BSA was estimated through the o-
phthaldialdehyde (OPA) assay (Fayle, Healy, 
Brown, Reid, Gerrard & Ames, 2001) using a 
fluorescence spectrophotometer (FP-6300, Jasco, 
Tokyo): the excitation and emission wavelengths 
were 340 nm and 455 nm, respectively. The 
surface density of adsorbed BSA at the oil-water 
interface, Γ, was calculated as follows; Γ = 
Vaq(Cint-Cser)/VoilS, where Vaq and Voil are the 
volume of aqueous and oil phases, Cint initial BSA 
concentration before the emulsification, Cser BSA 
concentration in the serum phase after the 
centrifuge (unadsorbed BSA), and S is the total 
interfacial area of oil drops dispersed in emulsion 
samples which was estimated by the particle size 
analyzer.
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Figure 1  Experimental setup for multi-stage ME 

 
3.  Results and discussion 

3.1 Effects of membrane extrusion on oil  
content and drop size of emulsion 

The multi-stage ME was performed at the 
permeate flux, J, of 0.16 and 3.8 Ls-1m-2. The oil 
content, R, and the mean oil droplet diameter, d43, 
after n-time membrane extrusion are shown in 
figure 2. With the increase of n, R was reduced for 
both the extrusion rates. For the emulsion size, 
different behavior was observed depending on J. 
At J of 0.16 Ls-1m-2, the droplet diameter 
decreased gradually from ca. 10 μm to 6 μm with 
the extrusion cycle. The same tendency of droplet 
size reduction during extrusion has already been 
reported (Surh, Jeong & Vladisavljević, 2008; 
Trentin et al., 2009; Trentin et al., 2010). At high 
J, 3.8 Ls-1m-2, on the contrary, droplet size 
continuously increased with the repeated extrusion 
to ca. 40 μm after the third process. 

The ME process caused the oil droplets of 
10-μm mean diameter in the emulsion to be 
pressed towards the 3-μm pore size membrane. 
The oil drops slowly passed through the membrane 
pore deforming their shape while the small water 
molecules could promptly permeate the membrane. 
In the final stage of extrusion, some oil drop parts 
remained over the membrane as a concentrated 
emulsion (cream). This led to the reduction of oil 
content for the emulsions after extrusion. Actually, 
the cream phase was seen on the membrane after a 
third extrusion at J = 0.16 Ls-1m-2. It has been 
mentioned that in a highly concentrated cream 
phase, oil droplets were deformed to a plant-cell- 
like hexagonal structure leading to a stretching of 
the protein film (van Aken, 2002).  

If the protein film is stretched above a 
critical value by an external stress (from the 

pressure applied to the extrusion in this case), film 
rupture and oil drop coalescence will occur 
resulting in an oil phase separation (van Aken, 
2002). In this experiment, the separation of oil was 
found for the ME emulsion extruded at 3.8Ls-1m-2. 
 
 
 

25

30

35

R
 / 

%
(v

/v
)

A 
 
 
 
 
 
 
 
 
 
 
 

0

10

20

30

40

50

0 1 2 3
extrusion, n

d 43
 / 

μ
m

B 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2  Oil content, R, (A) and volume-mean oil 
droplet diameter, d43, (B) for emulsions after the n-time 
extrusion at the permeate flux of 0.16 (●) and 3.8 (□)  
Ls-1m-2. 
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  To clarify the mechanism of ME 
emulsion size depending on J, the multi-stage ME 
was prepared at various J in the range of 0.07-3.8 
Ls-1m-2 as described below.  
 
3.2  Effects of permeate flux on oil content and 
droplet size of  emulsion 

Figure 3 shows R and d43 as a function of 
J and the distribution of oil droplet size for the 
multi-stage ME emulsions at some J. Slightly 
higher R was observed at high J. For the emulsion 
size, a third extrusion at the J below 2 Ls-1m-2 was 
able to diminish the emulsion size from ca. 10 μm 
to 5 μm. At the J higher than 2 Ls-1m-2, however, 
the emulsion size drastically increased as shown in 
figure 2B. This result suggests that the threshold J 
leading to the drop size growth was ca. 2 Ls-1m-2. 
The droplet size distribution pattern indicating the 
poly-modal curve had the two major peaks around 
5 and 40 μm for the emulsion before extrusion 
(Figures 3C). After the third extrusion, the 
distribution curve changed to unimodal-like 
(Figure 3D and 3E). It has been reported that 
although the ME process could modify the 
emulsion system to be smaller-sized and unimodal, 
some large oil drops were always detected in the 
ME emulsions stabilized by BSA (Trentin et al., 
2010) and lecithin (Surh, Jeong & Valdisavljević, 
2008). When the extrusion was performed at 
3.8 Ls-1 m-1 (Figure 3F), the evidence of drop 
coalescence, suggesting that the extrusion at too 
high J leads to coalescence and apparently is not 
suitable to prepare fine ME emulsions.  

 
 
 

 

Figure 3D (3E) shows only one 
predominant peak around 6 μm (3 μm) after the 
extrusion at 0.16  (0.75) Ls-1m-2 which 
approximately corresponds to one of the major 
peaks of the original emulsion (Figure 3C). This 
result suggests that oil drops with 40-μm diameter 
in the original emulsion were disrupted down to 
several-μm drops during the extrusion. To 
permeate the membrane, the large oil drops had to 
be deformed to enter the pores, and the shear 
stress, as well as the friction between oil drops and 
pore walls, leads to the disruption of deformed oil 
drops (Valdisavljević, Shimizu & Nakashima, 
2004). 
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Figure 3  Permeate flux (J) dependence on R (A), d43 (B), and droplet size distribution patterns of the emulsions before 
extrusion (C) and after the third extrusion by the J of 0.16 (D), 0.75 (E), and 3.8 (F) Ls-1m-2. The broken line in B 
indicates d43 of the emulsion before extrusion. 
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and a concomitant increase of oil-water interfacial 
area are expected (Valdisavljević, Shimizu & 
Nakashima, 2004; Ribeiro et al., 2005). Because of 
the intensively increased interfacial area, the 
surface density of adsorbed BSA at the oil-water 
interface should be lowered significantly leading to 
less protection against coalescence between oil 
drops. If the emulsifier in the bulk cannot adsorb 
the newly produced oil-water interface, a 
coalescence of oil droplets will promptly occur 
resulting in an increased emulsion size (Trentin et 
al., 2010). To confirm this, the adsorbed amount of 
BSA at the oil-water interface for the ME 
emulsions prepared at various J was estimated, as 
described in the next section. 
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3.3 Adsorption of BSA at the oil-water interface  

The adsorption amount of BSA at the oil-
water interface was explored measuring the BSA 
concentration in the serum, Cser, and the surface 
density of adsorbed BSA, Γ (see Figure 4). Before 
the extrusion, Cser was ca. 80 mgL-1, and Γ was 1.9 
mg m-2 which was compared to the reported value 
for BSA adsorption at the air-water interface (2 ± 
0.2 mg m-2) (Lu, Su & Thomas, 1999). At J below 
0.2 Ls-1m-2, there was no evidence of BSA 
desorption from the interface by the ME; Cser and 
Γ were almost the same as the emulsion before the 
extrusion. The extrusion at J in the range 0.2-2 Ls-

1m-2 led to a detachment of BSA from the oil-water 
interface, and was suggested by the increase 
(decrease) of Cser (Γ). When J was increased to 
above 2 Ls-1m-2, Cser was still higher than the initial 
value and a gradual increase of Γ with J up to 1.9 
mg m-2 was confirmed .  

According to the results in Figure 3B, small 
droplets were produced by the extrusion in the 
range of J of 0.2-2 Ls-1m-2 suggesting the 
production of a large interfacial area. The lowered 
Γ observed in this condition may be due to a slow 
adsorption of BSA to the newly produced interface 
compared to the drop disruption process. At J 
above 2 Ls-1m-2 where a higher degree of drop 
disruption and a larger interface area creation 
occur, a bare interface should be present due to the 
slow adsorption rate of BSA. After that, oil drops 
would coalesce and increase their size to minimize 
the total interfacial area. Then, BSA adsorption 
might proceed to effectively cover the interfacial 
area resulting in the increased Γ  of 1-2 mg m-2. 

 

 

 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4  Permeate flux, J, dependence on the BSA 
concentration in the serum, CSER, (A) and the surface 
density of adsorbed BSA at the oil-water interface, Γ, 
(B) for the third ME emulsions. The broken lines 
indicate CSER and Γ of the emulsion before extrusion. 
 
4.  Conclusion 

The present work shows that the multi-stage 
ME was successful in modifying the emulsion to a 
smaller and more uniform-sized system compared 
to the emulsion produced by a conventional 
method. According to the oil droplet size and 
distribution patterns of the emulsions, there was 
evidence of drop disruption after the extrusion. To 
permeate through the membrane, a large oil droplet 
had to be deformed to enter the pore inlet and drop 
disruption occurred due to the shear stress and the 
friction between oil drops and pore walls. The 
disruption of the deformed oil drop led to a 
decreasing of the droplet size and concomitant 
increasing of the interfacial area. If the pressure 
applied to extrude the emulsion was too high, an 
extreme drop disruption and intensively increased 
interfacial area can be expected. This might lead to 
a presence of a bare interface with the effect of 
promoting a coalescence of oil droplets. This work 
suggests that the threshold of permeate flux 
leading to an emulsion size increase was 2 Ls-1m-2. 
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Therefore, third extrusion by the J 
lowered than 2 Ls-1m-2 is capable of producing a 
uniformed and fine emulsion. Considering the 
adsorption of BSA on oil drop surfaces, extrusion 
by the J of 0.2-2 Ls-1m-2 led to lowered surface 
density of adsorbed BSA at the oil-water interface 
which was expected because of the slow rate of 
BSA adsorption to the newly produced interfacial 
area when compared to the drop disruption rate. As 
the J increased up to 2 Ls-1m-2, however, a gradual 
development of surface density of adsorbed BSA 
with J up to 1.9 mg m-2 was observed. 
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________________________________________________________________________________________________ 
 
Abstract  

Laccases (EC 1.10.3.2) have numerous potential industrial applications including the degradation of dyes and 
toxic materials.  Novel sources of this enzyme would be desirable to improve activity yields and substrate specificities.   
In this study we tested 51 strains of Aureobasidium pullulans representing 13 diverse phylogenetic clades for laccase 
production.  Most strains grew on three different lignin-related substrates as sole carbon sources.  Thirteen strains that 
grew well on these substrates, representing five clades, were chosen for a test of laccase production in an induction 
assay.  Four representative strains of clade 5 produced laccase, indicating that this genetic group may be a promising 
source of novel activities. 
 
Keywords: Aureobasidium pullulans, laccase, p-hydroxybenzoic acid, veratric acid, ferulic acid 
________________________________________________________________________________________________ 
 
1.  Introduction 

Laccases are polyphenol oxidases (EC 
1.10.3.2) containing four copper atoms in their 
active sites, and are the largest subclass of blue 
multicopper oxidases (Messerschmidt & Huber, 
1990).  Laccases are well known as a component 
of fungal enzyme systems for lignin degradation.  
However, these enzymes can play numerous other 
roles in fungi, such as in host-pathogen interactions 
sporulation, and morphogenesis (Thurston, 1994; 
Gianfreda, Xu, & Bollag, 1999).  Laccases have broad 
substrate specificities, which can be further extended 
through the use of mediator systems (Riva, 2006).  
Potential industrial applications include the 
degradation of textile dyes and toxic materials 
(Novotny et al., 2000; Shah & Nervd, 2002).  
Laccases have been well studied in white-rot fungi 
(Thurston, 1994).  However, these enzymes are 
widely distributed in nature, and recent studies 
have sought to identify new microbial sources of 
laccase with novel properties (Kiiskinen, Ratto, & 
Kruus, 2004; Viswanath et al., 2008). 

Aureobasidium pullulans is a polymor- 
phic fungus, considered to be a filamentous 
ascomycete in class Dothideomycetes, subclass 

Dothideomycetidae (Schoch et al., 2006; Hibbett et 
al., 2007).  A. pullulans is well known as the 
source of the commercial polysaccharide, pullulan 
(Leathers, 2002; Singh, Saini, &  Kennedy, 2008).  
Strains of A. pullulans also produce numerous 
degradative enzymes, including fructofurano- 
sidase, glucoamylase, and xylanase (Leathers, 
1989; Deshpande, Rale, & Lynch, 1992).  A. 
pullulans is sometimes associated with the 
deterioration of painted wood (Cooke, 1959; 
Eveleigh, 1961), and certain strains can grow on 
lignin-related aromatic compounds (Henderson, 
1961; Horvath, Brent, &  Cropper, 1976; Bourbon 
nais & Paice 1987; Cernakova et al., 1980; Schoeman 
& Dickinson, 1996).  However, very little research 
has been reported on laccase production by A. 
pullulans (Rösch, Liese & Berndt, 1969; 
Deshpande, Rale &  Lynch, 1992).  We recently 
completed a multilocus molecular phylogeny of A. 
pullulans (Manitchotpisit et al., 2009).  Interestingly, 
certain phylogenetically defined clades produced 
high levels of specific bioproducts, including 
pullulan, xylanase, and a heavy oil (Manitchotpisit 
et al., 2009; Manitchotpisit, Peterson & Leathers, 
2011; Manitchotpisit et al., 2011).  
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2.  Objectives 
The objectives of the study are to examine 

laccase production from A. pullulans and 
determine whether laccase activity is correlated 
with specific phylogenetic clades. 

 
3.  Materials and methods 

3.1 Strains and phylogenetic analysis 
 Thirty of the strains used in this study 
were isolated between October 2009 and February 
2010, designated RSU strains.  RSU strains 1-8 
were collected from Iceland, with the remaining 
RSU strains collected from Thailand.  These RSU 
strains were identified as A. pullulans using 
internal transcribed spacer (ITS) and  classified 
into phylogenetic clades using beta-tubulin (BT2) 
locus sequence analysis and a phylogram was 
generated as previously described (Manitchotpisit 
et al., 2009; Manitchotpisit, Peterson, & Leathers, 
2011).  Isolates were grown in yeast malt broth and 
cells were disrupted using a FastPrep instrument 
(Qbiogene, Carlsbad, CA, USA).  Total DNA was 
isolated and purified using the QIAquick PCR 
purification kit (QIAGEN, Valencia, CA, USA).  
The ITS and BT2 loci were amplified as previously 
described (Manitchotpisit et al., 2009), using 
different primers and standard conditions as shown 
in Table 1.  The amplified fragments were purified 
using the Millipore MultiScreen PCR system 
(Millipore, Billerica, MA, USA) and sequenced 
using the amplification primers and BigDye v3.1 
Terminator Cycle Sequencing kit (Applied 
Biosystems, Foster City, CA, USA) and an Hitachi 
ABI 3730 (capillary) DNA Analyzer (Applied 
Biosystems).  DNA sequences determined in this 
study were deposited in GenBank under accession 
numbers (JF419588-JF419610, JF419612- 
JF419616, JF419619, JF419622, JF419624-
JF419633, JF419635-JF419638, JF419641, 
JF419644, JF419646-JF419659, JF682346, and 
HQ702497).  The remaining 21 strains used in this 
study were previously described (Manitchotpisit et 
al., 2009).  All sequences were determined from 
bidirectional sequencing and aligned with 
CLUSTALW (Thompson, Higgins, & Gibson, 
1994) and trimmed to equal length.  A maximum 
parsimony tree of A. pullulans strains was 
calculated with PAUP* version 4.0b10 (Swofford, 
2003).  Strain CU 30 was chosen as an outgroup 
isolate based on Manitchotpisit et al. (2009).  The 
ITS data were partitioned into three regions, ITS1, 
5.8s rRNA, and ITS2.  The BT2 locus included 
protein coding and intron regions and the data 
were partitioned accordingly into intron and exon 
data.   
 

3.2 Cell growth on lignin-related substrates 
As a preliminary screen for laccase 

activity, all strains were cultured on lignin-related 
substrates as sole carbon sources.  Each strain was 
cultured on yeast malt agar at 28°C for 3 days. 
Preinocula were grown in 10 mL of medium 
containing 1.0% (w/v) glucose in a basal medium 
consisting of 0.06% (w/v) peptone, 0.04% (w/v) 
yeast extract, 0.5% (w/v) K2HPO4, 0.04% (w/v) 
MgSO4.7H2O, 0.1% (w/v) NaCl, pH 6.5, in 50-mL 
flasks incubated at 200 rpm, 25°C for 3 days.  
Preinocula were used to inoculate test cultures at 
1% (v/v).  Test cultures were 10 mL of basal 
medium containing 0.05% (w/v) of different 
lignin-related substrates (filtered sterilized p-
hydroxybenzoic acid, veratric acid, or ferulic acid) 
as sole carbon sources.  Growth on these substrates 
has been used as a preliminary screen for potential 
lignin degrading strains of A. pullulans 
(Bourbonnais & Paice, 1987). Test cultures were in 
50-mL flasks, incubated at 25°C and 200 rpm for 
10 days.  Growth was measured at OD600.  Cultures 
containing no carbon source served as a negative 
control.  Cultures with 0.05% (w/v) glucose served 
as a positive control. 

 
3.3 Laccase induction cultures 

Selected strains were cultured on potato 
dextrose agar plates at 28ºC for 3 days.   
Preinocula were grown in 50 mL of malt extract 
broth in 300 mL flasks, incubated at 28ºC, 130 rpm 
for 3 days.  Preinocula were used to inoculate 
laccase induction cultures at 5% (v/v).  Induction 
cultures were in duplicate flasks of 50 mL of basal 
liquid medium containing phenylalanine, adenine, 
and CuSO4 (Fahraeus & Reinhammar, 1967), 
incubated at 28ºC and 130 rpm.  After two days, 
cultures were induced by the addition of 2,5-
xylidine to a final concentration of 200 μM 
(Fahraeus & Reinhammar, 1967).  After an 
additional two days, cultures were assayed for 
laccase activity. 

 
3.4 Laccase activity assay 

One mL samples taken from induced 
cultures were clarified by centrifugation for 5 min 
at 13,000 rpm in 1.5 mL microcentrifuge tubes.  
Culture supernatants were transferred to new tubes 
to measure laccase activity.  To confirm that 
laccase activity was enzymatic, duplicate samples 
were boiled for 15 min to serve as negative 
controls.  Laccase activity assays were performed 
by measurement of enzymatic oxidation of 2,2-
azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) diammonium salt (ABTS, Fluka, 
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Table 1 Primers used for PCR and sequencing reactions 
Target 
DNA 
region 

Primera Sequence 5'-3' Cycling reaction 
(35 cycles) 

Approximately 
PCR product 
(bp) 

ITSb ITS5 (F) GGAAGTAAAAGTCGTAACAAGG 95°C, 20 Sec 550 
 ITS4 (R) TCCTCCGCTTATTGATATGC 56°C, 30 Sec  
   72°C, 1 min  
BT2c BT-2A (F) GGTAACCAAATCGGTGCTGCTTTC 95°C, 30 Sec 450 
 BT-2B (R)  ACCCTCAGTGTAGTGACCCTTGGC 58°C, 1 min  
   72°C, 1 min  

a F and R in the parentheses mean forward and reverse primers, respectively. 
b White et al., 1990 
c Glass & Donaldson, 1995 
 
 
Switzerland) at 420 nm kinetically for 30 min 
using a Molecular Devices SpectraMax M5 plate 
reader.  The ABTS assay is widely used for 
determination of laccase activity and remains one 
of the best tests for determining the activity of 
oxidative enzymes (Johannes & Majcherczyk, 
2000). Duplicate reactions were prepared for each  
supernatant and contained 60 µl McIlvaine buffer 
(pH 5.0), 30 µl culture supernatant, and 10 µl 
ABTS (13 mM) in McIlvaine buffer (pH 5.0) at 
30°C.  At pH 5.0, 100 mL of McIlvaine buffer 
contains 51.50 mL of 0.2 M Na2HPO4 and 48.50 
ml of 0.1 M citric acid (McIlvaine, 1921).  The 
enzyme activity was expressed in units/mL (U = 1 
μmol/min). 
 
4.  Results 

4.1 Phylogenetic classification of recently isolated 
strains used in this study 

The thirty recently isolated strains used in 
this study were classified into phylogenetic clades 
as previously described (Manitchotpisit et al., 
2009).  A tree generated from the ITS locus was 
not sufficiently informative to differentiate 
individual strains (data not shown). However, it 
was useful to identify this species. BT2 sequences 
had sufficient informative characters to classify all 
A. pullulans strains into distinct phylogenetic 
clades with the exception of strains RSU 10 and 
RSU 35, which were classified as clade 1 or 2.  
Fig.1 shows a maximum parsimony tree of BT2 
sequences of A. pullulans strains, including the 
recent isolates.  Eight strains isolated from Iceland 
(RSU 1-8) all belong to recently described clade 
13, which contains only strains from temperate 
climates (Manitchotpisit, Peterson, & Leathers, 
2011). Two isolates from Thailand belong to a 

novel clade 14 (Table 2).  The remaining 21 
isolates from Thailand were distributed among 11 
previously described phylogenetic clades.  These 
results are consistent with our previous observation 
that Thailand is a source of genetically diverse 
strains of A. pullulans (Manitchotpisit et al., 2009).  
In addition to the 30 recently isolated strains 
described above, an additional 21 strains were 
chosen for screening on lignin-related substrates.  
Thus, the 51 strains employed in this study 
represent a range of genetic diversity. 

 
4.2 Growth of A. pullulans on lignin-related 
substrates 
 All 51 isolates of A. pullulans, 
representing 13 phylogenetic clades, were tested 
for utilization of different lignin-related substrates 
as sole carbon sources (Table 2). Growth was 
estimated by an increase in the culture OD600. 
Strains RSU 35 and RSU 2 grown in basal medium 
with 0.05 mg/mL glucose served as a positive 
control for growth.  These cultures showed an 
OD600 of 0.274 and 0.233, respectively. Strain 
RSU 35 cultured in basal medium without a carbon 
source served as a negative control.  This culture 
showed an OD600 of 0.084.  By using this measure, 
almost all strains grew well on all three tested 
substrates, with three exceptions (RSU 22, RSU 
23, and RSU 27). Veratric acid was sometimes 
more difficult to metabolize than other substrates, 
particularly by members of clade 3 (Table 2). 
Generally, growth appeared to be greatest among 
members of clades 4, 5, 6, 11 and 14. Growth on  
these lignin-related substrates has been taken as 
evidence for the potential to degrade lignin in          
A. pullulans (Bourbonnais & Paice, 1987).
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Figure 1 Maximum parsimony tree of Aureobasidium pullulans isolates calculated with PAUP*. The bootstrap 
proportion from 1000 repetitions is placed above a node when the value exceeded 70%. The clade numbering system 
and outgroup choice is from the A. pullulans multilocus phylogenetic study (Manitchotpisit et al., 2009). 
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Table 2 Growth of Aureobasidium pullulans on basal 
medium containing lignin-related substrates as sole 
carbon sources  

Strains Clade Average OD600  

  p-Hydroxy-
benzoic acid  

Veratric 
acid 

Ferulic 
acid

CU 44  1 0.295 0.343 0.250 
CU 45    0.311 0.346 0.397 
CU 9  2 0.311 0.352 0.332 
NRM2   0.323 0.262 0.267 
RSU 10 1 or 2 0.264 0.102 0.243 
RSU 35 1 or 2 0.207 0.216 0.296 
PH1 3 0.333 0.265 0.476 
HKW1  0.365 0.227 0.405 
RSU 14  0.208 0.129 0.303 
RSU 22  0.262 0.068 0.307 
RSU 23  0.176 0.060 0.297 
RSU 26  0.203 0.101 0.281 
RSU 27   0.161 -0.026 0.254 
CU 21  4 0.345 0.387 0.376 
CU 32    0.565 0.403 0.317 
CU 6  5 0.377 0.506 0.432 
CU 36   0.393 0.478 0.432 
RSU 12   0.337 0.332 0.334 
CU 33  6 0.430 0.418 0.404 
CU 37   0.329 0.415 0.392 
Y-6220  7 0.257 0.283 0.260 
BM1   0.317 0.144 0.135 
RSU 16  0.295 0.282 0.335 
RSU 25  0.260 0.177 0.301 
RSU 28   0.150 0.134 0.278 
Y-2311-1 8 0.289 0.363 0.322 
CU 40  0.281 0.297 0.375 
RSU 20  0.264 0.206 0.400 
RSU 32   0.311 0.164 0.374 
CU 2  9 0.315 0.304 0.401 
CU 22  0.203 0.113 0.413 
RSU 13  0.200 0.135 0.202 
RSU 17  0.250 0.213 0.313 
RSU 18  0.132 0.184 0.327 
RSU 19   0.398 0.151 0.253 
Y-12973 10 0.392 0.331 0.404 
CU 16  11 0.280 0.313 0.300 
CU 47  0.281 0.375 0.215 
RSU 9  0.399 0.293 0.355 
RSU 21  0.279 0.321 0.349 
RSU 29   0.165 0.287 0.350 
RSU 1 13 0.247 0.269 0.285 
RSU 2  0.259 0.204 0.309 
RSU 3  0.247 0.156 0.339 
RSU 4  0.268 0.140 0.214 
RSU 5  0.269 0.110 0.186 
RSU 6  0.286 0.154 0.270 
RSU 7  0.238 0.147 0.197 
RSU 8  0.385 0.164 0.295 
RSU 11 14 0.403 0.400 0.307 
RSU 15   0.403 0.323 0.374 

4.3 Laccase induction assay  
Thirteen strains that grew well on lignin-

related substrates were chosen for further 
screening in a laccase induction assay (Table 3). 
Despite the fact that both strains from novel clade 
14 showed good growth on lignin-related substrates, 
only one of these (RSU 11) exhibited laccase 
activity. Two strains from clade 4 showed no 
laccase activity, and only one strain from each of 
clades 6 and 11 had relatively low enzyme activity. 
On the other hand, every strain from clade 5 
expressed laccase, with strains CU 6 and RSU 12 
having the greatest activity. Strain CU 19, which 
was not included in the survey of strains grown on 
lignin-related substrates, was added to the laccase 
induction assay study as an additional representative 
of clade 5. This strain also produced laccase (Table 
3). 
 
Table 3 Laccase activity produced by strains of 
Aureobasidium pullulans 

Strains Clade Laccase (mU/mL) 
CU 21 4 <  0.01* 
CU 32 <  0.01 
CU 6 5 15  ±  0.4 
CU19 7.3  ±  0.4 
CU 36 1.4  ±  0.4 
RSU 12 11  ±  1.7 
CU 33 6 0.04  ±  0.1
CU 37 <  0.01 
RSU 9 11 <  0.01 
RSU 21 <  0.01 
RSU 29 0.7  ±  0.3 
RSU 11 14 1.9  ±  0.02
RSU 15 <  0.01 

* Below limit of detection 
 
 
5.  Discussion 

Novel sources of the enzyme laccase are 
needed to improve activity yields and expand 
substrate specificities. The metabolically versatile 
fungus A. pullulans is commonly associated with 
the deterioration of plant materials and produces 
numerous degradative enzymes, including 
hemicellulases. Although strains of A. pullulans 
are capable of utilizing lignin-related aromatic 
compounds, little has been reported concerning 
laccase production by this organism. In this study, 
we examined 13 diverse phylogenetic clades of A. 
pullulans for laccase production. Initially, strains 
were tested for utilization of three lignin-related 
substrates as sole carbon sources.  Most strains 
grew well on all three substrates, consistent with 
previous reports on the utilization of aromatic 
compounds by A. pullulans. Thirteen strains that 
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grew best on these substrates, representing five 
clades, subsequently were tested for laccase 
production in an induction assay. Six of 13 strains 
failed to produce laccase, indicating that growth on 
lignin-related compounds may not be a useful 
indicator of laccase production.  Interestingly, all 
representatives of clade 5 produced laccase, 
indicating that this genetic group may be a 
promising source of novel laccase activities. Under 
similar assay conditions in our laboratory, laccase 
activities from these strains were comparable with 
those of other fungal laccases, including Phlebia 
radiata and Pycnoporus cinnabarinus (Kantelinen, 
Hatakka, & Viikari, 1989; Eggert, Temp, & 
Eriksson, 1996). A. pullulans clade 5 is distinctive 
in that it produces a dark purple or vinaceous 
pigment (Manitchotpisit et al., 2009). Thurston 
(1994) points out that in a number of fungi, laccase 
activity is associated with pigment formation, and 
it is certainly possible that this is its natural role in 
A. pullulans.  This also suggests that it might be 
possible to rapidly screen potential laccase 
producers in A. pullulans by their colonial 
morphology, based on pigment.  However, this 
suggestion should be studied further, since 7 of 13 
strains tested for laccase activity exhibited enzyme 
production. 
 
6.  Conclusion 

A. pullulans is the source of a number of 
valuable bioproducts, including degradative 
enzymes. In this study, 51 strains from 13 diverse 
phylogenetic clades were examined for growth on 
lignin-related substrates. Although most strains 
grew well on these substrates, laccase activity was 
consistently found only in four representative 
strains belonging to phylogenetic clade 5, a 
distinctive group that produces a dark purple or 
vinaceous pigment. Thus, A. pullulans may serve 
as a source of novel laccase activities. 
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Abstract  

A transient stress analysis for the problems of a thermoelastic medium containing a finite crack experiencing 
a sudden change in temperature over the surface of the crack is studied employing coupled thermoelasticity theory. By 
assuming that heat is suddenly transferred across the surface of a crack according to Newton’s Law of Cooling and 
using Laplace and Fourier’s method of integral transforms, the problem is reduced to a system of coupled dual integral 
equations.   Further application of Tranter’s method, in expressing unknown functions as an infinite series of Bessel 
functions, reduces the equations to an infinite set of linear algebraic equations whose solution in the Laplace transform 
domain is inverted numerically to yield the values of the dynamic stress-intensity factor, . The results reveal the 
significant influence of inertia but negligible coupling effects. 

( )1k t

 
Keywords: coupled thermoelasticity, transient, Newton’s law, temperature, dynamic stress-intensity factor, finite crack 
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1.  Introduction 

In past decades, the failure of brittle 
materials containing initial defects under dynamic 
loadings has been a main concern to many 
investigators (Kassir & Sih, 1975; Chen & Sih, 
1977). The process leading to catastrophic failure 
in structural components may occur suddenly, or 
over a period of time, depending on the magnitude 
of the local stress field around the crack tip which 
is measured by the stress intensity-factor. Under 
rapidly applied thermal loading and fluctuating 
thermal disturbance, the stress intensity factor can 
be considerably amplified, and in many instances 
may trigger crack extension and eventual failure 
even before initial yielding takes place.  Although 
thermal problems have been solved by many 
investigators in the past, most of them are usually 
based on conventional treatment neglecting the 
inertia term in the equation of motion and the 
thermoelastic coupling term in the heat conduction 
equation. This hypothesis of a quasi-static process 
is known to yield useful results without significant 
errors in practical engineering applications; 
however, when a temperature field exhibits steep 
time-gradients, the inertia and coupling effects 
may be significant and the coupled theory of 
thermoelasticity should be employed (Sternberg  & 
Chakravorty, 1959; Takeuti & Furukawa, 1981).  

Several transient and steady-state 
problems have been solved in the past using the 
coupled theory of thermoelasticity (Boley & 
Weiner, 1960; Chadwick, 1960).  This theory takes 
into account the interdependence of temperature 

and displacement fields in which one can not exist 
without the other. Transient problems involving 
applied normal stress and/or heat flux across the 
surfaces of a finite crack was solved by Kassir, 
Phurkhao and Bandyopadhyay (1986). Their 
approach was to use the Fourier and the Laplace 
transforms to reduce the problem to a standard 
Fredholm integral equation whose solution in a 
regular time domain was numerically inverted to 
yield a dynamics stress-intensity factor. 
Georgiadis, Brock and Rigatos (1998) employed 
Green’s function for cracked surfaces under a pair 
of line heat sources using coupled 
thermoelastodynamic equations. Recently, a 
transient problem concerning a penny-shaped 
crack was investigated by Ampunsuk and 
Phurkhao (2005) by utilizing the Hankel and 
Laplace transforms. The reported results reveal 
similar increases in the dynamic stress intensity-
factor, rising to the peak quickly and then 
decreasing to the static value while, the coupling 
has a negligible effect.  

Phurkhao and Kassir (1991) investigated 
the diffraction problems of thermally-induced 
thermo-elastic waves by a line of a finite crack 
using the integral transform technique and 
obtained the frequency-dependent dynamic stress 
intensity factor.   In a recent paper,   Phurkhao 
(2010) employed the same technique to solve an 
analogous problem concerning the propagation of 
thermoelastic waves induced by mechanical 
excitation.   

While a considerable amount of work has 
been done on the topic of thermal impact, to the 
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best of the author’s knowledge, there are no 
solutions for an elastic medium with a finite crack 
being subjected to a sudden change in temperature 
over the crack surfaces when taking the inertia and 
coupling effects into consideration. 
 
2.  Objectives 

The purpose of this study is to determine 
the transient response of a thermoelastic solid 
containing a finite crack flaw using the theory of 
coupled thermoelasticity. The main focus is the 
determination of the stress-intensity factor, the 
influence of inertia and the coupling effect when 
the crack experiences an abrupt change in 
temperature and the transfer of heat across the 
cracked surface according to Newton’s law of 
cooling. The Laplace and Fourier integral 
transforms (Sneddon, 1951) are employed to 
reduce the mixed-boundary value problem  to a 
system of dual integral equations (Sneddon, 1966). 
Furthermore, to facilitate the numerical work, the 
system of dual integral equations are then 
transformed to an infinite set of linear algebraic 
equations by the application of Tranter’s method 
(Tranter, 1956).  

Two typical materials, lead and copper, 
with high and low coupling constants, respectively, 
are selected for numerical computation and 
determination of the coupling effect inherent in the 
theory. The state of plane strain is assumed in this 
investigation.  
 
3.  Materials and methods 

Neglecting body forces and internal heat 
sources, the governing equations of the linear 
coupled theory of thermoelasticity for isotropic 
elastic material in the non-dimensional space and 
time variables ( , , ; )x y z t are (Boley and Weiner, 
1960; Chadwick, 1960) 

                       (1)         2 2 2(1 ) ,e∇ + − − =u &&β β θ∇ ∇ u               

    ,                                       (2)      2 0eθ θ ε∇ − − =& &

where, a dot over a function indicates 
differentiation with respect to the non-dimensional 
time . The symbols and designate the usual 
del and Laplacian operators; 

t ∇ 2∇
β stands for the ratio 

of the isothermal velocities of the shear 2 and 
the dilatational waves 1 in the medium, 
and

( )c
( )c

ε denotes the coupling constant. They are 
given as 

     

( )

1 2

2 2
0

( 2 ) / , / ,

(3 2 )
.

2

c c

T
cε

λ μ ρ μ ρ

λ μ α
ε

λ μ ρ

⎫= + =
⎪
⎬+

= ⎪+ ⎭

      (3)    

 

Here, α and cε denote, respectively, the coefficient 
of linear thermal expansion and the specific heat at 
constant volume. λ and μ represent the Lame’s 
elastic constants, and ρ is the mass density of the 
medium. Moreover, 0 and designate the 
reference stress-free temperature (absolute) and the 
dilatation of the medium, respectively. 

T e

Equations (1) and (2) relate the 
normalized displacement vector , ,x y z  to 
the normalized temperature

u u uu = ( )
θ .  The actual space 

and time variables ( , , ; )x y z t′ ′ ′ ′
, )

, the displacement 
vector ( ,x y zU U U=U and the temperature T are 
related to the dimensionless variables by the 
following relations 

      ( )
( )

1 1 1
2
1 0 0

1

/ , / , / ,

/ , / ,

/ div 

x c x y c y z c z

t c t T T T

c e

κ κ κ

κ θ

κ

′ ′ ⎫= = =
⎪

′= = − ⎬
⎪= ⎭u U,  = u,

′

)

  (4)              

where, ( /k cεκ ρ= and 0  denotes, 
respectively,  diffusivity and the deviation of 
temperature from the referenceT .  

T T−

0
In order to determine the equations 

governing the propagation of the dilatational and 
shear waves in the xy -plane under the state of 
plane strain, it is necessary to decompose the 
displacement vector  into two potential 
functions

u
φ andψ  in the following form      

     , ,x yu u
x y y x
φ ψ∂ ∂ 0zuφ ψ∂ ∂

= + = − =
∂ ∂ ∂ ∂

, (5) 

and insert them into (1) and (2).  It follows that the 
potentials φ and θ associated with the dilatational 
waves are governed by  

     2 ,φ θ φ∇ − = &&                                               (6)        

     2 2 0θ θ ε φ∇ − − ∇ =& &
2 2

;                                   (7) 
while, β ψ ψ∇ = &&         (8)                                    
governs the shear wave.                 

     The non-dimensional stress components 
(normalized by μ ), in particular, the components 

yσ and xyτ  can be easily expressed in terms of the 
potentialsφ , ψ and θ by 

     2 22y x x y
φ ψσ φ β

⎛ ⎞∂ ∂ ∂ θ= ∇ − + −⎜ ⎟∂ ∂ ∂⎝ ⎠
,          (9)     

     
2 2 2

2
2 22xy x y y x

φ ψ ψτ β
⎛ ⎞∂ ∂ ∂

= + −⎜ ⎟∂ ∂ ∂ ∂⎝ ⎠
.            (10)                      

In addition, the equations (6)-(8) must be 
supplemented by the specified boundary and initial 
conditions.  

In this study, it is assumed that a finite 
crack of actual length 2a′ situated in an infinite 
elastic medium along the x -axis from toa′− a′+  
with 1( /a c a )κ′= being the normalized crack 
length, initially at rest, undeformed and at a 
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reference temperature 0T , is subjected to a transfer 
of heat across the crack surfaces due to a sudden 
change in temperature 0θ . Considering the 
symmetry of the problem with respect to the x -
axis, it is, therefore, sufficient to consider the 
problem within the region . The appropriate 
boundary conditions on plane and are 

0
=

y ≥
0y 0t >

0xyτ = ,                               all x ,              (11)                                

   0yσ = ,                              x a≤ ,            (12)       

   ,                               0yu = x a> ,            (13)                   

   [ ]0 ( ) 0h H t
y
θ θ θ∂
+ − =

∂
,     x a≤ ,           (14) 

   0
y
θ∂
=

∂
,                              x a> .           (15) 

In (14), ( )H t
(h hκ=

denotes the Heaviside step function; 
while, 1 stands for the normalized 
coefficient of surface heat transfer (Carslaw & 
Jaeger, 1959). In addition to (11)-(15), all 
components of displacements, stresses and 
temperature fields must vanish at remote distances 
from the crack region.  

/ c k′ )

Assuming initially all components of 
stresses, displacements and temperature are zero,  
application of the Laplace transform pair      

                 0

( ) ( )

1( ) ( )
2

pt

pt

Br

f p f t e dt

f t f p e
iπ

∞
∗ −

∗

⎫
= ⎪

⎪
⎬
⎪= ⎪⎭

∫

∫ dp

2

           (16)           

to (6)-(8) and (11)-(15) yields the governing 
equations 

     2 ,pφ θ φ∗ ∗ ∗∇ − =                                    (17)        
                           (18)         2 2 0,p pθ θ ε φ∗ ∗ ∗∇ − − ∇ =  
     2 2 2 .pβ ψ ψ∗∇ = ∗                                      (19)           

and the boundary conditions  
   ,                               all 0xyτ ∗ = x                (20)  

   ,                              0yσ ∗ = x a≤              (21) 

    ,                              0yu =∗ x a>              (22) 

   0 / 0h p
y
θ θ θ

∗
∗∂ ⎡ ⎤+ − =⎣ ⎦∂

,  x a≤              (23)                                                                                          

   0
y
θ ∗∂

=
∂

,                            x a>              (24)                           

in the Laplace transform plane.  
Equations (17)-(19) admit the following 

integrals bounded for large  y

    { }1 2
1 2

0

2 cos( )y yA e A e sxγ γφ
π

∞
− −∗ = +∫

   

( ){ ( ) }1 22 2 2 2
1 1 2 2

0

2 cos( )y yp A e p A e sx dsγ γθ ς ς
π

∞
− −∗ = − + −∫

                                                                           (26)    

3
3

0

2 sin( )yA e sxγψ
π

∞
−∗ = ∫ ds .                                (27)            

Here, j j ( , ), 1,2,3s p jA A= =

, 1, 2,3

 are unknown 
transform parameters, and the exponents 

j jγ = are defined by 
2 2 1/ 2( ) 0sγ ςj j= + ≥ 0,                    (28)         s< < ∞

2 2
1,2 1 (1 ) 4p p pς ε ε⎡ ⎤= + + ± + + −⎣ ⎦ / 2p

2

,  (29)      
2 2
3 /pς β= .                                                 (30)        

Now, condition (20) in conjunction with (10), (25)  
and (27) are readily shown to imply that 

                  1 1 2 2
3 2 2

3

2 ( )
2

s A A
A

s
γ γ

ς
− +

=
+

.                   (31) 

The remaining boundary conditions, namely, (21)-
(24) yields a set of simultaneous dual integral 
equations governing the remaining unknown 
functions 1A and 2A  

{ }11 1 12 2
0

cos( ) 0a A a A sx ds
∞

+ =∫ ,          0 1x≤ ≤ ,(32)  

{ }21 1 22 2 0
0

cos( ) / 2a A a A sx ds h pπ θ
∞

+ =∫ , 0 1x≤ ≤ , 

(33) 

{ }11 1 12 2
0

cos( ) 0b A b A sx ds
∞

+ =∫
∞

,               , (34) 1x >

{ }21 1 22 2
0

cos( ) 0b A b A sx ds+ =∫ ,               . (35) 1x >

Here, for simplicity, the normalized crack 
dimension  has been taken as a unity; 
while, ij and ij being functions of 

a
ba s and  are 

given in the Appendix. 
p

To proceed toward establishment of the 
system of simultaneous dual integral equations in 
the form suitable for determination of the solution, 
the following abbreviations are introduced 

          { }1 11 1( , )V s p s b A b A= + 12 2 ,              (36) 

          { }2 21 1( , )V s p s b A b A= + 22 2 ,             (37) 
in conjunction with the identity (Magnus & 
Oberhettinger, 1949) 

 1/ 2cos( ) ( )
2
sxsx Jπ

−= sx                    (38) 

to reduce the equations (32)-(35) to 

{ }11 1 12 2 1/ 2
0

( ) 0c V c V J sx ds
∞

−+ =∫ ,         0ds        (25) 1x≤ ≤ , (39)        
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{ } 0
21 1 22 2 1/ 2

0

( )
2

h
c V c V J sx ds

p x
θ π∞

−+ =∫ , 0 1x≤ ≤ ,  

(40)   

1 1/ 2
0

( ) 0V J sx ds
∞

− =∫ ,                             ,     (41) 1x >

2 1/ 2
0

( ) 0V J sx ds
∞

− =∫ ,                             .     (42) 1x >

Here, 1/ 2J−

1,2

is the usual Bessel function of the first 
kind of order -1/2, and for 

are known functions given in the 
Appendix. 

( , )ij ijc c s p=
,i j =

Following the method outlined by Tranter 
(1956) and Erdogan and Bahar (1964), the 
unknown functions 1 and  will then   
be represented in the form  

( , )V s p 2 ( , )V s p

 
1

1

1

1 0 1,2 1 13 20 2

( ) ( )
2 m mm

sV h p J
p

β

β

π θ χ
− ∞

+
− + +=

= ∑ s ,     (43)  

2

2

1

2 0 2,2 1 13 20 2

( ) ( )
2 m mm

sV h p J
p

β

β

π θ χ
− ∞

+
− + +=

= ∑ s .    (44)     

It follows that equations (41) and (42) are 
automatically satisfied when use is made of the 
Sonine-Schafheitlin integral property (Magnus & 
Oberhettinger, 1949), i.e., 

       1
1/ 2

0

( ) ( ) 0i

iks J s J sx dsβ
∞

−
− =∫ ,   ,          (45)            1x >  

     Re(2 1) 0m + > 1/ 2 2ik m iβ= − + +   0iβ >            
In (43) and (44), , ( ), 1,2i l p iχ =

, 1, 2i
are unknown 

coefficients and iβ = are parameters which 
must be chosen so as to make the involved 
integrals exist.  

 Upon substitution of (43) and (44) into 
the remaining equations (39) and (40) and 
interchanging the order of summation and 
integration yields 

2
1

, 1 1/ 2
1 0 0

( ) ( , ) ( ) ( ) 0j

jj l j k
j m

p s c s p J s J sx dsβχ
∞∞

−
−

= =

=∑∑ ∫ ,          

                                                                           (46)  
2

1 2 1/ 2
, 2 1/ 2

1 0 0

( ) ( , ) ( ) ( ) ,

1/ 2 2 .

j

jj l j k
j m

j j

p s c s p J s J sx ds p x

k m

βχ

β

∞∞
− −

−
= =

=

= − + +

∑∑ ∫

                                                                           (47)                      
Further, equations (46) and (47) are then 
multiplied, respectively, by  
    1 11/ 2 2 2

1(1 ) ( 1/ 2 ,1/ 2, )kx x xβ β−− ℑ − +  
and  
    2 11/ 2 2 2

2(1 ) ( 1/ 2 ,1/ 2, )kx x β β−− ℑ − +
0,1, 2,..=

with kℑ being the Jacobi polynomial, and 
integrated with respect to x from 0 to 1. The 
resulting equations,  when the following properties 
(Tranter, 1956) are utilized 

11/ 2 2 2
1/ 2

0

1

1/ 2 2

(1 ) ( 1/ 2 ,1/ 2, ) ( )

2 (1/ 2) ( )
( ).

( 1/ 2)

i

i
i

i

k i

i
k

x x x

k
s J s

k

β

β
β

β

β

β

∞
−

−

−
−

− + +

− ℑ − +

Γ Γ +
=

Γ +

∫ J sx dx
 

                                                                           (48) 

1,
1,

0 0

2,
2, 1/ 2 1/ 2

0 0

( )
( ) ( ) ( )

2
( )

( ) ( ) ( )
(2 1)

r
l r l

m

r
l r l

m

pdsp J s J s
s r

pdsp J s J s
s r

χ
χ

χ
χ

∞∞

=

∞∞

− −
=

⎫
= ⎪

⎪
⎬
⎪= ⎪− ⎭

∑ ∫

∑ ∫
      (49) 

                                                                                
with 1 3 / 2β = and  2 1β = , assume the forms 

2( )pχ1,
, 1 1,

1 0

( ) ( ) ( )
2
r

j l j r
j m

p K p B p
r

χ
∞

= =

+ =∑∑ ,     (50)     

2
2,

, 2 2,
1 0

( )
( ) ( ) ( )

2 1
r

j l j r
j m

p
p K p B p

r
χ

χ
∞

= =

+
− ∑∑ = ,    (51)                       

        0,1, 2,...k = , 2 1r k= + ,  2 1l m= +
where 

1,

12
2

2,
0

2

( ) 0, 1,3,5,...

( 1/ 2)( ) (1/ 2,1/ 2, )
(1/ 2) ( 1)

0, 1
, 1

r

r k

B p r

k pB p
k

r
p r

⎫
⎪= = ⎪
⎪Γ + ⎪= ℑ ⎬Γ Γ + ⎪
⎪>⎧ ⎪= ⎨ = ⎪⎩ ⎭

∫ x dx     52)                                     

and 

[ ]

1 1
11 11

0

3/ 2
12 12 1/ 2

0

3/ 2
21 21 1/ 2

0

1
22 22 1/ 2 1/ 2

0

( ) ( , ) 1 ( ) ( )

( ) ( , ) ( ) ( )

( ) ( , ) ( ) ( )

( ) ( , ) 1 ( ) ( )

l r

l r

l r

l r

K p s s c s p J s J s ds

K p s c s p J s J s ds

K p s c s p J s J s ds

K p s c s p J s J s ds

∞
− −

∞
−

−

∞
−

−

∞
−

− −

⎫
⎡ ⎤= − ⎪⎣ ⎦

⎪
⎪
⎪=
⎪⎪
⎬
⎪= ⎪
⎪
⎪

= − ⎪
⎪⎭

∫

∫

∫

∫

(53)  

The asymptotic behavior of the following 
functions 

1 2
11( , ) 1 ( )s c s p O s− −− = , ,  1

12 ( , ) ( )c s p O s−=
1

21( , ) ( )c s p O s−= ,   1
22 ( , ) 1 ( )c s p O s−− =

x , 
 k

for s →∞  is observed, and for  all the 
integrands are of the order 1; thus, all integrals in 
(53) exist at both upper and lower limits and pose 
no difficulties in numerically computational works. 

0s →
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In order to obtain the dynamic stress 
intensity factor, it is necessary to consider only the 
singular stress field near the crack tips; in 
particular, the stress component yσ on the 

plane.  With a view toward this goal, the 
stress intensity factor in the Laplace transform 
domain will be derived from the stress component 

0y =

    { }11 1 12 2
0

2 cos( )y a A a A sx dsσ
π

∞
∗ = +∫ .           (54) 

Now, substituting for j ( , )A s p in terms of jV s  
for  via (36)-(37) and making use of (43)-
(44), it is readily confirmed that the transformed 
stress containing the singular term for 

assumes the form 

( , )p
1, 2j =

1→x

           0
0

2 ( , ) cos( ) ....,y h G p s sx dsσ θ
π

∞
∗ = ∫ + 55)      (

where 
2

1,2 1 2 1
1

( 1)( , ) ( ) ( )m m
m

G s p p J s
p

β χ
∞

− −
=

−
= ∑ .      (56)  

Further, interchanging the order of integration and 
summation in conjunction with the recurrence 
formula (Magnus & Oberhettinger, 1949) 

             1 1
2( ) ( ) ( )n

n n nJ s J s J s= − ,     
s+ −        (57) 

and ret g only the singular term, tainin he equation 
(55) reduces to 

           0 1
0

( ) ( ) cos( ) ....y
p J s sx ds

p
σ σ

∞
∗ =−

Φ
+∫     (58) 

where 

,                 (59) 

and 

          

           1
1,2 1

1
( ) ( 1) ( )m

m
m

p pχ
∞

+
−

=

Φ = −∑

 2
0 0

2 ( 1hσ θ β
π

= − − ) .                           (60) 

he crack tip, the s

         

Near t ingular part of the 
expression in (58) can be extracted by noting that 
as 1x +→ and 1r x= −  (Erdelyi, 1954) 

      1
0

1( ) ) 1J s ds
∞

= − .   cos(
2

sx
r∫             (61)  

In view of this observation, equation (58) can be 
written in the following form 

     1
1/ 2

(
( ,0, )

k p
x pσ

∗
∗ = +

)
.....

(2 )y r
              (62) 

with denoting the stress-intensity factor in 1 ( )k p∗

-planthe p e is given by 

 1 0
( )( ) pk p
p

σ∗ Φ
= .                         (63) 

Equations (50)-(51) can be solved 
numerically for , ( )j l pχ  by truncating the series a 

finite number of terms, and the values of 
( ) /p pΦ are th serted into the Laplace 

inversion integral  

                  

en in

1( ) 1 ( ) ptk t p e dp
σ

Φ
= ,               (64) 

0 2 Bri pπ ∫
 stress-intensity facto
he numerical me of Laplace 

to yield the ( )t  in the time r 1k
thod domain. T

inversion outlined by Miller and Guy (1966) will be 
utilized to evaluate the integral over the Bromwich 
path in (64). The remaining section of this paper 
contains the numerical results of 

1 0( ) /k t σ appearing in (64). 
 

ts and discussion 4.  Resul

respectiv

Two materials, lead and copper having 
 coupling constants, high and low values of

ely, were selected for numerical 
computation and application of the solution 
presented. The elastic constants listed in Table 1 
are taken from (Phurkhao and Kassir, 1991). The 
solution of the infinite set of linear algebraic 
equations, (50)-(51) was determined numerically 
by truncating the infinite series solution to a finite 
number of terms to yield the values of the 
functions 1, ( )χ l p and 2, ( )χ l p at several discrete 
points (1 ) , 1,2,...p n nδ= + = along the real axis. 
The real and sitive nu po mberδ  must be selected 
such th pproximated within a 
particular range of time. It is observed that 
retaining terms in the series, in all cases 
examined, the series converge rapidly. These 
values were then inserted into (64) to determine 
the corresponding dynamic stress-intensity factors 
in the regular time domain. The numerical Laplace 
inversion was then carried out by the scheme 
outlined by Miller and Guy (1966) which has been 
employed successfully for several transient 
problems in the past (Chen & Sih, 1977; Kassir et 
al., 1986). The inversion formula is given in the 
series expansion of the Lengendre functions 
orthogonal within the interval (-1,1) by   

0

( ) (2 1)
N

t
k k

k
f t C P e δ−

at ( )f t can be best a

6-8 

=

≈ −∑ .                   (65)     

Here, ( )f t
( )

is the inverse of the Laplace transform 
f p∗

ined
the Jac

, and k
determ  from the orthogonalilty properties of 

obi poly mial. In this numerical work, it is 
found that N=6 and the values of 0.125, 0.35

C

no

 are coefficients which can be 

δ =  
yield a good approximation. The results of 

1 0( ) /k t σ versus non-dimensional tim 1e 2( /t c t )κ′=  
are displayed graphically in Figure. 1. It is 

 that the dynamic stress-inten  
exhibit a common character, rising very quickly 
with time and subsequently approaching the 
steady-state solution for a sufficiently long time.  

observed sity factors
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For lead, the increase in the stress-intensity factor 
over the static value is approximately 30% with the 
elapsed time of 93.3 10−× sec.; while, for copper 
the increase is lower,  about 15%,  and occurs at 
approximately the psed time.   

The influence of mechanical coupling 
inherent in the theory was also invest

 same ela

igated by 
setting 0ε =  in the numerical computations, and 
the results are shown graphically by dotted curves 
in Figu  There is no significant difference 
noted for both materials. 

 
Table 1  Material properties (measured at

re 1.

)   
Symbol Unit Copper Lead 

21 Co

k  o/ . .Cal s cm K  0.93 0.084 
κ  2 /cm s  1.14 0.25 
α  o/ cm C  cm 16.5E-6 2  9.3E-6
ε  - 0.017 0  .0729

1c  /cm s  4.36E5 2.145E5 

E  2  / cmdyn 11.45E11 1.63E11 
ν  - 0.32 0.446 
ρ  3/ cmgm  8.93 11.34 
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5.  Co

problems involvi
edium with its surfaces suddenly exposed 

to a change in temperature was investigated in this 
paper.  The main objective is to determine the 
influences of inertia and thermoelastic coupling 
effects upon the stress-intensity factor when the 
heat exchange across the crack surface is according 

to Newton’s law of cooling.  Integral transform 
methods were utilized to reduce the problem to a 
system of simultaneous dual integral equations. 
Moreover, by expressing the unknown functions in 
the form of an infinite series of Bessel functions, 
the problem was reduced to solving a system of an 
infinite set of linear algebraic equations. 
Significant increase in stress intensity-factors due 
to an inertia effect has been noticed for the two 
selected materials, but the coupling effect is 
negligible for both materials. Based on the 
previous investigations (Kassir et al., 1986; 
Phurkhao & Kassir, 1991; Ampunsuk &  
Phurkhao, 2005; Phurkhao, 2010) and the present 
results, it can be concluded that, for normal 
materials in practical engineering applications, the 
stress induced by the coupling term in the heat 
conduction equation is not substantially 
significant. The straining in the solid has no 
significant effect upon the change in temperature. 

The results found in this study are crucial 
in determining the stability of a crack under severe

impact loading. Moreover, the method 
outlined in this study may be applied in some other 
areas of a similar nature; for example, a fluid 
infiltrated poroelastic crack problem in rock 
materials where fluid pressure plays the same role 
as temperature. 
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Abstract 

This paper presents a power system architecture where series-input parallel-output (SIPO) converters are 
controlled to achieve uniform input voltages across their respective series-connected power sources while also tracking 
the system optimum power point; the system optimum power point is the maximum power drawn from the series-
connected power sources while their voltages are kept uniformly distributed. With proper uniform input voltage 
distribution control, near maximum use of the power sources is achieved by employing only one maximum power 
tracking (MPT) controller instead of multiple MPT controllers dedicated for their respective power sources. Provided 
that the maximum power point voltages of the input power sources are similar, the resulting system architecture offers 
near-maximum power transfer with a lower parts count. A feasibility study using computer simulation has successfully 
validated two SIPO power architectures and their control concepts for optimum power transfer. 
 
Keywords: optimum power tracking, uniform voltage distribution, series-connected sources, DC-DC converter, solar 
array 
________________________________________________________________________________________________ 
 
1.  Introduction 

Previous studies (Siri, Conner, & Truong 
2005; Siri et al., 2006; Siri & Willhoff, 2007; Siri, 
Willhoff & Conner, 2007) of SIPO converter 
architectures employ uniform voltage distribution 
(UVD) control of the series-connected converter-
input voltages for achieving uniform power 
sharing among the series-connected converters that 
absorb identical DC input currents drawn from a 
common power source. This paper proposes 
slightly different SIPO converter architectures 
employing UVD control of converter-input 
voltages to support optimum power flows from the 
series-connected power sources, each of which is 
connected across its respective converter’s  input. 
For non-identical series-connected power sources, 
the controller emphasizes optimum power transfer 
from the series-connected power sources over 
uniform power sharing among SIPO converters. 

Economical and efficient DC power 
transmission requires high voltage for reduced 
weight and size of transmission cables before a 
down-conversion to a low voltage that is usable at 
a load end.  Lack of reliable and expandable power 
converter architectures and control approaches 
prohibits efficient transmission and conversion of 
DC power from a high-voltage input power source 
(1000 VDC) to a usable low voltage (5 VDC or 

less) that is increasingly in high demand in both 
computer-oriented applications and power 
management for series-connected solar array 
panels and new battery technologies. SIPO 
converter power systems have started becoming a 
viable choice (Siri et al., 2006) for achieving such 
a high voltage ratio between the system input and 
output voltages. Feasible UVD control was 
demonstrated at a medium input voltage range 
between 108 V and 216 V and a typical output 
voltage of 28 V (Siri et al., 2006).  This paper 
offers a similar control and power architecture, but 
focuses on achieving an optimum power 
throughput and a high output voltage. A controller 
for series-input parallel-output converter 
architectures had never been studied to deal with 
series-connected power sources because of the 
complexity of the control scheme and difficulties 
in interfacing the distributed control signals among 
the series-connected converters. This paper 
demonstrates that nearly full use of all series-
connected sources is achievable by employing 
uniform input voltage distribution (UIVD) control 
for two SIPO power architectures. One architecture 
provides a battery-dominated bus, and another 
provides a regulated bus serving as the system 
output. With UIVD control, optimum power use of 
the series-connected power sources is 
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accomplished by using only one maximum power 
tracking (MPT) controller instead of independent 
MPT controllers dedicated to each respective 
power source. 
 
2.  Three energy harvesting approaches 

Series connection of power sources, such 
as multiple solar array panels, becomes necessary 
for cost reductions in DC power transmission over 
long distances. There exist at least three possible 
approaches for drawing power from series-
connected power sources: (1) directly across the 
series-connected power sources as group-tracking  
without uniform voltage distribution control (GT-
NO-UVD) of the source output voltage, (2) 
directly across the series-connected power sources 
with uniform voltage distribution (GT-UVD) 
control of their sourcing voltages, and (3) directly 
across the individual power sources, with each 
power source possessing its own independent 
maximum power tracking (IMPT). The IMPT 
control enables the ideal peak power to be 
obtainable as a summation of all available peak 
powers being extracted from all the power sources 
in the system. 

Figure 1 shows the two-terminal GT-NO-
UVD approach. The GT-NO-UVD approach 
results in far-from-optimum utilization of the 
series-connected power sources, particularly when 
these sources possess non-identical I-V 
characteristics. The delivered peak power from the 
GT-NO-UVD approach is clearly below the ideal 
available peak power since at least one weak 
source may become a power dissipater instead of a 
power provider. Weak solar panels may include a 
bypass diode across their two sourcing terminals to 
clamp their negative voltage to a minimum. 
However, power delivery can still fall significantly 
below the available peak power. 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 1  Conceptual system diagram for energy 
harvesting approach (1) without UVD  (GT-NO-UVD)  

As depicted in Figure 2, the GT-UVD 
approach employs distributed DC-DC converters, 
which are individually connected across their 
respective power sources to regulate their sourcing 
voltages providing uniform distribution at all 
times. In most cases, the GT-UVD approach 
allows much higher delivered peak power when 
compared to that obtained by the GT-NO-UVD 
approach. When the maximum power point 
voltages of the sources are similar, uniform 
distribution of the power source voltage ensures 
that they all become power providers.  

 
Figure 2  Conceptual system diagram for energy 
harvesting approach (2) with GT-UVD control 

For cases having input power sources 
with similar peak power voltages, the power 
delivered by the GT-UVD system approaches the 
ideal peak power obtained by the IMPT approach 
shown in Figure 3. However, the series-connected 
power sources with the GT-UVD approach of 
energy harvesting can deliver an optimum peak 
power by employing only one MPT controller. The 
resulting system architecture offers near-maximum 
power transfer with reduced complexity and 
component count. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3  Conceptual system diagram of energy 
harvesting approach (3) using independent MPT 
controllers (IMPT) 
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Figure 4 shows the delivered power as a 
function of the total sourcing voltage that is the 
summation of all series-voltages across the 
individual power sources. The three energy-
harvesting methods as shown in Figures 1, 2, and 3 
are analyzed through computer simulation using IS1 
= 6 A, IS2 = 21.67 A, and IS3 = 20 A with RS1 = 
10 Ω, RS2 = 3 Ω, and RS3 = 4 Ω, respectively, 
representing the three power sources PS#1, PS#2, 
and PS#3. There are four curves shown in Figure 
4: (1) IMPT, (2) GT-UVD, (3) GT-NO-UVD 
(WITH_BYPASS), and (4) GT-NO-UVD 
(NO_BYPASS).  The curve labeled “IMPT” 
shown in Figure 4 provides the delivered power 
when IMPT controllers are distributed to their 
respective power sources of the configuration 
shown in Figure 3.  The “IMPT” power curve 
offers the highest peak power that is achievable at 
841.6W at the total sourcing voltage of 100.1 V.  
The delivered power of 831.1W shown in the 
curve labeled “GT_UVD” is obtained by the UVD 
controller that actively regulates all the three 
source voltages to be identical under the 
conceptual configuration shown in Figure 2. As an 
example, the peak power delivered by the 
“GT_UVD” curve is only 1.23% off from the ideal 
peak power obtained by the IMPT control. 
Therefore, the Group-Tracking Uniform Voltage 
Distribution (GT_UVD) system delivers 98.77% 
tracking efficiency. The delivered power obtained 
from the remaining two curves labeled 
“GT_NO_UVD” is accomplished by the group-
track without uniform voltage distribution 
approach. The upper curve labeled as 
“GT_NO_UVD (WITH_BYPASS)” is obtained 
from the three non-identical power sources of the 
configuration shown in Figure 1 with their 
respective by-passing diodes. The three non-
identical and non-ideal power sources equivalently 
represent three solar array panels that are exposed 
to different solar illuminations, i.e., due to non-
uniform shading or different array-tilting angles 
facing the sun. The lower curve labeled as 
“GT_NO_UVD (NO_BYPASS)” is from the same 
three power sources of the configuration shown in 
Figure 1 but without the by-passing diodes. 

The GT-UVD control for series-
connected power sources enables an economical 
and simple energy harvesting method through the 
use of a single MPT controller that can be 
managed to blend with the existing power and 
control architectures whether their system outputs 
are regulated-voltage buses or battery-dominated 
buses. 

 
 

 

 
 
Figure 4  Total delivered power as a function of the total 
series-connected voltage, showing nearly the same peak-
power tracking performance obtained from two 
optimized control approaches. One is IMPT and  the 
other is the group-tracking approach GT_UVD. The 
other two group-tracking methods are GT_NO_UVD 
approaches that deliver much lower peak powers, 741.9 
W with by-passing diodes and 617.8 W without by-
passing diodes 

 
 3. Converter power system description 

Figure 5 depicts an output-isolated DC-
DC converter with an opto-coupler circuit that 
provides electrical isolation for controlling the 
converter power flow using the control input VCi. 
In this manner, many isolated-control converters 
can be series-connected among their input power 
ports while the converters are independently 
controllable through their respective control inputs 
VCi.  

 
.  

 

Figure 5  Basic DC-DC converter with an opto-isolated 
control input VCi that is electrically isolated from the 
converter’s  input power and return terminals 
 

Each isolated DC-DC converter shown in 
Figure 5 can be a single converter power stage or a 
group of multiple converter power stages that are 
connected in parallel.  These parallel-connected 
converter power stages are preferably to a current-
mode type.  The current-mode converter power 
stages allow for a common shared-bus voltage 
signal to command these converter power stages in 
unison to achieve uniform current-sharing and at 
the same time to serve other control objectives.  
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The shared-bus current-sharing among the 
paralleled current-mode converters was studied 
(Siri, 1999). Some current-sharing control schemes 
are not able to employ the commonly controllable 
current-sharing shared-bus such as the scheme 
published by Jordan (1999) since the parallel-
connected converter power stages are not of the 
current-mode type 
 
3.1 Battery-dominated power system 

Figure 6 illustrates a SIPO converter 
power system architecture consisting of three 
input-series-connected converters with their 
outputs that are parallel-connected across a battery 
bank having an output voltage VBUS. A system load 
may be terminated across the output voltage that 
becomes a battery-dominated voltage bus. Each of 
these three isolated-control dc-dc converters shares 
the following attributes: (a) includes a shared-bus 
control input SBi, which allows an external signal 
to take control of the converter power stage; (b) 
may represent a number of parallel-connected 
converter modules configured with shared-bus 
control inputs tied together to form a common 
shared-bus control port so as to achieve nearly 
uniform current-sharing; (c) may operate in a 
standalone configuration wherein the output is 
regulated at a pre-determined voltage and its 
shared-bus input is left unconnected; and (d) must 
provide electrical isolation between input and 
output. There are six feedback input signals 
feeding the system controller shown in Figure 6 :  
the battery-bus voltage VBUS, the system bus 
current IBUS, the charging battery-bank current 
IBAT, and the distributed input voltages V1, V2, 
and V3 of the series-input connected converters.  
Figure 7 depicts a conceptual block diagram of the 
system controller employed in the battery-
dominated power architecture shown in Figure 6. 
The system controller provides four basic control 
functions: (1) system battery charge control, (2) 
system series-input voltage regulation, (3) uniform 
input voltage distribution (UIVD), and (4) system 
maximum power tracking (MPT). The SIPO 
converter system may include a bus stabilizer 
network terminated across the system output VBUS 
located as close to the system output port as 
possible to damp out ac energy, thus ensuring 
system stability. 

The controlled voltage on the shared-bus 
control input SBi of each converter must be 
provided with respect to the input power return of 
the converter, which is not the same as the 
common reference ground node of the system 
controller. The controller usually produces 
distributed control signals VC1, VC2, . . . , VCN with 
respect to the common reference ground. This 

leads to incompatibility between the distributed 
control signals and the distributed shared-bus 
voltages that need to be individually referenced to 
their respective input power return terminals of the 
input-series connected converters. Therefore, a 
proper means of signal-level shifting is needed, 
such as opto-coupler circuits for properly 
distributing each of the respective system control 
voltages to each converter’s shared bus input SBi, 
as previously shown in Figure 5. 

Typically, the battery charge controller 
shown in Figure 7 regulates the battery-bank 
voltage VBUS to a preset value in accordance with 
its voltage-temperature (V/T) profile to prevent 
battery over-charging. When the battery-bank 
voltage VBUS is below its preset value that is pre-
assigned as a function of temperature, the battery-
bank current IBAT is regulated at a preset charge-
current set-point determined by the charge 
controller.  Active battery regulation of either its 
voltage, VBUS, or charge current, IBAT, leads to a 
forward-voltage bias across the pull-down diode, 
D, shown in Figure 7. However, when VBUS’s 
voltage and IBAT’s current are respectively below 
the preset voltage value and the preset charge-
current set-point, the system controller regulates 
the system series-input voltage V1 at the peak-
power voltage that is determined by the MPT 
control. As the operating battery-bank voltage and 
current are below their preset voltage/charge-
current values, the power system is instead 
controlled to have an optimum power transfer from 
all series-connected power sources by utilizing 
only one MPT controller that dominates its control 
over the battery charge controller through the 
primary control signal VC and the reverse-biased 
diode, D. During an active control of either the 
battery charge current or the series-input voltage, 
uniform voltage distribution among converter-
input voltages delivered by all series-connected 
power sources are always actively regulated by the 
UIVD controller. It properly distributes three 
control voltage signals VC1, VC2, and VC3 to their 
respective isolated-control converters #1, #2, and 
#3. 

In general, a SIPO power system may 
consist of N isolated-control DC-DC converters 
with their respective N series-connected power 
sources PS#1, PS#2, . . . , PS#N. During either the 
battery voltage/current regulation or the series-
input voltage regulation, the converter-input 
voltage distribution controller produces secondary   
voltage distribution controller produces secondary 
control signals (Vd1, Vd2, . . . , VdN).  The secondary 
control signals are subtracted from the primary 
control voltage, VC, to create a modified control 
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voltage (VC1, VC2, . . . , VCN) that regulates its 
respective converter to accomplish uniform input 
voltage distribution. Figure 8 illustrates a potential 
control block diagram that generates a common 
distributed reference signal, VDIS = V1/N, as the 
central-limit (CL) distribution reference, where 
N=3 is the number of series-connected converters. 
The voltage difference between VDIS and each 
converter-input voltage (Vi1, Vi2 ,  .  .  . ,ViN) is 
amplified, frequency-compensated, and finally 
output as the voltage distribution control signal 
(Vd1, Vd2,  .  .  , and VdN, respectively). Each 
secondary control signal, Vdi, provides a minor 
control correction to the primary control voltage, 
VC, thus ensuring uniform input voltage 
distribution. 
 

 
 
Figure 6  Battery-dominated 3-converter SIPO power 
system with 3 series-connected power sources 
 
 

 
 
Figure 7  SIPO converter power system UIVD 
controller  

 
Figure  8  Uniform input voltage distribution controller 
block diagram for 3 series-connected converters 
 

 The UIVD controller shown in Figure 8 
is not fault-tolerant when the common distributed 
reference signal, VDIS = V1/N, is the central-limit 
(CL) distribution reference. If one converter fails 
and cannot be controlled due to a short circuit 
across its input, the system will lose regulation. 
Figure 9 shows the improved UIVD controller that 
is based on the Maximum-Limit (ML) distribution 
reference, VDIS = MAX(Vi1, Vi2 ,  .  .  . ,ViN). To 
achieve fault-tolerance, a set of ideal rectifiers is 
included as part of the UIVD controller to produce 
a common distributed voltage reference signal, 
VDIS, which represents the highest converter-input 
voltage obtained from one of the converters within 
the power system. Therefore, if a converter fails 
with its input short circuited, VDIS is automatically 
increased to compensate for the loss of a failed 
converter. For the system to tolerate at least one 
converter input short-circuit failure, two ideal 
rectifiers are required to sense the output voltage 
from any two converters. Up to N ideal rectifiers 
are included in the UIVD controller for an N-
converter SIPO system.  

 
 
Figure 9  Fault-tolerant uniform input voltage 
distribution controller using the Maximum-Limit 
distribution reference 
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Consequently, Figure 9 illustrates the 
UIVD control for a three-converter SIPO power 
system with fault-tolerance. A common distributed 
voltage reference signal, VDIS, is derived from 
three cathode-parallel-connected ideal rectifiers so 
as to individually sense the input voltages of 
converters #1, #2, and #3. If one converter fails to 
build up its input voltage, the two remaining 
converters will be controlled to have uniform input 
voltage distribution of up to one-half of the system 
input voltage V1.  

The dc gain for each voltage distribution 
error amplifier shown in Figure 9 does not need to 
be high in order to achieve uniform input voltage 
distribution. On the contrary, high dc gain within 
each distribution error amplifier causes the 
converter-input voltage distribution controller to 
dominate the battery charge control and the series-
input voltage regulation modes of operation, 
resulting in insufficient charging to the battery 
bank. 

 
3.2 Regulated-bus power system 

Figure 10 shows another SIPO converter 
power system architecture consisting of three 
input-series-connected converters with their 
outputs that are parallel-connected across a battery 
bank having an output voltage VBUS. A system load 
may be terminated across VBUS output voltage that 
becomes a battery-dominated voltage bus. Each of 
these three isolated-control dc-dc converters share 
the same four attributes as previously described for 
Figure 6. There are seven feedback input signals 
feeding the system controller shown in Figure 11: 
the battery-bus voltage VBUS, the regulated-bus 
output voltage BUSOUT, the system battery-bus 
current IBUS, the charging battery-bank current 
IBAT, and the distributed input voltages V1, V2, 
and V3 of the series-input connected converters.  
Figure 11 depicts a conceptual block diagram of 
the system controller employed in the dual-bus 
power architecture shown in Figure 10. The system 
controller provides five basic control functions: (1) 
system BUSOUT’s voltage regulation, (2) system 
battery charge control, (3) system series-input 
voltage regulation, (4) uniform input voltage 
distribution (UIVD), and (5) system maximum 
power tracking (MPT). In the same manner, a bus 
stabilizer network may be terminated across the 
system output  BUSOUT located as close to the 
system output port as possible to damp out AC 
energy, thus ensuring system stability. The system 
regulated-bus voltage is closed-loop controlled by 
an output-isolated DC-DC converter with its 
output port VO4 that is series-connected with the 
total system input voltage V1. The control signal 

VC4 drives the converter’s power stage to regulate 
the BUSOUT’s voltage at a fixed value above the 
system input voltage V1. 

 
 
Figure 10  Dual-Regulated Bus Power Architecture with 
UIVD control 
 

 
 
Figure 11  System controller for the dual regulated 
buses employed in the system shown in Figure 10 
 
4.  Simulation of SIPO power systems with 
uniform voltage distribution 
 
4.1   Battery-dominated power system   simulation 
 A PSPICE model of the battery-
dominated bus power system with three SIPO 
converters and three series-connected power 
sources, as shown in Figure 6, was developed and 
simulated to verify the basic functionality of each 
control loop.  In addition, active input-current 
limiting was also included for limiting the system 
input current to a pre-determined value. To verify 
the fundamental control behavior, the MPT control 
is disabled, and a fixed solar array set-point 
voltage, VSPT, is instead used to command the 
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input-voltage regulation control loop to regulate 
the system input voltage, V1, at 120 VDC. 
 Figure 12 shows the simulation result that 
demonstrates a mode transition from the input-
voltage regulation mode to the input-current 
limiting mode in which the current-limiting set-
point reference is reduced from far above 11 A to 
about 9.9 A at time t = 82 ms.  This causes the 
system input current to drop from 11.1 A to 9.9 A 
(trace with “I(RSENS)” label on the top plot), and 
the system input voltage V1 to increase from 120 
V to 129.6 V (trace with label “V1” on the bottom 
plot). During both modes of operation in steady 
state and their transient mode transitions, the three 
series-connected voltages across the individual 
inputs of three respective converters are controlled 
to have uniform distribution at all times, as shown 
in three overlapping traces on the bottom plot. 
 
 

 
 
Figure 12  Simulated response of the three-converter 
SIPO power system shown in Figure. 6 during both 
input voltage regulation and input current-limiting 
modes of operation and their transient transition 
 
 Figure 13 illustrates another PSPICE 
simulation result that uncovers a transition from 
the battery charge current regulation mode to the 
input current-limiting mode. The current-limiting 
set-point is reduced from far above 11A to 
approximately 5 A at time t = 60 ms.  As a result, 
the system input current drops from 9 A to 5 A 
(trace with “IIN” label on the bottom plot), and the 
three converter- input voltages, V1-V2, V2-V3, 
and V3 to increase from 45.5 V to 56.4 V (three 
overlapping traces on the top plot). During steady-
state operation and the transient mode transitions, 
the three series-connected input voltages are 
controlled to have uniform distribution at all times, 
as shown in the three overlapping traces on the top 

plot of Figure 13. 

 
 
Figure 13  Simulated response of the three-converter 
SIPO power system shown in Figure. 6 during both 
battery-charge current regulation and input current-
limiting modes of operation and their transient transition  
 
 After verifying the basic functionality of 
the SIPO power system shown in Figure 6, the 
MPT control was restored and simulated. Power 
sources PS#1, PS#2, and PS#3 have open-circuit 
voltages of 50 VDC and sourcing resistances of 
2.0Ω, 2.5Ω, and 4.5Ω, respectively. To verify 
UVD control of the three series-connected input 
voltages, the open-circuit voltage of PS#3 was 
changed from 50 V to 80 V, causing its peak 
power to increase from 701 W to 878 W.  
 
  
 

 
 
 
Figure 14  Anticipated response of  the SIPO power 
system, with a single MPT controller, revealing a 
possible transition from a lower peak power to a higher 
peak power due to changes in I-V characteristics of one 
power source among three power sources controlled by 
three series-connected converters as shown in Figure. 6 
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Figure 14 depicts the theoretical delivered 
power as a function of the total sum of the series-
connected converter-input voltages under UVD 
control. When the three sources have identical 
open-circuit voltages of 50 VDC, the peak-power 
voltage is 77.7 V, and the total peak power is 701 
W, as shown in the lower curve. When the open-
circuit voltage of PS#3 is changed to 80 V, the 
peak-power voltage becomes 83.5 V, and the 
delivered peak power is 878W, as shown in the 
upper curve. Therefore, the peak power voltage 
should change from 77.7 V to 83.5 V with the 
MPT controller enabled. 
 The three SIPO converters have their 
outputs connected in parallel across a battery that 
exhibits very low impedance, so the output current, 
IBUS, is proportional to the sum of the three powers 
delivered by PS#1, PS#2, and PS#3. A delta 
change in the net output current (ΔIBUS) delivered 
by the three SIPO converters always reflects a 
delta change in the total power delivered by the 
three power sources (ΔPSOURCE). Superimposing a 
small AC dither voltage onto the uniformly 
controlled converter input voltage (ΔV1) results in 
an AC output current signal (ΔIBUS) having three 
major phase responses: (1) ΔIBUS and ΔV1 are in-
phase when the DC operating voltage across the 
three series-connected converter inputs V1 is 
below the peak-power voltage, (2) ΔIBUS and ΔV1 
are 180° out of phase when V1 has its DC voltage 
above the peak-power voltage, and (3) ΔIBUS and 
ΔV1 are 90° out of phase when V1 is at the peak-
power voltage. As shown in Figures 15 through 17, 
the phase response provides the basis for the 
developing the MPT controllers depicted in Figure 
6 or Figure 10. The MPT controller compares the 
two AC signals, ΔV1 and ΔIBUS, and slowly 
updates the set-point reference voltage, VSP; VSP 
commands the input voltage regulator to exert a 
control voltage, VC, that regulates the system 
series-input voltage V1 near the peak power 
voltage. 
 The dither-signal frequency is low enough 
(10 Hz for simulated results shown in Figures 15 to 
17) to allow the IVR controller to accomplish two 
functions: (1) regulate the DC component of V1 to 
be proportional to the commanding set-point 
voltage VSP and (2) track the AC ripple voltage, v1, 
to the injected AC dither-signal. In this manner, 
the controlled AC ripple voltage superimposed on 
V1 is always in phase with the dither signal. 
Consequently, the MPT controller that constantly 
updates the DC component of the set-point voltage 

VSP only needs one feedback signal, the total 
battery bus current IBUS. In practice, there is no 
need to feed the series-input voltage V1 as an input 
signal to the MPT controller since the built-in 
dither-signal already contains the AC ripple 
voltage superimposed on V1. 
 
 

 
 
Figure 15  Simulated AC response of the system series-
input voltage V1 and the system output current IBUS, 
with a single MPT controller, revealing an in-phase 
response of IBUS  with respect to the system voltage V1 
that has its DC operating point below the peak-power 
voltage 
 
 
 

 
 
 

Figure 16  Simulated AC response of the system series-
input voltage V1 and the system output current IBUS of the 
same power system, revealing an out-of-phase response 
of IBUS with respect to the system voltage V1 that has its 
DC operating point above the peak-power voltage 
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Figure 17  Simulated AC response of the system series-
input voltage V1 and the system output current IBUS of 
the same power system, revealing a 90° out-of-phase 
response of IBUS with respect to the system voltage V1 
that has its DC operating point at the peak-power voltage 
 
 
 Figure 18 shows the simplified controller. 
The streamlined MPT controller processes two 
signals, IBUS and Vdither, and delivers one output 
signal, VSPT, that consists of the slowly updated 
DC component VSP and the AC dither-signal 
Vdither. The streamlined MPT controller is an 
improved result from simplification of the former 
MPT controllers developed under previous studies 
(Siri & Conner, 2001; Siri & Conner, 2002; Siri & 
Conner, 2003).  
 
 
 

 
 
 
Figure 18  Streamlined MPT controller requiring only 
one feedback input—the total battery bus current IBUS 
with no need for the other feedback input V1 
 

 
 
Figure 19  Detailed block diagram of MPT processing 
circuit previously shown in Figure 18 that needs only 
one input IBUS and one output VSP 
 
 Figure 19 depicts a detailed block 
diagram of the MPT control block previously 
shown in Figure 18. The main feedback signal for 
the MPT processing circuit is the sensed output 
current, IBUS, of the converter that is controlled to 
provide a maximum output current. The front-end 
differential-mode high-pass filter (HPF) removes 
the DC content from the feedback signal, IBUS, and 
provides a differential-mode AC output signal 
across the voltage-limiting diodes D1 and D2. The 
high-pass-filtered AC current signal is then biased 
with a common-mode voltage and low-pass 
filtered (LPF) to remove high-frequency noise. In 
this manner, the cascaded differential-mode HPF 
and LPF stages produce the band-limited AC 
power signal, Pac, that is proportional to the 
incremental power delivered by the solar array 
source. Subsequently, a voltage comparator circuit 
converts Pac into a logical voltage signal. A parallel 
path of the differential-mode HPF and LPF stages 
extracts the AC signal, Vac, from the dither signal, 
Vdither, that is also converted into another logical 
voltage signal through a voltage comparator 
circuit. The filtered dither signal, Vac, is in-phase 
with the solar array dither voltage. Both 
incremental power Pac and AC dither voltage Vac 
signals are processed through an exclusive-OR 
(XOR) gate to decode their phase relationship, Vx. 
Depending on the phase shift between Pac and Vac 
signals, the DC value of the Vx signal will drift 
from its idle DC value, usually set to 50% of the 
supplying voltage to the XOR gate. The deviation 
of Vx’s average voltage from its idle DC value 
causes the downstream voltage integrator circuit to 
slowly update its set-point voltage output, VSP, 
toward a value corresponding to the peak-power 
voltage of the solar array, Vmp. To ensure a proper 
idle state of the MPT processing circuit, the 
reference voltage feeding the positive input of the 
voltage integrator may be slightly reduced by a 
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small value, Δ, such that the idle state of the set-
point voltage, VSP, corresponds to the array voltage 
just below the array peak-power voltage. In this 
manner, the streamlined MPT controller may stay 
in an idle state and be triggered for active 
maximum power tracking as soon as the sensed 
solar array voltage reduces to the idle set-point 
voltage of VSPMIN. 
 After restoring MPT control to the SIPO 
power system, the transient response of the system 
series-input voltage V1 was simulated to verify its 
stable transition during a step change of  the PS#3 
open-circuit voltage from 50 V to 80 V at time t = 
60 s. As shown in the top plot of Figure 20, the 
two operating voltages at V1, 78.28 V before t = 
60 s and 83.16 V after t = 67 s, are nearly the same 
as the ideal peak-power voltages of 77.7 V and 
83.5 V depicted in Figure 14. Therefore, the 
system MPT controller effectively tracks the peak 
power using the UVD approach.  During the 
transient transition, the battery charge current 
increases from 31.7 A to 39.3 A, as shown in the 
bottom plot of Figure 20, revealing a power 
increase of 152.5 W that is absorbed by the 20-V 
battery. 
 

 
 
Figure 20  Simulated peak-power voltage response of 
the power system shown in Figure. 6 with single-MPT 
control during an increased supplying voltage of power 
source PS #3 from 50 VDC to 80 VDC 
 
 With the same sourcing resistances and 
open-circuit voltages for the three power sources 
(PS#1, PS#2, PS#3), the tracked peak-power 
voltage across V1 and the power ground is verified 
to be sustainable despite step-load transients across 
the V1 bus. Figure 21 shows the simulated voltage 
response at V1 under a transient 3-A step-load at 
time = 60 s. It takes approximately 4 seconds for 
the input series-voltage V1 to reach its steady 
peak-power voltage of 78.2 VDC. The single-MPT 
controller with UVD tracks the peak-power 
voltage without loss of system stability. The 

battery charge current reduces from 31.7 A to 21.1 
A to compensate for the increased load across the 
input series-voltage.  
 

 
 
Figure 21 Simulated response of the input series-voltage 
V1 in the power system shown in Figure. 6 with  single-
MPT control during a 3-A step load drawn across the 
V1’s input bus 
 
 Similarly, Figure 22 shows another 
simulated voltage response across V1 bus under a 
step transition to a 600-W constant-power load that 
occurred at time t = 40 s. Again, it takes about 4 
seconds for the input series-voltage V1 to reach its 
steady peak-power voltage of around 78.2 VDC, 
confirming that the single-MPT controller with 
UVD tracks the same group peak-power voltage 
with robust stability. The battery charge current 
reduces from 31.7 A to 1.48 A to naturally 
compensate for the increased load across the input 
series-voltage.  
 

 
 
Figure 22  Simulated response of the series-voltage V1 
in the same power system with single-MPT control 
during a step into/out of a 600-W constant-power drawn 
across the V1’s input bus 
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4.2 Regulated-bus power system simulation 
 A PSPICE model of the regulated-bus 
power system with three SIPO converters and three 
series-connected power sources, as shown in 
Figure 10, was simulated to verify the basic 
functionality of its control loops. Bus output 
voltage regulation was added into the system for 
regulating the bus voltage (BUSOUT) at 100 
VDC. The single-MPT control with UVD ensures 
the continuously updated solar array set-point 
voltage, VSPT, that commands the input-voltage 
regulation control loop to regulate the system input 
voltage, V1, at the group peak-power voltage of 
78.2 VDC. 
 Figure 23 illustrates the simulated 
response of the system output bus voltage at node 
BUSOUT as V(BUSOUT) and the series-input 
voltage, V1, plotted on the bottom plot. The 
system output voltage across BUSOUT and ground 
is well regulated at 110 VDC at all times despite a 
5-A step-load that is shown as “IBUSLOAD” trace on 
the top plot. As a consequence of the 5-A step-
load, the battery charge current, IBAT, drops from 
26.3 A to 6.8 A since the single-MPT controller 
sustains its tracking of the group peak-power 
voltage V1 of 78.2 VDC without loss of UVD 
control. 
 

 
 
Figure 23  Simulated response of the peak-power 
voltage V1 and the system output bus voltage BUSOUT 
for the power system shown in Figure. 10 with single-
MPT control during a 5-A step-load current across the 
series-voltage bus V1 
 
 Figure 24 depicts another set of simulated 
responses of the system output bus voltage 
BUSOUT,  the series-input voltage V1, and the 
battery charge current as a result of a step-load 
across the output bus voltage (between BUSOUT 
and ground). The step-load between 1.1 A and 5.28 
A (shown as 10*IBUSLOAD trace on the top plot) 
causes the battery charge current (shown as IBAT 

trace on the top plot) to correspondingly step 
between 25.8 A and 2.47 A to maintain the system 
peak-power voltage V1 at 79.93 V (on the bottom 
plot). The system output voltage across BUSOUT 
and ground (the middle plot) is still well regulated 
at 110 VDC at all times despite the step-load. The 
BUSOUT’s voltage has an AC voltage-ripple 
content at the same dither frequency used for peak-
power tracking. The single-MPT controller, while 
maintaining the tracking of the peak-power voltage 
without loss of UVD control, also regulates the AC 
ripple voltage superimposed on its operating peak-
power voltage.   
 
 

 
 
Figure 24  Simulated response of the peak-power 
voltage V1 and the system output bus voltage BUSOUT 
for the power system shown in Figure. 10 with single-
MPT control during step-load transitions across the 
regulated bus BUSOUT 
 
 
5.  Conclusion 

Computer simulation has validated 
optimum power tracking for a Series-Input, 
Parallel-Output converter architecture with 
uniform input voltage distribution among series-
connected power sources. With uniform input 
voltage distribution control, the power delivered by 
the simulated power system was nearly identical to 
the peak power available from the source. 
However, the presented architecture uses a single 
MPT controller for all input power sources instead 
of distributed MPT controllers, each of which is 
dedicated for each input power source. Such an 
approach offers near-ideal MPT tracking at 
reduced system complexity. Provided that the 
maximum power point voltages of the input power 
sources are similar, the resulting system 
architecture offers near-maximum power transfer 
with a lower parts count.  
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Abstract  

A simple hardware configuration of a health telemonitoring system consisting of an instrumentation amplifier 
including a signal conditioning circuit, a laptop computer, and a GPRS/EDGE air-card is set up at one location to 
communicate with a computer at another location in the Wi-Fi network. The first computer measures the single-lead 
ECG data using the built-in soundcard as an analog-to-digital converter, followed by downsampling, filtering, and 
displaying before sending out to the communication network.  The data is then received by the remotely located second 
computer to display and record in real-time. The whole system is set up to investigate various issues that underline the 
operating functions of the remote real-time monitoring and displaying of this type of data. The implementation of the 
front-end subsystem is elaborated here and the performance of a flexible Java-coded digital signal processing is 
demonstrated. In the data transmission section, without the option to negotiate the QoS as required, low channel 
bandwidth is always the main cause of data congestion. However, the system output may still be regulated by 
dynamically adjusting the window size of the received data and by a suitably chosen overall delay time, as explained 
vividly by a diagram. It is expected that this set-up system can be effectively used as an economical prototype for future 
study of remote monitoring and real-time continuous data transmission through the heterogeneous network.     
 
Keywords: ECG signal, telemonitoring, soundcard, internet, GPRS, QoS 
________________________________________________________________________________________________ 
 
1. Introduction 

Health telemonitoring is basically a 
process of monitoring vital signs of health such as 
heart rate, blood pressure, blood sugar level, etc., 
of a patient and transmitting the data over either 
wireline or wireless communication channels 
which may be telephone lines, local area networks 
or a wide area network, to the data recipient who is 
normally a healthcare officer at a distant hospital. 
At present there are a number of health monitoring 
devices either in the form of a stand-alone one 
(Omron Healthcare Singapore Pte. Ltd., n.d.) or 
the one that has an integrated wireless personal or 
body area network (WPAN, WBAN) connectivity 
(Polar Electro, 2011). With the proliferation of 
advanced mobile phones and PDAs, it appears that 
a user-operated health monitoring function is now 
an available option for such devices (iPhoneNess, 
2011). Presently the health checking functions in 
these devices are basic measurements which can be 
performed individually and results are not 
monitored on line by healthcare staff elsewhere. 
Such a situation could later be changed with the 
incoming on-line life style and when a higher 
communication bandwidth is more easily 
accessible at a lower cost. Among the number of 
vital signals that can be measured, the recording of 
the electrical activity of the heart, i.e., 

electrocardiogram (ECG) is common in healthcare 
facilities because it is a noninvasive, quick, and 
effective diagnostic tool. The three lead ECG is the 
simple standard way of measurement. Although 
the 5-lead or 12-lead is the clinical norm, the three-
lead ECG continues to be used in emergency 
departments, telemonitoring, and during medical 
procedure. The interest in measuring the ECG 
signals as an entry step to the study of 
biopotentials and medical instruments is widely 
realized in that there have been many websites 
describing this type of activity (Kovic, 2008; 
Physionet, 2011; Vahed, 2005). In this 
presentation, a front-end system that acts as a user 
interface for such a device can be shown in a block 
diagram as in Figure 1. 

 
 

 
Figure 1 A basic user interface of a biosignal measuring 
system 
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Here the block diagram reflects the 
general approach taken by the project, to be 
described further, that aims for a portable, simple 
design, and easily accessible system to be used in 
the education and research environment. The 
bioamplifier is a specialized three-stage 
instrumentation amplifier. The first stage has a 
high gain and appropriate bandwidth 
commensurate with the type of input signal, 
together with high common mode rejection ratio 
(CMRR), and signal-to-noise ratio (SNR). The 
second stage is the filter circuit with the additional 
gain and adjustable DC offset that raises the signal 
to a suitable level. The third stage provides the 
galvanic isolation between the user and the system 
that is connected to the power-line voltage. The 
output of the bioamplifier is then connected to the 
input of the analog-to-digital (A/D) converter 
which is a part of the data acquisition card in the 
microcomputer system. Logically, the whole 
circuit from the electrodes touching the human 
user to the input section of the isolation amplifier 
is supplied with power from its autonomous 
batteries. The digitized ECG signal is then 
processed and displayed on the microcomputer and 
additionally sent to the remote center via the 
wireless USB modem (aircard). Further details of 
the circuit used in the project will be given in 
section 2.1.             

 
1.1  Constrainting factors in healthcare 
telemonitoring 

A simple model of remote healthcare 
monitoring systems can be as shown in Figure 2 in 
which the hardware parts are indicated on the left 
side and the software parts are on the right side. In 
the model, the ECG is indicated as a major signal 
to be measured, but other vital signals are also 
included as an integrated part. At a more elaborate 
service level, features of a videoconference system 
may be included. Further consideration can reveal 
that the implementation will be affected by various 
factors in a varying degree. One major problem in 
real time applications is the intermittent data 
reception due to non-uniform network delay. The 
others are data privacy and security issues, and the 
limited computing power of the mobile devices. 
These issues are further discussed below.  

 
1.1.1  Intermittent data received 

At one location, monitoring health-sign 
data may involve a variety of medical sensors that 
deliver various signals at different bandwidths, and 
the sampling data rate may vary from as low as 
once per hour to millions per second. Such data 

when considered in aggregate will constitute a 
large volume of data that, if it is to be transmitted 
over a wide-area network and appears as an 
isochronous data stream, will impose a demand on 
channel bandwidth that may not always be 
economically available. In general, a network link 
may get congested at certain times and there can be 
long and intermittent delays at the receiver side. As 
a result of the delay the data packets will therefore 
arrive asynchronously, and the information 
delivered may not be acceptable in the real time 
where a stream may have a certain event that 
requests immediate attention. The possibility of 
such a problem arising will be greater in the case 
of a distributed telemonitoring system in which 
data are from various sources, each located 
geographically far apart. The role of the 
transmitting side here is to find an efficient means 
to alert the receiving side and the latter must 
employ intelligent resource management (e.g., 
scheduling) and graceful degradation strategies 
(e.g., load shedding) during periods of high load. 
The implementation of a telemonitoring system 
may therefore be cast in the framework of a data 
stream management system (DSMS) (Brettlecker, 
Schuldt, & Schatz, 2004; Carney, et al, 2002). 
 
1.1.2  Data privacy and security 

Medical data records are considered 
personal information which only two parties, who 
are basically the patient and healthcare provider, 
should have access to. Similarly, this data should 
not be tampered with by any third party in the line 
of communications between the two involved 
parties. Although a lack of measures to safeguard 
the privacy of this data may not result in a great 
loss in ordinary cases, it can be a bad practice that 
may lead to some legal issues in others. So the 
communication links that rely on public 
telecommunication infrastructure must also 
provide some optional data security and 
authentication mechanisms. These features are 
already available in the existing VPN (Virtual 
Private Network) technologies.   A virtual private 
network (VPN) is a computer network that uses a 
public telecommunication infrastructure, such as 
the Internet, to provide remote offices or individual 
users with secure access to their organization's 
network. Secure VPN  networks use a tunneling 
protocol when one network protocol (the delivery 
protocol) encapsulates a different payload 
protocol. By using this tunneling technique one 
can carry a payload over an incompatible delivery-
network, or provide a secure path through an 
untrusted network. 
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1.1.3  Limited computing power of mobile devices 

Apart from the limited bandwidth of the 
telecommunication infrastructure to be shared with 
the public, the limitations of the computational 
resources of the mobile computing devices, and 
finally, the implementation cost are important 
deciding factors.  

To investigate these constraints and 
introduce some possible solutions, a project that 
attempted to implement the concept of medical 
telemonitoring is reported in this paper. The 
contributions of this paper are as follows: 

• Presenting a report on configuring a 
prototype model of telemonitoring 
system for the electrocardiogram 
(ECG) signal.  

 
• Identifying the alternatives to the 

time-consuming construction of 
expensive hardware and software and 
giving test results.  

• Elucidating relevant technical 
problems and identifying possible 
solutions for further investigation. 

 
As an academic component in the College 

of Engineering, main resources are primarily 
available for undergraduate teaching activities. So 
one objective of this paper is to report on a project 
that attempts in implementing the concept of 
medical telemonitoring by configuring a prototype 
model of the ECG signal telemonitoring system 
using readily available components and 
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Figure 2  A simple model of  a telemonitoring and information processing system for health care applications 
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equipment that can lower the cost and expedite the 
process. Since the interest of students will evolve 
with the changing technology and interest in the 
outside world, the focus of the project will have to 
be adaptable while the main technical objectives 
are still relevant. These are factors considered 
before the final approach was eventually taken. A 
noteworthy  project (Boquete et al, 2005) that was 
carried out for teaching and training in the 
academic environment is similar to the one present 
here in its objective, but differs considerably in the 
sophistication of hardware and software.  This is 
particularly due to the inclusion of a sound card in 
the circuit and the digital filter implemented here. 
Furthermore, the delay in the communication 
network is directly discussed and its remedy is 
elaborated here.        
 
2.  Implementation of various sub-systems 

2.1  The electrocardiogram (ECG) signal 
monitoring 

As in most cases, the ECG signal is 
selected as the crucial vital signal to be measured 
here. The three-lead ECG measurement (Lead I, 
Lead II, and Lead III) is the basic one that requires 
the electrodes to be placed at three locations based 
on the Einthoven’s triangle (Bowbrick & Borg 
2006). Lead I measures the differential potential 
between the right arm (RA) and left arm (LA), 
Lead II between the right arm and left leg (LL), 
and Lead III between the left arm and left leg. By 
measuring any two lead voltages using the analog 
front end, the remaining lead voltage can be 
calculated. Here the Lead I voltage is chosen as a 
test signal and measured using an in-house 
assembled circuit with an INA114P 
instrumentation amplifier as a main component. 
This instrumentation amplifier has a typical three 
op-amp configuration with the gain given by  

 
501

G

kGain
R
Ω

= + ………………..(1) 

where RG is the external gain adjusting resistor. 
The CMRR of the INA114BP at a gain of 10 is 
typically 115dB. The circuit details are similar to 
the one described by Griffiths, Nelo, Peters, 
Robinson, Spaar, & Vilnai (2002). Two pairs of 
small signal NPN BC547C and PNP BC557B 
transistors form an electrostatic discharge (ESD) 
protection and user current limiter at the input 
circuit. A right-leg driver circuit (RLD) is used to 
eliminate the common mode interference noise. 
The instrumentation amplifier is followed by a 
bandpass filter with a lower cutoff frequency at 0.1 
Hz and a higher cutoff frequency at approximately 

250 Hz which covers the highest ECG frequency 
component of interest. This circuit section will 
therefore function as a DC blocker and an anti-
aliasing filter. The circuit operates on a single 9-V 
battery and draws the current during measurement 
at approximately 12.7 mA excluding the isolation 
amplifier. The total gain of the circuit was 
adjustable up to 2000 which is sufficient for 
typical ECG signals which are in the range of 0.5 
mV to 5.0 mV (Company-Bosch & Hartmann, 
2003), so that the output of the circuit will swing 
within  ± 2 V around a reference voltage of 2 V. 
The function block diagram of the implemented 
circuit is shown in Figure 3 and the completed 
circuit up to the output of the bandpass filter was  
electromagnetically shielded in a steel box (Figure 
4). 
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R
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Battery-Operated 
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Figure 3  Block diagram showing the implemented user 
interface 
 

 
 
Figure 4  Sensor clips and the instrumentation  amplifier 
with filter in a shielding case. 
 
2.2  Use of sound card as A/D converter 

The sound card or the sound module on 
the main board of a laptop computer can be used as 
an analog-to-digital (A/D) converter with the input 
signal taken either from the audio line input or the 
microphone input (Klaper, 2006). However, since 
the line input voltage is limited to within the range 
of ± 400 mV and the amplified ECG signal may 
have an amplitude up to approximately 2.0 V, the 
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igure 5  The magnitude response of the biquadratic  

isplayed by the computer. The pulse rate is 

 

.2.1  Safety considerations 
ectrical hazard from 

.  Communication model and VPN  

shows the related modules and 
the com

latter is further attenuated by a shunt variable 
resistance before being presented to the line input 
of the sound card. A standard clinical ECG signal 
bandwidth is between 0.05-100 Hz (Company-
Bosch & Hartmann, 2003; Physionet, 2011). The 
sound card has limitations in that it cannot measure 
DC voltage due to the fact that its input is AC 
coupled, and hence its lower cut off frequency may 
affect the low frequency component of the ECG 
signal. However, details for diagnostic purposes 
mainly lie in the higher part of its spectrum. A 
good-quality sound card for a laptop computer may 
have an A/D converter resolution of 24 bits, with a 
maximum sampling rate of 192 kHz, signal-to-
noise ratio of 104 dB, total harmonic distortion + 
noise at 0.006% (at 1 kHz, 2 V rated output), and 
the frequency response (± 3 dB, 24 bit/ 96 kHz 
sampling rate input) from 10 Hz to 46 kHz 
(Wilkins, 2004). For the majority of the 3-lead 
ECG bandwidth frequency of 100 Hz, the lowest 
sampling rate of the sound card at 8000 Hz is 
clearly sufficient. Subsequent signal processing, 
storing, and display is carried out using a Java 
program.  A biquadratic (two poles and two zeros) 
infinite impulse response (IIR) filter having the 
following second order difference equation is 
implemented: 

 
F
lowpass filter 
 
d
calculated from the autocorrelation function of the 
filtered signal and the pulse itself can optionally be
presented as an audio signal. At this stage of 
development other vital signs are not included in 
this user interface.  
 
2
In order to avoid an el
electrical shock, the instrumentation amplifier and 
the notebook computer were operated only on 
battery during measurements. When a desktop 
computer is used or when the main power line is 
connected to the circuit, the isolation amplifier is 
always included (Webster, 1998). 
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implementation 

Figure 7 where the coefficients a0, a1, a2, b1, b2 can be 
configured for any of the required response: low-
pass, high pass, bandpass, and notch. For a 
lowpass IIR filter design with the cutoff frequency 
at 100 Hz the coefficients are given as follows: 

munication link between the two sides of 
the telemonitoring system, each one is located in a 
separate local area network. The figure illustrates 
the server-client relationship in which the patient 
side is the client who seeks the attention of the 
healthcare giver acting as a server. The 
communication link between client and server is 
established using TCP/IP socket protocol. Initially, 
the server has opened the socket and waits for the 
incoming data. In the mean time the client initiates 
a socket with the IP address and port number of the 
server machine it is connecting to. The client also 
gets the streams on that socket for reading and 
writing. It can then read from and write to the 
socket, and finally closes the socket when it 
finishes the transaction.    
 

 
a0 = 0.17708, a1= 0.35416, a2 = 0.17708 
b1 = − 0.31677, b2 = 0.025084 
 
The magnitude response of this filter is shown in 
Figure 5. The user interface is shown in Figure 6 
which displays the main program window with the 
original signal plotted at the upper part and the 
processed signal, after going through the lowpass 
digital filter as described above, is plotted at the  
lower part. The time axis is shown in between the 
two plots. The program also monitors the pulse 
rate, expressed in beats per minute (BPM) and is 
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  Figure 6  The main program window showing the original signal (above) and the processed signal (below) 
 
 

           
 
             Figure 7  Basic function modules at Server-and-Client sides 
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 In the local network environment, the link 
can be easily set up by indicating at the client side 
the private IP address of the server to be connected 
to, but in the wide area network (WAN) where the 
communication link is between different LANs, the 
public IP address is required. This address should 
be known prior to the communication set up and it 
can be found easily by using a utility program 
available in the public domain. Additionally, 
establishing the communication link between 
clients and server at geographically different 

locations also needs a robust and fast set-up time to 
minimize the delay.  It was found that a user-
friendly freeware program can be conveniently 
used for this purpose without knowledge of the 
public IP address of both parties (Rosenblatt, 
2010). The security feature is built-in and the VPN 
or a virtual LAN connection between computers 
can also be established as an option by this 
software. Figure 8 shows the graphical user 
interface.  

  

           
 
           Figure 8  User interface of the communication software 
 
3.1  Data exchange by file sharing 
 Data exchange between the two parties 
can be done by file transfer or by file sharing after 
the secure connection has been established. By 
right clicking at the folder to be shared in the 
Windows Explorer, the drop-down menu appears. 
The sharing and the data security option is chosen 
together with the setting of various properties. A 
folder can then be shared between computers and 
its contents can optionally be compressed or 
encrypted. After setting up the sharing process, the 
measurement can be initiated at the client side and 
data can be stored as a text file. The server 
computer can subsequently see the saved file and 
will be able to share the contents in the same 

manner as file sharing in a single LAN. At the 
server side the data can be plotted by the same 
program that is used for live signal measurement, 
but this time the option to display the stored data is 
chosen. 
      
4.  Transmission characteristics and design 
methodology  

A simple scenario for system usage is as 
follows: A patient with a heart problem activates 
the ECG monitor system and looks at the display 
of the mobile laptop. He then follows a procedure 
to set up a VPN connection to the hospital 
emergency department to upload the ECG signal. 
The physician is informed of the incoming data via 
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SMS, voice, or email. The physician is then 
connected to the server via a modem installed in 
the laptop or PC and runs the program to see the 
displayed waveform. He then evaluates the 
situation and communicates with either the 
emergency department or the patient directly to 
give his instructions.   

Since the ECG data are sampled at a 
uniform rate and processed by a fixed algorithm, 
the output data is continuously available at the 
source and can be output to the network at a 
uniform rate. In order to achieve the optimal 
throughput the packet size and therefore the output 
buffer size is to be suitably chosen. During 
transmission the packets may encounter traffic 
congestion, packet loss, and delay jitter. At the 
receiving side, the real time ECG data should be 
displayed smoothly to the viewer similar to what 
originally appears at the sending side. However the 
packets usually arrive at nonuniform rate and 
therefore these packets must first be buffered to 
reduce the jitter and then played back smoothly 
after a suitable delay time. The diagram in Figure 9 
demonstrates this basic idea.  

 

Se
qu

en
ce

 n
um

be
r

 
Figure 9  Buffering and smoothing of received data 
sequence 
 
To deliver the collected data smoothly without loss 
it can be seen that a combination of ways are 
necessary, i.e.,  

a) increasing the transmission speed, i.e., the 
channel bandwidth  

b) Properly adjusting the payload size and 
the output/input buffer size. 

c) reducing the number of data collected by 
down sampling or reducing the size of the 
transmitted data by compression.  

In (a) the transmission speed is limited by 
the infrastructure of the mobile communication 
GPRS network which is essentially a time variable 
communication channel dominated by voice 
services. The load requirement by the latter part 
leads to a constraint in that existing GPRS or 
EDGE technologies do not operate at their 
maximum speeds. Consequently the quality of 
service (QoS) for non-voice data is limited and 
cannot be assigned as required (Voskarides et al, 
2003). The hopeful solution to this problem is to 
move into the long-awaited 3G platform (“3G,” 
2011).  

Given the bandwidth assignment from (a) 
it is then the load that will be put on the line to fill 
up the capacity. This is the continuous stream of 
data that is taken out from the buffer to fill in the 
time slot allocated. The buffer size at the 
transmitting side therefore plays an important role 
in keeping the data flow uninterrupted and 
regulating the data according to the line load 
condition.  This is assumed that the buffer at the 
receiving side can read and process this data in 
time without loss. The DSMS is therefore required 
for (b).   

In (c) the amount of data generated from 
the data source is to be properly regulated as well. 
However the sampling rate cannot be set too low. 
Based on the frequency contents in an ECG signal 
limited to 100 Hz, the Nyquist sampling rate is at 
200 Hz which in practice would be set at 500 Hz.  
By a simple analysis it can be shown that at this 
sampling rate the network throughput must be 
greater than 500x2x8 bit/sec. The real bottleneck 
to the data flow is again the channel bandwidth, 
and by keeping the data packet small by regulating 
the data window size together with the data 
compression, it seems to a certain extent that real-
time characteristics can be achieved.     
 
5.  Conclusion 
 We have demonstrated that a cost 
effective prototype for a health telemonitoring 
system can be set up and tested to investigate 
various major existing technical problems. 
Hopefully these problems have been sufficiently 
elaborated here and some solutions have been 
either implemented or proposed. Basically, the 
problem can be put in the framework of a control 
system from which the output needs to be 
regulated properly. The system has time varying 
with uncontrollable delay elements and very little 
feedback. We assume that there is no access to the 
service provider, so the bandwidth is fixed and 
shared with the public and QoS is not negotiable. 
The requirement is to have the isochronous data 
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display available at the receiving end within the 
shortest time without loss. The problem can further 
be generalized to cover the case of distributed 
clients connected to one server over a wireless 
WAN. The differences between this problem and 
the one with multimedia data streaming in an on-
line conference or webinar on the internet should 
be noted, although there are many similarities that 
can be learnt from them. We hope that this paper 
so far has suggested a viable model and some 
possibilities for further research in this direction.      
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Abstract 
 Since its publication in 1970, Paulo Freire’s Pedagogy of the Oppressed has generated significant discussions 
on the nature and purpose of schooling. Freire’s theorization of the “banking system” of education, a symbolic 
relationship in which teachers and students reproduce and perpetuate homogenizing values sustaining antidemocratic 
initiatives, constitutes one of the major contributions to the field of Educational Studies. In spite of the many critical 
reformulations and adaptations of Freire’s work beyond its original adult literacy context, those who remain favorable 
to Freire’s vision of education still struggle to place in motion a pedagogical praxis that is akin to those models 
envisioned by the Brazilian educator. The understanding of assessment within dominant institutional frameworks favors 
a positivist and Cartesian logic that quantifies knowledge by devaluing individual variances in learning experiences. 
This paper analyzes the tensions that arise in the development and application of Freirean-based approaches to 
assessment within a test-driven educational culture that selectively values information. Accordingly, this paper will also 
discuss the compatibility of dialogical/constructivist frameworks of assessment within current models of 
institutionalized education.   
 
Keywords: assessment, critical pedagogy, Paulo Freire, neoliberalism 
________________________________________________________________________________________________ 
 
Introduction 

Neoliberal economic practices exert a 
considerable amount of influence on how 
education curriculum is administered. The question 
of how knowledge is measured in relation to 
student expectation, which ultimately translates 
into a type of “customer satisfaction” relationship 
of accountability between students and educators, 
constitutes a zone of contention with ethical 
ramifications that extend beyond applied 
methodologies of evaluation. One of the most 
debated questions facing institutional education 
today corresponds to the ambiguity of practices 
emphasizing standardized forms of assessment that 
are unable to formatively account for the levels of 
variance in student education outside attributive 
and deterministic rubrics. 

Proponents of traditional forms of 
assessmentassume that students can be tested fairly 
in uniform ways, thus disregarding issues of 
socioeconomic dominance and cultural                
subordination that are intrinsically tied to any 
process of learning. Methods of student evaluation 
that disregard the historical situation of knowledge 
contribute to what many scholars have argued as 
the perpetuation of schooling as a mechanism of 
social engineering, which ultimately sustains the 
validity of dominant ideologies. For instance, 
Apple (1995) argues that elites have been greatly 
invested in modernizing education to respond to 
market transformations, thus shaping curricular 

policies to which students have had no choice but 
to accommodate. Taubman (2009) analyzes the 
testing frenzy and its industry present in the United 
State’s educational context as a symptom of a 
long-established culture of auditing that has driven, 
in spite of several attempts at intervention, 
decisions on curriculum and instruction contrary to 
the interests of students and educators. Au (2009) 
builds a strong argument against the standardized 
testing industry by linking performance in high 
stakes testing to drop out rates in areas inhabited 
by low income students and students of color. 

When confronting the corporate culture of 
normative accountability encroached in today’s 
private and public educational domains, pedagogues 
departing from the Freirean tradition are left with 
significant questions regarding the imposition of 
high stakes testing and similar instruments of 
assessment. There is, indeed, an apparent silence 
regarding the subject of assessment and evaluation 
within the Freirean corpus, especially in early 
works. Nevertheless, Freire’s tacit treatment of the 
subject is comprehensible. For if ethical dialogism 
is what Freirean pedagogy ultimately envisions, 
the process of dialogical inquiry already 
presupposes a form of assessment wherein any 
reductionist measures to temporally frame what is 
in constant development risks paralyzing the 
process of problematization and historical location 
of knowledge.  
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The situation of Freirean-based principles 
within today’s established culture of 
accountability, a culture created in response to 
what many have perceived as a failure in the 
system of public education, generates important 
questions that those who depart from the Freirean 
tradition ought to address. For example, how can 
Freirean pedagogy critically engage with the 
restricted meanings assigned to assessment and 
accountability in today’s educational settings? 
What specific contributions in matters of student 
assessment can Freirean pedagogy make in the 
face of the exigencies imposed by standardized 
models of assessment? Furthermore, within a 
continuous dialogical interaction between students 
and teachers, as advocated by Freire, to what 
extent are democratic and deliberative forms of 
assessment compatible with the system of 
accountability currently in place? In other words, 
how can a Freirean-based philosophy of 
assessment come into being within a system that 
increasingly renders meaningless the 
conceptualization of knowledge outside a 
numerical language? In what follows I will discuss 
these issues underscoring the tensions between 
assessment, as it is currently undertaken at the 
institutional level, and Freire’s dialogical model of 
education.  

 
Situating the Freirean tradition within 
contemporary educational praxis 

As Freire insists throughout his corpus, 
the moral and ethical responsibilities of teachers 
correspond not only to the performance of the 
Gramscian role of the organic intellectual but also 
the awareness that truly liberating pedagogies 
provoke in students the desire to reflect and act 
upon their own position in the world. As a result of 
this learning proposition, students are armed with 
knowledge and critical capabilities that transform 
them into politically conscious individuals and 
organic intellectuals in their own right. Nevertheless, 
there is a caveat in Freire’s theoretical framework 
that must be addressed by those individuals who, 
as Freire, interpret the pedagogical enterprise as 
inevitably political in nature.  

Because Freirean education emphasizes 
the praxis of dismantling ideologies, including 
those in connection to the meaning of democracy 
and its contradictions, detractors often charge 
critical pedagogues departing from the Freirean 
tradition with radicalizing students in unethical 
ways, thus supporting biased “leftist” propaganda 
masked as knowledge. Stern (2010), for instance, 
argues that professors who reveal their counter-
hegemonic convictions through their teaching 

commit a “serious breach of professional ethics,” 
for in their use of the classroom space Freirean 
educators “indoctrinate vulnerable students” 
(Stern, 2010, par. 6). Others like Youngman (1986) 
understand Freire’s pedagogical model as erasing 
the authority of the teacher whose task is to 
support, due to his/her knowledge, the development 
of learners, therefore sacrificing practices that 
yield method and rigor within formal learning 
contexts. When situating Freirean pedagogy within 
feminism, Keesing-Styles (2003) warns her readers 
against the potential of the dialogical model 
advanced by Freire to mask practices that 
perpetuate sexism, racism, and homophobia. 
Educators, according to Keesing-Styles, may still 
direct the content of classroom dialogue in biased 
ways, in part because they still retain the authority 
invested in them by the institutional tradition.  

Although it is important to recognize that 
well-intentioned educators may, in the name of 
Critical Pedagogy, put forth personal agendas that 
overcome students’ own educational imperatives, 
therefore stressing personal initiatives versus the 
needs of the collective, one cannot help but 
question assertions that are based on a narrow 
reading of Freirean literature. As Roberts (1996; p. 
336) notes, one must be careful to avoid excessive 
generalizations departing from Freire’s corpus 
without considering the development of his 
framework over time and the context in which his 
praxis takes place. Freire’s philosophy of 
education evolved from adult literacy work 
performed in impoverished areas of Latin America 
during the 1960s and 70s. To disregard the 
particularities of this socio-temporal mark, and its 
influence in the overall development of Freire’s 
approach to education, is to restrict the openness 
and potential for continuity in his theoretical work.  

The partial and decontextualized 
reception of Freire’s works within academic circles 
often leads critics to charge the Brazilian 
pedagogue’s work with yielding practices 
disconnected from traditional understandings of 
method and rigor in education. However, as Freire 
indicates in several occasions1, teachers do have 
the responsibility to be rigorous and develop 
methodologies that depart from the seminal 
question of why students are brought together for 
communally engaging in the process of education. 
Certainly, if students were left with the entire 
authority over course matters, such as curriculum 
and assessment, professors would be shying away 
from the directive responsibilities that are inherent 
to the exercise of the teaching profession. 
Nevertheless, as Freire (1992, p. 66) remarks, the 
directivity involved in the pedagogical process 
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should not to be confounded with authoritarianism, 
for  

The moment that an educator’s 
“directivity” interferes with the creative, 
formulative, investigative capacity of the 
educand, then the necessary directivity is 
transformed into manipulation, into 
authoritarianism. Manipulation and 
authoritarianism are practiced by many 
educators who, as they style themselves 
progressives, are actually taken for such.  

 The role of Freirean educators is thus not 
one of merely “facilitating” education, as 
commonly thought by progressive educators, but 
rather one of seeking vicissitudes within the 
complexification of learning dispositions so that 
education may be viewed as a problem to be 
constantly solved. Educators who “pass” as 
facilitators risk distorting the reality of the 
relationship between the authority of the teacher 
and the experience of students. As Freire and 
Macedo (1995, p.378) observe,  

When teachers call themselves facilitators 
and not teachers, they become involved in a 
distortion of reality. To begin with, in de-
emphasizing the teacher’s power by claiming 
to be a facilitator, one is being less than 
truthful to the extent that the teacher turned 
facilitator maintains the power institutionally 
created in the position. That is, while 
facilitators may veil their power at any 
moment they can exercise power as they wish. 

Hence, Freirean education is concerned 
with the interrogation of the nature of oppressive 
authority and the vulnerability of students and 
teachers to authority. In other words, Freirean 
pedagogy is fundamentally about the disclosure of 
the position of the educator as a representative of 
tradition, regardless of political orientation, albeit 
perennially conscious of it. Without question, 
critical pedagogies that depart from this tenet vary 
insofar as contexts present themselves differently. 
Yet, the conscious endeavor of the Critical 
Pedagogy tradition initiated by Freire is precisely 
to uncover the dynamic between facts and opinions 
and allow for contradictions to be played out in the 
public sphere of the classroom.  

It is possible that political positions could 
ultimately curtail democratic engagement within 
classroom environments through recognized 
practices such as grade distribution, testing, 
behavioral reprimands, selection of material to be 
studied, etc. Notwithstanding this possibility, the 
issue that remains at the core of educational 
practices is always one pertaining to the realms of 

ethics, of honestly verifying the intentionality of a 
particular pedagogical project, its scientific 
implementation, and posterior examination of 
ascribed meaningfulness of results. For it is the 
living of a pedagogy of ethics that Freire advances 
throughout his body of work. In other words, 
Freire stresses the responsibility of individuals to 
act upon knowledge by transforming it in praxes 
benefitting not only individuals themselves but 
also the communities to which they pertain. The 
role of assessment within this process is, therefore, 
of paramount importance. For the reading of the 
word departing from the reading of the world 
requires a constant critical reevaluation of one’s 
self that must include difference and 
epistemologies of conflict to cognitively 
understand the construction of reality as a 
meaningful communal experience. 

 
Assessment and Freirean tradition 

The need to simplify and commodify 
information to meet certain institutional and 
market necessities, such as the often dubious 
promise that the school will teach and one will 
learn to be successful in today’s global economy, 
has forced us to mechanize and simplify the 
process of assessment to the point that the 
numerical language owns us and not the other way 
around. The fatalist character of numerical data 
can inconspicuously reiterate the notion that not all 
individuals can learn, and that some are simply not 
prone to academic work due to their “intellectual 
limitations.” Reliance on this Darwinian creed 
implements scholastic fatalism as a self-fulfilling 
prophecy, which ultimately tracks students 
according to test results and negatively emphasizes 
scholastic competition as “survival of the fittest” 
rather than competition as a means to self-
improvement.  

Instead of partaking in an educational 
journey that is individually meaningful, students’ 
choices regarding their own education are 
systematically restricted because their experiences 
rely on the “quality” of assessment of their work 
based on a discriminate rubric of performance in 
complete disconnect with the phenomenological 
aspect of learning, or learning as an end in itself. 
This implicit ideological tenet, often hidden within 
the discourse of assessment, and which derives 
from its implementation, is a particularly 
dangerous one because it emphasizes, through a 
double-voicing effect, the superiority of certain 
individuals over others. As Au (2009) argues, the 
effects of a hidden curriculum that ideologically 
transfers values of dominance as subordination is 
intrinsically tied to socioeconomic, gendered, and 
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racial biases. Less “valued” students, feeling 
disenfranchised from the process of schooling, 
may come to realize that their difficulties in 
learning are analogous to the feeling of being in a 
“closed world from which there is no exit [rather 
than] a limiting situation which they can 
transform” (Freire, 2000, p. 49). Furthermore, the 
numeric data represented by grade distribution in 
high-stakes testing are often regarded as the sum of 
all parts in matters of assessment and not one 
indicator that suggests ways in which performance 
relates to learning. Regrettably, decisions made by 
administrators who are often disconnected from 
the daily practices of classrooms overtly rely on 
the partiality of numerical language, a decision that 
overlooks the vital importance of qualitative data 
to situate numbers within parameters for 
contextualization. This constitutes, indeed, a 
problem for the very process of democratic and 
civic engagement that institutional education seeks 
to sustain through common schools, a problem 
already identified as early as the beginning of the 
twentieth century by progressive educators such as 
John Dewey (1903). 

It is significant to underscore that no 
matter what system of assessment is implemented 
within the educational context, if the approach to 
the significance of competence does not shift to a 
dialogical, engaged, and especially interventionist 
process, as shall be argued later in this essay, 
“good” or “bad” qualifiers will remain a deterrence 
to the educational process, since the emphasis will 
be constantly placed on performance rather than 
learning. Under the current paradigm, “good” and 
“bad” performances signify one’s ability to work 
within systems of predictability and control that do 
not mimic, necessarily, those challenges faced by 
students outside academic settings. The challenge 
for educators remains one of finding ways to 
assess student work that counter what Alfie Kohn 
(1999) has termed “the existential vertigo” 
concerning the relationship of students with the 
authority imposed by assessment as grading. In 
other words, educators must transcend the 
predictability and control of assessment as an 
institutionalized practice as a way to provoke in 
students the desire to not only understand 
standards but also challenge their contextual 
applications in unexpected ways. 
 In recent decades an increasing number of 
educators has been concerned with the theorization 
and application of methods of assessment that 
attempt to reach beyond normative questions 
regarding standards and efficiency (e.g.: Roberts, 
1996; Keesing-Styles, 2003; Duncan-Andrade and 
Morell, 2008). Formative assessments, for 

instance, have been the preferred method by many 
a critical pedagogue who interpret their application 
as being more in line with Freirean principles of 
open dialogue and problem-posing education. 
However, as Yorke (2003) asserts, even 
assessments that place a greater emphasis on 
feedback and are more open to dialogical 
interaction can still inhibit student learning as 
much as they can promote it. Indeed, formative 
assessments, in principle, are more adequate in 
clarifying instructors’ expectations on assignments 
and making more transparent educational 
directives such as the achievement of course goals 
represented by alphanumerical markers. On the 
other hand, formative assessments are also guided 
by complex decisions regarding the understanding 
of standards at both the individual and collective 
levels. 
 Notwithstanding the positive attributes 
that characterize formative assessments in matters 
of transparency, the real issues regarding their 
application, as Yorke (2003, p.489) argues, arise 
from a failure to take into account disciplinary 
epistemologies, intellectual and moral theories, and 
levels of variance in students’ cognitive 
development. Yorke maintains that both 
summative and formative assessment ultimately 
promote the loss of autonomy within learning 
experiences. Students are increasingly encouraged 
to depend on authority to give meaning to 
educational tasks through grading practices. The 
ability to transcend proposed tasks and use their 
phenomena as a point of departure to think about 
creative solutions to problems beyond those met in 
the classroom thus remains underdeveloped 
precisely because the function of assessment 
concerns itself with “subject discipline rather than 
student development” (Yorke, 2003, p. 491).  

Recognizing the recent transformations in 
the field of Second Language Studies, which call 
for more autonomy and student-centered 
initiatives, Geeslin (2003) proposes a model of 
self-assessment as a means to empower students in 
the monitoring and evaluation of their output. 
Geeslin insists upon the implementation of self-
assessment techniques as a tool to develop a 
framework wherein students are able to critically 
review their work based on concrete expectations 
outlined by the instructor. Departing from 
Blanche’s (1988) and Oscarson’s (1989) research, 
which find that there is a “general correspondence 
between students’ ratings of themselves and 
teacher evaluation of those students” (Geeslin, 
2003, p. 858), Geeslin frames self-assessment 
within a scenario in which instructors retain the 
control of the learning experience and assign 
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meaning to it. Consequently, even though students 
appear to detain the control in matters of reflecting 
upon scholastic achievement, they operate within 
frameworks that do not problematize the very 
perceptions of acceptability and respectability of 
their works.  

 In principle the model suggested by 
Geeslin appears in line with the goals of 
implementing student-centered activities within 
learning dispositions. Geeslin’s framework does 
recognize the need to release authority to promote 
students’ own definition of language learning 
while maintaining the necessary specificity of 
goals in relation to students’ second language 
needs. Yet, the problem remains one related to the 
application of standards to the institutionalized 
learning context. The instructor is still the one who 
sets particular goals and underscores the dominant 
rules for engaging with what is to be learned 
without problematizing the nature of knowledge 
itself, which ultimately incurs into the type of 
“banking model” education against which Freire 
(1970; 2000) warns. Under this paradigm, seldom 
are students given the opportunity to identify 
learning materials and outcomes and, what is more 
important in matters of assessment, rarely are they 
provided with opportunities to consciously develop 
a critical framework in which they confront the 
validity of their acquired evaluative system against 
other systems. Even in self-assessment models 
teachers risk promoting in students values that are 
incorporated as one’s frame of reference to 
interpret learning experiences, hence risking the 
living out of those as if they were one’s own. As 
Lian (2000) observes the shift in educational 
practices, of which assessments are a part, ought to 
be directed towards unspecificity, emphasizing the 
development of what Freire has called the 
“perpetual state of curiosity” in learning 
dispositions. In this scenario, educators give up the 
control of the meaning of a particular educational 
experience to stress the need for creativity, which 
naturally requires critical thinking as a means to 
concretize the various opportunities created for 
learning.  As Lian (2000, p. 16) notes,  

rather than to think of education as a 
means toward some proper ends, we may want 
to think about education as a place where 
educational goals (or ends) function as 
challenges against which learners negotiate 
their paths in ways that enable them to build 
further. We may want to think of education as 
a place which does not require learners to 
think in terms of approved categories but as a 
place which enables learners to surprise us in 
the kinds of outcomes that they accomplish 

and the kinds of reference contexts on which 
they build their learning. 

It is necessary to stress here that the 
stimulation of students’ capacity to perform 
informed critical interventions, not only in the 
subject matter of study but also in the ways in 
which the dialogue of assessment takes place, 
constitutes a necessary measure to counter the 
“banking model” of education. Current models of 
assessment have not been completely successful in 
breaking down restrictions in the ways knowledge 
is constructed precisely because their applications 
are counterintuitive to the process of education as a 
continuum. As Aronowitz (1998, p. 15) argues, 
from a sociopolitical standpoint, assessments have 
become a code word for the implementation and 
sustenance of a reproductive mechanism of 
proliferating alienation and social injustice that 
students and their families acquiesce under the 
banner of technocratic scientificism. According to 
Aronowitz, knowledge, under global capitalism, 
requires a narrow definition to epistemologically 
justify the system’s own functioning and uniform 
needs over “abstract” concepts such as social 
justice, democracy, morality, and ethics. 
Aronowitz’s explication on the matter is lengthy 
but noteworthy,  

As good jobs disappear and are replaced 
by temporary, contingent and part-time work, 
competition among prospective workers 
intensifies. The school responds by making 
testing the object of teaching, in the bargain, 
robs teachers of their intellectual autonomy, 
not to say intellectual function. As education 
is suppressed and replaced by training, 
students learn that critical consciousness is 
dangerous to the end of techno-scientific 
formation because it may jeopardize their 
chance for a job, let alone a career. Critical 
educators may be admired but dismissed as 
propagandists; fearing marginalization some 
teachers may try to reconcile their views with 
those of neoliberalism by arguing that Freire’s 
“method” might produce more creative 
employees for entrepreneurial corporations or 
lift some poor and working class students 
from inexorable subordination to individual 
social mobility. 

Conventional methods of assessment 
juxtapose and define students’ knowledge in a 
situation of “here and now” against a “there and 
then” from which there can be no apparent 
transcendence. For both “here and now” and “there 
and then” are constrained by an epistemological 
barrier that predicates authority without freedom in 
matters of education. To put it differently, the 
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“here and now” against the “there and then” fails 
to critically disclose the historicity behind 
numerical results, the relevant racial, economic, 
and gendered circumstances that yield particular 
effects concerning how knowledge is measured, 
under which conditions it is measured, and for 
what real purpose it is measured (Au, 2009; 
Taubman, 2009). Traditional methodologies of 
assessment, even those that clearly operate under 
the banner of feedback, are limited and still fail to 
demonstrate the individual capacity of students to 
function in the real world outside the classroom.  

Yet, all judgment of intellectual work has 
been conformed to a history deriving from an 
“invisible” force, one which originates in the 
establishment of standards that are taken for 
granted and that do not necessarily represent those 
experiences shared by individuals involved in the 
same educational task. This is not to say that 
contributions outside particular frames of time and 
space - what one would consider canonical 
knowledge - should not be taken into account. 
Such a statement constitutes an absurd fallacy 
contradictory to the very constructive nature of 
knowledge as a dialogical continuum. Nonetheless, 
finding a form of deliberative assessment that 
places in check the standards to which assessments 
themselves are subjected may ultimately signify a 
mode of counter-intervention in social 
relationships of schooling that have been argued as 
reproductive mechanisms of social inequity 
(Giroux, 1983; McLaren, 2007). 

 
Moving beyond assessment 

Thus, as one attempts to “defend” 
Freirean philosophy within standard educational 
settings, it becomes apparent that traditional 
assessment stands in opposition to the very 
objective of liberation from dominant ideas about 
which Freire constantly reminds his readers. The 
type of Critical Pedagogy that emerges from 
Freire’s body of works envisages, above all, the 
emphasis on creativity over paralyzed content, 
conscientização over inaction. In Freirean 
education, the politicized and activist role of 
students and teachers in the process of constructing 
knowledge requires that individuals recognize their 
responsibility upon the construction of knowledge. 
For without the political consciousness of one’s 
situation in the world there cannot be an exit from 
the automated and dehumanized state of modern 
society that allows for social inequality to be seen 
as a fatality and not as a human product.  In other 
words, for Freire and critical pedagogues departing 
from his tradition, education is not only a matter of 
recognizing and testing information in students, or 

even its skillful employment in controlled, 
expected, and repetitive circumstances. Rather, 
education is apprehended as a means to transform 
the world and, primarily, assume responsibility for 
history. To deny this counter-ideological measure 
in learning dispositions is to succumb to a type of 
defeatist creed that translates into individuals 
becoming “objects of history and culture, 
[wherein] their capacity to … be self-defining 
subjects creating history and culture” is negated 
(Glass, 2001, p. 56). This principle is not to be 
confounded with or indicted as a type of 
propagandist ideology imbued within Critical 
Pedagogy’s propositions aiming for the critical 
awareness of systematic dysfunctions within the 
process of schooling. The self-reflective awareness 
sought within Critical Pedagogy frameworks seeks 
to expose, precisely, what detractors of Freirean 
education have denounced as a deviation from 
perfectly neutral and apolitical education.  

Evaluative systems must, then, address 
ethical questions of the significance of assessment 
and the nature of their prescription. For, according 
to Sadler (2007, p. 338), we often use the term 
“assessment” without a proper definition; “the 
terms we use in discourse on assessment and 
grading are used loosely […] we do not always 
clarify the several meanings a given term may take 
even in a given context, neither do we necessarily 
distinguish various terms from one another when 
they occur in different contexts”. The act of 
framing assessment as standardized evaluation, 
therefore, cannot escape its necessary historical 
situation, debate, and continuous reading in order 
to uncover those contradictions present in the 
justification for implementing evaluative 
methodologies concerning students’ work. After 
all, the testing of a problem may present varied 
solutions that are contingent upon ever-changing 
factors. No examination formulae can account for 
the passing of time and, what is more important, 
the unpredictability of life outside formal learning 
environments for which standardized assessments 
allegedly attempt to prepare students.  

When the very notion of assessment as 
judgment is problematized within a Freirean 
dialogical model, its meaning is transformed and 
re-appropriated as possibility. Assessment loses its 
significance insofar as it corresponds to an anti-
dialogical action, dispensable if authority and 
freedom are to be maintained harmoniously within 
educational relationships. As Freire (1998, p. 83) 
argues, “only in those practices where authority 
and freedom are found and preserved in their 
autonomy (that is, in a relationship of mutual 
respect) can we speak of a disciplined practice as 
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well as a practice favorable to the vocation ‘to be 
more”. Thus, instead of corresponding to a 
deterministic factual testimony to one’s 
limitations, the various forms of institutional 
assessment become powerful limiting situations 
that serve as a points of departure to disclose the 
location of that which is taken for granted as 
knowledge. In this process, assessment is revealed 
as a mechanism that binds subjectivity to a one-
dimensional reality allowing therefore the 
necessary clarity for students and teachers to 
intervene and attribute meaning to standardized 
ways of demonstrating “competency.”    

What I have argued thus far is not to be 
viewed as a stance against assessment or standards, 
even traditional methodologies per se. Assessment 
and standards are, indeed, demanded by 
communities. Certainly, the exploration of the 
extent to which standards are set by a particular 
community and under what or whose authorities 
they materialize ought to be an intrinsic part of any 
educational process that value reflection as praxis. 
Nonetheless, what concerns me here, precisely, is 
the approach to and the possibility of dialogue and 
hope within asymmetries of power that are 
characteristic in relationships between students and 
teachers, and that are developed through practices 
such as graded assessments. If assessments are to 
become a test on how fast one can perform 
particular tasks under the vigil of the hourglass of 
industrial-capitalist predications, they do nothing 
but measure the “necrophillic” knowledge of 
which Freire speaks in Pedagogy of the Oppressed. 
In other words, the “transcendence of 
commonsense knowledge,” as Freire (2006, p. 
127) maintains, “must be achieved only by way of 
that very knowledge”, that is, on the 
epistemological grounds of mutual understandings 
of frameworks that govern individuals’ world 
views.  

The question as to how one assesses 
learning, above all, must be searched, researched,  
and re-researched as a means to “enhance the 
possibility for self and social empowerment” 
promoting “critical modes of inquiry and 
creativity” that stand in opposition to those types 
of assessment that “shut down self-respect and 
motivation by instilling a sense of failure or 
humiliation” (Giroux, 2003, p. 89). We would go 
further and insist upon the notion that assessment 
constitutes the problematization of its very nature, 
the very turning of its reason, function, and end-
result into another point of departure leading to the 
“permanent curiosity” that Freire (1998, p. 89) 
considers essential to the educational process 
outside reproductive models.   

If graded assessments are to correspond to 
assignments of value upon human psyche, the 
countering of such a dehumanizing measure must 
subvert the process of grading not by eliminating 
its presence altogether but rather by reframing it as 
an ontological problem. This modus operandi 
would transcend the value placed on assessments 
as a form of capital reward represented by the 
“earning” of grades, which could provoke a 
beneficial crisis in standardized ways of engaging 
with the intellectual work of students. Duncan-
Andrade and Morell (2008, p. 168) make an 
excellent point when insisting that the intrinsic 
value of assessments lies within the possibility of 
constant revision. Any form of assessment that is 
articulated as a “final prognoses” counteracts the 
development of critical inquiry as the chief 
objective of the educational process.  

 
Conclusion 

As Freire insists throughout his body of 
works, the phenomenon of life cannot happen apart 
from one’s situated-ness within socio-historical 
contingencies. To abstract assessment, then, as an 
apolitical and fair measure to be applied equally to 
all individuals constitutes a problem rich in 
contradictions whose explorations present students 
and teachers alike with multiple possibilities for 
engagement. Historicizing the process of 
assessment, therefore, can serve as a point of 
departure to reveal the concrete within its 
institutional practices, to expose to students its 
very function as a limitation on one’s psyche that 
needs, to be meaningful, the transcendence of its 
idealization as the measurement of one’s intellect 
as a finished project. It no longer becomes, as 
McLaren (2007) has suggested, a matter of 
“redistributing value” conferred to assessments and 
the knowledge they purport, but rather recognizing 
the very transcendence of assessments’ purpose 
through the critical inquiry of their results.   

There is, indeed, an ominous danger 
looming around any type of educational practice, 
such as assessment, that derives from the directive 
characteristic of teaching: the risk of leading 
students to conclude and see the world as we do 
rather than finding ways to allow for competing 
truths to emerge within learning experiences. This 
does not mean that the pedagogical exercise 
corresponds to praxes without direction. As Freire 
(1992, p. 66) has observed, educational practice 
“whether it be authoritarian or democratic, is 
always directive”. However, as the Brazilian 
pedagogue remarked in numerous occasions, life is 
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impossible without risks, and the preparation for 
such risks is of ultimate importance in the quest of 
living a pedagogical practice that liberates itself 
constantly from a single epistemological center 
dictating what is to be understood as good or bad 
intellectual performance. In this sense, assessment 
within a Freirean paradigm always constitutes a 
threat to any given “system.” For the only 
commitment of Freirean philosophy is to ethics, 
becoming, constantly striving for perfection in-
between the ruptures and contradictions of 
expressions of ideological constraint that disavow 
the uniqueness of individual experiences 
contributing to more democratic forms of living.  

In an era when educational institutions are 
motivated by the demands of fast and often 
misleading results, in which grading policies and 
numbers play an important role and students are 
perceived as economic markers, it is imperative 
and ethical to verify to what extent our current 
educational system is presenting itself less as a 
universal depository of moral and ethical values 
and more as a euphemism for neoliberal capitalism 
and its “pretense democracy” (Roy, 2004, p. 56). 
We may come to realize that the process of 
assessing the other cannot be dissociated from the 
process of assessing ourselves as educators, which 
consequentially underscores the need of finding 
ways to relinquish authority and destroy old forms 
of ideology to liberate ourselves from the position 
of slaves to our own ideas when assessing students 
as well as ourselves. Problematized within Freirean 
educational directives, methods for assessing 
educational outcomes will no longer become a   
zone of contention but rather a common ground 
stipulating the terms for engaging with long-
established practices. In this sense, assessment can 
be re-conceptualized as a space of resistance 
against the imposition of counterproductive 
measures that qualify and quantify knowledge 
indiscriminately. 
 
Notes  
1See, for instance, Freire (1987), p.127.  
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