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FOREWORD

It cannot be denied that education plays a vital role in increasing the
family income, promoting the general well-being of an individual as well as that
of his family, invigorating the cooperative spirit of communities, developing the
country's economy, and last but not least, contributing positively to all
endeavours for national unity and peace.

Our country has been engaged vigorously in the task of enhancing the
quality of education with a view to raising it from the current ASEAN standard to
that of the developed countries. In order to achieve that objective, the Ministry of
Education drew up the National Education Strategic Plan 2016-2021 and has
since been implementing the projects under that plan.

Section 28 on page 13 of The Republic of the Union of Myanmar
National Education Law (2014) stipulates that all colleges and universities under
the Department of Higher Education give priority to carrying out research
programmes and education development.

The Myanmar Academy of Arts and Science, instituded in 1999, is fully
committed to:

1)  The dissemination of modern methods and techniques of teaching

and learning,

2)  The promotion of research and providing guidelines for research

programmes and projects,

3) The dissemination and propagation of knowledge and expertise

among the general public, and

4) The promotions of measures aimed at the generation and

proliferation of competent researchers, academicians and
Technocrats.

Ever since its institution, the Academy has endeavoured to meet those
commitments through national and international networks.

From the year 2000, a year after its inception, the Academy has been
holding Annual Research Conferences, and from the Fifth Annual Research
Conference onwards, the Academy commenced bestowing the Best Paper Award.
The number of quality research papers has increased from year to year; it is most



gratifying to find that a total of 25 researchers won the Best Paper Award at the
2017 Research Conference.

In 2006, the Academy initiated a nationwide Contest of Research Reports
of doctoral theses in various fields of study, with a view to bestow the Myanmar
Academy of Arts and Science Award to the best researcher of the year; there was
a total of 120 contestants. Currently, the Academy is making an all-out effort to
raise the prize money in order that there would be more and more research
aspirants in every field of study. The initial Academy of Arts and Science
Awards were borne by the Academy, the Tun Foundation and the Thiri-mon
Foundation. Today, donations made by:

a) Retired President of the Board of Examinations U Maung Maung
Sein and his spouse in commemoration of Sayagyi Dr Htin Aung,
Rector of Rangoon University

b)  Yangon University of Economics in commemoration of Sayagyi
Saw William Paw

c) Department of Myanmar, University of Yangon, in commemoration
of its 75" anniversary, and

d) Sayamagyi Daw Khin Thein, Retired Professor of the Department of
Oriental Studies, University of Yangon in commemoration of
Sayagyi U Pe Maung Tin

have been established as a Foundation and the bank interest accrued upon it is
used as the means to meet the expenses of the awards.
In addition, since 2017, the Ministry of Education has been sponsoring the
Best paper Award as well as the Myanmar Academy of Arts and Science Award.
The ability of an academician is commensurate not only with his or her
educational accomplishments but also with the knowledge he or she gains from
the research projects he or she carries out.
The best research report of doctoral theses for the year 2016 are:
(@) Arts
= Myanmar (Literature)
*wpng ee;awmaglgémwi\  aw;Ooci;rmu  pnay
haxmir avwvnciu(pnay)



Myanmar (Language)

qémazn*\. a&acwy* uAmrm; U a& [eynnm
(bmomaA*®) %axnir avwvnciu (bmnom)

Psychology

Emotional Intelligence and Coping Style as Mediators between
Adult Attachment and Distress

Archaeology

A Study on the Bronze Age Cultural Context In Nyaunggan

(b) Physical Sciences

Physics

Environmental Applications of Physical, Nuclear and
Geochemical Techniques: Origin, Dynamics and Impact of
Phosphates and Heavy Metals in Cultivated Areas and at Inle
Lake, Myanmar

Geology

Mineralogy and Petrology of the Igneous and Metamorphic
Rocks of the Mount Loi-Sau and Its Environs, Momeik
Township, Shan State (North)

Intdustrial Chemistry

Study on the Polymerization of Thitsiol for the Production of
Lacquerwares

(c) Social Science

Economics

Financial Reforms and Conduct of Monetary Policy in Myanmar
Methodology

An Investigation into the Effectiveness of Cooperative
Learning Techniques on Grade Ten Students’ English Reading
Comprehension



All the seven authors of those Research Reports of doctoral theses were
awarded the Myanmar Academy of Arts and Science Award. The Myanmar
Academy of Arts and Science is delighted to publish this book for the benefit of
the Contestants concerned, the academicians in the universities and colleges as
well as the general public.

Dr Thet Lwin
President
Myanmar Academy of Arts and Science
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J-1 EMOTIONAL INTELLIGENCE AND COPING STYLE

AS MEDIATORS BETWEEN ADULT ATTACHMENT
AND DISTRESS

May Lwin Nyein”

Abstract

The purpose of this study was to explore the role of emotional intelligence and
coping styles as mediators in the relationship between adult attachment and
distress. This study also attempted to develop the Myanmar version of the
Adult Attachment Scale (AAS) based on a translation of Collins and Reads’
(1990) original instrument. Participants were 337 undergraduate students
from University of Yangon who completed a battery of self-report
questionnaires, including Outcome Questionnaire, Trait Meta-Mood Scale,
Problem-Focused Styles of Coping Scale, Adult Attachment Scale, and
Inventory of Interpersonal Problems. Factor analysis of the Myanmar version
of the AAS revealed three subscale: Secure (.71), Anxious (.72), and Avoidant
(.74). Further, the results of the multiple regression analyses revealed that
adult attachment insecurity (anxious and avoidant) was a positive significant
predictor to psychological and interpersonal distress, whereas adult
attachment security (secure) was a negative significant predictor to
psychological and interpersonal distress. The meditational analyses revealed
that one factor of emotional intelligence (clarity of feeling) and two factors of
coping styles (reactive and suppressive) functioned as mediators between
adult attachment and distress. Implications of the findings for the importance
of considering both emotional intelligence and coping styles in the
investigation of the attachment-distress relationship are discussed.

Keywords: adult attachment, emotional intelligence, coping style,
psychological distress, interpersonal distress.

Introduction

Attachment has been linked to a number of interpersonal and
psychological patterns that stem from early infancy and persist into adulthood
(Bowlby, 1969). Infants develop internal working models (i.e., expectations,
beliefs, and scripts) about themselves and others based on how secure they feel
relying on their caregiver for basic needs (Ainsworth, Blehar, Waters & Wall,
1978). Attachment theory (Bowlby, 1969) represents an important theoretical
perspective for understanding an individual's experience of negative mood and

*Dr, Assistant Lecturer, Department of Psychology, University of Yangon.
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interpersonal problems. The basic premise of attachment theory is that
individual's emotional experiences with primary caregivers lead to the
development of attachment security or insecurity. Attachment security or
insecurity is then associated with the individuals' ability to connect with others
and cope with affective or stressful problems (e.g., Kobak & Sceery, 1988). If
individuals have caregivers who are consistent in their emotional availability,
they are likely to develop attachment security and can effectively cope with
negative events that arise in their lives (e.g., seek support from a friend). |If
individuals do not have caregivers who are emotionally available, individuals are
likely to develop attachment insecurity and subsequently be less able to cope with
stressful events in their lives (e.g., withdraw from others). A large body of
research on attachment styles in adolescents and adult has found that insecure
attachment styles are significantly related to overall distress and disruptions and
daily functioning.

Brennan, Clark, and Shaver (1998) recently indicated that adult
attachments could be described in terms of two orthogonal dimensions namely
attachment anxiety and attachment avoidance. Adult attachment anxiety is
defined as the fear of rejection and abandonment. Adult attachment avoidance is
characterized as the fear of intimacy and discomfort with closeness and
dependence. In the attachment literature, it is well documented that the presence
of these attachment dimensions are positively linked to indices of psychological
distress such as depression and anxiety (Lopez, Mauricio, Gormley, Simko, &
Berger, 2001), negative affect (Simpson, 1990), pathological narcissism (Wagner
& Tangney, 1991), emotional distress and nervousness (Collins, 1996), and
general distress symptoms (Lopez, Mitchell, & Gormley, 2002). In addition,
these two dimensions of attachment have been positively linked to interpersonal
difficulties (Bartholomew & Horowitz, 1991), increased feelings of loneliness
(Shaver & Hazan, 1989), and greater hostility toward others (Mikulincer &
Shaver, 2001). In addition, studies have found that insecure attachment
negatively affects one's ability to tolerate interpersonal disputes or relational
dynamics (Bartholomew & Horowitz, 1991).

In the past decade, researchers have become increasingly interested in
understanding how these attachment dimensions are associated with distress
beyond the direct links. Many researchers have suggested that there is a need to
expand the attachment literature by exploring the complex relations between
attachment and distress. Studies have identified a small number of mediators
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between attachment and distress such as dysfunctional attitudes and low self-
esteem (Roberts, Gotlib, & Kassel, 1996), problem-focused coping (Wei et al.,
2003), self-splitting and self-concealment (Lopez et al., 2002), maladaptive
perfectionism (Wei et al., 2004), and social competencies and emotional
awareness (Mallinckrodt & Wei, in press).

Research has also examined other factors that are linked to attachment
and psychological and interpersonal distress. Emotional intelligence (EI) has
been cited as the "emotional correlate” of the attachment construct (Kim, 2005),
and has been found to predict an individual's level of psychological and
interpersonal distress (Brackett, Rivers, Shiffman, Lerner, & Salovey, 2006).
Emotional intelligence is being concerned with understanding oneself and others,
relating to people, and adapting to and coping with the immediate surroundings to
be more successful in dealing with environmental demands (Bar-On, 2006).
Over the last decade, a body of work on attachment orientations has also
provided a coherent account of individual differences in cognitive and affective
processes related to El abilities (Collins, 1996). Attachment theory highlights the
interpersonal roots of adult emotionality contending that emotional defenses
associated with insecure attachment inhibit information processing of emotional
messages, and block awareness of feelings and intentions in self and others
(Bowlby, 1969). Adult attachment orientations incorporate both affective and
cognitive rules and strategies that drive emotional reactions in individuals and
relationships. ~ Secure, anxious/ambivalent and avoidant persons employ
fundamentally different strategies of affect regulation and emotion information
processing (Shaver, Collins, & Clark, 1996).

Furthermore, coping style has been identified as a crucial link between
attachment style and distress levels (Lopez, Mitchell & Gormley, 2002).
Researchers have found that Bowlby's attachment theory (1973) has important
implications for counseling (Cassidy & Shaver, 1999). A central feature of
Bowlby's theory is that the security of the bonds developed in childhood with
caregivers affects psychological adjustment and coping resilience and conversely
that insecure attachment is associated with relatively ineffective coping.

One line of research using problem-solving appraisal has shown a strong
link between applied problem solving or coping and psychological distress. A
growing body of research suggests that perceived problem-solving effectiveness
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is related to psychological distress, including depression, anxiety, hopelessness,
anger, and interpersonal distress (Heppner & Lee, 2002).

From the above review and discussion, it is clear that there are well-
established links among attachment, perceived problem solving, and
psychological distress (Cassidy & Shaver, 1999). Persons with either attachment
anxiety or attachment avoidance tend to use ineffective coping strategies, which
in turn increase their levels of psychological distress. However, few studies have
tested a mediational model to explore how affect regulation or cognitive
processes (e.g., perceived coping) might mediate the link between attachment and
psychological distress suggested by Kenny and Rice (1995). Lopez et al. (2001)
reported result of regression analyses suggesting that problem coping styles
partially mediate the impact of attachment anxiety on distress, and further that
after attachment anxiety is controlled for, attachment avoidance is not
significantly related to distress. Such research could form the basis for useful
clinical interventions. If perceived coping is a mediator of the link between
attachment and psychological distress, it may be possible to intervene by
increasing people's perception of their coping effectiveness and thereby decrease
their distress.

Despite the proliferation of studies examining the role of adult attachment
styles in love relationships, work-family relationships and well-being (May Lwin
Nyein & Nilar Kyu, 2014; Mya Thitsa Kyaw, 2012; Yin Yin Lin & Khin Mar
Mar, 2012), have few research work conducted examining the complex relations
between attachment and distress in Myanmar.

The objective of this study is to understand the nature of relations
between adult attachment and distress in Myanmar by exploring the role of
emotional intelligence (attention, and clarity) and coping styles (reflective,
reactive and suppressive) in the relationship between adult attachment and
interpersonal and psychological distress. More specifically, according to the
literature reviewed, we generated the following hypotheses:

Hypothesis 1: Adult attachment insecurity will be associated with higher levels of
interpersonal distress.

Hypothesis 2: Adult attachment insecurity will be associated with higher levels of
psychological distress.
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Hypothesis 3: Adult attachment security will be associated with lower levels of
interpersonal distress.

Hypothesis 4: Adult attachment security will be associated with lower levels of
psychological distress.

Hypothesis 5: The relationship between adult attachment and distress will be
mediated by emotional intelligence.

Hypothesis 6: The relationship between adult attachment and distress will be
mediated by coping styles.

Method

Participants

The study used 350 students from eight Departments: Department
of Law, Department of Psychology, Department of Geography, Department of
Anthropology, Department of Geology, Department of Zoology, Department of
Physics and Department of Computer Science in University of Yangon. A total
of three hundred and thirty seven usable data were returned; including 233
females (69%) and 104 males (31%), who were between 16 and 20 years old (M
=17.41, SD = 0.69). About 42% of the participants were first year students and
58% were second year students.

Procedure

Sampling of undergraduate students was pursued through a random
selection of general department units. Permission for the participants to take part
voluntarily in this study during school time was obtained from Heads of eight
Departments in University of Yangon. In March of 2015, a prospective sample
of 350 undergraduate students was pooled and survey questionnaires were
administered to all students present in the class on the scheduled day. The survey
booklet contained a cover letter explaining the purpose of the study and
requesting participation and a battery of self-report questionnaires. Participants
were told that their surveys were anonymous and they could refuse if they
wished. Confidentiality was ensured. Valid responses were obtained from 96%
of the respondents — 337 undergraduate students.
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Measures

Adult Attachment Style: The Myanmar version of the 18-item Adult
Attachment Scale was used to measure adult attachment style in this study. The
Adult Attachment Scale (AAS) was originally developed by Collin and Read
(1990). Respondents were asked to read each item and respond the extent to
which it corresponded to their general attachment style on a 5-point Likert-type
scale ranging from not at all characteristics (1) to very characteristics (5). The
AAS has three attachment dimensions: depend, anxiety, and close. The items
were translated into Myanmar by the researcher and checked by supervisor
against the original version to ensure the conceptual equivalence of the Myanmar
version to the original version. Results of the factor analysis, the Myanmar
version of the AAS vyielded three factors. They are Secure, Anxious, and
Avoidant. Cronbach’s alpha for these subscales in the current study were found
to be .71 for Secure, .72 for Anxious, and .74 for Avoidant. The Secure subscale
contains six items and measures a person’s positive sense of worthiness and
expectation that other people are available, accepting, and supportive. A sample
item is “I am comfortable depending on others”. The Anxious subscale contains
six items and measures a person’s fear of abandonment or unloved. A sample
item is “I often worry that my partner does not really love me”. The Avoidant
subscale contains six items and measures a person’s fear of intimacy and desire
of independence. A sample item is “I am nervous when anyone gets too close”.

Psychological Distress: Psychological distress was measured with the 29-
item Myanmar version of the Outcome Questionnaire.  The Outcome
Questionnaire  (0OQ) was originally developed by Lambert, Burlingame,
Umphress, Hansen, Vermeersch, and Clouse (1996). It is a self-report measure
that are designed to assess overall psychological functioning. Each item is rated
on a 5-point Likert scale ranging from not at all (0) to extremely (4). The alpha
for the OQ was found to be .92 in this study.

Interpersonal Distress: The 31-item Myanmar version of the Inventory of
Interpersonal Problems was used to assess the levels of interpersonal distress.
The Inventory of Interpersonal Problems (1IP) was originally developed by
Horowitz, Alden, Wiggins, & Pincus (2000). Each item is rated on a 5-point
Likert scale that ranges from not at all (0) to extremely (4). It consists of 2
dimensions: Dominance and Affiliation. Cronbach’s alpha indicated acceptable
reliabilities for two dimensions in the current study were .84 for Dominance and
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.73 for Affiliation. The alpha for the total 1IP was .77. In this study, only the
total scores of the Myanmar version of the 1P was used as a general indicator of
interpersonal distress.

Emotional Intelligence: The 25-item Myanmar version of the Trait Meta-
Mood Scale was used to measure emotional intelligence. It was originally
developed by Salovey, Mayer, Goldman, Turvey and Palfai (1995). It has two
factors in this study: Clarity and Attention. Participants are asked to rate how
much they agree with each item on a 5-point Likert scale that ranges from
strongly disagree (1) to strongly agree (5). Higher scores on each subscale
indicate a higher level of functioning within that particular scale. In the present
study, the alphas of the subscales were found to be .76 for Clarity and .74 for
Attention.

Coping Styles: Coping styles was measured with the Myanmar version of
the Problem-Focused Style of Coping Scale. The Problem-Focused Style of
Coping Scale (PF-SOC) was originally developed by Heppner, Cook, Wright, &
Johnson (1995). It comprises 18 items that are rated on a 5-point Likert scale
ranging from almost never (1) to almost all of the time (5). The PF-SOC consists
of three separate subscales: Reflective Style, Reactive Style, and Suppressive
Style. In the present study, the coefficient alphas for all three subscales were .73
for Reflective, .69 for Reactive, and .60 for Suppressive.

Demographic Questionnaire: This questionnaire included demographic
variables of particular interest as control variables (i.e., age, sex, marital status,
education level, and living styles).

Results and Discussion
Results
Factor Analysis of the Myanmar version of the Adult Attachment Scale

A principal component factor analysis using varimax rotation was
performed on the 18-item Adult Attachment Scale to assess whether there was
coherence among the items that were hypothesized to form different subscales.
Table 1 presents the results of with eigenvalues are greater than one emerged
from the analysis. The first factor was named Avoidant. The second factor
called Anxious and the third factor, named Secure, accounted for 44% of the total
variance. The resulted items from the factor analysis study were organized as the
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18-item Myanmar version of the Adult Attachment Scale. This study showed that
the Myanmar version of the Adult Attachment Scale is an appropriate measure
for the Myanmar cultural setting.

Table 1: Items from the Myanmar version of the Adult Attachment Scale
and Varimax rotated factor loadings (N = 337)

I:]eom Statement Fa(itor Factor 11 Factor 11l )2

Factor I: Avoidant

Attl6 | am nervous when anyone gets too close. 73 -.05 -11 .54

Attl5 | am somewhat uncomfortable being close to 73 -.04 -.09 .54
others.

Att2  People are never there when you need them. .67 .07 -12 A7

Atts | find it difficult to trust others completely. .60 10 -11 .38

Attl | find it difficult to allow myself to depend on .58 .00 -14 .35
others.

Attl8 Often, love partners want me to be more .52 .05 -.08 .28

intimate than | feel comfortable being.

Factor I1: Anxious

Att8 | often worry that my partner does not really -.09 .70 -24 .56
love me.

Attl2 My desire to merge sometimes scares people A2 .69 .03 49
away.

Att10 | often worry my partner will not want to stay -.03 .64 -14 44
with me.

Att9 | find others are reluctant to get as close as | A2 .64 -.02 43
would like.

Attll | want to merge completely with another -.16 .59 .03 .38
person.

Att6 | am not sure that | can always depend on .30 54 -.08 .38

others to be there when | need them.

Factor I11: Secure

Attl3 | find it relatively easy to get close to others. -12 -12 .70 .52
Attl7 | am comfortable having others depend on -14 .06 .68 49
me.

Att7 I do not often worry about being abandoned. .18 -19 .64 48
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Item Factor

no Statement | Factor Il Factor 111 22

Attl4 | do not often worry about someone getting =27 -.03 .61 44
close to me.

Att3 I am comfortable depending on others. -.19 -.05 .55 .34

Attd I know that others will be there when | need -41 -.08 .52 45
them.
Sums of square 2.97 2.52 2.46 7.95
Percentage of variance 16.78  13.97 13.68 44.43

Table 2: Internal consistency reliability of the Myanmar version of the
Adult Attachment Scale

No Test Alpha
1 Avoidant (Av) 74
2 Anxious (AX) 72
3 Secure (S) 71

Reliability Evaluation of the Myanmar version of the Adult Attachment Scale

As a result of internal consistency reliability analysis of the 18-item
Myanmar version of the Adult Attachment Scale, the coefficient alphas were
found to be .74 for Avoidant (Av), .72 for Anxious (Ax), and .71 for Secure (S)
(see Table 2). The result indicates that the Myanmar version of the Adult
Attachment Scale is a reliable test.

Correlation analyses

Intercorrelations among the variables, along with reliabilities, means and
standard deviations for the measures used in the study, are presented in Table 3.
First, an examination of the relationship between secure attachment style and
distress (psychological and interpersonal), revealed significantly negative
correlation (r=-.32, p<.001, r=-.20, p<.001). Regarding individuals with insecure
attachment styles (anxious and avoidant), there were significant positive
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correlations with distress (psychological and interpersonal) (r=.34, p<.001, r=.34,
p<.001, r=.31, p<.001, r=.24, p<.001).

Secure attachment style showed a significantly positive correlation with
clarity of feeling (r=.37, p<.001) but not with attention to feelings (r=-.01, ns).
Individuals with anxious attachment style revealed significantly negative
correlation with clarity of feeling (r=-.30, p<.001), however they have positive
correlation with attention to feelings (r=.17, p<.01). Regarding individuals with
avoidant attachment pattern, significant negative correlations were found with
clarity of feeling (r=-.26, p<.001), and attention to feelings (r=-.15, p<.01).

Table 3: Means, standard deviations, reliability coefficients and
intercorrelations among study variables

Mean SD 1 2 3 4 5 6
1. Age 17.41 0.69
2. Sex 1.69 0.46 -.12*
3. Education 1.58 0.49 .59*** 01
4. Life Style 251 059 -03 -04 -.07
5. Secure 21.00 463 -10 -04 -14** 03 (.71)
6. Anxious 16.57 5.04 -01 -.05 -.02 - 16**% - 24%** ((72)
7. Avoidant 16.22 440 .10 -.01 d4%* .02 -.36%** 11*
8. Clarity of feeling 43.61 859 -02 -06 -.02 A1 S7FRE L 30%F*
9. Attention to feeling 32.61 7.73 -01 -14** 02 -12*  -01 A7r*
10. Reflective 23.25 527 -05 -01 -.03 -.04 27*%** .08
11. Reactive 15.53 429 -04 -13* .03 S21FF* J14%F 31
12. Suppressive 12.50 377 -01 -11* -03 -.02 - 18%** 14**
13.Psychological distress 46.31  18.00 .01 .00 .05 - 15%* - 32xxk ZhxE*

14. Interpersonal distress  45.76  12.41 .11* -.24*** (05 -12% - 20%*F* 34xE*
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Table 3 ~ Continued.

7 8 9 10 11 12 13 14
1. Age
2. Sex
3. Education
4. Life Style
5. Secure
6. Anxious
7. Avoidant (.74)
8. Clarity of feeling -.26%** (.76)
9. Attention to feeling  -.15** .01 (.74)
10. Reflective -.00 36*** 05 (.73)
11. Reactive A6** - 44FFE Q9% (02 (.69)
12. Suppressive 34FFE L A3F** - 06 -19%**  41*%** (.60)

13.Psychological distress .31*** -.65*** - 02 -16**  51*** 50*** (.92)
14. Interpersonal distress .24*** - 36*** -01 -.02 SLF**E AQ***E AQF*F* ([77)

Note: *p<.05, **p<.01, ***p<.001, Sex (male=1, female=2), Life Style (living alone=1, living in
hostel=2, living with family =3).

Secure attachment style showed significantly positive correlation with
reflective (r=.27, p<.001), and negative correlations with reactive (r=-.14, p<.01)
and suppressive (r=-.18, p<.001). Anxious attachment style had a significantly
positive correlation with reactive (r=.31, p<.001) and suppressive (r=.14, p=.01),
and avoidant attachment style showed a significantly positive correlation with
reactive (r=.16, p<.01) and suppressive (r=.34, p=.001). Anxious and avoidant
attachment styles were not significantly correlated with reflective coping
style(r=.08, ns, r=-.00, ns).

Moreover, as shown in Table 3, psychological and interpersonal distress
revealed significantly negative correlation with clarity of feeling (r=-.65, p<.001,
r=-.36, p<.001). The psychological and interpersonal distress was not
significantly correlated with attention to feelings (r=-.02, ns, r=-.01, ns). Further,
psychological distress had a significant negative correlation with reflective
(r=-.16, p<.01), but significantly and positively correlated with reactive and
suppressive (r=.51, p<.001, r=51, p<.001). Interpersonal distress was
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significantly and positively correlated with reactive and suppressive
(r=.50, p<.001, r=.40, p<.001) but not with reflective (r=-.02, ns).

Regression analysis

In order to test our hypotheses, regression analyses were conducted. In
each regression analysis, age, sex, education, and life style were used at the first
step of analysis as control demographic variables. Subsequently, on the second
step, psychological distress and interpersonal distress were regressed on one of
the three attachment styles (see Table 4). For the predictive effect of secure
attachment on psychological distress, result was shown in regression equation
1 of Table 4. The combination of all the variables accounted for 12% of
psychological distress’ variance. After controlling for demographic variables
(age, sex, education, and life style), secure attachment significantly explained
10% of the variances. Secure attachment was a negative predictor to
psychological distress (p = -.32, p<.001). As shown in regression equation 2, the
combination of all the variables explained 13% of the variances. After
controlling for demographic variables (age, sex, education, and life style),
anxious attachment significantly explained 11% of the variances. Anxious
attachment was appeared as a positive predictor to psychological distress
(B = .33, p<.001). Regression equation 3 showed the combination of all the
variables explained 12% of the variances. After controlling for demographic
variables (age, sex, education, and life style), avoidant attachment significantly
explained 10% of the variances. Avoidant attachment had significantly positive
relation to psychological distress (B = .32, p<.001). Regression equations 1 and 3
of the Table 4, life style was significant predictor of psychological distress
(B=-.14, p<.01, p =-.16, p<.01). It means that respondents who are living alone
were more likely to have psychological distress than others.
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Table 4: Results of regression analysis with Adult Attachment as predictor

of Distress
Psychological Distress Interpersonal Distress
R2 R2
2 2
R change p F R change p F
Regression
equation 1
Age .02 -.04 2.02 .08 .07 7.19%**
Sex -.02 24x**
Education .02 -.02
Life Style - 14%* -12*
Secure 12 .10 32***  ghEh**x 12 .04 20*** 8. 86***
Regression
equation 2
Age .02 -.03 2.02 .08 .08 7.19%**
Sex .01 22xx*
Education .06 .01
Life Style -.09 -.08
Anxious A3 11 33***  10.03*** 18 .10 B1x** 14,02%**
Regression
equation 3
Age .02 -.04 2.02 .08 .07 7.19%**
Sex -.01 23%*x*
Education .02 -.03
Life Style -16** -13*
Avoidant 12 .10 32%**  Q27*** 14 06 24%**10,38%**

Note: *p<.05, **p<.01, ***p<.001

As shown in Table 4, the results of regression analyses on adult
attachment styles as predictors of Interpersonal Distress are presented.
Regression equation 1 showed the combination of all the variables explained 12%
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of the variances. After controlling for demographic variables (age, sex,
education, and life style), secure attachment significantly explained 4% of the
variances. Secure attachment was a negative predictor to interpersonal distress
(B = -.20, p<.001). In regression equation 2, combination of all the variables
explained 18% of the variances. After controlling for demographic variables
(age, sex, education, and life style), anxious attachment significantly explained
10% of the variances. Anxious attachment was a positive explained 14% of the
variances were presented in regression equation 3. After controlling for
demographic variables (age, sex, education, and life style), avoidant attachment
significantly explained 6% of the variances. Avoidant attachment had
significantly positive relation to interpersonal distress (f = .24, p<.001).

As shown in Table 4, Sex (B = -.24, p<.001, B = -.22, p<.001, p = -.23,
p<.001), and life style (B = -.12, p<.05, B = -.13, p<.01) were also significant
predictors of interpersonal distress. Male respondents had higher scores of
interpersonal distress than female respondents. Respondents who are living alone
were more likely to have interpersonal distress than others.

Mediational analyses were conducted to investigate whether emotional
intelligence and coping styles could account for the relationships found between
adult attachments and distress (psychological and interpersonal). Following the
method outlined by Baron & Kenny (1986), mediation is established when the
following conditions are met: (1) a significant relationship is found between the
independence variables (adult attachment styles) and the presumed mediators
(emotional intelligence, and coping styles); (2) a significant relationship is found
between the presumed mediators (emotional intelligence, and coping styles) and
the dependent variables (psychological and interpersonal distress); and (3) a
significant association between the independent (adult attachment styles) and the
dependent variables (psychological and interpersonal distress) is significantly
reduced after statistically controlling for the presumed mediator. Conditions
1 and 2 were met in all cases. Therefore, three separate multiple regression
analyses were conducted to test the mediational model for each case.

First, we conducted mediational analyses to investigate whether emotional
intelligence could mediate for the relationship between adult attachment and
psychological distress. Psychological distress was regressed on one of the three
attachment styles first in each regression analysis. Subsequently, on the second
step, clarity of feeling was added to the regression equation. Finally, attention to
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feeling was added on the third step to the regression equation to investigate
whether the amount of variance accounted for by attachment style would be

reduced. The results are presented in Table 5.

Table 5: Results of regression analysis with Emotional Intelligence as
mediators between Adult Attachment and Distress

Psychological Distress

Interpersonal Distress

R B F R?
change R?  change B F
Regression
equation 1
Step 1 A1 39.52*** 04 13.47%**
Secure 32%** - 20%**
Step 2 44 128.44*** 14 26.21***
Secure .33 -.09 10 -.07
Clarity of -
feeling 62*** - 34F*x*
Step 3 44 85.44*** 14 17.45%**
Secure .00 -.09 .00 -.07
Clarity of -
feeling 62*** - 34F*x*
Attention to
feeling -.01 .01
Regression
equation 2
Step 1 12 45.31*** 11 42.27***
Anxious 34Fx* 34Fx*
Step 2 45 137.24*%** 19 38.44***
Anxious .33 16%*** .08 25%***
Clarity of -
feeling 60*** - 29%**
Step 3 45 91.91*%** 19 25.70%**
Anxious .00 L7xx* .00 25%***
Clarity of -
feeling 60*** - 29%**
Attention to
feeling -.04 -.03
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Psychological Distress Interpersonal Distress
2
R R B F R?
change R?  change B F
Regression
equation 3
Step 1 .10 36.31*** .06 20.74***
Avoidant 31F** 24%**
Step 2 45 135.70*** 15 30.44%**
Avoidant .35 5% .09 16%**
Clarity of -
feeling B1*** - 32%**
Step 3 45 90.22*** 15 20.44***
Avoidant .00 15%** .00 16***
Clarity of -
feeling B1x** - 32%**
Attention to
feeling .01 .04

Note: *p<.05, **p<.01, ***p<.001.

the regression equation. Finally, attention to feeling was added on the third step
to the regression equation to investigate whether the amount of variance
accounted for by attachment style would be reduced. The results are presented in
Table 5.

In the first regression equation, the relationship between secure
attachment and psychological distress was reduced and became non-significant
by clarity of feeling. But attention to feeling cannot reduce the relationship
between secure attachment and psychological distress. In the second regression
equation, the relationship between anxious attachment and psychological distress
was reduced but remained significant by clarity of feeling. However, after
entering for attention to feeling, the relationship between anxious attachment and
psychological distress was not reduced. In the third regression equation, the
relationship between avoidant attachment and psychological distress was reduced
but remained significant by clarity of feeling. Attention to feeling was not
mediated the relationship between avoidant attachment and psychological
distress.



cJ

Second, mediational analyses were conducted to investigate whether
emotional intelligence could mediate for the relationship between adult
attachment and interpersonal distress (see Table 5). Interpersonal distress was
regressed on one of the three attachment styles first in each regression analysis.
On the second step, clarity of feeling was added to the regression equation.
Finally, attention to feeling was added on the third step to the regression equation
to investigate whether the amount of variance accounted for by attachment style
would be reduced.

In the first regression equation, the relationship between secure
attachment and interpersonal distress was reduced and became non-significant by
clarity of feeling. But attention to feeling cannot reduce the relationship between
secure attachment and interpersonal distress. In the second regression equation,
the relationship between anxious attachment and interpersonal distress was
reduced but remained significant by clarity of feeling. However, after entering
for attention to feeling, the relationship between anxious attachment and
interpersonal distress was not reduced. In the third regression equation, the
relationship between avoidant attachment and interpersonal distress was reduced
but remained significant by clarity of feeling. But attention to feeling cannot
mediate the relationship between avoidant attachment and interpersonal distress.
Therefore, emotional intelligence partially mediated the relationship between
adult attachment and psychological and interpersonal distress.

Third, mediational analyses were conducted to investigate whether coping
styles could mediate for the relationship between adult attachment and
psychological distress. Psychological distress was regressed on one of the three
attachment styles first in each regression analysis. On the second step, reflective
style was added to the regression equation. Afterwards, on the third step, reactive
style was added to the regression equation. In the final step, suppressive style
was added to the regression equation to investigate whether the amount of
variance accounted for by adult attachment style would be reduced. The results
were shown in Table 6.
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Table 6: Results of regression analysis with Coping Styles as mediators

between Adult Attachment and Distress

Psychological Distress

Interpersonal Distress

R2 R?
Rz change B F Rz change B F
Regression
equation 1
Step 1 A1 39.52*** .04 13.47%**
Secure - 32%** - 20%**
Step 2 A1 21.06*** .04 6.97***
Secure .00 -.30%** .00 - 21%**
Reflective -.08 .04
Step 3 .34 56.54*** 27 41.45%**
Secure .23 - 23%** .23 -13**
Reflective -11* .01
Reactive A48FF* 49Fr*
Step 4 41 57.90*** 31 37.59***
Secure .07 - 20%** .04 -11*
Reflective -.06 .05
Reactive .36*** A0***
Suppressive 31xx* 22%**
Regression
equation 2
Step 1 A2 45.30*** 11 42.28***
Anxious 35%** 347
Step 2 16 30.78%** 11 21.46%%*
Anxious .04 36*** .00 34FF*
Reflective - 19%** -.04
Step 3 .34 56.08*** .29 46.02%**
Anxious 18 22%F* .18 20%**
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Psychological Distress

Interpersonal Distress

2
R2 chaRnge p F Rz  change B F

Reflective - 19%** -.04
Reactive 45FF* A4Frx

Step 4 42 58.82*** .33 41.65***
Anxious .08 21xF* .04 19xF*
Reflective -13** .00
Reactive 32%F* 35%**
Suppressive 32%** 23***

Regression

equation 3

Step 1 .10 36.31*** .06 20.74***
Avoidant Y Raleka 247

Step 2 A2 23.74*** .06 10.39%**
Avoidant .02 31Fx* .00 247
Reflective - 16** .01

Step 3 34 58.54*** 28 43.82%**
Avoidant 22 24FF* 22 16***
Reflective - 17xF* -.03
Reactive A8FF* A48FF*

Step 4 .39 54.58*** 31 37.43%**
Avoidant .05 16%** .03 1>
Reflective - 12** .01
Reactive 38F** 4LFF*
Suppressive 27> 20**

Note: *p<.05, **p<.01, ***p<.001

In the first regression equation, although the reflective coping style not
mediated the relationship between secure attachment style and psychological
distress, the secure itself has a strong negative predictor to psychological distress.
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Also, after entering for reactive style, secures were not experienced psychological
distress. Similarly, when suppressive style added to the regression equation,
secures were also negatively related to psychological distress. In the second and
third regression equation, the reflective coping style did not contribute to mediate
the relationship between adult attachment insecurity (anxious and avoidant) and
psychological distress. In the second step, after entering for reactive coping style,
the relationship between adult attachment insecurity (anxious and avoidant) and
psychological distress was reduced but remained significant. Suppressive coping
style also reduced the relationship between adult attachment insecurity (anxious
and avoidant) and psychological distress.

Finally, mediational analyses were conducted to investigate whether
coping styles could mediate for the relationship between adult attachment and
interpersonal distress. Interpersonal distress was regressed on one of the three
attachment styles first in each regression analysis. On the second step, reflective
style was added to the regression equation. Afterwards, on the third step, reactive
style was added to the regression equation. In the final step, suppressive style
was added to the regression equation to investigate whether the amount of
variance accounted for by adult attachment style would be reduced. The results
were shown in Table 6.

In the first regression equation, the reflective coping style not mediated
the relationship between secure attachment style and interpersonal distress;
however the secure attachment itself has a strong negative predictor to
interpersonal distress. And, after entering for reactive coping style, individuals
with secure attachment were not experience interpersonal distress. Similarly,
when suppressive coping style was added to the regression equation, secure was
also negatively related to interpersonal distress. In the second and third regression
equation, the reflective coping style did not contribute to mediate the relationship
between adult attachment insecurity (anxious and avoidant) and interpersonal
distress. After entering for reactive coping style, the relationship between adult
attachment insecurity (anxious and avoidant) and interpersonal distress was
reduced but remained significant. Suppressive coping style also reduced the
relationship between adult attachment insecurity (anxious and avoidant) and
interpersonal distress. Therefore, coping style partially mediated the relationship
between adult attachment and psychological and interpersonal distress.
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Discussion

The primary purpose of the present study was to examine emotional
intelligence and coping styles mediate the relationship between adult attachment
and psychological and interpersonal distress. In doing so, we provided initial
support for the validity of a Myanmar version of self-report measure, Adult
Attachment Scale. In particular, the pattern of correlations among the three
factors of the AAS - Secure (S), Anxious (Ax), and Avoidant (Av) - and several
additional measures demonstrated some evidence of construct validity. These
included measures of psychological and interpersonal distress, emotional
intelligence, and coping style. For the most part, this pattern was consistent with
attachment theory and in accordance with our prediction.

According to results, it was found out that adult attachment insecurity
(anxious and avoidant) was associated with higher level of interpersonal distress,
providing support for Hypothesis 1. On the other hand, adult attachment security
(secure) was associate with lower level of interpersonal distress, resulting in
support for Hypothesis 3. The current findings supported the previous studies.
Anxious attachment style is focused on minimizing distance from others and
obtains support through the use of clinging and controlling responses (Haggerty,
Hilsenroth, & Vala-Stewart, 2009). Avoidant attachment style was related to
independence and social withdrawal consistent with the deactivating attachment
strategy (Fraley et al., 2000). Secure attachment manifests in low or balanced
avoidance and anxiety, is proposed to create conditions for an open trusting
interpersonal style and for the possibility to optimally explore one’s environment
(Grossman, Grossman, Kindler, & Zimmermann, 2008). The literature on
attachment insecurity may contribute to the development of interpersonal distress
by systematically biasing the processing of both past and future interpersonal
information. Consequently, insecurely attached individuals may be hypervigilant
for certain types of interpersonal threats (e.g., separation from a significant other,
romantic rejection, etc.), distort inter-and intrapersonal feedback, and
subsequently engage in maladaptive interpersonal behavior (e.g., excessive
dependence or clinging) (Baldwin, 1992; Mikulincer, 1998). Furthermore,
attachment insecurity may result in deficits in social skills and social competence
that could produce problems in interpersonal functioning and decrease the
likelihood of receiving positive benefits from social interaction (Doane &
Diamond, 1994).
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Moreover in this study, attachment insecurity (anxious and avoidant) was
associated with higher level of psychological distress, providing support for
Hypothesis 2. Otherwise, adult attachment security (secure) was associate with
lower level of psychological distress, resulting in support for Hypothesis 4.
Empirical evidence suggests that individuals high in attachment anxiety are
preoccupied with relational distress, feelings of unworthiness, and excessive
worry about the availability and responsiveness of others. Individuals high in
attachment avoidance are uncomfortable with intimacy, are likely to suppress
emotional responses, and are compulsively self-reliant during times of distress.
Individuals with secure attachment have positive self-other perceptions, report
higher levels of emotion regulation and adjustment (Cooper, Shaver, & Collins,
1998), and experience greater levels of psychological well-being.  Similarly,
insecure adult attachment has been found to be associated with affective distress,
including depression (Kobak, Sudler, & Gamble, 1991); while, secure adult
attachment appears to provide a buffer against the psychological distress typically
associated with major life stressor (Hammen et al., 1995; Milkunicer et al., 1993).

Regarding gender, we found that male students reported higher
interpersonal distress than female students. This is consistent with previous
researches findings that, compared to women, men have more interpersonal
distress related to being domineering, vindictive, and cold (Lippa, 1995) as well
as greater difficulty on the some subscales such as “hard to be sociable, hard to
be supportive, and hard to be involved” (Barkham et al., 1996). And,
respondents who are living alone were more likely to have psychological distress
and interpersonal distress than others.  Shepherd (2012) reported that living
alone might leave a person feeling isolated and slipping into a norm of not
socializing and lacking trust of support, temper bad moods and others, perhaps
even becoming socially more awkward. These can be markers for mental health
problems. Raymo (2015) also proposed that individuals who live alone are less
happy than individuals who living with others.

The meditational analysis revealed that emotional intelligence partially
functioned as a mediator between adult attachment and psychological and
interpersonal distress. Current findings in regard to emotional intelligence are
also supported by previous researches. Specifically, clarity of emotion is
associated with greater experience of positive affect (Emmons & Colby, 1994),
positive well-being and affective well-being (Gohm & Clore, 2002; Lischetzke &
Eid, 2003; Salovey et al., 1995), faster rebound from an induced negative mood
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(Salovey et al., 1995), adaptive coping styles as well as self-affirming attributions
(i.e. stable, global, and internal) for the occurrence of positive events (Gohm &
Clore, 2002a, 2002). On the other hand, clarity of emotion is negatively related
to ambivalence over emotional expression, depression, neuroticism and mood
lability, social anxiety, rumination, negative affect, vulnerability to distress, and
levels of Weinberger Adjustment Inventory distress (Weinberger & Schwartz,
1990) which consists of anxiety, depression, low self-esteem, and low well-being
(Lischetzke & Eid, 2003; Salovey et al., 1995; Salovey et al., 2002).

Whereas, attention to emotion is associated with a belief in the usefulness
of expressing emotion (Emmons & Colby, 1994), private and public self-
consciousness (Salovey et al., 1995), intensity of emotion (Emmons & Colby,
1994), and may also play a role in depression such that depressed individuals
may allocate too much attention to their emotions (Salovey et al., 1995). In
addition, attention to emotional lies in the fact that people who pay a lot of
attention to their emotions tend to initiate rumination cycles that can harm their
psychological well being and their interpersonal functioning. Especially,
individuals who are anxiously attached actively attend to their experience which
further heightens their emotional distress. Salovey et al., (2002) proposed that
attending to one’s emotion too much has been associated with an increase in
ruminative thought as well as anxiety and depression. Thus Hypothesis 5 was
partially supported.

Finally, the meditational analysis revealed that coping styles partially
functioned as a mediator between adult attachment and psychological and
interpersonal distress, supporting Hypothesis 6. The results found out that the
reflective coping style does not mediate the relationship between adult
attachment and psychological distress. These findings support previous research
that the reflective style does not appear to add unique understanding to this
coping conceptualization, especially when consideration certain distress
outcomes (Heppner et al., 1995) and thus is not included in a multitude of studies
examining the relationship of problem-solving coping to multiple correlates
(Lopez, Mauricio, Gormley, Simko, & Berger, 2001; Lopez, Mitchell, &
Gormley, 2002; Wei, Heppner, & Mallinckrodt, 2003).

Furthermore, the results of the present study found out that adult
attachment security (secure) was negatively related to coping styles (reactive and
suppressive) and negatively related to psychological and interpersonal distress,
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whereas adult attachment insecurity (anxious and avoidant) was positively related
to coping styles (reactive and suppressive) and positively related to psychological
and interpersonal distress. Mikulineer and Florian (1998) argued that individual
with secure attachment tend to cope with distress by acknowledging it, freely
expressing emotion, and constructively coping with the distress. Conversely,
people with anxious attachment tend to cope with distress by exaggerating the
distress as threatening and uncontrollable, reacting with strong emotional
responses (Lopez, Mauricio, Gormley, Simko, & Berger, 2001), and relying on
others’ reassurance to moderate affect.

Similarly, people with avoidant attachment tend to cope with distress by
protecting themselves against others’ rejection, inhibiting emotional displays, and
denying negative affect. Thus, unfortunately, coping strategies preferred by
adults with either anxious or avoidant attachment tend to be relatively ineffective
and tend to actually increase their distress (Kobak & Sceery, 1988; Lopez et al.,
2001; Mallinckrodt, 2001; Mikulincer & Florian, 1998).

Summary and Conclusion

The purpose of the present study was to examine the role of emotional
intelligence and coping styles in the link between adult attachment and distress
(psychological and interpersonal).  This study also attempts to develop the
Myanmar version of the Adult Attachment Scale based on a translation of the
Collins and Reads’ (1990) original instrument.

In order to do so, firstly we adapted Collins and Read’s general emphasis
in drawing upon the initial Myanmar version of the Adult Attachment Scale,
which consists of 18 items from Collins and Read. The 18 items of the English
version of the scale were translated into Myanmar by the researcher and checked
by the supervisor against the original version to ensure the conceptual
equivalence of the Myanmar version to the original version.

To produce final version of the scale, the data were analyzed using factor
analysis program. According to the results, all items with factor loadings more
than .50 were selected and yielded three factors (Avoidant, Anxious, and Secure).
According to the results of internal consistency reliability analysis, the reliability
coefficients were found to be .74 for Avoidant, .72 for Anxious, and .71 for
secure, respectively.
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The pattern of correlations among the three factors of the AAS — Secure
(S), Anxious (Ax), and Avoidant (Av) — and several additional measures
demonstrated some evidence of construct validity. These included measures of
psychological and interpersonal distress, emotional intelligence, and coping style.
In sum, this study provided some preliminary support for the AAS as a valid, new
instrument for assessing patterns of attachment in adult.

In order to test our hypotheses, intercorrelations among the adult
attachment styles, emotional intelligence, coping styles, and psychological and
interpersonal distress were investigated. Regression analyses were performed to
test the predictive effects of adult attachment styles on both psychological and
interpersonal distress and to investigate whether emotional intelligence and
coping styles could account for the relationships found between adult attachments
and distress.

According to the results of correlation analyses, adult attachment
insecurity (anxious and avoidant) have a positive correlation with distress
(psychological and interpersonal) and adult attachment security (secure) have a
negative correlation with distress (psychological and interpersonal).

The regression analyses revealed that adult attachment insecurity (anxious
and avoidant) were positive predictor to psychological and interpersonal distress.
It showed that adult attachment insecurity was associated with higher levels of
psychological and interpersonal distress. It is also found out that adult
attachment security (secure) was negative predictor to psychological and
interpersonal distress. It also indicated that adult attachment security was
associated with lower levels of psychological and interpersonal distress. As a
result, mediational analysis revealed that emotional intelligence and coping styles
partially mediate the relationship between adult attachment and distress.

Limitations

In spite of the promising results the present study has several notable
limitations. This research uses self-report measure of adult attachment. Several
authors have emphasized the need for better measures and methods in the area of
adult attachment (Brennan, Clark, & Shaver, 1998). Interview techniques also
have been reported to be more powerful than self-report measures with respect to
the measurement of attachment style (Bartholomew & Horowitz, 1991). Further
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research should use more solid, preferably multiple, measures of adult
attachment.

Another potential problem with adult attachment style measure is that
there is controversy concerning whether individuals can be classified into a single
attachment style or whether people have multiple styles that vary across different
relationships (Lewis, 1994). In this regard, it is likely that these multiple styles
and representations form a hierarchy with one's attachment to the primary
caregiver at the base (Hazan & Shaver, 1994). Our data suggest that those
aspects of one’s central attachment style that are relatively accessible to
consciousness are meaningfully related to distress. Further research needs to
examine how other aspects of attachment might contribute to risk for distress.

Another limitation is that emotional intelligence and coping styles only
partially functioned as mediators between adult attachment and psychological and
interpersonal distress. This may be due to the lack of statistical power related to
the sample size. The importance of the sample size is crucial, and researches
have proposed method to determine adequate samples sizes in order to obtain
power in regression studies (Kelley & Maxwell, 2003; Milton, 1986). Increasing
the sample may be helpful if this study is replicated.

A further limitation is that the generalizability of the findings to the young
adult population is also limited. This study was limited to university students.
Additional research using other types of populations is necessary to ensure the
generalizability of these results.

Future Research

Similar to Kafetsios’s study (2004), future research may wish to
investigate the current model utilizing the attachment styles proposed
Bartholomew and Horowitz (1991). The findings of this study point out adult
attachment styles relating to El and coping, it is also interested to investigate how
additional attachment styles relate to EI and coping on distress levels.

In addition, future research may wish to incorporate more objective
measurements of emotional intelligence abilities when investigating attachment
and distress (Mayer, Salovey, Caruso, & Sitarenios, 2003). While self-report El
reflects one’s perception of their emotional intelligence abilities, objective forms
of EI can reflect one’s actual emotional intelligence potential. It may be of
interest to determine if the perception of someone’s EI significantly contributes to
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how attachment style affects distress levels or if one’s actual EI potential has
more of an effect on the attachment-distress relationship.  Moreover, further
research may also want to test the effect of emotion-focused coping on the
attachment-distress relationship even though the current study utilized problem-
focused coping. In addition, the current research demonstrates that emotional
intelligence and coping styles partially mediated between adult attachment and
distress. Therefore, further research could examine the combined effect of
emotional intelligence and coping styles on the relationship between attachment
and distress.

Lastly, current research can also be conducted under a wellbeing
approach. Previous research has evidenced important links amongst attachment
and its effects on adaptive coping and well-being (Landen and Wang, 2010;
Zhang and Labouvie-Vief, 2004). Psychologists’ primary efforts have often been
targeted on alleviating deficits and distress of individuals. However, focusing on
positive approaches such as assisting individuals in building up their strengths is
a more recent approach that some researchers are attempting to elucidate
(Seligmanand Csikszentmihalyi, 2000). For example, instead of focusing on
maladaptive one might want to focus on adaptive coping, and perhaps a well-
being outcome instead of a distress one.

Implications

The results of the current study have important implications for the field
of psychology. Bowlby (1973) acknowledged that attachment patterns are
difficult to change in adulthood even though it is not impossible. Studies related
to examining mediators of the relation between attachment and mental health
outcomes are particularly important for counseling and psychotherapy because
mediators can be potential interventions to help individuals relieve their distress.
In addition, identifying the mediators can help individuals reduce the impact of
attachment patterns without having to change the patterns, which is a more
difficult task.

Therefore, given the observed importance of EI and coping, continuous
development and participation in EI and coping training programs will be useful
for individuals experiencing distress. Slaski and Cartwright (2003) recruited
individuals to participate in an emotional intelligence training program which
exposed them to emotional intelligence skills and allowed them to practice these
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skills in order to ensure learning occurred. Results of the training indicated not
only increased EI scores but increased well-being. Along the same vein, making
an effort to train counselors, supervisors, and educators in El and coping skills
appears a worthy endeavor. In fact, requiring the addition of an El and coping
style training in counseling graduate programs might be particularly useful.

In conclusion, the current study evidences that emotional intelligence and
coping styles partially mediated the relationship between adult attachment and
distress. The results further highlight the importance of considering both
emotional intelligence and coping styles in the investigation of the attachment-
distress relationship. The current study also suggests that emotional intelligence
and coping uniquely relate to various forms of adult attachment. The results
support previous research that focuses on the unique needs of individuals who
evidence different forms of attachment styles (Wei, Vogel, Ku, & Zakalik, 2005).
These results also suggest explicit interventions for counseling populations who
evidence either an anxious or an avoidant attachment style. It is hoped that the
current findings can assist psychologists who are performing brief therapy to
target their treatment goals in a quick and effective manner. Therefore, if the
psychologists identified the effective skills and strategies for insecurely attached
individuals, they could use these skills and strategies to decrease the distress
experienced by them.
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Introduction

The therm "Bronze Age is a loaded terminology with a conventional
meaning that varies from region to region. Here it defines that period when
copper and copper alloys were predominant for all metal products save those of
precious metals.” The adoption of metallurgy is derived not from some technical
or economic necessity, but from aesthetic and specific socio-cultural desires.
People did not need copper tools; they wanted copper tools. After all, the earliest
metal objects were not necessarily superior to wood, bone, flint, obsidian or
ceramic for performing everyday tasks, and these other materials continued to be
used for thousands of years together with metal tools.

The expansion of the Neolithic and the later establishment of the Bronze
Age came from the regions where copper-base metallurgy was established during
the third millennium BC west and north of the Chinese Central Plain. The most
complex bronze casting developed in late Erlitou, Shang and Sanxingdui contexts
during the second millennium BC. According to recorded archaeological
documents, there were contacts between the Bronze Age states of China and
Neolithic communities in Southeast Asia during the second half of the second
millennium BC. This may suggest that was the means by which bronze founding
specialists speeded up the transmission of their skills south, thereby stimulating
the Southeast Asian Bronze Age. As a result, the knowledge of bronze metallurgy
reached Southeast Asia only in the late second millennium BC, through contact
with the states of the Yellow and Yangtze valleys.

In Myanmar, Nyaunggan, the first recovered Bronze Age site, became the
focus of Bronze Age studies in 1998 when Archaeology Department responded to
chance finds reported by local people, particularly those discovered near the
village of Nyaunggan, Budalin Township, Sagaing Division. The excavations

! Dr, Lecturer, Department of Archaeology, Dagon University
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were carried out four times in the 1990s and recently three times during the
period 2014-2016.

In the 1990s, a burial site was excavated four times on the northwestern
edge of an extinct volcano. Thirty seven inhumations were unearthed with a
number of burial goods including copper-based alloy but excluding iron or glass
artefacts. On the basic of these discoveries Nyaunggan was attributed a Bronze
Age date, although no radiometric dates were available. During 2014-2016,
Mission Archéologique Francaise au Myanmar (MAFM) investigated 4 areas
south of Oakaie village and three test-pits at Nyaunggan burial ground were
investigated. Over three years of research 55 inhumations from clearly-defined
graves were discovered, representing two phases of funerary activity due to both
north-south and northwest-southeast skeletal alignments. The presence of a single
copper-base socketed tool, combined with the absence of iron and glass, was
strongly suggestive of a Bronze Age date. This was confirmed by the radiocarbon
dating of human bone to the early 1° millennium BC activity period.

The aim and objectives of this dissertation are to reveal the culture of
Bronze Age in Nyaunggan. For this study, a range of questions were considered:

What was the nature of he culture of Bronze Age in Nyaunggan?

What kinds of materials did they use for what purpose?

How and where these materials were created and what raw materials
were used?

% From where they got the knowledge and technologies and did they have
connection with other prehistoric contemporary regions?

X/ R/
L XA X4

33

S

R/

To describe the Bronze Age cultural context in Nyaunggan, the researcher
had to compile this dissertation by employing comparison and technological
approach. The study summarized and examined the geographical background of
the area, burial practice and their grave goods. Among them copper-base
artefacts, especially, were the focus in archaeometry analysis by using optical
microscopy and Scanning Electron Microscopy with Energy Dispersive X-ray
Spectometry SEM (EDS) and lead isotopic analysis and ceramic petrographic
analysis by optical microscopy. As the result of these examinations it was shown
that Myanmar was connected to the regional and inter-regional exchange systems
throughout the 1% millennium BC.

The evidences and references employed in this dissertation are obtained
from Yangon University Library, the Universities Central Library, Historical
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Research Library, Archaeology Department Library, National Library, Online
Library of University Collage London, Ebscohost.com and Academia edu.com
website. Laboratory analytical study was carried out at Archaeological Materials
Science laboratories, UCL in Qatar, the Geology Department and Universities
Research Center (URC), University of Yangon and National Laboratory in
Myanmar.

The researcher, to collect evidences for her research paper, went on field
trips to Nyaunggan, Mon Htoo, and Halin prehistoric sites and Museums: The
National Museum (Yangon), National Museum (Naypyidaw), Halin, Mandalay
and collaborated in the excavation and survey of Nyaunggan and Oakaie with the
team of Myanmar-French Archaeological Project: Mission Archéologique
Francaise au Myanmar (MAFM).

A Study on the Bronze Age Cultural Context in Nyaunggan
Geographical Background

The role of Mainland Southeast Asia region is closely joined to the great
river systems that formed as a result of the Qinghai-Tibet Plateau and Yunnan-
Guizhou Plateau. The major river system drained these plateaux, coursing
southward and eastward through the region and creating diversified environments
and paths for dispersion and movement. Principal among these rivers were the
southward-flowing Ayeyawady, Salween, Chao Phraya and Mekong, and the
more easterly Hong (Red) and Yangtze rivers. The geomorphological setting of
these rivers, which are bounded by upland regions throughout most of their
courses through northern Mainland Southeast Asia, was undoubtedly the key to
early Asian hominid and also provides insight into earlier hunter-gatherer
adaptations. *

Myanmar is located in Mainland Southeast Asia region, between South
and East Asia, and shares borders with Bangladesh, India, China, Laos and
Thailand. Within these regions, Myanmar is interlinked by several major rivers,
the Chindwin, Ayeyawady, Mekong and Salween, as well as numerous tributaries
and minor watercourses. The Nyaunggan area is situated in the Lower Chindwin
Region and is surrounded to the west and south by the Chindwin River and the

! L. A Schepartz, S. Miller-Antonio and D. A. Bakken, "Upland resources and the early
Palaeolithic occupation of Southern China, Vietnam, Laos, Thailand and Burma", World
Archaeology, Taylor& Francis Ltd, 2000, p-3.
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Pondaung- Ponnyadaung ranges; to the east by the Mu and Ayeyawady River.
The Nyaunggan Bronze Age area is situated at the North Latitude 22" 24' and
East Longitude 95  04' in Nyaunggan village tract (including Nyaunggan village,
Ywatha village and Oakaie village) of Budalin township, Monywa district,
Sagaing region and comprise the one- inch topographic reference sheet
No .84 N-3.

The study of geographical background, geological background and the
distribution of the metallic raw materials are important for several reasons. From
this study, we got many facts that provide the understanding of human culture.
The role of Mainland Southeast Asia region is closely joined to the great river
systems. The geomorphological setting of these rivers was undoubtedly the key
to early Asian hominid and also provides insight into earlier hunter-gatherer
adaptations. The Anyathian culture, one of the prominent stone artifact traditions
in Mainland Southeast Asia spanning the Pliestocene and Holocene, were found
in the central belt of Myanmar and the extensive terraces along the Ayeyawady
River and adjacent up land area. In the lower Chindwin River valley, Neolithic
polished stone tools and stone rings are found in abundance. As a result of the
study of geographical background, geological background and the distribution of
the metallic raw materials, the raw materials of these stone tools were obtained
around the region. By studying soil profiles, we can assume that there may be
two groups or two closed periods. One group or one period interred the deceased
near the settlement area and the other one interred at a separate place in an
especially hilly area.

According to the recent excavations and radiocarbon dating, the sites were
confirmed as Bronze Age sites of Myanmar. Three areas, situated south of
Oakaie village were excavated around the place of very dense scattered ancient
pottery and lithics on the surface. These test pits have produced many postholes,
indicating ancient pile-built buildings, with under-floor infant burials and
enormous quantities of ceramics and, especially, production debris for bracelets,
adzes and beads that we find in the adjacent cemeteries. Preliminary dates
suggest a late 2" millennium / early 1% millennium BC activity period for
settlement and industrial activity at what may be Southeast Asia’s largest Bronze
Age site and this essential period for understanding late prehistoric movements of
people, goods and ideas between China, Southeast Asia and India, and vice versa.
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The Identification of Burial Practice and Grave Goods

Burial practices provide significant information for the study of
prehistoric societies. Specific elements express a clear intention of distinction
from what we could call the culture. This study examines the classification of
skeletal remains: burial status (complete/ incomplete, primary/ secondary burial),
the anatomical features of the skeletal remains: sex (male, female and
indeterminate), age (adult, subadult and infant), dental health and other health
indicators. A comparision of different grave goods determined the levels of
hierarchy in society, between not only each individual of Nyaunggan and Oakaie
but also other Bronze-Iron Age sites.

In a comparative study with other Bronze Age site and Bronze-Iron Age
sites in Myanmar, Nyaunggan’s burial practice and associated finds resemble
those of other Bronze and Bronze-Iron Age sites in Myanmar. Bronze tools were
unearthed from three male burial feature of SE-6, SE-23 and M-5, one sub-adult
(SE-12) and six indeterminate burial features, thus suggesting an object of
symbolic meaning that indicated they belonged to an authorized person in their
society. The remains of animal bone expressed the domestication of animal and
ritual practice. The finds of terracotta and animal bone spindle whorls show that
the people of both Nyaunggan and Oakaie could weave. Various sizes and shapes
of earthenware and stone bracelets prove their skillfulness in pottery production
also.

Some associated finds of other Bronze Age site and Bronze-lron Age
sites are more advanced than those of Nyaunggan. For example, bronze packets,
bronze coffin decoration, bronze animals and musical instruments, bronze bowl,
etc. Therefore we can assume that Nyaunggan burial sites are earlier than the
others burial sites.

When we compare with Thailand, the distribution of graves at Nyaunggan
is similar to that of other sites in Thailand, in revealing structured rows of graves,
which include the remains of men, women and children. In Thailand, the dead
were unearthed with grave goods, particularly ceramic vessels and bracelets that
were made of bone and stone even though they are slightly different in feature.
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The remains of cattle and pigs are also common to both countries, and probably
represent mortuary rituals and feasting. *

A group of agate and carnelian stone ornaments were first manufactured
by skilled craftsmen in the context of the Harappan Civilization in the western
part of Southeast Asia during the later part of the 3™ millennium BC. For this
reason, archaeologists have naturally tended to assume that agate and carnelian
beads found in South-east Asia were always imported from India. The most
ancient beads from Southeast Asia, dating from the last centuries BC (Iron Age),
are technically identical and of similar size, or smaller, to those from India.? As
the result of recent excavation of burial sites and production site in Nyaunggan
area, small carnelian beads were unearthed as grave goods and the date of sites is
currently being determined. Animal remains and shelle were also unearthed in
other Bronze-Iran Age sites as not only food offering but also other grave goods.

The ldentification of Prehistoric Copper-base Artifacts from Nyaunggan
Area

The identification of prehistoric copper-base artefacts comprises the
development of metallurgy in the finding of prehistoric copper-base artifacts and
the excavated findings of copper-base artefacts from Nyaunggan area. These
artifacts were identified by using typological and archaeometallurgical analyses
approaches and comparing them with other Bronze-lron Age sites both regional
and interregional. The materials studied were taken from the excavations and
private collections of not only Nyaunggan area but also other Bronze- Iron Age
sites of central Myanmar. These Copper-base artefacts, especially, implements
that were displayed in the National Museum were studied by typology and
comparative study. Other artifacts were the focus in archaeometry analysis by
using optical microscopy and Scanning Electron Microscopy with Energy
Dispersive X-rey Spectometry SEM (EDS) and lead isotopic analysis.

The findings of prehistoric copper-base implements in Myanmar are very
rare in comparison to Stone Age tools. Artifacts which can be definitely assigned

! C.F.W Higham, “The Bronze Age of Southeast Asia: Notes on the Nyaunggan Site, Myanmar”,
Proceeding of the Workshop on Bronze Age Culture in Myanmar (Yangon, 7 January 1999),
Yangon Universities Historical Research Center, 1999, pp.91-92.

2, Bérénice Bellina, Beads, social change and interaction between India and South-east
Asia,https://www.researchgate.net/publication/263620848 Beads_social_change_and_interacti
on_between_India_and_South-east_Asia


https://www.researchgate.net/publication/263620848_Beads_social_change_and_interaction_between_India_and_South-east_Asia
https://www.researchgate.net/publication/263620848_Beads_social_change_and_interaction_between_India_and_South-east_Asia
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to the Bronze Age are extremely rare and not a single site pertaining exclusively
to an early metal-working culture had been discovered until 1998. Nevertheless,
there are evidences of a long tradition of casting bronze objects in the remote
past. It is difficult to trace the provenance of those bronzs impliments because
the provenance of such objects had changed hands over a long period since their
discovery. !

The earliest finds of a prehistoric bronze celt from Bahmo was reported
by J.Anderson in 1871. Another report about the collection of a Bronze age
spear-head and a socketed bronze celt from Shan State was given by H.Balfour in
1901. Thanks to Dr T.O Morris, a British geologist, it has been possible to trace
14 Copper or Bronze Age antiquities of Myanmar origin. In 1938, he mentioned
about fourteen Myanmar Bronze Age antiquities displayed in foreign museums
that had fallen in the hand of private collectors abroad. Eleven out of fourteen
bronze implements are socketed bronze celts and the other three are a bronze
spear-head, a flat bronze blade and a bronze bracelet. Although these bronze
implements were acquired from Shan State, Lower Chindwin and Thayet
Township; the original provenance is unknown. 2

Furthermore the Archaeological Department had acquired ten bronze
objects, viz, seven socketed celts and three spear-heads. All of these bronze
implements are surface finds discovered by chance at places extending from
Kawlin in the north to Thayetmyo in the southern part of Central Myanmar.

From Nyaunggan excavations, eleven copper-base implements were
unearthed. These are two small socketed axes, two medium socketed axes, one
halberd type flared-edge axe, one spear-head fragment, two small arrow-head,
two small spear-heads, one medium spear and one large arrow-head. Of all the
bronze tools, some were associated with pot burials and some found on
inhumation burials.

During the excavation from 2014 to 2016 by MAFM, 4 areas (OAl- 1,
OAI-2, OAI-3, OAI-4 and NYG (1, 2 and 3) 11 test pits south of Oakaie village
and three test pits at Nyaunggan burial ground were investigated. From these

!, Aung Thaw, Bronze Age in Burma, read at the UNESCO symposium on Bronze culture in East
and South-East Asia, Bangkok, 5-9 July 1976, p.1. (Here after cited as Aung Thaw, Bronze Age
in Burma, 1976)

2 T.0 Morris, “Copper and Bronze Antiquities from Burma”, JBRS, Vol XXIII, I, Rangoon,
Burma Research Society, 1938, p. 96. (Hereafter cited as T.O Morris, JBRS, 1938)

¥ Aung Thaw, Bronze Age in Burma, 1976, p.2.
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recent excavations, twelve copper-base artefacts were excavated. Among them,
two axes were unearthed at S-15, OAI-1 in 2014 field season and NYG-3 in 2016
field season. The first one is an axe and the latter is an arrow or spear head. Other
artefects were found in settlement sites: OAI-2 test pit-6 and OAI-3 test pit-1.
These are copper-base row, copper-stained ceramic, bracelet fragments and ring
fragments. They were may be used as of people not as grave goods. The detail
facts of these artefacts are described in following table.

Table 1: The finding of bronze artefacts from Nyaunggan and Oakaie

Sample | Contex | descriptio | Weigh | Lengt | Breadt Cat. No | Source
name t n t(@) | h(m)]| h(cm)
NYG98- | SE-20 socketed 18 5 35 193/14- | National
1 axe 18 Museum
NYG98- | SE-8 socketed 20.3 4.8 3.8 193/17- | National
2 axe 5 Museum
NYG98- | NW-4 socketed 27.7 5.4 3.8 193/14- | National
3 axe 17 Museum
NYG98- socketed 71.6 6.8 5.3 193/17- | National
4 axe 6 Museum
NYG98- | SE-12 socketed 83.9 7.5 5 193/17- | National
5 axe 5 Museum
NYG98- socketed 235.3 13 10 193/14- | National
6 axe 2 Museum
NYG98- M-5 socketed 222.7 15.2 15.2 193/18- | National
7 axe 1 Museum
NYG98- arrow head 8.3 5.2 2.5 193/19- | National
8 14 Museum
NYG98- arrow head | 16.8 5.3 2.3 National
9 Museum
NYG98- | SE-23 | arrow head | 22.4 9 2.5 193/19- | National
10 10 Museum
NYG98- arrow head | 18.5 8 3 193/19- | National
11 12 Museum
NYG98- | SE-23 | arrow head | 20.6 7.8 2.5 193/19- | National
12 11 Museum
NYG98- | SE-23 | spear head | 20.3 6 4.5 193/19- | National
13 frag 13 Museum
NYG98- spear head | 31.7 10 3.8 National
14 Museum
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Sample | Contex | descriptio | Weigh | Lengt | Breadt Cat. No | Source
name t n t(@) | h(m)| h(cm)

NYG98- | SE-9 | spear head 44 115 3.8 National
15 Museum

NYG98- | NW-6 | spear head | 48.8 12.7 3.8 193/19- | National
16 11 Museum

NYG98- | SE-15 | spearhead | 1725 | 215 4 193/14- | National
17 4 Museum

NYG98- spear head | 196.36 31 4.6 National
18 Museum

NYG16- | NYG- | arrow head 30 55006 MAFM
1 3/

50003

OAI14- | OAI-1 | arrow head MAFM
1

OAI15- | OAI-2- awl MAFM
1 6

OAI16- | 30002 | platy frag. 8 MAFM
1 Pointy

OAI16- | 30004 bracelet 1 35003 MAFM
2 frag.

OAI16- | 30004 frag 2 35002 MAFM
3

OAI16- | 30005 ring frag 1 MAFM
4

OAI16- | 30006 bracelet 5 35010 MAFM
5 frag.

OAI16- | 30008 bracelet 1 MAFM
6 frag.

OAIl6- | 30012 bracelet 1 35025 MAFM
7 frag.

OAI16- | 30021 | ring frag. 2 35034 MAFM
8

OAI16- | 30051 | platy frag. 7 35062 MAFM
9 Bracelet

OAI16- | 30086 bracelet 3 35095 MAFM
10 frag.

As a result of the comparative study with other Bronze Age sites in
Myanmar, some implements of Nyaunggan have resemblance with those of Mon
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Htoo Bronze Age burial site ! and of Inde Bronze Age burial site; the spear head
has resemblance with those of Inde Bronze Age burial site.

Despite the fact that three well known porphyry copper deposits at
Sabetaung, Kyesintaung and Letpadaungtaung exist on the opposite bank of the
Chindwin River, the evidence of prehistoric copper smelting: furnace, slag,
crucible, casting mould etc were not found in the Nyaunggan area except copper
stained ceramic from OAI-3 test pit-1 excavation? and eight bronze samples,
perhaps casting spillage as evidence for secondary copper-base production;
refining, recycling and alloying (molten state) or hammering and annealing
(solid-state), were found from the Ya Thae Kone, Oakaie area. Amongst them
three were tested in the University Research Center by using X-ray fluorescence
analysis and five further fragments collected from the same area during an
August 1998 survey. Moreover, a bronze axe from Salingyi, on the opposite bank
of the Chindwin River, was analysed in the Nara Cultural Properties Research
Institute in November 1998 and it showed an extremely high (99.5 percent)
copper content® and one arrow head (NG-V) from a villager was analysed in the
University College London, Qatar. Therefore it is necessary to do further
researches, survey and excavations to find out about metal provenance and
primary copper productions.

After the first excavation of Nyaunggan, other Bronze Age sites and Iron
Age sites were excavated successively. Some of these sites unearthed more
copper-base burial grave goods: mother goddess, kye doke (wire packets), coffin
decorations, whereasf few grave goods were found in the Nyaunggan burial site
except far a few bronze implements. These were copper-base spears, axes, and
ge, halberd-like implements akin to those in Yunnan. *

Myanmar copper and bronze antiquities have no sign of Indian influence.
Between Nyaunggan bronzes and those from northeast Thailand have similarities
specifically from the site of Ban Chiang. ® The presence of human burials

5

cg:cwoé:a?cmmf Qog:c@:caooccamog.'ccocg @3(15509 (Report on the excavation at Mon Htoo ,
Budhalin Township ), 2000

% Field research with MAFM (4.1.16-16.2.2016)

® Moore, The Pyu Land scape: Collected Articles, 2012, p-10.

Elizabeth H. Moore, “Myanmar bronze and the Dian cultures of Yunnan”, The Pyu
Landscape: Collected Articles, Yangon, Ministry of Culture, 2012, p22.

T O Morris, “Copper and Bronze Antiquities from Burma”, JBRS, Vol XXIII, Il, Rangoon,
Burma Research Society, 1938, p96.

Ian G. Glover, “The Past, Present, and Future of Prehistoric Archaeology in Burma”, ASIAN
Perspectives, Volume 40, No.1 Spring,2001,p124.
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accompanied by 11 bronze tools and weapons, but no polished stone adzes and
no iron tools or weapons does strongly suggest that Nyauggan belongs to the
phase in the technical development of prehistoric society where copper-alloy
tools were dominant. The form of some of the axes with rather squarish shoulders
points to connections with South China rather than to Thailand. *

Archaeometallugical Analysis

Archaeometallugical analysis is the analysis of technologically derived
materials and the study of the cultural contexts of those who make use of the
technology. It is the interdisciplinary nature of archaeometallurgical inquiry
which furnishes the breadth of analytical and technological approaches and
understanding the nature of metal technology within its cultural context. This
broad focus is made possible in part by significant advances in the science of
metallurgy, whose developed tools and improved understanding have facilitated
metallographic and elemental analysis of artefacts, providing important clues to
the degree of technological sophistication exercised by ancient metalworkers.?

To identify Bronze Age and Iron Age copper alloying technology and
transmission, twenty three copper-base samples were analysed: 7 samples from
Oakaie, Nyaunggan area, Budhalin township, 4 from Monhtoo, Budalin
township, 2 from Myin Oo Hle: Mahlaing, 3 from Kokkokhahla, Wundwin
township, 1 from Supan: Wundwin township, 1 from Myinthe, Wundwin
township 1 from Ywa Htin, Pyawbwe township, 1 from Htan Ta Bin, Pyawbwe
township, 2 from Hnaw Kan, Mahlaing township and 1 from Kan Thit Gone,
Thazi township. The analytical study carried out at Archaeological Materials
Science laboratories, University College London (here after UCL) in Qatar was
based on optical microscopy and Scanning Electron Microscopy with an attached
Energy- Dispersive X-Ray Spectrometer (SEM-EDS). Six samples out of twenty-
three were subjected to microscopic analysis in the Geology Department and
XRF analyses was undertaken by the Universities Research Center (URC),
University of Yangon and Scanning Electron Microscopy with an attached

! Jan G. Glover, “Observations on a visit to the Nyaunggan archaeological site, Myanmar,
January 2" 4™ 1999 and comments on the further possibilities of research there”, Proceeding
of the Workshop on Bronze Age Culture in Myanmar (Yangon, 7 January 1999), Yangon
Universities Historical Research Center, 1999, pp83-84.

2. Vincent C. Pigott, "Introduction: Archaeomatallurgy and the University of Pennsylvania”,
Expedition: Fall, 1982, 25, 1; Periodicals Archive Online pg. 2 .
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Energy- Dispersive X-Ray Spectrometer (SEM-EDS) analyses in the National
Laboratory in Myanmar.

Again selecting of low corrosion copper, nine of the samples were then
analysed for their lead isotope signature at the Curt-Engelhorn Center for
Archaeomety (Mannheim, Germany), following the protocols of the Southeast
Asian Lead isotope Project. The samples of archaeometallugy analyses are
described in table (2) .

Table 2:  The list of samples of archaeometallugy analysis

No. Sample Description Context Period | Source Type of EIement_aI
Name alloy Analysis
1 NG-1 Circular art. | Nyaunggan BA YU, M Sn UCL ,Q
frag. bronze (SEM)
2 NG- 3 Bronze Oakaie BA YU, M Sn UCL ,Q
ingot bronze (SEM)
3 NG- 6-1 Bronze Oakaie BA YU, M Sn UCL ,Q
ingot bronze (SEM)
4 NG- 6-2 Bronze Oakaie BA YU, M Sn UCL ,Q
ingot bronze (SEM)
5 NG- 6-3 Bronze Oakaie BA YU, M Sn UCL ,Q
ingot bronze (SEM)
6 NG- 6-4 Bronze Oakaie BA YU, M Sn UCL ,Q
ingot bronze (SEM)
7 NG-V Arrowhead Oakaie BA NG, V | Copper/ UCL ,Q
low tin (SEM)
8 MH-1 Bronze frag. | Mon Htoo BA MH, V Sn UCL ,Q
bronze (SEM)
9 MH-2 Bronze frag. | Mon Htoo BA MH, V Sn UCL ,Q
bronze (SEM)
10 MH-3 Ring frag. Mon Htoo BA MH, V Sn UCL ,Q
bronze (SEM)

11 MH-4 Ring frag. Mon Htoo BA Arch, Sn Geol (OM),

Mdy bronze | URC(XRF),

NL(SEM)
12 MOH-S Spearhead | Myin Oo Hle | BA/IA | YU, M | Copper UCL ,Q
frag. (SEM)
13 MOH-B Bell Myin Oo Hle | BA/IA | YU, M Sn UCL ,Q
bronze (SEM)
14 KKH-B Bangle Kokkokhahla | BA/IA | YU, M As UCL ,Q
copper (SEM)
15 KKH-W Wire Kokkokhahla | BA/IA | YU, M | Copper UCL ,Q
Bundle (SEM)
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No. SNampIe Description Context Period | Source Type of EIement_aI
ame alloy Analysis
16 KKH-S Sword frag. | Kokkokhahl | BA/IA | USN Sn UCL ,Q
a bronze (SEM)
17 SP Bowl frag. Supan 1A USN | HighSn | UCL Qatar
bronze SEM
18 MT Spearhead Myinthe 1A USN Copper UCL ,Q
frag. (SEM)
19 HTP Bowl frag. | Htan Ta Pin 1A Arch, Sn LAPA
Mdy bronze ICEA
20 HK-1 Wire Hnaw Kan 1A Arch, | Copper | Geol (OM),
Bundle Mdy URC(XRF),
NL(SEM)
21 HK-2 Bowl frag. Hnaw Kan 1A Arch, | HighSn | Geol (OM),
Mdy bronze | URC(XRF),
NL(SEM)
22 YH Spearhead Ywa Htin 1A Arch, Copper | Geol (OM),
frag. Mdy URC(XRF),
NL(SEM)
23 KTG Coffin Kan Thit 1A Arch, Sn Geol (OM),
decoration Gone Mdy bronze | URC(XRF),
NL(SEM)

( BA= Bronze Age, 1A= Iron Age, YU= University of Yangon, M= Museum, NG=
Nyaunggan, MH= Mon Htoo, V= villager, USN= U Soe Naing's collection, Arch Mdy=
Archaeology department(Mandalay), OM= Optical Microscopy, frag= fragment )

Preliminary Metallographic Identification and Compositional Analysis

Metallography is the application of microscopic techniques to sections or
polished surfaces of ancient metallic materials for the purpose of gaining
information concerning composition, microstructural components, extent of
corrosion, or method of fabrication. Metallography was first applied to
archaeological materials in the early decades of the twentieth century and has
been of use to archaeologists ever since.

Metallography can help to inform us about the use and value of metallic
materials in the past as well as aspects of their extraction from ore and
subsequent fabrication into finished artifacts. The primary distinction to be made
in a great number of initial studies concerns whether the metal or alloy has been
cast to shape, or whether it has been worked and annealed to shape. Often,
artifacts are selectively worked by hammering to harden them. This kind of
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evidence may demonstrate technological and sociocultural differences between
metalworkers and metal-using societies as they relate to production practices.*

Once, a small sample is mounted in resin for reflected light microscopic
analysis and subsequent chemical analysis using SEM-EDS, the samples are cut
and placed face-down onto a clean resin mould. A label, containing sample 1D, a
brief description, researcher name and the date, is added to the mould, which is
subsequently filled with epoxy resin. This is prepared as a 4:1 mixture of epoxy
and resin hardener. Due to the often high porosity of crucible samples, it is
necessary to place the moulds in a vacuum for a short period, to draw the air out
of the pores and fill them with resin (Large pores in the polished surface of the
sample can lead to charge build-up during SEM-analysis, which suppresses the
electron beam and disturbs analysis). The samples are left to harden under a fume
extraction vent for 24 hours at room temperature.

The hardened samples are then removed from the moulds and ground to
create two flat parallel surfaces. Next, the surface exposing the sample is ground
using abrasive paper, starting from a rough grit size (P120) and progressing to a
finer grade (P320 P600-P1200- P2500-P4000) (The two last steps of grinding can
be facilitated by the use of a Buehler MetaServ 3000 Variable Speed Grinder-
Polisher with Vector LC Power head). The sample is cleaned using running water
between each paper grade, while a quick microscopic investigation shows
whether the marks of the previous grade have been removed and the next grade
can be started. After the P4000 grit, the sample is cleaned in ethanol in an
ultrasonic bath and dried. Finally, three polishing steps are performed, using
cloths with consecutively 3 micron, 1micron and 1/4 micron diamond paste by
hand. After each of these two steps, the samples are cleaned in the ultrasonic bath
and dried. The finished samples are then stored in a dry environment to avoid
hydration/oxidation at the sample surface.

Metallographic investigation of the polished section utilizes the Leica for
reflected light microscopy of metallographic cross section to identify the
microstructure and was used to study the overall texture, for initial phase
identification, and corrosion assessment. In the first instance, microstructure
images were observed by plain polarized light (PPL) and then by cross polarized
light (XPL) in different magnification at their polished condition, as natural

! pavid A Scott, "Metallography and Microstructure of Metallic Artifacts" , Chapter-4,

Archaeometallurgy in Global Perspective, NewYork, Springer, 2014, p- 67
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corrosion was sufficient enough to reveal the microstructures of most samples.
Etching of the samples was not done in order to preserve the corrosion products
and oxidized metal inclusions, and to avoid distortion of surface chemistry prior
to chemical compositional analyses.

The range of features that may be observed in prepared metallographic
sections is variable and depends upon the type of specimen examined and how it
is prepared. To get more information from a small sample from an artefact,
metallographic studies should be integrated as far as possible with contextual
data, provenance, chemical composition, and technology of manufacture. Further
more, one of the most useful aids to the study of ancient metals is the equilibrium
diagram, so called the phase diagram. Since many alloys are mixtures of two or
three different components, phase diagrams are used to plot temperature against
composition and to map out the different phases which occur at varying
compositions or temperatures in the system concerned.

To examine with SEM- EDS, polished sections were carbon coated (in
UCL) and gold coated (in NL). In UCL, SEM-EDS was carried out using
Scanning Electron Microscope (JEOL JSM6610-LV) with Energy Dispersive X-
Ray Spectrometer (Oxford Instruments X-Max) and Polished sections were
observed in secondary electron (SE) and backscattered electron (BSE) modes,
and analyzed using the EDS system. Operating conditions for data analysis were
as follows: HT (Accelerating Voltage) of 20kV; Working Distance (WD) of
10mm; Spot Size, generally around a value of 60, dependant on state of filament;
Dead Time (Aztec) upon analysis on cobalt standard of 40%. The SEM-EDS was
also used to photograph and analyse the individual phases visible within the
structure and to determine the chemical composition of individual phases and
bulk composition of selected areas. Two to five micro-areas were analyzed in
each sample and the mean value of these micro-areas was calculated and used as
quantitative result for that sample, in order to reduce the error caused by potential
heterogeneity of samples.! The SEM permits the detailed investigation of the
microstructure of metals and the composition of an artifact. Compositional results
of the 23 samples are listed in Table (3). The results are presented excluding the
measured oxygen content included to indicate the corrosion condition of the
metal.

! Laboratory work by researcher at the Matrials Science Laboratories in UCL, Qatar
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According to the differences of alloying and impurity elements in
analytical results, we can divide it into 4 categories: (1) copper, (2) copper
arsenic (3) low tin bronze, from 1-18% tin and (4) high tin bronze, from 18-
30%tin. By analyzing the prepared mounted samples with reflected microscope in
plain polarized light (PPL), the colour of metal is a little orange, the corrosion is
gray where as in cross polarized light, the colours of metal and corrosions
become totally different: the metal become dark and corrosions become green
(malachite Cu,CO3(OH), ) and/or red (cuprite Cu,0) depending on the minerals.

(1) Copper

This category consists of six samples in which copper is the major
element between 80% to 98% with minor element between 0.1 to 1.9 % of
Sulphur and Iron. According to the structure, they are as-cast: structure as the
form of casting without hammering. As-cast copper often has equiaxed grains
with cuprous oxide (Cu,0) and copper sulphide (Cu,S) at grain boundaries. With
this, metal grains can be recognized.

(2) Copper arsenic

This category consists of one sample in which the major elements are
copper Cu , 82.7% and arsenic As, 3.5%. Arsenic can dissolve in copper to form
a solid solution and will develop coring segregation under normal casting
conditions. This sample has a lot of corrosion. This corrosion shows the grain
used to be more or lass the same size in each direction which could be an as-cast
structure.

(3) Low tin bronze, from 1-18% tin and (4) high tin bronze, from 18-30%otin

Eleven samples belong to the low tin bronze category whereas five to
high tin bronze. During solidification from melt, coring segregation of tin in a
solid solution with copper will form a brunch-like dendritic microstructure of as-
cast tin bronze. In these samples, we can see coring that is the segregation of an
alloy successive freezing to the solid. Zones are formed, especially in dendritic
castings in which a continuous series of small changes in composition occur as
the dendrite arm is formed. This is slightly different in compositions. The grain
boundary materials typically have slightly higher concentration of elements other
than copper which could be just a small amount. They push into the liquid as a
solid copper form. That is less and less liquid as in a cooling the object more and
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more solid. But less and less liquid is forming around the growing crystal of
copper and the richer and richer is the alloy element. In high tin bronze of
18-30% tin there is a redeposit of pure metallic copper corrosion in pink colour.
Among these, SP microstructure is different in other. In which rounded particle,
elongated rounded particle. There are also martensitic (needle like) structure in
the gray area. Dentrict copper axis is a and filling in materials is the corrosion
product. If it is tin bronze, we can see the corrosion product of redeposited pure
copper within the object. Microstructure, techniques and composition of sampls
are described in Table' (3)

! These analysis were carried out with Dr Myrto Georgakopoulou, UCL, Qatar.
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Lead Isotope Analysis

In addition to the chemical composition of an object, another key attribute
that can be measured is the isotopic composition of some, or all, of the elements
in that object. Isotopes are different versions of the same element, which differ
only in their mass. The chemical identity of an element is determined solely by
the number of protons in the nucleus, though the number of neutrons can be
variable. ' Elements of high atomic number generally show no measureable
isotope fractionation in the natural environment. However some elements such as
lead consist partly of isotopes that are products of radioactive decay.
Nevertheless, lead isotope ratio of single artifacts can be compared with those of
an ore deposit. If they are different, then it can be concluded that the artifacts do
not derive from the specific ore source. ?

Selection of low corrosion among the twenty three samples, nine of the
samples were then analysed for the lead isotope signature at the Curt-Engelhorn
Center for Archaeomety (Mannheim, Germany), following the protocols of the
Southeast Asian Lead isotope Project. These lead isotope data signatures are
shown in figure (1) with also regional primary copper production sites data: Nil
Kham Haeng and Non Pa Wai (Khao Wong Prachan Valley, central Thailand),
Phu Lon (northern Thailand), Puen Baolo and Thong Na Nguak (Sepon, central
Laos). ®

L A. Mark Pollard and Peter Bray, "Chemical and Isotopic Studies of Ancient Metals" , Chapter-

10, Archaeometallurgy in Global Perspective, NewYork, Springer, 2014, p- 226

A. Mark Pollard and Peter Bray, "Chemical and Isotopic Studies of Ancient Metals" , Chapter-
10, Archaeometallurgy in Global Perspective, NewYork, Springer, 2014, p- 248

T.O. Pryce et al, “Southeast Asia’s first isotopically defined prehistoric copper production
system: When did extractive metallurgy begin in the Khao Wong Prachan Valley of Central
Thailand”, Archaeometry 53,1, University of Oxford, 2011, pp. 146-163.

2.

3.
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The lead isotope data provide several potential matches of interest:

1. the uncorroded bronze ring from Mon Htoo appears consistent with the
Sepon copper source in central Laos ; 2. this seems also to be the case for one of
the Nyaung'gan 'ingots' but this sample was highly corroded and may have been a
leaded bronze, which is not consistent with the Sepon product; 3. the copper
'spear’ from Myinthe is consistent with the signature of copper wires from
Nyaung Gon and Kan Gyi Gon, themselves suggesting a link with the copper
production locale of Phu Lon in northern Thailand; 4., the bowl from Supan
appears to be a true high-tin bronze bowl, in that it presents both the elemental
composition (c. 23 wt.% Sn) and microstructure of a hot-worked beta bronze. In
late prehistoric Southeast Asia such bowls are thought to derive from exchange
networks with India. Reference to the SEALIP database indicates strong
consistency with high-tin bowl! isotopic patterning, in particular with two
examples from the 4th c. BC cemetery of Ban Don Tha Phet on the Upper Thai-
Malay Peninsula.® Moreover, some signatures do not match any of the known
Southeast Asia copper sources. These signatures may be represented as different
from other copper resources that are not known yet now. To verify copper
resources, the result of Latpadaungtaung copper is still awaited.

The Identification of Prehistoric Ceramic from Nyaunggan Area and Dating

The excavated findings of ceramic from Nyaunggan and Oakaie sites
described similarity and differences between two sites by examining the quantity
of ceramic grave goods and a preliminary study of thin section petrological
analysis. As the results of comparison, the technical similarities could be
highlighted between the vessels of the two sites: use of paddles and use of
corded-marked impress, especially for large jars, systematic smoothing collars
and frequent application of a red slip on the outer surface of the pots. The aims of
ceramic petrography are compositional characterization, classification,
interpretation of provenance and reconstruction of technology. In this
dissertation, the preliminary study of petrographic analysis, 64 samples from the
excavation of Nyaunggan, Oakaie-1,2,3,4 and some other Bronze- Iron Age sites
were identified by using ceramic  optical Microscopy. Compositional

! Kalayar Myat Myat Htwe et al, Metallurgical traditions and metal exchange networks in late
prehistoric central Nyanmar, ¢,1000 BC to ¢.500 AD, Poster of 41% International Symposium
on Archaeomety, 15-21 May in Kalamata, Greece , 2016.
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characterization, classification, interpretation of provenance and reconstruction of
technology will be identified for further study.

The dating of Oakaie was carried out from human bones, shells and
charcoals by using apatite dating and **C dating while Nyaunggan was dated
indirectly by comparing the burial grave goods of Oakaie sites. Preliminary dates
suggest a late 2" millennium/early 1% millennium BC activity period for
settlement and industrial activity at Southeast Asia’s Bronze Age sites.

Conclusion

The study of geographical background, geological background and the
distribution of the metallic raw materials are important for several reasons. From
this study, we got many facts that provide understanding of human culture. As a
result of the study of geographical background, geological background and the
distribution of the metallic raw materials, the raw materials are avaliable in the
region.

In the comparative study with other Bronze Age site and Bronze-Iron Age
sites in Myanmar, Nyaunggan’s burial practice and associated finds resemble
those of other Bronze and Bronze-Iron Age sites in Myanmar. Some associated
finds are more advanced than those of Nyaunggan. For example, bronze packets,
bronze coffin decorations, bronze animals and musical instruments, bronze bowl,
etc. Therefore we can assume that Nyaunggan burial sites are earlier than the
others burial sites. When we compare it with sites in neighbouring country,
Thailand, the distribution of graves at Nyaunggan sites are found to be similar to
that of Bronze Age sites in Thailand, in revealing structured rows of graves. In
Thailand, the dead were unearthed with grave goods, particularly ceramic vessels
and bracelets made of bone and stone even though they are slightly different in
feature. The remains of cattle and pigs are also common to both countries, and
probably represent mortuary rituals and feasting.

Accordingly, archaeometallurgical research on copper- based artifacts,
shoe that most of them are tin bronze artefacts. Few are arsenic copper and leaded
copper. Some are unalloyed as-cast coppers. Among these analysed samples, all
of copper- base implements (spear heads and arrow head) are unalloyed as-cast
coppers. Probably these would have been soft metals. They might not have been
functional implements. They might have been used as significant objects relevant
to worth, authority or rank. These kinds of implements were also found in
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neighbouring country. The lead isotope data provide several potential matches of
interest. Some signature of Nyaunggan and Oakaie copper-based artefacts appear
consistent with other Bronze-lran Age sites of Samon Valley and also indicate
strong consistency with the known Southeast Asia copper sources. Moreover,
some signatures do not match any of the known Southeast Asia copper sources.
These signatures may represent different other copper resources that are not
known yet now. Whilst sample numbers remain low archaeometallurgical
research on typologies, alloys compositions, working techniques and raw
materials indicates that central Myanmar was connected to regional and inter-
regional exchange systems throughout the 1st millennium BC.

The result of identification of ceramic of Nyaunggan sites indicate that
they resemble other Bronze Age and Bronze-lron Age sites in Myanmar. It
assume that some types of pottery had spread to Chindwin valley area and Samon
Valley area of Bronze and Bronze-Iran Age sites. When we compare the typology
of Nyaunggn ceramics with that of other neighbouring countries, they are found
to have similar forms but different in style and decoration. As the results of
radiometric absolute dates, OAI-1 is currently interpreted as a graveyard of
Bronze Age of the early 1st millennium BC. Of the six carbon datings of OAI2,
there is a greater likelihood that three belonged to the 10th and 8th century BC,
whole the remaining three belonged to the later period of 11th, 12th and 13th
centuries. These dates represent the residential activity (post holes, etc.) by a
population that had access to copper alloys, including the Bronze Age.
Preliminary dates suggest a late 2™ millennium / early 1% millennium BC activity
period for settlement and industrial activity at what may be Southeast Asia’s
largest Bronze Age site. This is the essential period for understanding late
prehistoric movement of people, goods and ideas between China, Southeast Asia
and India, and vice versa.

Summary

The subject of this report is the research work of the PhD dissertation: "The study
on the Bronze Age cultural context in Nyaunggan”, the first recovered Bronze
Age site. The excavations were carried out four times in 1990s and three times
recently between 2014 and 2016. Utilizing the comparison and technological
approach, this report concerns the identification and explanation of technological
transmissions, sharing of knowledge, movements of objects and ways of life in
prehistoric times especially in the Bronze Age between regional and inter-
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regional areas. To describe the Bronze Age culture, the study summarizes and
examines geographical background of area, burial practice and their grave goods
but among them copper-base artefacts, especially, focused on archaeometry
analysis by using optical microscopy and Scanning Electron Microscopy with
Energy Dispersive X-ray Spectometry SEM (EDS) as well as lead isotopic
analysis and ceramic petrographic analysis by optical microscopy. Resulting
analytical data were used to carry out technological reconstruction of metal
working and exchange networks. As the result of these examinations it can be
shown that Myanmar was connected to the regional and inter-regional exchange
systems throughout the 1 millennium BC.
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ANDAT INLE LAKE, MYANMAR

Myat Mon Thin”

Abstract

Environmental impact of the use of phosphate fertilizers was studied in
different environmental compartments, namely soils, freshwater and lake
sediments. The investigation focused on radionuclides present in fertilizers
and cultivated soils, and their decay in time. The radionuclides, 2Th, **Ra,
22Th and “°K were detected in soil samples treated with GTSP 46% and SSP
16% fertilizers. The decrease of radionuclides content in soil samples with
time was due to percolation of radionuclides along the soil profile. At Inle
lake, carbonate equilibria dominated the lake water hydrochemistry. The
intense photosynthetic activity induced endogenic calcite precipitation in
summer. Isotopes of the water molecule indicted that lake water was affected
by evaporation, suggesting that the lake was continuously fed by inflow water,
the residence time was shorter than one year and lake water was not stratified.
The relatively short residence time and calcite precipitation likely prevent the
accumulation of anthropogenic contaminants and nutrients in lake water. In
the bulk sediments, calcite was the most abundant mineral, followed by
quartz, mica/illite, kaolinite, aragonite and hematite. Calcium is the most
abundant element in lake sediment, followed by Al, Na and K, all elements
contained in detrital minerls and associated heavy metals. The more enriched
content in Tot-P was found in the floating gardens areas, due to the use of
chemical fertilizers and other anthropogenic sources. The rank order of P
fractions allowed classifying Inle lake as mesotrophic, potentially shifting to
eutrophic. In soils the danger exists of an accumulation of radionuclides in
cultivated areas, which would result in an enhanced dose potentially affecting
the environment. At Inle lake there is little danger of an accumulation of
nutrients and inorganic contaminants in the water, but a progressive storage in
the lake sediments, from where they could be released in the future, in case of
a change in environmental conditions.

Keywords: radionuclides; anthropogenic; evaporation; hydrodynamics;
residence time

“Dr, Assistant Lecturer, Department of Physics, University of Mandalay
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Introduction

Chemical fertilizers, especially phosphate fertilizers, are very important in
agriculture as a means of sustaining soil fertility and increasing the productivity
of croplands for hunger reduction. However, they may constitute one source of
heavy metals to the environment in addition to other anthropogenic sources from
mining, smelting, metallurgical and chemical industrial activities. Particularly,
the application of phosphate fertilizers significantly increase the radioactivity
level of cultivated soil as compared to soil from barren land.

Inle Lake, the second largest lake in Myanmar, is seriously threatened by
anthropic activities on the lake sides and in its drainage basin. One of the main
problems is related to the decrease in the open water surface, estimated to as
much as 32.4% between 1935 and 2000. This is due, on one hand, to an increase
in sedimentation caused by accelerated soil erosion, as a consequence of
deforestation in the watershed. On the other hand, shrinkage is due to the
expansion of floating gardens. Direct environmental impacts associated with
agriculture activities within the wetlands and margins of the lake include
sedimentation, eutrophication and pollution.

A second major problem relates to the lake water quality as a
consequence of improper sanitation infrastructures. In addition, agrochemicals
are widely used in floating gardens, especially for tomato cultivation, and the
unregulated use of pesticides affects the transparency of the lake water,
threatening the biological diversity of local flora and fauna.

This study investigates the phosphorus dynamics and fate in a water body,
studied through mineralogical, geochemical, isotopic, and heavy metal analysis
of water and sediments, and in cultivated soils applied with phosphate fertilizers,
studied through radioactivity analysis. The specific objectives of this work are to
assess the radiological risk of use of phosphate fertilizers in cultivated soil from
environmental hygiene point of view, to characterize Inle lake water from a
physicochemical and isotopic point of view, to analyze the chemical and
mineralogical features of lake sediment, to determine the dynamics of
phosphorus distribution within lake water body, to express the useful information
of heavy metal content in lake sediment and to provide the useful information on
the anthropogenic impact on the lake ecosystem as a premise for the correct
management of this valuable water body.
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Study Area
2.1. Phosphate Fertilizers Applied Plantation Area, Mandalay, Myanmar

The present study was carried out in the agricultural field of Marfels
ground, Mangi Inn Village, Pyin Oo Lwin Township, Mandalay. Marfels
agricultural field is located about 17 km southeast of Mandalay, 64 m (210 feet)
above sea level (a.s.l.), 21°58'-21°98" N, 96°08'-96°50' E and on the road to
Yeywar hydroelectric power plant. This field lies along the Sagaing Fault.

Marfels field falls in a tropical wet and dry climate. It is also features wet
and dry seasons of nearly equal length with the wet season (May—October) and
the dry season (November—April).

The soil profile before experiment is sandy loam soil type with pH is 8.04,
organic content is 1.2676% (low), nitrogen (N) is 0.0036%, potassium oxide
(K20) is 0.058% and phosphorus pentoxide (P,Os) is 75.22 Ib/ac. Calcium and
magnesium contents are 20.49 me/100g and 2.879 me/100g, respectively.

2.2. Inle Lake, Southern Shan State, Myanmar

Inle Lake is situated in Naung Shwe Township, Southern Shan State
(20°27-20°40' N, 96°52'-96°57' E, 870 m a.s.l.) Fig. (2.1). The lake watershed is
characterised by a large, flat valley running N to S, surrounded by mountain
ranges. The lake is irregularly shaped, with a present-day average length of
18 km and a width of about 6 km. The main contributor is the Nanlit Stream, with
headwaters 16 km N of the inlet to the lake. The river course, while crossing the
northern part of the basin, appears to have been rectified and is periodically
dredged to facilitate motorboat circulation. At the entrance of the lake an
important fan can be observed from satellite images, extending for more than
1 km south and testifying for the large input of sediments carried by the stream.
Several other contributors are present: those flowing from the west, especially the
Kalaw Stream, originate large alluvial deltas, whereas the eastern border of the
lake is more abrupt due to the proximity of the mountain range. The only lake
outlet flows to the S, entering the Thanlwin River.

The basin is located in the Shan Plateau, belonging to the Sibumasu
block, and mainly constituted by Permo-Triassic carbonates.

The hydrographic network in Myanmar is strongly conditioned by the
recent tectonic activity, and particularly by the movement of the eastern
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Himalayan syntaxis. The watershed is located about 50 km E of the tectonically
active Sagaing fault. Recent neotectonic studies indicate that the Inle lake
watershed develops along a right-lateral strike-slip fault running parallel to the
Sagaing fault; the lake itself is bordered on the east side by the Taunggyi normal
fault, showing a complex geometry and determining the asymmetrical shape of
the basin. Tectonic movements therefore affect the sediment transport and the
development of the river deltas.

The drainage area and storage capacity of the lake have been estimated at
5,612 km? and 3.5x10" m?, respectively, while annual inflow and water residence
time are estimated to 1.1x10% m® year * and 0.32 years.

The climate in the lake area is humid subtropical (Cwa according to the
Koppen-Geiger climate classification) with three seasons: summer, rainy and
winter. Approximately 70% of the annual rainfall occurs in July, August, and
September: the mean annual rainfall measured in 2000-2013 is 984 mm,
generally occurring on 80 individual days. Mean air temperature near the lake
ranges from 16.5°C to 25.0°C. Average daily humidity ranges from 48% in
March to 79% in the rainy season. The depth of the lake seasonally fluctuates,
from about four meters in summer to seven meters in the rainy season. In the last
years, and especially in 2010, the lake has experienced dramatic drops in the
water level during summer (e.g. during the March 2014 sampling campaign did
not exceed 2.0 m).

Fig. (2.1) Location of the study area
in Myanmar and of the sampling
stations: black dots = one-year water
sampling and sediments; white dots
= March 2014 sampling; white
arrows = in and out flow directions;
background image = digital
elevation model produced using
Yz | publicdomain - CIAT-CSI SRTM
4 data; Myanmar map produced using
public domain data (available from
www.naturalearthdata.com)
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Materials and Methods
3.1. Radioactivity Analysis from Cultivated Soil

In order to assess the concentration of primordial, two commonly used
phosphate fertilizers namely triple superphosphate fertilizer GTSP46% and single
superphosphate fertilizer SSP 16% were collected from the local market. Soil
sampling campaigns were carried out in the months of June—August, 2012 and
2013. Eighteen samples of soil were collected from the field of garlic chives in
the Marfels agricultural field. Barren soil was taken from the undisturbed areas.
Control, soil sample, was taken from the field without fertilization. The
experimental beds were fertilized with GTSP46% and SSP 16% at the rate of
12 g/kg of soil (800 kg/hectare). One soil sample was immediately collected after
putting phosphate fertilizers and named “one day soil sample”. Also, the
collection of soil samples was performed at one, two, three, four, five and six
weeks after fertilization. Indeed, after six weeks from fertilization, garlic chives
were harvested. The soil samples were collected from the top surface layer to
20 cm depth in each plot using the soil sampler. Soil samples were dried in the
room temperature for 5—6 days, grounded into fine powder using mortar and
pestle and sieved through a 2 mm mesh. One kilogram of homogenized sample
was weighted and packed in a polypropylene bag and sealed tightly for about one
month to ensure the equilibrium has been reached between **Ra and its decay
products of short half-life and *Ra and its decay products before being taken for
analysis. A Gamma-ray spectrometer with Nal(TI) scintillation detector at the
Department of Physics, University of Mandalay, was used for analysis of
radioactive substances in the samples. The physiochemical characters of soil and
were also analyzed at the Department of Agricultural Research, Yezin, Nay Pyi
Taw, Myanmar.

3.2. Analysis of Water and Sediment Samples from Inle Lake

A one-year hydrochemical and isotopic monitoring was conducted,
collecting surface water samples from 5 study sites, selected based on their
position and environmental setting. Sampling campaigns were performed in
August, September and October 2013 (rainy season), in November 2013 and
February 2014 (winter season), and in May 2014 (summer season). A more
detailed water sampling campaign was carried out in March 2014 (summer
season), increasing the number of sampling stations and collecting both surface
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and bottom water Fig. (2.1). Only during this last campaign, water depth, surface
temperature, pH, Eh, and alkalinity were measured in the field. Finally, a water
sample from the Khaung Daing natural hot spring located near the lake was also
collected. In the laboratory, all water samples were (re)analysed for pH, electrical
conductivity and alkalinity (by titration). Major ion contents were determined by
ion chromatography at the University of Pavia.

Stable isotopes of the water molecule were determined by Wavelength-
Scanned Cavity Ring-Down Spectroscopy (WS-CRDS) at 1SO4 in Italy. Water
samples from the March 2014 campaign were also analysed for §"*Cp,c using the
gas evolution technique. Results are expressed in %o vs V-PDB, with an
analytical uncertainty of +0.2%o.

Nine sediment cores were collected in October 2013 by inserting a
metallic tube of 5 cm diameter into the lake bottom. Only the deepest portions of
the sediment core, corresponding to a depth of about 100 cm from the sediment-
water interface, depending on the location, were retained for mineralogical
analyses. A more detailed sediment collection was carried out in March 2014
(summer season) increasing the number of sampling stations and collecting
dredged bottom (sediment-water (s/w) interface layer) sediment at 16 sites, and
also sediment cores at 10 sites Fig. (2.1). Cores ranged from 40 to 85 cm in
length. Cores were immediately cut in 5 cm slices, wrapped with polythene
bags to prevent oxidation, and put into the polyethylene container. The collected
samples were transported to the laboratory at University of Pavia. Sediment
samples were dried at room temperature for 2-3 days. Major shells were
eliminated by manual picking and the sediment was ground to fine powder in an
agate mortar. The mineralogical composition of sediment samples were measured
by XRD powder diffraction at the University of Pavia. Five sediment samples,
selected based on their calcite content, were analysed for the isotopic
composition of carbonates (8"3Ccacos and 8™®0cacos) at 1SO4 in ltaly, using the
procedure described in, with results expressed with the usual %o notation vs
PDB. In this study, the trace metal concentration of sediment samples was
analyzed by Code 1EX Total Digestion ICP/MS at the Activation Laboratory,
Canada. Phosphorus in solution was determined by spectrophotometry using the
molybdenum blue method with ascorbic acid and the spectrophotometer HACH
DR 2800. For SEM analysis, twelve sediment samples were selected based on
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their chemical content. The selected dried SEM samples were analyzed using
SEM (MIRA3 TESCAN) at University of Pavia.

Results
4.1. Physicochemical Parameters of Cultivated Soil

The soil type in the Marfels agricultural field is sandy loam. Available
P,Os of the soil is high. The soil pH is 8.04 and alkaline soil, and the Calcium
content is very high. The Calcium content of water used in this study is high and
pH is 7.78 (slightly alkaline).

4.2. Radioactivity in Cultivated Soil

The radionuclides ?®Th (239keV),?®Ra(343 keV), #?Th (612 keV) and
K (891keV) are present in soil samples treated with GTSP 46% and SSP 16%
fertilizers. The radioelements, ?Th (239 keV), ®Ra (343 keV), ***Th (612 keV)
and “°K (891keV) are also present in barren soil and control. Previous studies on
the analysis of radioactivity in phosphate rocks and their products indicated that
the phosphate fertilizers contain the radioelements *Ra, *®Ra, #*Th, **Th and
9K and their concentrations depend on the origin of fertilizer manufactured.
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Fig.(4.1) Comparison of the net count Fig.(4.2) Comparison of the net count
rate of radioelements in GTSP 46% rate of radioelements in SSP 16%
fertilizer and soil samples fertilizer and soil samples

For ?®Th, the net count rate in soil sample treated with GTSP 46%
fertilizer indicates that there is no significant change within 2 weeks and it
gradually decreases after 2 weeks (R°=0.786), reaching the same level as control.
From the results, the net count rate of ®Ra is high in 1 day soil sample, although
it progressively decreases (R?=0.879) to the same level of control, while the net
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count rate of 2*2Th is higher than that in control until 3 weeks and then it also
regularly decreases (R?=0.660) to the same level of control Fig. (4.1). The net
count rate of “®Th in soil sample with SSP 16% fertilizer is high in 1 day. It
slightly decreases (R?=0.899) after 3 weeks, however it does not reach the same
level as control until 6 weeks. For *®Ra, the net count rate in soil sample is
significantly higher until the first 2 weeks, and then it decreases (R?=0.447),
although it does not reach the same level as control. The net count rate of 2Th is
elevated in 1 day soil sample and also regularly decreases (R?=0.853) with time,
reaching the level of control after 2 weeks Fig. (4.2).

4.3. Hydrochemistry

Lake waters are characterised by relatively low electrical conductivity
values (EC range 236 to 489 uS/cm, with higher values in the summer season),
neutral to alkaline pH (range 7.36 to 9.26) and oxidising conditions (range 329 to
457 mV). The more abundant cations are Ca** and Mg?®*, followed by Na* and

K*, whereas bicarbonate is by far the most abundant anion, followed by Cl ",
SOz and NOj. The hot spring water is sensibly different, showing a highest

conductivity (773 pS/cm) and a Na-HCO3 facies. A Piper plot reporting the
seasonal variation in water chemistry is shown in Fig. (4.3).

4.4. Stable Isotopes

Water stable isotopes range from -8.23 to -0.76%o in &'%0 and from -63.6
to -18.1%0 in 5°H. In the rainy season, the isotopic compositions align parallel to
the Global Meteoric Water Line (GMWL), but with a lower d-excess Fig. (4.4)
and close to the isotopic composition of precipitation in Yangon. The isotopic
composition of the hot spring agrees with the mean composition of waters from
the rainy season Fig. (4.4), indicating that, despite its high temperature (70°C), it
is not strongly modified by water-rock interaction processes and could be
representative of the isotopic composition of groundwater in the area.

The isotopic composition of dissolved carbonates (5*Cpic) ranges from -
7.98 to -1.86%0 PDB, with the most depleted values characterising inflow water
and the most enriched values recorded in open lake water. The 5"*Cp,c of the hot
spring water, with the highest bicarbonate content, is the most enriched
(+1.85%o).
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Calcite from sediment cores ranges from -1.34 to 4.67%0 PDB for
613CCaC03 and from -9.13 to -6.67%0 PDB for 6180(;3(;03.

Piper plot

&
£

¥
%
&

Fig. (4.3) Piper plot of Inle Lake
waters in the different seasons. Water
facies range from Ca-HCO3 to Mg-
HCO3, while the hot spring water is

of Na-HCO3 type

4.5. Mineralogy
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Fig.(4.4) Seasonal variation of the
isotopic composition of lake waters. The
composition of the Khaung Daing hot
spring water is also shown. Grey line:
global meteoric water line. Black line:
regression line for Yangon precipitation
data

The results of XRD analyses of the core sediment, the most abundant
mineral is calcite (range from 27% to 100%), followed by quartz (0 to 54%).
Other less abundant, sporadically present, mineral phases are: mica/illite (0 to
33%), kaolinite (0 to 14%), aragonite (0 to 15%) and hematite (0 to 9%). The
clay fraction is mostly composed by kaolinite with lower mica/illite and chlorite,
and traces of smectite. Calcite is not evenly distributed in the lake area: samples
collected at the inflow and outflow show a percentage of about 43%, generally
increasing with depth, whereas within the lake calcite rises up to more than 90%

Fig. (4.5).
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Figre 4.5: Distribution of the mineral phases in core sediment samples (March,
2014 sampling campaign)

4.6. SEM Observation

SEM observations showed a variety of grain morphologies and surface
textures. Grains are medium to coarse in size (4-500 um), and commonly hosts
calcite and quartz inclusions Fig. (4.6)a-b. Sediment sample from site 1 (at inflow
stream) is associated with the abundance of detrital minerals such as feldspar,
calcite and quartz which can be attributed by soil erosion Fig. (4.6)c-f. On the
other hand, grains from massive sediment samples at site 1 are dominated by
mineral aggregates in which calcite is associated with organic matter, it is
probably formed in soil Fig. (4.6)g. Sediment from site 3 (at centre of the lake),
accounting for 90% of calcite, can be distinguished between detrital calcite which
is characterized by rounded shape Fig. (4.6)h and endogenic calcite which is
newly precipitated from open lake water Fig. (4.6)i. The morphology of
endogenic calcite shows superposed layers and is different shape from that of
detrital calcite. Apatite grain is observed in site 4, it can be likely attributed by
the use of phosphate fertilizers in the tomato floating garden Fig. (4.6)j-k. SEM
photomicrographs of vegetal fibres with carbon-coated Fig. (4.6)l. Finally, site
6 is identified by the distinctive morphology of endogenic calcite, it is likely
related to re-crystallization process with the sediment Fig. (4.6)m-n.
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Figure 4.6: SEM images on topography and composition spectra of sediments at
Inle lake

4.7. Chemical Composition
4.7.1. Major Constituent and Heavy Metal Elements

The most abundant element in lake sediments is Ca, accounting for about
30% in weight. This is in agreement with the mineralogical data indicating that
50% or most of the sediment is constituted by calcite, and also testified by the
high correlation factor between these two parameters (r?=0.728). Following in
order of abundance is Al together with Na and K which are contained in
aluminosilicates (such as feldspars and clays): these elements are related to the
detrital input to the lake. This is confirmed by the high negative correlation factor
with the calcite content (r’=—0.773, r’=—0.751, and r’=—0.761, respectively).
Concerning Fe, this element, being insoluble in alkaline and oxic waters, is likely
derived from iron oxi-hydroxides formed in soils, and therefore also indicative of
the detrital input. Mg exhibits a narrow range of contents but, since dolomite is
only sporadically found in sediments, it is likely transported to the lake in
solution Fig. (4.7)a.

The comparison between the elemental composition of lake sediment with
that of a limestone and of a dolomite rock sample, likely representative of the
lithologies outcropping in the watershed, indicate that the elemental
concentrations of limestone sample are generally in the range of those displayed
by sediments, whereas dolomite is always lower in contents, excluding for Mg, S
and Na. On the other hand, the coarse sediment grains which separated by manual
picking from the core collected at site 1, are generally higher than or in the higher
range of concentrations of the sediments, especially for iron, potassium, titanium
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and phosphorus, suggesting that the detrital input may be a source of these
elements to the lake sediments Fig. (4.7)b.

As for the distribution of heavy metals in lake sediments, the most
abundant metal is Mn, which has the same characteristics of Fe: being insoluble
in alkaline and oxic waters, it is likely derived from iron oxi-hydroxides formed
in soils, and transported to the lake by the inflow river. This is also confirmed by
the high correlation coefficient of these two metals (r=0.707). The heavy metal
elements, cobalt, chromium, copper, nickel, lead, vanadium and zinc display
rather homogenous concentration ranges, in the order of terms of ppm. All of
these elements are highly correlated with the detrital minerals (mica, kaolinite
and quartz) and negatively correlated with the calcite content. Less abundant
elements are molybdenum, tungsten and cadmium which do not display any
correlation with the mineralogical composition of the sediments Fig. (4.8)a.

The composition of lake sediments always shows lower concentrations,
when compare to that of rock samples and the coarse sediment grains.
Particularly, the coarse sediment grains, which originate from soil erosion, are
always in the higher range of the sediment composition. Therefore, the
compositional data confirm that accelerated soil erosion and the consequent
detrital input to the lake constitute a major source of potentially toxic elements to
the lake Fig. (4.8)b.
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Figure 4.7: Box and whisker plots for the composition major constituent
elements in Inle lake sediments (March, 2014 sampling campaign)
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Figure (4.8): Box and whisker plots for the composition of heavy metal elements
in Inle lake sediments (March, 2014 sampling campaign)

4.7.2. Factor Loading

In order to classify the sampling sites for their affinity to the group of
studied variables, the data were statistically treated using Factor Analysis with
the software SPSS 16.0 for Windows. This was carried out in an attempt to
further clarify the major controlling factors that determine the distribution
patterns of geochemical characteristics, heavy metals and minerals in the
sediment. Factor loadings obtained from the factor analysis of sediments are
presented to identify the variables associated in each factor. In addition, the
scores of each sample for the extracted factors were saved for further treatment,
aiming to classify the different sampling sites according to the importance of
each identified factor. The factor analysis provides six principal factors that
explain a high percentage (around 90%) of the total variance in all samples, and
also groups the variables in a geochemically reasonable and interpretable manner.
The six factors representing six different groups of variables are described as
follows:

Factor 1, accounts for 60% of the total variance, is composed by the high
positive loading of the allogenic minerals (kaolinite, mica/illite and quartz) and
heavy metals (Ba, Be, Li, Na, K, Rb, Cs, Al, Fe, Mn, Co, Cr, Cu, Ni, Pb, V, Zn,
TI, Bi, Sn, As, Ag, Sc, Ti, Y, Zr, La, Ce, Hf and Th). Factor 2, resulting from the
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analysis explains 10% of the total variance and is mostly composed by the
positive relation of P, U, Cd, Mo and Sh. Factor 3 accounts for 8% of the total
variance. Factor 4, accounts for 6% of the total variance is characterized by the
negative loading for Ca, Mg and Sr. Factor 5, explains 4% of the total variance.
Factor 6, accounts for 2% of the total variance, is composed by Au and S.

4.8. Determination of Phosphorus Pool
4.8.1. Water content and Organic Matter Content

The water content of investigated sediments was generally low, ranged
from (1% to 7%). The organic matter (OM) content in the sediments, measured as
percentage of loss on ignition (LOI), ranged from 8% to 60%. Obviously, the OM
contents in sediment at site 4/1, 4/2, 4/3 are higher than those at the other sites
due to the agricultural waste from the floating garden Fig. (4.9). The organic
matter content in the sediment is strongly positively correlated to the organic
bound P (r?=0.817). It is also positively correlated to the Tot-P (r*=0.519).

4.8.2. Total Phosphorus

Sediments in aquatic system can be classified according to their levels of
total phosphorus. Tot-P in the dredge sediments was investigated using the two
different analytical methods. Tot-P obtained by TD/MS was higher than the
results of SMT Fig. (4.10). The reason is that the Tot-P (TD/MS) contains a
residual P fraction that was not released by SMT procedure. Nevertheless, Tot-P
(TD/MS) is strongly correlated to Tot-P (SMT) (r?=0.938), the latter accounting
for about 67% of the former, and allowing to use both Tot-P (TD/MS) and Tot-P
(SMT) for environmental considerations.

In the present study, Tot-P (TD/MS) concentrations ranged from 190 to
3890 mg/kg, with the lowest value at site 11 and the highest value at site 4/1, and
an average value of 1137 mg/kg. The more enriched content in Tot-P is found at
sites 4/1, 4/2 and 4/3, due to the wide use of chemical fertilizers and pesticides in
the floating gardens and other anthropogenic sources such as domestic and
sewage effluents. These sites are followed by site 1 and 2 at the inflow stream,
and site 3/1 at the centre of the lake, where P is related to the detrital inputs from
the streams. The spatial variation in P content with different sites can be ascribed
to a set of differences in natural and human-made activities, such as agricultural
practices (application of fertilizers) and soil erosion in the lake catchment areas.
During soil erosion, orthophosphates can be leached out of the agricultural soils
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and adsorbed directly on the stream sediments or to suspended particles that later
sediment in the stream. This adsorption is partly dependent on the availability of
oxides and hydroxides of Al and Fe in the suspended particles.

The vertical profile of Tot-P in core sediments was obtained by Total
Digestion TD/MS Fig. (4.11). The depth profile of sediment is characterized by
the highest concentration in the shallow sediment (the top layer of the core). The
shallow part of the core is always indicated that the most enriched value in Tot-P,
which can be possibly modified by agricultural runoff (nutrients leaching out of
the catchment) and over fertilization in aquaculture areas. This assessment is
evidently proved for site 4/2 (50-3370 mg/kg) and site 4/3 (40-3220 mg/kg),
partly related to the wide use of phosphate fertilizers in the tomato floating
garden. Tot-P concentrations are significantly higher in the shallow part of the
core, until 30 cm depth, whereas depleted values are observed at the bottom of
the core sediment. The lower values are comparable with those analyzed at site 6
(range 5-320 mg/kg) that is located away from any anthropogenic source. The
background values of Tot-P found at the bottom of the sediment cores are likely
due to the natural level of phosphorus. Obviously, high inputs of detrital P are
recorded at site 2, inflow stream (range 300-1220 mg/kg) and as far as site 3/1,
the centre of the lake, (range 40-870 mg/kg). At site 2, the Tot-P distribution
does not significantly change with depth, likely because the thickness of the
sediment affected by the allogenic inputs from the inflow river is important and
background values are not reached at depth Fig. (4.11).
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Figure (4.9): Water content and organic matter (OM) content in the sediment
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Figure (4.11): Vertical profile of total phosphorus concentration in representative
cores collected at different depth by Total Digestion TD/MS

Discussions
5.1. Radioactivity

According to the results, the decrease of radionuclides content in the soil
sample with time is due to the percolation of radionuclides along the soil profile.
Bolivar et al., (1995) pointed that radionuclides migrate in various ways like
transport, leaching and dissolution from soil to soil and from soils to the aquatic
environment . The results of this study provide the radiological impact of use of
phosphate fertilizers in the soils. This is also confirmed by the IAEA report
(2004) on the use of phosphate fertilizers containing radionuclides are ways in
which the environment are exposed to enhanced doses of radiation.
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5.2. Hydrochemical Processes

The lake water composition is regulated by carbonate dissolution and
precipitation. This is clearly observed in Fig. (5.1)a, where samples all plot on a
1:1 relationship between Ca*+Mg** and HCOs; contents, in meg/L. This
relationship is not displayed by the hot spring water, which is of Na-HCO3 type
Fig. (4.3). It is interesting to note that the Ca/Mg ratio is not constant, and varies
in the different seasons Fig. (5.1)b. Samples collected during the rainy season are
dominated by Ca, whereas in winter and especially in summer, the Mg content
increases parallel to the decrease in Ca, roughly aligning along a —1 slope. This
suggests that calcite precipitation occurs in the warmer months, triggered by
photosynthetic activity and evaporation of the water body.

The role of photosynthetic activity can be evidenced by pH values, which
were measured in the field during the March 2014 campaign. Inflow waters (e.g.
sites 1, 2 and 4) are characterised by pH values < 8.2, and relatively higher EC
values. During photosynthesis, phytoplankton and macrophytes subtract CO,
from the water, displacing carbonate equilibria and causing an increase in pH, up
to > 9 in open lake waters. Such an alkaline pH favours calcite precipitation,
which removes dissolved ions from the solution, as evidenced by the inverse
correlation existing between pH and EC in Fig. (5.1)c. In addition, inflow waters
are characterised by depleted 813CD|C, around -7%o, indicating a contribution from
the dissolution of soil CO, in areas dominated by C4 vegetation. In open lake
waters, the photosynthetic activity by preferential uptake of °C to form the
organic matter induces an enrichment in §°Cpic, as shown by the inverse
correlation observed with EC Fig. (5.1)d.

Lake waters are subject to evaporation, as it will be discussed in detail
later, and the influence of evaporation on calcite precipitation can be traced using
the isotopic composition of lake waters (e.g. 5*°0). This shows a significant
positive correlation with the Mg content in lake waters Fig. (5.1)e and negative
correlation with the Ca content Fig. (5.1)f. This suggests that, while the Mg
content seasonally increases with evaporation, the Ca content decreases because
of calcite precipitation, therefore explaining the relationship between the two
cations shown in Fig. (5.1)b.

An additional confirmation of carbonate precipitation from open lake
waters is the high calcite content determined on sediment samples collected at
site 3 and 4 is high, ranging between 79 and 97%. Nevertheless, detrital calcite is
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also likely present in the sediments, especially in those sampled at the inflow
sites (site 1 and 2), showing a calcite content of 40-50%. Using the §°C
fractionation factor between CaCO;3; and DIC at 25°C (equal to 0.91,), and the
isotopic composition of DIC in March 2014 (about —3.5%o), Fig. (5.1)d the
isotopic composition of newly precipitated calcite should be around —2.5%o.
Besides, assuming that the isotopic composition of the hot spring water is in
equilibrium with the carbonates of the surrounding rocks and considering its
temperature and the relative fractionation factors, the isotopic composition of
detrital calcite could be around +4.60%o. Both these calculated & *Ccacos values
are compatible with the isotopic compositions measured in the sediments.
Therefore, even if based on few preliminary data, the more depleted values of
8Ccacos measured in the sediments could correspond to authigenic calcite
precipitated from open lake waters, whereas enriched values could correspond to
detrital calcite.

Finally, further evidence is provided by the isotopic composition of
5'80cacos. This shows a significant positive correlation with the calcite content of
the sediments. Using the 5'®0 fractionation factor between CaCOs; and water at
25°C, and the mean isotopic composition of lake waters measured in March 2014
(-3.88%o), the isotopic composition of authigenic calcite should be around -6%ovs
PDB. This value is in good agreement with that measured in the sediments
containing the higher calcite percentage.

5.3. Hydrological Processes

In the rainy season and in winter, lake water samples plot on a line
parallel to that of precipitation collected in Yangon, but with a lower deuterium
excess Fig. (4.4). At the end of winter, but mostly during the summer season,
with rising temperatures, evaporation affects both inflow and lake waters. The
slope of the regression line calculated for the March 2014 samples is 3.64,
indicating evaporation under low humidity conditions. Nevertheless, in this
sampling campaign, the difference between the more enriched and the more
depleted compositions is only 1.57%. in 80, indicating, on one hand, that river
waters feeding the lake are already affected by evaporation and, on the other
hand, that the fraction of lake water lost by evaporation is low and/or the lake is
continuously fed with water by the rivers. Also, assuming that the isotopic
composition of the hot spring water is representative of that of groundwater, there
is little evidence of a significant contribution of the latter to the lake.
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In all sampling campaigns, the most enriched isotopic value is displayed
by site 3 at the centre of the lake. Also, at the onset of the rainy season, this
station maintains an enriched isotopic composition in Fig. (5.2), whereas, at the
end of the rainy season it displays a composition in agreement with that of river
waters (site 1). This seasonal behaviour indicates that, during monsoon, the lake
water is fully flushed by the inflow water, and therefore the residence time is
shorter than 1 year.

Finally, the comparison between the isotopic composition of top and
bottom waters collected in March 2014 shows a good correspondence between
deuterium values and only a slight enrichment in §*%0 displayed by top waters,
likely due to evaporation Fig. (5.3). Therefore lake water is not stratified. This
observation is also in agreement with the presence of an oxic environment even
in bottom waters as indicated by positive Eh values and by the presence of
hematite in the sediments Fig. (4.5).

All these findings indicate a highly dynamic system, where water coming
from the rivers continuously feeds the lake, even during summer, therefore
maintaining through-flow conditions. The short residence time is also in
agreement with the previously estimated residence time, as low as 0.32 years.

5.4. Mineralogy Composition

In the sediment, detrital calcite is found to occur at the inflow and outflow
with a content of (30—70%). A calcite content above 90% at the centre of the lake
(site 3), at the floating garden (site 4) and at site 6 indicates the carbonate
precipitation from open lake waters into the sediment. This is confirmed by the
more depleted values of isotopic composition of dissolved carbonates (613CC3CO3)
correspond to the endogenic calcite precipitation [18]. This observation suggests
that endogenic calcite precipitation could significantly contribute to
sedimentation.

The decrease of calcite content corresponds to the increase of other
minerals, the results being expressed in percent abundance. On the other hand,
the mineralogical composition is related to the different location. Obviously, the
sediments at or near the inflow (site 1 and 2) contain quartz (22%), mica (24%)
and kaolinite (9%). This suggests that these sites could be affected by the detrital
inputs from the inflow stream, Nanlit Chaung. In addition, at outflow (site 5), the
sediment shows an even higher presence of quartz (53%), mica (7%), and
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kaolinite (4%) as a consequence of detrital inputs leached from the creeks located
in the western part of the lake watershed.

These detrital inputs are derived from the erosion of the bedrock in the
drainage basin. Previous studies indicated that the bedrock is composed of mostly
limestone, calcareous sandstone and siltstone on lower slopes and at higher
elevations, by low grade metamorphosed sandstone with quartz veins. In the
present work, we also analyzed sandstone samples from the catchment area of the
lake and some coarse grains manually separated from the core at site 1. These
samples contain calcite (80%), mica (17%) and quartz (3%). This result further
confirms the detrital origin of these mineral phases and provides the original
information of mineral composition of bedrock around the catchment area of the
lake.

Finally, aragonite and hematite are present in low amount in the lake
sediments. Aragonite has a biological origin, being the main mineral constituting
shells. Although shell debris was manually separated from the sediment, small
parts may have remained in the samples. It is expected that shell could be more
abundant in still waters rather than in running waters, and indeed aragonite is
absent at site 5, and present in low in sites 1 and 2, rising to higher contents at
site 4. A detrital origin for hematite is generally considered being a common
mineral found in rocks and soils. In our case study, the abundance of hematite is
not limited to sites where the detrital input is more evident. In addition, a
significant positive correlation with aragonite is observed (r’=0.7348). This
suggests a biological role in hematite formation that could be possibly related to
the presence of aquatic plants, or an authigenic formation within the lake
sediments.

5.5. Factor Analysis

The six factors representing six different groups of variables are described
as follows:

Factor 1 reflects the binding of heavy metals to allogenic minerals due to
the contribution of soil erosion. It is also characterized by the high negative
correlation with calcite content. The strongly bipolar character illustrates the
antithesis between detrital input and endogenic calcite precipitation. High factor
scores for factor 1 are observed at or near inflow water (site 1 and 2), indicating a
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detrital origin of the elements and minerals which derive from the erosion of the
rocks and soil in the drainage basin.

Factor 2 can be considered as the “P pollution factor”, due to the
association of this element and to other heavy metals, as commonly found in P
fertilizers. Indeed, phosphorus is highly correlated with uranium (r°=0.8937), as
reflected by the application of phosphate fertilizers in the tomato floating
gardens.

By plotting samples scores for factor 1 (detrital inputs) and factor 2
(anthropogenic activities), the samples present a clear distinction between the two
components Fig. (5.4)a. This distinction support the presence of detrital input
enriched in both major and trace metals at inflow areas compared with the input
by anthropogenic pollution at floating garden areas.

Samples exhibiting high values for factor 2 are found in site 4/2 and 4/3,
floating garden areas. This is related to the impact of human induced (organic)
pollution, mainly associated with phosphorus. In this interpretation, site 4/1
displaying high scores of both factor 1 and factor 2, is impacted by the detrital
inputs from the streams situated at the western side of the lake and by the
agricultural activities Fig. (5.4)a.

Factor 3 is associated with the positive loading for W, Nb, Ta and the
negative loading for dolomite Fig. (5.4)b.

Factor 4 can be related to the endogenic calcite precipitation. The good
correlation between Ca and Sr can be assumed as the carbonated pole Fig. (5.4)c.

Factor 5 is associated with the negative loading for aragonite and
hematite and can attribute to authigenic phases of biogenic origin Fig. (5.4)d.

Factor 6 cannot provide significant information as the two elements are
only present in very small amounts which are close to the detecting limit Fig.
(5.4)e.

5.6. Phosphorus Speciation

In the present study, the inorganic phosphorus species determined in the
sediment are calcium bound phosphorus (Ca-P, also referred to as apatite-P AP)
and iron and aluminium bound phosphorus (Fe+Al-P, also known as non-apatite-
P NAP). The content of inorg-P in the sediment is strongly correlated to the sum
of AP and NAP (r’=0.982), and individually to AP (r’=0.980) and to NAP
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(r*=0.895). Phosphorus bound to Ca, accounting for an average of 35%, is the
main inorg-P pool. The high content of Ca-P may be attributed to the high
amount of apatite and apatite like minerals (including carbonates) which naturally
found in sediments and the calcareous terrain of the recharge area or that are
precipitated form lake waters (endogenic calcite). The large pool of Ca—P may
control the release of phosphorus from the sediments as it is a relatively stable
and non-bioavailable phosphorus pool. On the other hand, the sites with the
higher P contents showed a large input of apatite-P of anthropogenic origin,
ranging from 38 to 1050 mg/kg, especially at site 4 where the agricultural
activities are present as well as site 1 and 2, likely P from the erosion of soil Fig.
(5.5). The rank order of P fractions AP>NAP found to occur in the lake, allow to
classify Inle lake as mesotrophic stage shifting to eutrophic confirming the results
of this study. In other words, Inle Lake can be shifting to eutrophic stage.

Another important form of P is org-P, accounting for about 30% of the
total-P (SMT), and ranging from 6 to 553 mg/kg. High contents of org-P in the
lake sediment may be caused by the application of manure as fertilizer and/or by
the erosion of soil rich in organic matter from the catchment area. This P pool is
considered the more bioavailable since, during organic matter degradation, it can
be released to the water column, thus contributing to the lake eutrophication.
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Figure. (5.1) Relationships between a) Ca+Mg and HCO3 content in lake waters;
b) Ca and Mg in lake waters; ¢) EC and pH measured in March 2014; d) EC and
8"Cpic measured in March 2014; e) 5'%0 and Mg in lake waters; f) 50 and Ca
in lake waters (n = 56; R? = 0.3687; p > 0.001; Fig. (5.1)e and negative
correlation with the Ca content ((n = 56; r*=0.2491; p < 0.01; Fig. (5.1)f. This
suggests that, while the Mg content seasonally increases with evaporation, the Ca
content decreases because of calcite precipitation, therefore explaining the
relationship between the two cations shown in Fig. (5.1)b.



°U

0

-1

-2

i —e—Aug. 2013
; 3 ¢ Rainy
o —m-Sep. 2013
- ] 4 season
;s -4 Oct. 2013
38 5 ® Nov. 2013 }

X Winter
? Feb. 2014
w -6 —=-Mar. 2014 }

Summer

5 i May 2014

-8

-9

S1 S2 S3/1 S4/2 S5
Site a

Figure (5.2): (a) Seasonal evolution of §*%0 from N to S; b) Interpolation map of
the 20 values through the lake (March 2014 campaign)



2
25
E }
S 3 y = 0.8838x - 0.6064
2
-1
2 35
L a
)
-4.5
-5
s -45 -4 35 3 25 2
8'%0 %e (Top)
-25
— -30
E y=0.8747x- 4.543
e
-]
&a 35
&
T
% -40
-45
-a5 -40 -35 30 -25
82H %0 (Top)

OR

Figure (5.3): Comparison between the isotopic composition of top and bottom
waters collected in March 2014 at different sites

pollution
zone by

activities

Factor2

agriculturg

-2.0 -1

detritalinputs
Factor 1

Factor 3

Factor 1

20 30

40




2

? o
g s L
- y -‘II #. . . ln.2=.u .1=.n§jw :u -:E 3?0 4?0
5 ah@u 10 20 30 40 5 = .t
E R v & . :
20 R
30 30
40 -4.0
Factor 1 Factor 1
c d
20 -
"J 4
60 -
50 -
© 40 -
§ 30
= 8204
s o
®
| ; e ] -1_ :’ f
20 1ok nhg W 30 W4
20
Factor 1
e
Legend
& sitel @ site5
M Site? == Sjte 6
A site3n X Site 7
A site 32 > Site 8
A Ssite 3/3 X Site 9
® Site4/1 Site 10
@ Site 4/2 > site 11
® Site 4/3
Site 4/4

Figure (5.4): a) Plot of Factor 1 vs Factor 2; b) Plot of Factor 1 vs Factor 3;
c) Plot of Factor 1 vs Factor 4; d) Plot of Factor 1 vs Factor 5; e)
Plot of Factor 1 vs Factor 6



° W

Surface sediment (0-5cm)

WL
W1 NOP WNAP HAP
W3
SW3ES2
SW3ES3
SWA
WA
W3
WA
WS
SWa
SWT
SWE
WO
SWIL0
SW11

0 200 400 a00 a00 1000 1200 1400 1600

Samplesite

Concentration (img/kg)

Figure (5.5): Phosphorus speciation in the dredged sediments at different
locations

Conclusion

This thesis reports a comprehensive study on the origin, dynamics and
impact of phosphates and heavy metals in cultivated areas and at Inle lake,
Myanmar. This objective is pursued using a range of analytical techniques,
including stable and radioactive isotope measurements, chemical analyses of
water and sediment samples, mineralogical determinations and SEM
observations.

Soil contamination was investigated in the agricultural field of Marfels
ground, Mangi Inn Village, Pyin Oo Lwin Township, Mandalay. From this study
it was observed that soils treated with fertilizers showed high net count rates,
especially for ?®Th and *®Ra, which gradually decreased over time but did not
reach the levels of control soil during the observation period.

The decrease of radionuclides content in soil samples with time was due
to the percolation of radionuclides along the soil profile. Barren soil was always
lower than the control soil. Soils treated with phosphate fertilizers, in some
instances, could not reach the net count rates of the control soil over the
observation period, suggesting the danger of an accumulation of radionuclides in
cultivated areas, which would result in an enhanced dose potentially affecting the
environment.
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Surface water contamination was investigated at Inle lake, Southern Shan
State, Myanmar. Hydrochemical results indicated that carbonate equilibria
dominated the lake water hydrochemistry. In summer, the intense photosynthetic
activity, coupled to increase in temperature, induced endogenic -calcite
precipitation, an active mechanism that could significantly contribute to
sedimentation. Isotopes of the water molecule indicated that lake water was
affected by evaporation, but the isotopic evaporative enrichment was minor,
suggesting that the lake was continuously fed by inflow waters. Isotopes
demonstrated that the residence time was shorter than one year and lake water
was not stratified, in agreement with the presence, even in bottom waters, of oxic
conditions. The relatively short residence time and calcite precipitation likely
prevent the accumulation of anthropogenic contaminants and nutrients in lake
waters, as calcite precipitation is an effective process sequestering P into the
sediments and making it unavailable for the development of organic matter.

Lake sediments were investigated using sediment cores and dredged
sediments. In the bulk sediments, calcite was the most abundant mineral,
followed by quartz, mica/illite, kaolinite, aragonite and hematite. Calcite was not
evenly distributed in the lake area: samples collected at or near the inflow, and at
the outflow showed the abundance of about 43%, whereas calcite raised up to
more than 90% within the lake, confirming endogenic calcite precipitation from
open lake waters. The sediments at or near the inflow, and at the outflow contain
detrital minerals transported by the streams and derived from the erosion of the
bedrock in the drainage basin. Chemical analysis of the sediments indicate that
Ca is the most abundant element, in agreement with the abundance of calcite,
followed by Al, Na and K, all elements contained in detrital minerals and
associated heavy metals. The comparison between the elemental compositions of
lake sediment with that of the rocks outcropping in the watershed confirmed that
accelerated soil erosion, and the consequent detrital input to the lake, constituted
a major source of potentially toxic elements to the lake. Finally, total P
concentration and P speciation were analysed in the sediments. The more
enriched content in Tot-P was found in the floating gardens area, due to the use
of chemical fertilizers and to other anthropogenic sources such as domestic and
sewage effluents. High amounts were also detected at the inflow stream, and at
the centre of the lake, where P is related to soil erosion and detrital inputs from
the streams. The highest Tot-P concentrations were detected in the top layers of
the sediment cores, which are affected by anthropogenic activities, whereas low
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values were observed in the deep sediment, which can be attributed to the natural
level of phosphorus. Phosphorus bound to Ca, accounting for an average of 35%,
was the main inorganic P pool. This is relatively stable and non-bioavailable P
pool. Another important form of P is organic P, accounting for about 30% of the
total. This P pool is considered the more bioavailable since, during organic matter
degradation, it can be released to the water column, thus contributing to the lake
eutrophication. The rank order of P fractions allowed classifying Inle lake as
mesotrophic, potentially shifting to eutrophic. In conclusion, the study provides
useful information of anthropogenic impact on the lake ecosystem as a premise
for the correct management of this valuable water body.
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Abstract

The research area is situated in the remote parts between Mogok
Township, Mandalay Region and Momeik Township, Shan State (North), on
either side of Mogok-Momeik motor road. It forms as a segment of the Mogok
Metamorphic Belt and, is mainly underlain by metamorphic rocks, granitic and
syenitic rocks.

The main purpose of this study is to constrain metamorphic P-T paths
of the research area based on detailed petrographic observations, bulk-rock
chemistry of XRF and mineral geochemistry of EPMA using phase equilibria
modelling.

Igneous rocks are minor intrusions which occur as small outcrops
within the research area, but they should be makeweights because P-T condition
of the research area is determined only on a metamorphic basis. The
metamorphic rocks covered about 90% of the whole area and they are
sillimanite-garnet-biotitexilmenite gneiss, garnet-biotite gneiss, spinel-diopside-
forsterite-phlogopitexgraphite marble, white marble and calc-silicate rocks.

A new contribution of felsic and mafic granulitic rocks are observed in
the research area. It is characterized by a mineral assemblage that was developed
under high-grade metamorphic conditions. Taking the metamorphic rock units
of the research area into consideration, granulitic rock is fairly exposed and it is
associated with sillimanite-garnet-biotite gneiss and intruded by syenitic and
granitic rocks. Granulite can be subdivided into two distinct units based on
pyroxene percentage (< and > 30%); felsic granulite (<30%) (sapphirine-
hypersthene-garnet-biotite granulite) and mafic granulite (>30%) (pyroxene
granulite), respectively.

P-T calculation indicates sillimanite-garnet-biotite gneisses in the
research area have reached up to granulite facies (740-810 °C & 6.2-9.3 kbar),
characterized by the mineral assemblages and petrochemical results from EPMA
and XRF. The P-T condition of granulitic rocks in the research area should
probably be the same as and/ or greater than the P-T condition of the high-grade
gneiss of the research area, according to the mineral assemblages of

! Dr, Tutor, Department of Geology, University of Yangon
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orthopyroxene + garnet + sillimanite + sapphirine + hercynite in felsic granulite
and that of clinopyroxene + biotite + plagioclase in mafic granulite. In the
research area, sapphirine + hercynite + silica of granulite also indicate that it
probably perform as ultra-high temperature mineral assemblage leading finally
to an ultra-high temperature metamorphism (UHT) of Mogok Metamorphic Belt
(MMB).

There are some gem worksites in the research area both active and non-
active mines. Original source of in situ has not been found enough yet. Gem
minerals are found in alluvial deposit and ellvial sediments at gem worksites and
also in the creeks. In the research area, sapphire is usually found in association
with garnet, spinel, aquamarine, zircon, tourmaline, moonstone, chalcedony,
jeremejevite and other precious stones as economic commodities.

Memorandum
In the research report, the author would like to introduce the research area a little bit in
detail because topography of the research area should be known, especially when it comes to
geological field studies. The research area is very interesting remote area. As the author went to
the insurgent area, only half expecting the area to be secure within the field trips. PhD students
should find out a new discovery, at least, in their dissertation. In this respect, the author is no
exception to the rule.

Introduction

1.1 Location, Size and Accessibility

The research area is situated in the remote area between Mogok
Township, Mandalay Region and Momeik Township, Shan State (North), and
located at about 21.24 km (13.2 miles) north of Mogok and 26.07 km
(16.2 miles) south of Momeik, near the Mogok-Momeik highway.

It lies between Latitudes 22° 56" 30" N - 23° 01' 00" N and Longitudes
96° 34' 30" E - 96° 41' 30" E in part of one inch topographic map No 93 B/9 and
93 A/12. It is bounded by horizontal grids 050 to 059 and vertical grids 037 to
049, covering parts of the map index no. (S) in the Mogok Township of Pyin Oo
Lwin District, Mandalay Region and Momeik Township of Kyauk Me District,
Shan State (North).

The approximate length, extending from east to west is about 11.27 km
(7 miles) and width is about 8.85 km (5.5 miles) from north to south, covering
about 99.74 km? (38.5 miles?).

The research area is accessible by car from Mandalay, a city in Central
Myanmar, which can be reached by air, rail, and road from Yangon, but the
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accessibility to the research area is limited due to some minor of insurgency. The
location map is shown in (Fig. 1.1).
1.2 Physiography and Drainage

The topography feature of the whole area is generally very rugged terrain
in an elevated region. It is divided into two parts as the southern and northern
parts by Mogok-Momeik highway. There are two distinctive mountains in the
research area (Fig. 1.2).

In the southern part of Mogok-Momeik highway, the peaks are higher
than those in the northern part and difficult to make traverses. The highest and
well-known peak of the research area is 2,137 metres (7,009 feet) called Mount
Loi-Sau (local name: World’s Most Amazing Hill).

In the northern part, the contour lines are closely spaced: the area is of
high relief covered with bamboo groves with steep slopes. Among them, the
distinctive one is Elephant Hill or Sin Daung, which is 1,645 metres (4,998 foot)
high.

The western boundary of the research area is Pain-Pyit village where
secondary gemstones are mined. It is situated at an elevation of about
1,345 metres (4,413 feet) above sea level. The main drainage is of medium to
coarse dendritic pattern. Hwe-vai Creek is the boundary, which divides the
Mogok and Momeik regions.

---------------------
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Figure 1.1:  Location map of the research area.
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Figure 1.2: Topographic map of the research area.

Purpose of Research
The principal objectives of the research are as follows:-
To establish a detailed geological map of the research area.

To elucidate the petrology of the igneous and metamorphic rocks of the
research area.

To collect the data and collate them to the documented data on the Web
and the regional distribution of mineral assemblages of the research area.
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iv.  To estimate the P-T conditions of metamorphic rocks and constrain the
parts of metamorphic P-T paths based on bulk-rock chemistry using phase
equilibria modelling.

v.  To record the locations of gemstone worksites of the research area.

vi.  To find out some new contributions for the remote area that will be useful
for the next generation.

1.4 Methods of Study
1.4.1 Field investigation

Before the reconnaissance traverse, nature of ourtcrops, lithologic
contacts of rock units, and possible structural features were demarcated by using
aerial photographs of 1: 25,000 scales. These data were accurately transferred to
the base map of four inches to a mile.

Several traverses were made by means of Brunton compass and tape with
GPS for accurate locations and the specific locality. Foliation, joints, axial planes,
trends, bearings, dip and strike, etc. were also measured. Along the traverse lines,
some representative rocks and mineral specimens were collected and also
photographs were taken.

The recorded field data were later plotted on the final map scale of two inch to a
mile. The geological map of the research area was drafted with reference to the
fieldwork.

After the ground checking, detailed geological mapping was carried out.

1.4.2 Laboratory investigation

The laboratory investigation of the representative samples includes the
following:-

i.  Thin sections of different rock units exposed in the research area were
analyzed by means of polarizing microscope.

ii.  Modal analyses were done by means of point counting under a polarizing
microscope.

ilii.  The compositions of plagioclases were determined by means of Michel
Levy’s Method.



003

iv.  Determination of metamorphic grade and facies based on mineral
assemblages.

v.  Petrochemistry (and mineral chemistry), qualitative and quantitative
analyses of various rock types and minerals were carried out by means of
EDXRF (energy dispersive X-ray fluorescence) at the Myanmar Gem
Research Laboratory, Myanmar Gems & Jewellery Entrepreneurs
Association, Yangon, Myanmar (MGRL), Mandalay University’s
Research Centre, Myanmar (MURC), WDXRF (wavelength dispersive X-
ray fluorescence) at Swiss Federal Institute of Technology, Zurich,
Switzerland (ETH), and Kyushu University, Japan.

vi.  Estimating P-T conditions of metamorphic rocks of the research area were
carried out by means of WDXRF (wavelength dispersive X-ray
fluorescence) and EPMA (electron probe micro analyzer) at ETH Zurich,
Switzerland.

vii.  Some selected gem samples were studied by means of the gem testing
instruments such as a refractometer, polariscope, dichroscope, Chelsea
colour filter, spectroscope, UV, gemmolite and Raman.

Regional Geology

Geologically, the research area is a segment of the Mogok Metamorphic
Belt and rocks in the research area are mainly metamorphic rocks intruded by
igneous rocks such as biotite granite, leucogranite, alkali syenite and aegirine-
augite-nepheline syenite rocks. Igneous rocks are found as minor intrusions in the
research area and metamorphic rocks occupied about 90% of the whole area like
sillimanite-garnet-biotitexilmenite gneiss, garnet-biotite gneiss, spinel-diopside-
forsterite-phlogopite marble, white marble and calc-silicate rocks, as summarized
in Table 9.2 (Fig. 9.2).

Stratigraphically, the research area is categorized into high-grade
metamorphic rock units (Late Oligocene) and younger igneous intrusions (Early
Cretaceous to Middle Miocene). Granulite is the oldest unit and gneiss covers
about two thirds of the research area. The upper unit of the gneiss is marble and
calc-silicate rocks and they are interbedded and intercalated in some places. The
general structural trend of the research area is NE-SW.
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GEOLOGICAL MAP OF THE MOUNT LOI - SAU AND ITS ENVIRONS,
MOGOK TOWNSHIP, MANDALAY REGION AND MOMEIK TOWNSHIP NORTHERN SHAN STATE
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Figure 2.1: Representatively collected samples from the research area in the
Mogok Metamorphic Belt (MMB) (Geology by Wai Yan Lai Aung,

2016)
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Metamorphic Petrology

Petrographically, sillimanite-garnet-biotitexilmenite gneiss is medium- to
coarse-grained strongly foliated, and with pronounced gneissose texture,
porphyroblastic texture in garnet-bearing layers, granoblastic texture in felsic
layers, lepidoblastic and nematoblastic texture in schistose layers. Marble and
calc-silicate rocks are medium- to coarse-grained with granoblastic texture and
most igneous rocks exhibit hypidiomorphic granular texture.

High-Temperature Metamorphic Petrology

Recently, granulites were observed around Mogok and Momeik areas
associated with sillimanite-garnet-biotitexilmenite gneiss and intruded by
syenitic and granitic rock. In the research area, high-temperature metamorphic
rock, granulite, can be subdivided into two distinct units based on pyroxene
percentage (< and > 30%); felsic granulite (<30%) (sapphirine-hypersthene-
garnet-biotite granulite) and mafic granulite (>30%) (pyroxene granulite).

Mineral Chemistry

Mineral geochemically, Fe and Mg play a main role in the composition of
garnet to define the grade of pressure and temperature. The more pyrope content
the rock has, the higher the temperature becomes and also the richer anorthite
content, the higher the temperature stable. llmenite and hercynite are also
diagnostic minerals of some acid granulitic assemblages.

Petrochemistry and Phase Equilibria Modelling of Metamorphic
Rocks

Petrochemically, high-grade gneiss of the research area reached up to
granulite facies from upper amphibolites facies, characterized by the mineral
assemblages of Quartz + Plagioclase + K-feldspar + Biotite + Sillimanite +
Garnet + Hercynite + Ilmenite + Augite + Diopside + Hypersthene. Phase
equilibria modelling of the sillimanite-garnet-biotite gneiss in the MnO-Na,O-
Ca0-K;0-FeO-MgO-Al,03-Si0,-H,0 (MNNCKFMASH) system with hercynite
and pyroxene-bearing rock shows P-T conditions of equilibration of 6.5-9.3 kb,
740-810°C, whereas normal sillimanite-garnet-biotite gneiss is at 6.2-8 kb, 750-
790°C. These petrochemical results are normalized data from X-ray Fluorescence
and Electron Micro Probe Analysis (Fig. 6.1 A,B,C,D and Fig. 6.2).
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Fig.6.1 (A & C) P-T pseudosection for high-grade sillimanite-garnet-biotite gneiss
calculated in MNNCKFMASH system and presented with quartz in excess.
The system composition (mol. %) used for calculation is presented in upper
left inset and corresponds to the whole rock analysis or the effective molar

MnNCKFMMASH+Qtz
MnO Na,O CaO K,O FeO MgO Al,O, SiO, H,O

mol% 0.37 0.66 0.25 3.38 5.83 5.87 9.76 68.85 4.29

MnNCKFMASH+Qtz
MnO Na,O CaO K,0 FeO MgO ALO, SO, H,0

mol% 0.01 2.47 0.92 3.58 0.66 0.40 9.17 78.95 3.61

bulk composition. The observed mineral assemblage corresponds to the
(A) Biotite-Liquid-Feldspar-Garnet-Sillimanite-Quartz stability field for 1A,

(C) Biotite-Liquid-Plagioclase-K-feldspar-Garnet-Sillimanite stability field

for 1B.Mineral abbreviations after Kretz (1983).
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Fig 6.1: (B & D)
of them.
analysed

Contours for garnet, biotite and anorthite components and X, value
Isopleths of model proportions of garnet, biotite and anorthite of the
samples are between 740 - 810°C at 6.2 - 9.3 kb for the whole area.

Inferred P-T conditions are shown in the middle inset and represented by
(B) Biotite-Liquid-Feldspar-Garnet-Sillimanite-Quartz stability field for 1A,

(D) Biotite-Liquid-Plagioclase-K-feldspar-Garnet-Sillimanite stability field for
1B.Mineral abbreviations after Kretz (1983)
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Igneous Petrology

Geochemically, all igneous rocks of the research area are peraluminous
and belong to calc-alkaline series. S-type granites which probably originated
from the re-melting of metasediments and I-type granites derived from re-melting
of deep-seated igneous material. The genetic types of leucoganite considered as
sedimentary protolith of S-type and most biotite granites are of magmatic origin
I-type. Syenitic rocks are formed as the result of assimilation reaction. According
to 2 kb water pressure diagram, estimated liquidus temperatures are 650°C,
700°C to 705°C for leucogranites, 680°C to 690°C for biotite granite, 640°C to
705°C for aegirine-augite-nepheline syenites and 640°C to 665°C for alkali
syenites. According to depth-temperature relation diagram, granitic rocks
probably may crystallize at 21 km to 24 km and syenitic rocks may be probably
fractionated at 22 km to 25 km in depth. According to tectonic discrimination
diagram based on major oxide chemistry, the igneous rocks of the research area
were formed on the continent owing to the subduction of an oceanic plate beneath
the continent. The possible mechanism of emplacement of intrusion is
considered to be of forceful injection and the igneous rocks are emplaced at the
upper level of mesozone to catazone.

Occurrences of Gemstone Deposit

The research area is virgin although Mogok and Momeik area are very
well known for gems with ample previous work. Original source of in situ gem
deposit has not enough been found yet. Recently based on field observations,
gem minerals are observed in alluvial deposits and ellvial sediments at gem
worksites and also in the creeks such as Hwe-vai creek (Nal-na-mate creek) of
Mogok and Momeik Townships and Gwe-maw creek. In the research area,
sapphire is usually found in association with sillimanite, garnet, spinel, zircon,
tourmaline, apatite, topaz, quartz, aqguamarine, moonstone, chalcedony, mica and
other precious gems, and rare gem, jeremejevite. Location map of gem deposit
worksites of the research area is shown in (Fig. 8.1).

In recent year, there are some gem worksites in the research area. They
are both non-active and active worksites. Based on the natures of exposures and
their environmental relations, probably some are sufficient to describe the sources
of gem minerals. Locations and characteristics of the active and non-active local
gem worksites in the research area is briefly shown in Table 8.1. In the research
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area, sapphire and other precious minerals are collected from primary (rarely) and
secondary deposit.
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Discussions and Conclusions
9.1 Discussions

9.1.1 Comparison of P-T analytical data in Mogok Metamorphic Belt
(MMB)

Mitchell et. al., (2006) constrain that the K-feldsapr augen gneisses in the
MMB represent about 680°C at 4.9 +1.7 kb as a result of EPMA.

Searle et. al., (2007) imply high-temperature sillimanite + muscovite
metamorphism peak at 680°C and 4.9 + 1.7 kb in the MMB, based on the result
of EPMA.

Yonemura et. al., (2013) found Grt-Opx granulite in the Mogok area,
which was formed under pressure-temperature (P-T) conditions estimated as
being 6.5-8.7 kbar and 800-950 °C, based on the result of EPMA.

Petrochemically, sample A of sillimanite-garnet-biotite gneisses in the
research area is between 740 to 810 °C and 6.5 to 9.3 kb whereas sample B is 750
to 790 °C and 6.2 to 8 kb, characterized by the mineral assemblages and
petrochemical results from EPMA and XRF.

The P-T condition of granulite rocks in the research area should probably
be the same as and/ or greater than the P-T condition of the high-grade gneiss of
the research area, according to the mineral assemblages of orthopyroxene + alkali
feldspar + biotite + chlorite + plagioclase +garnet + quartz + rutile + sillimanite +
sapphirine + ilmenite + hercynite + sillimanite + sericite + zircon + ilmenite of
felsic granulite and mineral assemblages of clinopyroxene + biotite + plagioclase
+ alkali feldspar + quartz + perthite + orthopyroxene + sphene + opaque +
chalcedony + antigorite of mafic granulite. The comparison of P-T analytical
data from Mogok Metamorphic Belt (MMB) is shown in Table 9.1 and (Fig. 9.1).
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Table 9.1: Comparison of P-T analytical data in Mogok Metamorphic Belt

(MMB)
Reference [Rock Units IAnaIyticaI Mineral Paragenesis [P & T
Symbol of MMB Methods
e [Mitchell et |K-spar augen [EPMA Bt-Sil-PI-Kfs-Qtz 680 °C &
al., 2006 gneiss 4.9 kbar
Searle et al., |Sillimanite [EPMA Sil-Mus 680 °C &
2007 gneiss 4.9 + 1.7 kbar
© |Yonemura et|Granulite EPMA Grt-Opx 800 - 950 °C &
al., 2013 6.5 - 8.7 kbar
Research  [Sillimanite- [EPMA Grt-Sil-Bt-PI-Kfs-Qtz-[740 - 810 °C &
area, 2016 |garnet-biotite Spl 6.5 - 9.3 kbar
(sample A) [gneiss
Research  [Sillimanite- [EPMA Grt-Sil-Bt-PI-Kfs-Qtz [750 - 790 °C &
Y |area, 2016 |garnet-biotite 6.2 - 8 kbar
(sample B) [gneiss
Research  [Felsic Petrology [Opx-Grt-Bt-Rt-Sil-  [P-T is greater
== (area, 2016 |granulite Plg-Kfs-Spr-Spl-Qtz- [than sample A
(sample C) Zir-1lm
=" [Research Mafic Petrology |Cpx-Ca-Plg-Kfs-Qtz- [P-T is greater
area, 2016 [granulite Bt-Opx-Sp-Opq than sample A
(sample D)
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Fig 9.1: Temperature-Pressure diagram showing the comparison of P-T
analytical data from Mogok-Metamorphic Belt (MMB) (After Winter,
2013). Symbols as in Table 9.1.

Conclusions

The research area is situated in the remote parts between Mogok
Township, Mandalay Region and Momeik Township, Shan State (North). It is
located in one inch topographic map index — 93 B/9 and A/12 S. The research
area, which is a segment of the Mogok Metamorphic Belt, is mainly underlain by
metamorphic rocks, granitic and syenitic rocks.

The main purpose of this research is to investigate the connection of high
grade rocks and our living earth, and to constrain metamorphic P-T paths of the
research area based on detailed petrographic observations, bulk-rock chemistry
by XRF, mineral geochemistry by EPMA using phase equilibria modelling, age,
and so on, by solving the suspected problems of felsic and mafic granulites that
was one of the new contributions of the PhD thesis and it was deduced as an
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important role in my research for calculating temperature and pressure conditions
of a certain area.

In the PhD Thesis, sillimanite-garnet-biotite gneiss of the research area
that covers about two thirds of the research area is involved in the granulite
facies (740-810 °C & 6.2-9.3 kbar), characterized by the mineral assemblages
and petrochemical results from EPMA and XRF, even not to mention the
granulite rocks of the research area belong to granulite facies. Thus research area
belongs to the highest temperature regional metamorphism, granulite facies,
based on the overall facts.

Noticeably, the research area may also be in the ultra-high
temperature metamorphism because of the presence of ultra-high temperature
minerals in granulite of the research area (sapphirine, hercynite, silicate). The
P-T condition of granulite rocks in the research area should be greater than the
P-T condition of the high-grade gneisses of the research area, approaching the
ultra-high temperature metamorphism (Fig. 9.2). On this issue, ultra high
temperature (UHT) metamorphism of Mogok Metamorphic Belt (MMB) merits a
special mention for further research.
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J-¢0 STUDY ON THE POLYMERIZATION OF THITSIOL
FOR THE PRODUCTION OF LACQUERWARES

Phyo Phyo Thwe*

Abstract

In this research work, Thitsi (Myanmar Lac) samples were collected
from Kawlin, Mingin and Taze Townships, Sagaing Region and
Kaingtaung, Mabain and Yaksawk Townships, Shan State. Thitsi
samples were collected during October and November. The physico-
chemical characteristics of Thitsi such as colour, odour, ash, viscosity,
boiling range, pH and specific gravity were determined. Moreover,
chemical constituents of Thitsi such as moisture and volatile matter,
thitsiol, nitrogenous matter, gummy matter and fatty or oily matter were
also investigated. In order to get kurome lacquer (purified lacquer),
Myanma Thitsi were purified, firstly prepolymerized with make-shift
homogenizer and followed by filtration and their physico-chemical
characteristics and chemical constituents were studied again.

Bamboo lacquerwares were prepared by applying raw and purified
Thitsi and hardened in underground cellar by polymerization process.
Effect of number of coating on the hardening time of Thitsi-coat on
lacquerwares were investigated at the relative humidity (70 — 87)% and
the temperature (27.1 — 31.8)°C of underground cellar. Smooth and
glossy lacquerwares were obtained by lacquering processes such as
repeated friction with abrasive paper between consecutive lacquer
coatings, accurate lacquering and hardening processes. Physico-chemical
properties of lacquerwares such as pencil hardness, cross hatch, adhesion,
coating thickness and specular gloss, immersion resistances, resistance to
steam at 100°C, and weathering resistance were determined.

Effect of drying agents; turpentine and linseed oil to speed up the
hardening time of Thitsi-coat on lacquerwares were studied. For safety
and adaptation, the presence of toxic materials of drinking water in
lacquer cup was tested. Moreover, the changes of lacquer surface were
examined after disposing it with laced pickled tea leaves and vinegar. At
the last, the quality of lacquerwares was upgraded by the protective
coating to become high gloss lacquerwares with a less number of

! Dr, Assistant Lecture, Department of Intdustrial Chemistry, Yadababon University
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consecutive lacquer coating (2 coats) and these upgraded wares could be
employed for exterior uses.

Keywords: Thitsi, kurome lacquer, prepolymerize, underground cellar,
specular gloss

Introduction

Lacquer used in Myanmar is called “Thitsi”, literally meaning wood
varnish. It is the sap of Melanhorrea usitata, a tree native to Southeast Asia.
Lacquer tree grows wild up to elevations of three thousand feet in the drier
forests of Myanmar. There seems to have been no attempt to cultivate it using
plantation management techniques (Fraser-Lu, 1996).

Thitsi consists of phenolic matter, water, gum, nitrogen containing matter
and laccase, all of which are known to be necessary for hardening of Thitsi.
Oriental lacquer is a reproducible natural product that has been used for
thousands of years in Asia. No organic solvent evaporates during the drying
process, only water. Because of the self-drying system, natural lacquer is an eco-
friendly product that is expected to be useful in the future as a coating material
(http://www. intechopen.com).

Thitsi is a natural polymer collected from Thitsi trees. Collecting lacquer
sap is like collecting gum from a rubber tree. The bark of the lacquer tree is
tapped and the milky-white saps exude collected. The sap of lacquer is collected
from the 5- to 10-year-old lacquer trees between June and October. Thitsi was
first used as an adhesive for fixing gold foil, chipped porcelain, or attaching
arrowheads to the wooden shaft. Then, with the accumulation of experience and
awareness, Thitsi was applied to bamboo, wood and other furniture. It is still used
in daily life in crafts and industrial equipment. Unlike oil finishing, it requires
heat and humidity to dry Thitsi, because the ingredient of Thitsi must be oxidized
and polymerized to be hardened. It is hardened in 75 — 90% humidity and a
temperature of more than 15°C. So in old times Thitsi finishing was made in
winter. The best time for Thitsi-work had been the rainy season and rainy day in
summer (http://www.jsaweb.recent-advances-in-research-on-lacquer-allergy.
html).

Lacquerware is the most distinctive of all Myanmar handicrafts which are
extensively used and produced several items. It is considered a minor art in most
countries, but it has been one of the show industries of Myanmar. It was long a
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favorite of royalty for storing documents and precious jewellery. Myanmar Kings
often presented gifts of silk, precious stones, and lacquerwares to foreign envoys.
Meals were served in lacquered containers, and lacquered boxes were used to
store royal jewels. It was also used in important Buddhist religious ceremonies
and for presenting food to the monasteries on Sabbath days. Uses of lacquerwares
were not confined to royalty and the monkhood: lacquer objects were used daily
by commoners (Fraser-Lu, 1996).

Indeed, lacquerware has many of the characteristics of modern plastic. It
is light, waterproof, easily moulded and dries to a hard state. It can be applied to
virtually any surface: plain or carved wood, bamboo, paper, fabric, even metal
and stone. It stiffens, strengthens and preserves the surface to which it is applied.
It is decorative, inexpensive, hygenic and can be painted, moulded, and carved.
When polished, it takes on a flawless sheen (Fraser-Lu, 1996).

Objectives of the Study

The overall objective of this study was to get the scientific data
concerning with Myanma Thitsi and the properties of lacquerwares, eco-friendly
products.

The specific objectives of this study were to:

- study the effect of purification on the properties and constituents of
Myanma Thitsi

- study the polymerization of Myanma Thisi for the production of
lacquerwares

- investigate the properties of lacquerware coated with raw and purified
Thitsi and kind of substrates on the hardening time of lacquerwares

- study the effect of drying agents, turpentine oil and linseed oil on the
hardening time and properties of lacquerware and

- upgrade the properties of lacquerware by protective coating for exterior
uses.
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Materials and Methods
3.1 Materials

Thitsi (Myanmar Lac) samples were collected from Kaingtaung, Mabain
and Yaksawk Townships, Shan State and Kawlin, Mingin and Taze Townships,
Sagaing Region during October and November to study the polymerization of
Myanmar Thitsi. Matured stalks of bamboo (Wa-ya) (Gigantochloa rostrata
Wong) from Yangon Region were used as the substrates to prepare the
lacquerwares, turpentine oil (Master brand, mineral turpentine, high quality,
United Paint Group Co., Ltd, Yangon), linseed oil (commercial grade, Kemiko
cosmetics and chemical dealers, Yangon) were also used as the drying agents to
study the effect of them on the polymerization or hardening time of Thitsi, and
UPG protective coating, high performance heavy duty (United Paint Group Co.,
Ltd, Yangon) as the protective thin film to study the effect of it on the hardened
lacquerwares for exterior application under UV radiation.

3.2 Methods
3.2.1 Determination of Physico-chemical Characteristics of Raw Thitsi

Physico-chemical characteristics of raw Thitsi like ash content, viscosity,
boiling range, pH and specific gravity were determined by ASTM D29, D562,
D850, pH meter (pH — 009 I, Pen Type), and D1963 respectively.

3.2.2 Determination of Constituents of Raw Thitsi

Constituents of raw Thitsi samples such as the contents of moisture and
volatile matter, thitsiol, nitrogenous matter, gummy matter and fatty or oily
matter were determined (ASTM D29 and Pearson, 1908).

3.2.3 Purification or Prepolymerization of Thitsi

Raw Thitsi was homogenized by make-shift homogenizer. About 500 g.
of Thitsi was taken and homogenized by make-shift homogenizer for 0.5 hr.,
1 hr., 1.5 hr. and 2 hr. respectively. During homogenizing the water content was
slowly reduced. After that it was filtered by using filter cloth. During filtering and
homogenization, heating was made by halogen lamp (1000 W.) from 1 ft. above
the homogenizer and filtering medium to facilitate the flow of Thitsi and
evaporation of water. Finally, purified Thitsi (kurome lacquer) was obtained.
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3.2.4 Determination of Physico-chemical Characteristics of Purified Thitsi

Physico-chemical characteristics of purified Thitsi samples at 1 hr.
prepolymerization time were determined by the methods as described in Section
3.2.1.

3.2.5 Determination of Constituents of Purified Thitsi

Constituents of purified Thitsi samples at 1 hr. prepolymerization time
were determined by the methods as described in Section 3.2.2.

3.2.6 Characterization of Functional Groups of Thitsiol

The various functional groups of thitsiol of purified Thitsi were examined
by FT-IR (Fourier Transform Infrared Spectroscopy) (FT-IR, Perkin Elmer,
8400, Shimadzu).

3.3 Preparation of Bamboo Lacquerwares
3.3.1 Preparing the Bamboo Substrates

Air-dried matured stalks of bamboo (Wa-ya) (Gigantochloa rostrata
Wong) substrates were cut into 2 in. length and 1 in. width and polished with
abrasive paper (paper No. 100, 200, 400, 600) respectively to smooth the surface
and cleaned with a piece of clean cotton cloth to free from dust and dirt.

3.3.2 Lacquering and Hardening in Local Underground Cellar

The prepared bamboo substrates were lacquered with raw Thitsi and
purified Thitsi from Shan State and Sagaing Region respectively. Lacquering was
made with a flat brush carefully in all coating to form a thin layer of uniform
coating. The hardening of the lacquer coating was taken place in the local
underground cellar. After each coating, the freshly dried coat was rubbed with
abrasive paper to get smooth surface. The specimen was said to be dried if no
tackiness was felt by a finger press on the lacquered surface. As the preliminary
study, standard deviation for hardening time of raw Thitsi-coat on bamboo
substrates was firstly determined.
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3.3.3 Determination of Physical and Chemical Properties of Lacquerwares

Physical properties of bamboo lacquerwares such as pencil hardness,
cross hatch, adhesion, coating thickness and specular gloss and chemical
properties of lacquerwares such as water immersion resistance, salt immersion
resistance, resistance to steam at 100°C, acid immersion resistance, alkali
immersion resistance, and weathering resistance were determined.

3.3.4 Characterization of Morphological Features of Lacquer Film

Morphological fature of 7" coated lacquer film and the feature would be
found out nine years later were studied by Scanning Electron Microscope (SEM)
(JSM —5610).

3.3.5 Physical and Chemical Properties of Exported Myanma Commercial
Lacquerware

Physical properties of exported Myanma commercial lacquerware were
also determined by the method as described in Section 3.3.3.

3.3.6 Study on the Effect of Drying Agents to Shorten the Hardening Time

Purified Thitsi from Kawlin Township was blended with various amount
of turpentine oil that intended to enhance the hardening time. 10 g. each of
purified Thitsi was blended with various amount of turpentine oil such as 0.025g.,
0.05 g., 0.075 g. and 0.1 g. and stirred for 30 min. under sunlight. Then the
respective mixtures were painted on bamboo substrates and lacquerwares were
processed as mentioned in Section 3.3.2. The above procedure was again
conducted for linseed oil, another drying agent. Effect of these drying agents on
the hardening time of Thitsi-coat on lacquerwares was studied.

3.3.7 Physical and Chemical Properties of Lacquerwares Coated by Thitsi
Mixed with Drying Agents

Physical and chemical properties of coated bamboo lacquerwares by
purified Thitsi from Kawlin Township mixed with drying agents, turpentine oil
and linseed oil were also determined by the methods as described in Section
3.3.3.
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3.3.8 Determination of Toxic Materials of Drinking Water in Lacquer Cup

Toxic materials like arsenic (As), copper (Cu), lead (Pb) and cyanide
(CN) of drinking water in lacquer cup were determined by American Public
Health Association (APHA) Standard Methods. 300 mL. of Lucky brand purified
drinking water was placed in lacquerware cups and then, contents of toxic
materials were analyzed.

3.4 Determination of the Physical Appearance of Lacquer Surface after
Exposing Pickled Tea Leaves and Vinegar

Pickled tea leaves (Lahpet) mixed with peanut oil, green chilli, garlic and
lime juice was placed in lacquerware cups and allowed for 2 months. 300 mL. of
vinegar (5% acidity, Golden Dragon, Myanmar) was poured into the cup and also
allowed for 2 months. Physical appearance of the inner surface of lacquer cups
was inspected visually such as chalking, cracking, blistering and spotting.

3.5 Study on the Effect of Protective Coating on Myanma Lacquerwares
for Exterior Uses

Protective coating, high performance heavy duty prepared by mixing 4:1
ratio of 2K polyurethane top coat clear (HPU 90200) and hardener coat (HPH
65200), and 10 — 20% (%w/w) of thinner (UT 91) is one of the products of UPG
paint factory, Hlaing Thayar Township, Yangon Region. In this study, protective
coating was coated on the hardened lacquerwares and dried for 3 hr. at room
temperature. Then, weathering effect on the protective film coated lacquerwares
was inspected by the procedure as described in Section 3.3.3.

Results and Discussion

4.1 Characterization of Myanma Raw Thitsi
4.1.1 Physico-chemical Characteristics of Myanma Raw Thitsi

As shown in Table 4.1, the age of collected Thitsi tree were 30 - 35 years-
age of Thitsi tree. It was observed that the collected Thitsi samples during
October and November from Kawlin and Mabain Townships had the deep brown
colour, Thitsi from Mingin and Kaingtaung Townships had the brown colour and
Thitsi from Taze and Yaksawk Townships had the reddish brown colour
respectively. The colour of Thitsi represented their quality. Thitsi samples
possessed the peculiar sweetish odour. It was also found that Thitsi from Taze
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Township had the lowest ash content, 0.058 %w/w whereas Thitsi from Yaksawk
Township had the highest ash content, 0.126 %w/w. Viscosity of Thitsi from
Sagaing Region was higher than that of Thitsi from Shan State. The highest
boiling range was found in Taze and Yaksawk samples. pH of all Thitsi samples
were between 5.6 and 5.9 and specific gravity values were not too much different
but these were slightly heavier than water. These physico-chemical characteristics
of Thitsi were within the range of literature’s Thitsi values.

Table 4.1: Physico-chemical Characteristics of Myanma Raw Thitsi

Sr. - Source of Thitsi Literature
Characteristic "
No. KL MG TZ KT MB YS Value
deep reddish deep | reddish | grayish -
1 |Colour brown brown brown brown brown | brown black
2 |odour peculiar | peculiar | peculiar | peculiar | peculiar | peculiar peculiar
sweetish|sweetish | sweetish | sweetish | sweetish | sweetish|  sweetish
3 |Ash (%w/w) 0.074 | 0.088 | 0.058 | 0.092 | 0.082 | 0.126 |0.041-0.130
4 |Viscosity (cP.) 3482 3511 3489 3862 2501 3494 | 200 - 14100
5 goc')“”g Range |50 _83|39-70|65-94 | 40-90 | 3688 | 3092 | 18.8—387.7
6 |pH 5.6 5.8 5.7 5.7 5.9 5.6 4-6
7 |Specific Gravity | 1.012 | 1.008 1.006 1.009 1.010 1.018 |0.985-1.013

* Data — http://www.material-safety-data-sheet-lacquer.html
KL = Kawlin, MG = Mingin, TZ = Taze, KT = Kaingtaung, MB = Mabain, YS = Yaksawk

4.1.2 Chemical Constituents of Myanma Raw Thitsi

Constituents of raw Thitsi are shown in Table 4.2. It was observed that
Thitsi from Yaksawk Township had the highest moisture and volatile matter
content, 25.5 %w/w. At the same time, Thitsi from Taze Township and from
Kaingtaung Township had the moisture content, 22.5 %w/w and 17 %w/w, and
Thitsi from Kawlin and Mabain Township had the lowest moisture, 10 %w/w and
8 %wi/w. All Thitsi samples had reliable moisture and volatile matter content
< 25% wiw. The highest thitsiol content, 80% w/w was found in Thitsi from
Kawlin and Mabain Townships and the lowest thitsiol content was occurred in
Thitsi from Taze and Yaksawk. It was also revealed that the lowest nitrogenous
matter, gummy matter and fatty or oily matter contents were occurred in Thitsi
from Mabain Township. Moreover, highest nitrogenous matter and gummy matter
contents were observed in Thitsi from Taze Township. Thitsi from Yaksawk
Township had the highest fatty or oily matter content, 6 %wi/w.
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Table 4.2 Constituents of Myanma Raw Thitsi

Sr. _ Source of Thitsi Literature Value*
Constituent .
No. KL | MG | TZ | KT | MB | YS | (Japanese Urushi)
g |Moisture and Volatile Matter |0 |12 o 1555 (17,0 | 8.0 |255 20— 30
(Yow/w)
2 | Thitsiol (%w/w) 80.0 | 75.0 | 65.0 | 72.5 | 80.0 |62.5 60 -70
3 | Nitrogenous Matter (%ow/w) 10 (10|15 |05 |04 |10 15-5
4 | Gummy Matter (%ow/w) 45 |1 45 | 65 | 35|35 |40 4-10
5 |Fatty or Oily Matter (% w/w) | 05 | 05 | 05 | 0.3 | 0.2 | 0.6 0-1

*Data - http://www.jsaweb.recent-advances-in-research-in-lacquer-allergy.html

4.2 Purification of Myanma Raw Thitsi

Table 4.3 shows the effect of prepolymerization time on the moisture and
volatile matter contents and thitsiol content of Thitsi. It was found that moisture
and volatile matter content decreased meanwhile thitsiol content increased with
increased prepolymerization time. It was also found that the most suitable
prepolymerization time was observed in 1 hr. because of the needs for the reliable
Thitsi to be minimum moisture and volatile matter content, 3 — 5% w/w. At this
prepolymerization time, the highest thitsiol content was 87%w/w. It was
observed that the properties and constituents of Thitsi were strongly influenced
by purification process.

4.3  Characterization of Myanma Purified Thitsi
4.3.1 Physico-chemical Characteristics of Myanma Purified Thitsi

The physico-chemical characteristics of Myanma purified Thitsi are
shown in Table 4.4. It was found that the colour of Thitsi changed from brown
and deep brown to black and also from reddish brown to deep brown due to the
purification process. It was also found that ash content of purified Thitsi samples
was slightly increased due to the purification and highest ash content,
0.132 %w/w was occurred in Thitsi from Yaksawk Township. After purification,
it was clearly observed that the viscosity of all Thitsi greatly increased and rather
higher than the viscosity of raw Thitsi. Among Thitsi samples, the highest
viscosity was occupied by Thitsi from Mingin and Kaingtaung Townships. But
specific gravity was rather decreased. Thus, specific gravity of purified Thitsi
became lighter than that of raw Thitsi and also that of water. It was also found
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that the boiling range and pH of purified Thitsi did not change apparently. By the
purification process, their physico-chemical characteristics did not entirely

deviate.

Table 4.3: Effect of Prepolymerization Time on the Moisture, Volatile Matter
and Thitsiol Contents of Myanma Raw Thitsi

S
E —_ Constituent of Different Sources of Thitsi
'S S Moisture and Volatile Matter (% .
SI. gg w/w) Thitsiol (%w/w) Remarks
No ° |:
o
g |KL|MG|TZ|KT|MB|YS|KL|MG|TZ |KT |MB]|YS
1|00 |10.0(150|225(17.0| 8.0 {255 |80.0 |75.0 |65.0 | 725 |80.0 | 62.5 | Thitsi should have
minimum
2 | 05 |80 |125[165|14.0 |55 |20.0 [84.0 |77.5|70.5 |76.0 |825 |67.5 | moisture and
3 | 1.0¢ |50 |80 [125]10.0| 2.5 [15.0|87.0 |80.0 [ 75.0 | 80.0 |85.0 | 71.5 | volatile matter
4 [ 15 |10 ]25]50 45|00 |65 |880/[855(82585.088.0(80.0 C(’/”te“t(3*5)%
W/W.
All constituents
5 2 [00]00|05]|00 |00 |10 |880]|88.0 880 88.0|88.0 86.5|areessential for
hardening of
Thitsi.

*Most suitable condition
Remark (1) - http://www.development.of.a.fast.drying.lacquer.based.on.raw.lacquer.sap. Pdf
Remark (2) - http://www.intechopen.com

Table 4.4: Physico-chemical Characteristics of Myanma Purified Thitsi

Prepolymerizationtime = 1hr
Sr. L Source of Thitsi Literature
Characteristic -
No. KL MG TZ KT MB YS Value
1 |colour black | black | 9P | plack | black | JdeeP | grayish-
brown brown black
2> lodour peculiar | peculiar | peculiar | peculiar | peculiar | peculiar | peculiar
sweetish | sweetish | sweetish | sweetish | sweetish | sweetish | sweetish
3 |Ash@wiw) | 0089 | 0102 | 0078 | 0103 | 0.094 | 0.132 Obofslo’
4 |Viscosity (cP.) 8000 10160 8860 12160 5700 8960 |200-14100
5 gg')"”g Range | 53 go | 4673 | 6791 | 43-84 | 4185 | 54—87 | 18.8—387.7
6 |pH 5.6 5.8 5.7 5.7 59 5.6 4-6
Specific 0.985 -
7 Gravity 0.996 0.972 0.966 0.936 0.948 0.938 1013

*

)

ata — http://www.material-safety-data-sheet-lacquer.html
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4.3.2 Chemical Constituents of Myanma Purified Thitsi

Chemical constituents of purified Thitsi are shown in Table 4.5. In this
Table, due to the purification process, the contents of thitsiol and nitrogenous
matter were increased whereas remaining constituents, moisture and volatile
matter, gummy matter and fatty or oily matter of raw Thitsi were decreased. The
lowest moisture and volatile matter content was occurred in Thitsi from Kawlin
and Mabain Township, 5%w/w and 2%w/w respectively. Thitsi from Kawlin and
Mabain Township occupied the highest thitsiol content, 87%w/w and 85%w/w.
Therefore, they could possess the best quality.

Table 4.5 : Constituents of Myanma Purified Thitsi

Prepolymerization time = 1 hr.
S Source of Thitsi '—\ije:ature
r. . alue*
Constituent
No KL [MG|TZ | KT |MB|YS | (apanese
Urushi)
Moisture and Volatile Matter
1 (%wiw) 5.0 | 8.0 {125]10.0] 2.0 |15.0 20-30
2 [Thitsiol (Yow/w) 87.0(80.0|75.0(80.0|85.0|71.5 60-70
3 Nitrogenous Matter (%w/w) 20 (20 (25]15|15 |30 15-5
4 |Gummy Matter (Yow/w) 3035|140 (30130135 4-10
5 [|Fatty or Oily Matter (% w/w) 03|/03|03(02]01]|04 0-1

* http://www.jsaweb.recent-advances-in-research-in-lacquer-allergy.html

4.4 Characterization of the Various Functional Groups of Thitsiol by
Fourier Transform Infrared Spectroscopy (FT-IR) Analysis

As shown in Table 4.6, the frequencies at 3441 cm™, 3443 cm™, 3470 cm’
! 3470cm™, 3441cm™ and 3427 cm™ were respectively represented the presence
of phenolic groups which has O — H stretching vibration assignment. The
frequencies at 3009 cm™ of all thitsiol sample were corresponded to the presence
of = CH — group of the aromatic system. The bands at 2924 cm™ and 2926 cm™
frequencies were indicated the saturated alkyl group which has — CH, —
asymmetric stretching vibration and the frequencies at 2852 cm™ of all samples
show the saturated alkyl group which had — CH, — symmetric stretching
vibration. The band at 1280 cm™ and 1278 cm™ frequencies were represented the
characteristics of O — H in-plane bending vibration of phenolic group whereas at
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the frequencies of 731 cm™ were corresponded to the O — H out-of-plane
bending vibration of phenolic group. The infrared spectrum of thitsiol obtained
was found the same as urushiol from Japanese urushi virtually.

Table 4.6: FTIR Absorption Frequencies of Thitsiol from Myanma Purified

Thitsi

Sr Observed Frequency (cm™) Literature

' Frequency” (cm™)| Band Assignment Remarks
No.| KL | MG | TZ | KT | MB | YS (Urushiol)

1 | 3441 3443 3470 | 3470 | 3441 | 3427 3431 O‘v'?bi;eigcnh'”g Phenol

2 | 3009 | 3009 | 3009 | 3009 | 3009 | 3009 3012 :C'j/igf;{fgﬁh'”g Aromatic ring
3 | 2024 | 2924 | 2924 | 2924 | 2924 | 2926 2926 Tst?e?éh%?%ﬁ?{,f Satu;t:gpalkyl
4 | 2852 | 2582 | 2852 | 2852 | 2852 | 2852 2853 ;trigﬁl;];yvf?br?aettgﬁ Satu;t:gpalkyl
5 | 1280 | 12680 | 1280 | 1278 | 1280 | 1280 |  1310-1200 bg]air'fg'ci'g’:;‘tri‘gn Phenol

O — H out-of-plane
6 | 731 | 731 | 731 | 731 | 732 | 731 750-650 bending vibration Phenol

* http://www.atsem09-owjung.pdf
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Figure 4.1: FTIR Spectrum of Thitsiol in Thitsi from (a) Kawlin (b) Mingin (c)
Taze (d) Kaingtaung (e) Mabain (f) Yaksawk Townships

45 Effect of Number of Coating on Hardening Time of Coated
Lacquerwares with Raw and Purified Thitsi

From Table 4.7, it was found that standard deviation for hardening time of
raw Thitsi-coat on bamboo substrates hold between 0.58 and 1 hr. For further
studies, this deviation time covered on the hardening time of raw and purified
Thitsi-coat on bamboo lacquerwares.

As described in Table 4.8, for both raw and purified Thitsi, it can be
observed that the shortest hardening time of Thitsi-coat on lacquerwares was
occurred in Thitsi from Taze Township and the longest hardening time was found
in Thitsi from Kawlin Township, Sagaing Region. From Shan State, Thitsi from
Yaksawk Township was occupied the shortest hardening time and that from
Mabain Township was the longest hardening time. High moisture and volatile
matter content and high nitrogenous matter content facilitate the hardening
whereas high thitsiol content curtails the hardening. Therefore the hardening time
of Thitsi from Taze and Yaksawk Townships was the shortest time.

Table 4.7: Preliminary Determination of Standard Deviation for Hardening
Time of Raw Thitsi-Coat on Bamboo Substrates
Relative humidity of underground cellar =  (70-87) %
Temperature of underground cellar (27.1-31.8)°C

Sr. | Thitsi | Hardening Time of Thitsi-Coat (hr.) | Average Hardening | Standard Deviation
No. | Sample| 15 Time | 2™ Time 39 Time Time (hr.) Time (hr.)

1 KL 60 59 60 59.7 0.58

2 MG 39 40 41 40.0 1.00

3 MB 72 70 71 71.0 1.00

KL = Kawlin, MG = Mingin, MB = Mabain
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Table 4.8 Hardening Time of Coat of Raw and Purified Thitsi on Bamboo
Lacquerwares
Relative humidity of underground cellar
Temperature of underground cellar
Hardening Time of Thitsi-Coat (hr.)
Sr. | Number
No. |of Coat| KL | KL [MG [MG | TZ | TZ | KT [ KT |MB | MB | YS | YS

RIEA IR®IEIR®[E[R®R[E[R®R]E [R]EP
1% coat | 60.25 | 36.25 |39.17 | 26.83 [ 35.58 | 25.92 | 67.00 | 34.67 [ 71.50 | 42.83 |38.83 | 30.33

2" coat | 46.33 | 30.00 | 30.33 | 25.67 |27.83 | 24.83 | 45.83 [33.33 |49.00 | 39.75 |36.67 | 28.00
3" coat |44.67 |28.33 | 29.00 |24.90 | 27.00 | 24.00 [39.00 | 32.17 |45.67 | 37.00 |34.17 | 26.58
4" coat |43.83 |26.25 | 28.25 |23.25 | 26.25 | 22.75 [ 31.00 | 27.50 | 38.58 | 33.17 |29.50 | 23.25
5" coat |32.42 | 25.75 | 24.58 | 21.25 | 23.42 | 18.25 | 28.75 | 23.75 | 36.42 | 29.00 |26.92 | 20.00
6" coat |30.33 | 24.42 | 23.83 [20.00 | 22.83 | 17.17 |27.42 | 21.17 | 35.42 | 27.50 |25.25 | 18.75

7" coat [29.17 | 23.25 | 23.00 | 19.17 | 21.83 | 16.50 | 26.25 | 20.33 | 34.50 | 26.17 |24.33 | 18.00

8M coat [28.00 [22.00 [ 21.75 [17.83 [ 20.67 | 15.67 [25.00 | 195 [33.75 | 25.33 |23.17 | 17.17
R = Raw, P = Purified, KL = Kawlin, MG = Mingin, TZ = Taze, KT = Kaingtaung, MB = Mabain,
YS = Yaksawk

(70 - 87) %
(27.1-31.8)°C

N[O~ W|IN|E

It was also found that the hardening time of all Thitsi samples were
slightly decreased in consecutive increased number of coating. Moreover, high
relative humidity of underground cellar diminished the hardening time.

Since, purification or prepolymerization accelerated the polymerization of
thitsiol monomer to the lacquer dimer, trimer, ...... , oligomer and polymer, it can
be clearly observed that the hardening time of coated lacquerwares with purified
Thitsi in all coating was greatly shorter than the wares coated with raw Thitsi. It
was also found that the increased numbers of coating decreased the hardening
time.

Total hardening time of coat of raw and purified Thitsi on bamboo
lacquerwares are shown in Table 4.9. For the coated lacquerwares with purified
Thitsi, the total hardening time required were more saved than for the wares
coated with raw Thitsi. For 8" coated wares, if raw Thitsi from Kawlin Township
was used to paint the bamboo lacquerwares, 315 hr. would be required to harden.
But purified Thitsi from Kawlin Township required 216.25 hr. to harden that 8"
coated bamboo lacquerwares, and the same situation was encountered in all
remaining Thitsi.
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Table 4.9 Total Hardening Time of Coat of Raw and Purified Thitsi on
Bamboo Lacquerwares
Relative humidity of underground cellar (70-87) %
Temperature of underground cellar (27.1-31.8) °C
Total Hardening Time of Thitsi-Coat (hr.)
Sr. |Number
No lof Coatl KL | KL [MG | MG | TZ | TZ | KT | KT | MB | MB | YS | YS

RIPAITRIE [ R|IE|R®IE|R®R][P]|R]EP
1coat | 60.3] 363 392 268 356 259 67.0 347 715 428 388 303

2" coat | 106.6] 66.3| 69.5 525 634 50.8/ 112.8) 68.0 1205 826 755 58.3
3Ycoat | 151.3| 94.6| 985 77.4] 90.4| 74.8 151.8 100.2| 166.2 119.6] 109.7| 84.9
4" coat | 195.1| 120.8| 126.8| 100.7| 116.7| 97.5 182.8| 127.7| 204.8 152.8| 139.2| 108.2
5" coat | 227.5| 146.6| 151.3| 121.9) 140.1| 115.8| 211.6 151.4| 241.2| 181.8 166.1| 128.2
6" coat | 257.8] 171.0| 175.2| 141.9) 162.9| 132.9| 239.0] 172.6| 276.6| 209.3 191.3| 146.9
7" coat | 287.0| 194.3| 198.2| 161.1) 184.7| 149.4| 265.3 192.9| 311.1| 235.4| 215.7| 164.9
8" coat | 315.0| 216.3| 219.9| 178.9 205.4 165.1) 290.3 212.4| 344.8/ 260.8 238.8 182.1

N[O~ |W|IN|F

4.6  Physical and Chemical Properties of Lacquerwares

The hardness values of bamboo lacquerwares coated with different raw
and purified Thitsi are described in Table 4.10. It can be observed that the more
increased in consecutive coating, the harder the scale of hardness. From these
data, the hardness values of lacquerwares initially from 4™ coat to 8™ coat were
6H, the highest degree and the commercial product, exported Myanma
lacquerware had also 6H.

Cross hatch and adhesion of bamboo lacquerwares coated with different
raw and purified Thitsi for 2" coat are shown in Table 4.11. It was found that the
cross hatch and adhesion qualities of all sources of Thitsi (raw/purified) coated
on both bamboo lacquerwares were completely perfected, 100%.
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Table 4.10: Pencil Hardness of Coated Lacquerwares with Raw and Purified

Thitsi

Coat on
Lacquer
I ware

Sr.

Pencil Hardness of Lacquerware

KL
(R)

KL
(P)

MG
(R)

MG
(P)

TZ
(R)

TZ
(P)

KT
(R)

KT
(P)

MB
(R)

MB
(P)

Ys
(R)

YS
(P)

Myanma
Export
Product

1% coat

4H

4H

4H

4H

4H

4H

4H

4H

4H

4H

4H

4H

2" coat

5H

5H

SH

SH

SH

5H

5H

5H

SH

SH

5H

SH

3" coat

5H

5H

SH

SH

SH

5H

5H

5H

SH

SH

SH

SH

4" coat

6H

6H

6H

6H

6H

6H

6H

6H

6H

6H

6H

6H

5" coat

6H

6H

6H

6H

6H

6H

6H

6H

6H

6H

6H

6H

6" coat

6H

6H

6H

6H

6H

6H

6H

6H

6H

6H

6H

6H

7" coat

6H

6H

6H

6H

6H

6H

6H

6H

6H

6H

6H

6H

O |IN[O(OD([WIN|F-

8" coat

6H

6H

6H

6H

6H

6H

6H

6H

6H

6H

6H

6H

6H

Table 4.11: Cross Hatch and Adhesion Percentage of Coated
Lacquerwares with Raw and Purified Thitsi
Number of Thitsi-coat
Thitsi used

2

raw and purified Thitsi

Bamboo

Sr. No. | Source of Thitsi

Cross Hatch (%)

Adhesion (%)

Remarks

KL

100

100

MG

100

100

TZ

100

100

KT

100

100

MB

100

100

o0 Bl WIN|F-

YS

100

100

Exported Myanma product
had 100% cross hatch and

100% adhesion.

It was observed that the wet film thickness of each coating in all
lacquerwares was occupied by 120 um. Table 4.12 displays the dry film thickness
of different raw and purified Thitsi on lacquerwares. It was found that dry film
thickness values of coated lacquerwares with purified Thitsi were greatly thicker
than that coated with raw Thitsi in all consecutive lacquer coating because of
purified Thitsi had high viscosity values.
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Table 4.12: Dry Film Thickness of Raw and Purified Thitsi on Bamboo
Lacquerwares
Wet film thickness of Thitsi = 120 um.

Coaton Dry Film Thickness of Thitsi-Coat on Lacquerware (um.)
Lacquer [ KL [ KL [MG|[MG | TZ | TZ [KT | KT [MB|[MB | YS | YS
ware R |P IR I[P IR IPIRIPIRIEP[R]PF
1"coat | 26 | 43 | 33 | 53 | 27 | 47 | 36 | 56 | 20 | 40 | 32 | 49
2" coat | 52 | 86 | 66 |106 | 54 | 94 | 72 | 112 | 40 | 80 | 64 | 98
3%coat | 78 | 129 | 99 | 159 | 81 | 141 | 108 | 168 | 60 | 120 | 96 | 147
4™ coat | 104 | 172 | 132 | 212 | 108 | 188 | 144 | 224 | 80 | 160 | 128 | 196
5" coat | 130 | 215 | 165 | 265 | 135 | 235 | 180 | 280 | 120 | 200 | 160 | 245
6" coat | 156 | 258 | 198 | 318 | 162 | 282 | 216 | 336 | 140 | 240 | 192 | 294
7" coat | 182 | 301 | 231 | 371 | 189 | 329 | 252 | 392 | 160 | 280 | 224 | 343
8" coat | 208 | 344 | 264 | 424 | 216 | 376 | 288 | 448 | 180 | 320 | 256 | 392

ZWw
o=

V(N[O W[IN|F-

Determination of the specular gloss of processed lacquerwares is an
essential test for assessment of their quality. Specular gloss of coated bamboo
lacquerwares with different raw and purified Thitsi are shown in Tables 4.13.
Because of purified Thitsi occupied higher thitsiol content than raw Thitsi, it was
observed that the gloss values of coated lacquerware with purified Thitsi were
greatly higher than the wares coated with raw Thitsi. Rather high gloss values,
>80G.U. were obtained starting from 5" coated lacquerwares with purified Thitsi.

Moreover, the gloss value of processed lacquerwares painted with
purified natural Thitsi were higher than the gloss value of commercial product
Myanma lacquerware. It was also found that the gloss values increased with
increased number of consecutive coating. This test confirmed that the thitsiol
content of Thitsi could be greatly influenced on the specular gloss of
lacquerwares. Therefore, Thitsi products can last hundreds of years while
retaining their glossiness, smoothness and elegance.
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Table 4.13: Gloss Values of Coated Bamboo Lacquerwares with Raw and
Purified Thitsi

Sr.

Coat on

ware

Specular Gloss of Thitsi-Coat on Lacquerware (G.U.)

Lacquer |

(R)

KL
(P)

MG
(R)

MG
(P)

TZ
(R)

TZ
P)

KT
(R)

KT
(P)

MB
(R)

MB
(P)

YS
(R)

YS
P)

Myanma
Export
Product

1% coat

28.5

45.5

27.0

43.6

25.3

41.7

26.1

33.7

28.7

39.5

24.3

31.9

2" coat

33.2

54.6

32.5

53.0

30.5

50.0

32.0

37.0

354

43.2

30.5

35.8

3" coat

45.8

63.8

44.0

59.5

42.7

56.7

435

53.6

46.6

57.8

420

51.2

4" coat

59.0

70.6

58.7

69.3

55.3

66.2

58.9

61.4

60.7

63.9

57.8

61.0

5" coat

718

85.6

68.4

80.5

66.5

774

65.3

71.2

70.2

78.2

63.1

69.4

6" coat

80.1

94.8

78.7

93.5

73.2

90.8

72.3

78.1

76.6

84.2

72.0

76.9

7" coat

87.7

98.2

85.3

97.7

83.0

96.3

82.2

91.8

83.4

94.7

81.3

90.2

o ~N|lo|lo|~|lw|N| R~

8" coat

93.0

100.0 | 91.2

100.0

90.5

100.0

91.0

100.0

92.5

100.0

90.8

100.0

98.1

Gloss values of coated bamboo lacquerwares with different raw and
purified Thitsi after the determination of water and salt immersion resistances and
resistance to steam treatment are shown in Tables 4.14, 4.15 and 4.16. From these
Tables, it was observed that after the treatment of water, salt and steam, the
resultant gloss values of lacquerwares were higher than the wares before treated
in water, salt and steam mediums in all coatings and also the gloss value of
commercial product. In these tests, the more increased consecutive coating, the
higher the gloss value and the more withstand to resistances.

Table 4.14:

Gloss Values of Coated Bamboo Lacquerwares with Raw and

Purified Thitsi after Water Immersion

Time of water immersion

2 months

Sr.
No

Coat on

Specular Gloss of Thitsi-Coat on Lacquerware (G.U.)

Lacquer-
ware

KL
(R)

KL
()

MG
(R)

MG
()

TZ
(R)

TZ
(P)

KT
(R)

KT
(P)

MB
(R)

MB
(P)

Ys
(R)

YS
(P)

Myanma
Export
Product

1% coat

355

57.2

34.1

55.3

32.8

52.7

334

40.2

35.0

46.0

31.8

38.7

2" coat

43.4

63.0

40.8

61.8

37.6

58.2

40.8

45.9

434

51.2

37.6

43.7

3" coat

57.2

72.2

55.1

70.1

52.2

66.8

52.1

63.3

55.7

67.5

51.8

61.8

4" coat

68.8

79.1

67.2

76..3

64.8

73.8

69.9

724

71.7

74.8

68.8

72.0

5™ coat

78.7

87.9

75.4

85.5

71.7

83.2

75.0

79.3

78.2

86.9

72.0

77.2

6" coat

89.6

96.8

85.3

95.8

80.6

94.6

85.3

89.6

89.6

93.2

85.0

88.0

7" coat

96.2

99.9

93.6

98.7

89.5

98.4

92.7

96.5

95.3

98.1

914

94.7

o | N|ojo|h~|lw|N|FP

8" coat

100.0

100.0

100.0

100.0

98.7

100.0

100.0

100.0

100.0

100.0

99.9

100.0

98.9
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Table 4.15: Gloss Values of Coated Bamboo Lacquerwares with Raw and
Purified Thitsi after Immersion in Salt Solution
Time of immersion in 5% NacCl solution = 2 months

Specular Gloss of Thitsi-Coat on Lacquerware (G.U.)

Sr. Coat on
No '—i‘\?/glrl:r' KL | KL | MG| MG | TZ | TZ | KT | KT | MB| MB | YS | YS '\’g’(f;’ma

RIE R E R IE|R|CF|R®R|C | ®| P podct
1% coat | 37.5 | 58.8 | 33.7 | 56.7 | 31.8 | 54.6 | 32.5 | 39.4 | 36.2 | 44.7 | 30.7 | 35.1
2"9coat | 40.4 | 65.1 | 39.4 | 62.1 | 35.8 | 60.7 | 39.4 | 43.8 | 40.4 | 49.8 | 35.8 | 40.7
3“coat | 56.3 | 735 | 54.5| 70.8 | 51.7 | 68.2 | 53.8 | 64.5 | 55.9 | 66.2 | 51.7 | 62.3
4" coat | 70.2 | 80.8 | 68.7 | 78.0 | 67.2 | 74.9 | 68.7 | 72.1| 70.2 | 73.5 | 67.2 | 69.8
5Mcoat | 81.4 | 91.3 | 77.9 | 885 | 74.7 | 86.2 | 76.2 | 82.6 | 80.1 | 88.7 | 73.2 | 79.2
6" coat | 89.9 | 99.8 | 86.1 | 97.9 | 82.6 | 96.1 | 84.1 | 90.6 | 88.5 | 94.0 | 83.9 | 87.9
7" coat | 97.9 |100.0| 95.8 [100.0| 91.9 | 100.0| 94.2 | 98.3 | 97.5 | 100.0| 92.6 | 95.8

8" coat |100.0|100.0|100.0|100.0{100.0|100.0| 100.0{ 100.0|100.0{100.0{ 100.0| 100.0

99.2

O|IN|O[O[D|W[IN| -

Table 4.16: Gloss Values of Coated Bamboo Lacquerwares with Raw and
Purified Thitsi after Steam Treatment
Time of steam treatment = 6 hr

Specular Gloss of Thitsi-Coat on Lacquerware (G.U.)

Sr Coat on
‘ |Lacquer-| KL | KL | MG | MG | TZ | TZ | KT | KT | MB | MB | Ys | Ys |Myanma

wae |®R) [P | R |E@|R®|E | ®|E|®]|E ] ®]E | EP0

Product
1% coat | 39.4 | 56.2 | 37.5 | 54.3 | 35.8 | 51.9 | 37.8 | 43.5 | 38.7 | 47.1 | 33.4 | 40.8
2™ coat | 45.2 | 65.4 | 44.1 | 62.9 | 40.9 | 60.8 | 43.8 | 48.7 | 45.1 | 53.2 | 39.6 | 46.5
3"coat | 59.3 | 745 | 57.5 | 71.8 | 55.8 | 69.2 | 56.2 | 58.2 | 58.0 | 62.4 | 53.1 | 56.5
4Mcoat | 715 | 823 | 70.3 | 79.2 | 68.8 | 76.1 | 73.1 | 77.6 | 75.2 | 78.9 | 70.8 | 74.0
5N coat | 82.6 | 90.5 | 80.4 | 89.3 | 76.5 | 86.7 | 82.1 | 83.6 | 83.4 | 86.7 | 81.7 | 81.9
6" coat | 92.4 | 98.3 | 88.6 | 97.2 | 83.9 | 96.1 | 89.1 | 94.9 | 93.1 | 95.2 | 88.8 | 92.9
7" coat | 98.1 [100.0| 94.7 [100.0| 92.8 |100.0| 95.4 |100.0| 98.0 |100.0| 93.6 {100.0
8" coat |100.0100.0100.0 [100.0 {100.0 | 100.0 {100.0 {100.0 | 100.0 | 100.0 | 100.0 | 100.0

99.8

O|IN([O(O|B|W|IN |-

Gloss values of coated bamboo and wood lacquerwares with different raw
and purified Thitsi after immersion in 5% hydrochloric acid solution and 5%
alkali solution are shown in Tables 4.17 and 4.18. It was observed that the gloss
values of lacquerwares were slightly decreased by these tests (1-3 G.U.) than the
original gloss values but they were still higher than the gloss values of
commercial product. Although the gloss value of wares slightly decreased after
determination of acid immersion resistance they could be said that they were
resistant to acid solution because there was none for cracking, blistering, rusting
and water spotting.
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Gloss Values of Coated Bamboo Lacquerwares with Raw and
Purified Thitsi after Acid Immersion
Time of immersion in 5% HCI

1 month

Sr.

Coat on
Lacquer-
ware

Specular Gloss of Thitsi-Coat on Lacquerware (G.U.)

KL
(R)

KL
(P)

MG
(R)

MG
()

TZ
(R)

TZ
(P)

KT
(R)

KT
(P)

MB
(R)

MB
(P)

\&
(R)

YS
(P)

Myanma
Export
Product

1% coat

26.2

451

25.8

433

240

422

25.3

32.4

26.8

37.4

22.6

29.5

2" coat

315

51.8

30.7

50.6

28.7

48.3

30.7

36.8

33.7

41.2

28.7

32.6

3" coat

441

61.7

425

58.3

40.9

55.2

41.9

51.7

45.8

56.3

40.7

50.0

4" coat

57.2

68.8

56.4

67.9

54.0

65.5

57.2

60.8

58.4

63.0

55.8

60.2

5™ coat

70.0

83.7

67.6

79.1

65.2

75.6

63.4

70.6

68.4

76.8

62.0

68.5

6" coat

77.8

91.4

75.8

90.7

715

87.9

70.0

76.2

73.7

83.5

69.8

75.3

7" coat

85.1

97.0

83.4

95.4

81.8

93.7

81.2

90.5

82.5

92.6

79.8

89.1

(N |O B~ |WIN|F-

8" coat

914

100.0

90.1

100.0

88.9

99.8

90.3

98.6

91.8

99.7

88.5

96.0

89.6

Table 4.18

Gloss Values of Coated Bamboo Lacquerwares with Raw and
Purified Thitsi after Alkali Immersion
Time of immersion in 5% NaOH solution

1 month

Sr.
No

Coat on
Lacque
ware

Specular Gloss of Thitsi-Coat on Lacquerware (G.U.)

KL
(R)

KL
(P)

MG
(R)

MG
()

TZ
(R)

TZ
(P)

KT
(R)

KT
(P)

MB
(R)

MB
(P)

YS
(R)

YS
(P)

Myanma
Export
Product

1% coat

20.8

375

19.4

35.2

18.7

32.6

20.4

27.5

21.9

31.7

18.5

24.6

2" coat

25.9

45.0

24.8

43.7

22.3

42.5

26.7

32.8

285

36.1

23.2

27.8

3" coat

38.1

55.2

35.7

51.4

33.1

49.2

354

45.6

40.8

50.2

34.2

449

4" coat

50.9

61.8

49.0

60.2

47.1

58.2

48.5

55.2

51.3

59.6

46.0

531

5" coat

63.2

76.3

60.5

724

57.3

68.1

56.3

64.7

61.8

70.2

55.4

63.6

45.9

6" coat

71.8

854

69.7

83.6

66.3

82.4

64.7

70.5

67.0

77.1

63.8

69.5

7" coat

80.5

91.2

78.3

90.5

76.4

88.5

75.3

84.2

77.2

86.4

745

83.9

o N|jlo|la|b|lw|N| 4k

8" coat

87.2

95.9

86.7

94.8

84.9

94.0

86.0

94.5

87.1

95.2

84.3

92.6

Gloss values of coated

lacquerwares with different raw and purified
Thitsi after weathering effect are shown in Table 4.19. From this test it was found
that the gloss value of lacquerwares gradually decreased with prolong in UV
radiation exposure period. Because of decreased in gloss value, the appearance of
the wares was unsatisfactory but their qualities were acceptable, and they could
not be scratched with a finger nail. There was no chalking, cracking, blistering,
rusting, water spotting and dirt retention too.
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Table 4.19: Gloss Values of Coated Wood Lacquerwares with Raw and
Purified Thitsi after Weathering Effect

Test specimen = 7" coated wood lacquerwares
5\;((: aegr;zrr Specular Gloss of Thitsi-Coat on Lacquerware (G.U.)
Sr. Affec Myanm
No. | hr. KL | KL | MG |MG|TZ | TZ | KT | KT |[MB|MB | YS | YS a
Used t;rd R|IE TR |[E R [P |®|EF]|®]E]R)/P) | Export
' Product
1 - - 86.5|96.8 | 84.1 |92.7|82.3{90.8|80.3 |90.2|82.7 {95.679.1|87.5| 98.1
2 | 164 | 0.68 |76.2| 835 | 68.2 (82.6|57.8|78.1|69.0 |78.2|74.1|79.8|60.3(68.9| 85.3
3 |352 | 1.47 |65.8|77.1 |59.4 |74.8(49.0|715|57.3 [63.9 (59.2|67.2|53.2|60.5| 69.5
4 | 776 | 3.23 |43.7|70.3 | 42.2 |61.7|40.0 |50.9 | 49.1 |55.2 |51.1 |59.6 [47.4 |53.8| 52.1
5 |1088 | 4.53 |38.8|62.7 | 38.6 |53.6 [37.9 [42.5| 44.9 |50.8 |47.1|52.939.7 |48.9| 46.2
6 |1492| 6.22 |35.6|58.3 | 32.8 |49.5|25.9|38.7 | 31.0 {38.4 |35.6 |46.1 |30.2|36.0| 39.7
7 (1812 7.55 |32.9|50.0 | 28.4 |43.2(21.8 |35.4|28.0 {32.1(29.4{39.0{20.8|30.1| 28.9
8 (2192 9.13 |30.8 | 43.4 | 22,5 |38.8|15.0 (32.8| 24.0 {28.2 (25.2|34.2 {158 |21.6| 19.6
9 (2264 9.43 [27.1|37.9 |19.9 [34.9|14.1|30.0 | 19.8 |24.8 (21,5 (30.5 135|228 | 12.1

Thus, hardened Thitsi film was the excellent coating material due to their
lustrousness and stiffness, but their drawback was that they were sensitive to
light, especially UV radiation. Part of the polymerized thitsiol was decomposed
and may be volatile, leaving the film in a heterogeneous condition when the film
was exposed to UV radiation. After accessing the weathering resistance for over
9 years, the gloss value of processed wares were higher (as high as double) than
the gloss of commercial lacquerwares. Thus, the processed lacquerwares could
sustain the exterior weather.

Evaluations by SEM revealed the surface morphology of materials. SEM
photomicrograph of original lacquer films and that after the determination of
weathering resistance which include the exposure to UV radiation are shown in
Fig 4.2. These lacquerware films were coated with purified Thitsi from Kawlin
and Mabain Townships. SEM images of 7" coated original lacquer films were
packed densely and a well-defined surface texture with an equally smooth surface
that with only very few minute grains which was responsible for its excellent
durability.

When the film was exposed to UV radiation, the lacquer film might
absorb UV and suffer from photo-oxidative degradation and part of the
polymerized thitsiol was decomposed and volatilized. So, SEM photographs of
lacquer films after weathering effect including UV exposure showed well-defined
microstructure with irregular scratches, large nodules and turning marks.
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Figure 4.2: SEM Photographs of Kawlin and Mabain Thitsi Coated Lacquer
Film
(a) and (b) 7™ Coated Lacquer Film
(c) and (d) 7" Coated Lacquer Film after exposing Weathering
Effect equivalent to nine years and five months

4.7 Effect of Drying Agents on the Hardening Time of Thitsi-Coat on
Lacquerwares

In order to speed up the polymerization time of Thitsi-coat on
lacquerwares, turpentine and linseed oil were used as drying agents and their
hardening effect was studied. Effect of turpentine on the hardening time of Thitsi-
coat on lacquerwares is described in Table 4.20(a). It was observed that the most
suitable ratio of Thitsi and turpentine was occurred in 1:0.005 and that could give
the shortest hardening time.

Effect of linseed oil on the hardening time of Thitsi-coat on lacquerwares
is shown in Table 4.20(b). It was found that linseed oil truly enhanced the
polymerization time of Thitsi-coat on lacquerwares. The most suitable ratio of
Thitsi and linseed oil was 1:0.0075. It could be confirmed that the hardening time
of Thitsi-coat on lacquerwares decreased by mixing Thitsi with appropriate
amount of drying agents because solvent drying agent, turpentine accelerated the
polymerization ability of Thitsi by evaporation of water, and drying oil, linseed
oil speeded up to harden Thitsi by a chemical reaction in which the components
crosslink by the action of oxygen. Moreover, total hardening time of different
types of Thitsi from Kawlin Township is displayed in Table 4.21. It was observed
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that the longest time, 315 hr. was occurred in raw Thitsi and the shortest time,
129 hr. was taken up by purified Thitsi mixed with linseed oil. Thus, drying
agents could speed up the hardening time of Thitsi.

Table 4.20(a):

of Thitsi-Coat on Lacquerwares

Effect of Drying Agent (Turpentine) on the Hardening Time

Sr. Ratio of Thitsi Hardening Time of Thitsi-Coat on Lacquerware (hr.)

No. | and Drying Agent| 1% coat| 2" coat| 3" coat| 4™ coat | 5" coat | 6™ coat | 7" coat | 8"coat
1 1:0.0000 36.25 | 30.00 | 28.33 | 26.25 | 25.75 | 24.42 | 23.25 | 22.00
2 1:0.0025 32.00 | 27.67 | 26.00 | 2450 | 23.00 | 22.25 | 21.33 | 19.83
3 1:0.0050* 26.67 | 22.17 | 21.50 | 20.33 | 18.50 | 17.17 | 16.25 | 15.50
4 1:0.0075 30.33 | 26.50 | 24.17 | 23.83 | 21.25 | 20.67 | 19.58 | 18.67
5 1:0.0100 49.00 | 46.67 | 38.33 | 34.83 | 30.50 | 29.17 | 27.25 | 26.67

* Most suitable ratio of Thitsi and drying agent

Table 4.20(b): Effect of Drying Agent (Linseed Oil) on the Hardening Time
of Thitsi-Coat on Lacquerwares

Sr. | Ratio of Thitsi and Hardening Time of Thitsi-Coat on Lacquerware (hr.)

No.| Drying Agent | 1%coat| 2" coat| 3" coat| 4™ coat| 5™ coat| 6™ coat| 7" coat| 8"coat
1 1:0.0000 36.25| 30.00 | 28.33 | 26.25 | 25.75 | 2442 | 23.25 | 22.00
2 1:0.0025 2650 | 24.15 | 2333 | 21.67 | 20.75 | 18.00 | 17.25 | 16.17
3 1:0.0050 23.00| 2275 | 21.67 | 19.17 | 17.25 | 16.17 | 15.83 | 14.33
4 1:0.0075* 2150 | 19.17 | 1850 | 16.83 | 14.67 | 1350 | 12.83 | 12.00
5 1:0.0100 2750 | 2517 | 24.83 | 22.17 | 2150 | 19.83 | 18.17 | 16.83

* Most suitable ratio of Thitsi and drying agent
Table 4.21: Total Hardening Time of Different Types of Thitsi from Kawlin

Township

s | Number of Total Hardening Ti_n?e of Thitsi-Coat on Lacquerware (hr.)

No. Coat _R:_;lw P_ur!fled (PT_K + Tp)* (PTK + LO)**
Thitsi-Coat Thitsi-Coat Thitsi-Coat Thitsi-Coat

1 1% coat 60.25 36.25 26.67 21.50

2 | 2"coat 106.58 66.25 48.84 40.67

3 3" coat 151.25 94.58 70.34 59.17

4 4" coat 195.08 120.83 90.67 76.00

5 5™ coat 227.50 146.58 109.17 90.67

6 | 6"coat 257.83 171.00 126.34 104.17

7 7" coat 287.00 194.25 142.59 117.00

8 | 8"coat 315.00 216.25 158.09 129.00

Tp = Turpentine, LO = Linseed Oil
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4.8  Physical and Chemical Properties of Lacquerwares Coated by
Purified Thitsi Mixed with Drying Agents

Pencil hardness of lacquerwares coated by purified Thitsi mixed with
drying agents is shown in Table 4.22. It was observed that the pencil hardness of
lacquerwares coated by purified Thitsi mixed with linseed oil was harder than
that mixed with turpentine. It was also found that the hardness degree increased
with increased consecutive coatings. These hardness values were lower than the
wares painted by purified Thitsi alone. Thus, drying agents improved the
polymerization time despite; these agents impaired the hardness of lacquerwares.

Table 4.22:Pencil Hardness of Different Types of Thitsi Coated

Lacquerwares
s Coat on Pencil Hardness of Thitsi-Coat on Lacquerware _
No. | Lacquerware PTK +Tp (1:0.0050) | PTK +LO (1:0.0075) Purified
Thitsi-Coat Thitsi-Coat Thitsi-Coat

1 1% coat F H 4H

2 2" coat F H 5H

3 3" coat F 2H 5H

4 4™ coat F 2H 6H

5 5™ coat H 3H 6H

6 6™ coat 2H 3H 6H

7 7" coat 3H 4H 6H

8 8™ coat 4H 4H 6H

PTK = Purified Thitsi from Kawlin Township

Cross hatch and adhesion of lacquerwares coated by purified Thitsi
mixed with drying agents are described in Table 4.23. It was revealed that the
cross hatch and adhesion of painted lacquerwares by purified Thitsi mixed with
turpentine and linseed oil were 100%. It was found that the application of drying
agents in lacquering process did not influence on cross hatch and adhesion
properties of processed lacquerwares.
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Table 4.23: Cross Hatch and Adhesion of Different Types of Thitsi Coated

Lacquerwares
St Coat on Cross Hatch and Adhesion of Thitsi-Coat on Lacquerware (%)
Nd. Lacquerware PTK + Tp(1:0.0050) | PTK+LO (1:0.0075) Purified
Thitsi-Coat Thitsi-Coat Thitsi-Coat
1 1% coat 100 100 100
2 2" coat 100 100 100
3 3" coat 100 100 100
4 4™ coat 100 100 100
5 5™ coat 100 100 100
6 6™ coat 100 100 100
7 7" coat 100 100 100
8 8™ coat 100 100 100

Table 4.24 shows the specular gloss values of lacquerwares coated by
purified Thitsi mixed with drying agents. It was observed that the gloss values of
coated lacquerwares by purified Thitsi mixed with linseed oil were higher than
the wares that mixed with turpentine. However, these gloss values of lacquerware
were slightly lower than the ware coated with original purified Thitsi. Although
the drying agents promoted the polymerization time of Thitsi, it slightly damaged
some properties of lacquer film as gloss.

Table 4.24: Specular Gloss of Different Types of Purified Thitsi Coated

Lacquerwares
s Coat on Specular Gloss of Thitsi-Coat on Lacquerware (G.U_.)_
No. | Lacquerware PTK + Tp (1:0.0050) | PTK + LO (1 : 0.0075) Purified
Thitsi-Coat Thitsi-Coat Thitsi-Coat

1 1% coat 37.8 39.2 455
2 2" coat 45.3 45.9 54.6
3 3" coat 54.8 58.6 63.8
4 4" coat 62.0 69.8 70.6
5 5™ coat 74.2 78.5 85.6
6 6" coat 83.5 87.0 94.8
7 7" coat 91.7 94.8 98.2
8 8" coat 94.6 95.2 100.0

Specular gloss values of coated lacquerwares by purified Thitsi mixed
with drying agents after the immersion resistances and weathering effect are
shown in Tables from 4.25 to 4.30, respectively. It was found that the gloss
values of painted lacquerware by purified Thitsi mixed with linseed oil were



JJ?

higher than that mixed with turpentinel. But, these gloss values of lacquerware
were slightly lower than gloss values of lacquerware coated by purified Thitsi
alone.

The fast drying resulted in an opaque and nonuniformly hardened film
when the rate of water evaporation from the Thitsi coated surface did not
harmonize well with the hardening rate, i.e., the oxygen-absorbing rate to form a
uniform and transparent hardened film. Thus, application of drying agents
diminished both physical and chemical properties of lacquerware because these
drying agents quickly dried the Thitsi. (Monreal, 1985)

Table 4.25: Specular Gloss of Different Types of Purified Thitsi Coated
Lacquerwares after Water Immersion

. Specular Gloss of Thitsi-Coat on Lacquerware (G.U.)
Sr. Coat on Imm_er5|on Purified
No. [Lacquerware Time | PTK + Tp (1:0.0050) [PTK + LO (1 :0.0075) Thitsi.
(month) Thitsi-Coat Thitsi-Coat Coat
1 1% coat 2 37.2 39.5 57.2
2 | 2"coat 2 43.0 52.8 63.0
3 | 3Ycoat 2 52.8 57.3 72.2
4 | 4"coat 2 59.6 63.4 79.1
5 | 5"coat 2 69.5 74.8 87.9
6 | 6"coat 2 80.1 84.4 96.8
7 | 7"coat 2 87.5 89.2 99.9
8 | 8"coat 2 91.6 92.6 100.0

Table 4.26 : Specular Gloss of Different Types of Purified Thitsi Coated
Lacquerwares after Immersion in Salt Solution

Solution for immersion = 5% NaCl solution
. Specular Gloss of Thitsi-Coat on Lacquerware (G.U.)
Immersion —
SI| - Coaton | e T bk 4 Tp (1 - 0.0050) | PTK + LO (1 : 0,0075)| Purified
No. | Lacquerware _p_( e ) . .( Y ) Thitsi-
(month) Thitsi-Coat Thitsi-Coat Coat
1 1% coat 2 37.4 40.8 58.8
2 2" coat 2 43.1 53.2 65.1
3| 3"coat 2 52.1 58.1 73.5
4 | 4"coat 2 59.8 63.0 80.8
5 5™ coat 2 69.8 74.1 91.3
6 6™ coat 2 81.2 86.6 99.8
7 7" coat 2 87.8 90.5 100.0
8 8" coat 2 92.0 93.8 100.0
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Table 4.27 : Specular Gloss of Different Types of Purified Thitsi Coated
Lacquerwares after Steam Treatment

Steam Specular Gloss of Thitsi-Coat on Lacquerware (G.U.)
Sr. | Coaton |[Treatment —
(hr)) Thitsi-Coat Thitsi-Coat Thitsi-Coat

1 1% coat 6 375 39.1 56.2
2 | 2"coat 6 43.3 495 65.4
3 | 3“coat 6 53.4 56.7 74.5
4 | 4"coat 6 59.3 64.0 82.3
5 | 5"coat 6 69.2 75.1 90.5
6 6" coat 6 81.0 85.4 98.3
7 7" coat 6 88.0 89.9 100.0
8 | 8"coat 6 91.6 92.4 100.0

Table 4.28: Specular Gloss of Different Types of Purified Thitsi Coated
Lacquerwares after Acid Immersion

Solution for immersion

5% HCI

st | coaton |!Mmersion Specular Gloss of Thitsi-Coat on Lacquerware (G.U.)
No. |Lacquerware Time  [pTK + Tp (1: 0.0050) PTK + LO (1 : 0.0075)] Purified
(month) Thitsi-Coat Thitsi-Coat Thitsi-Coat
1 1% coat 1 33.8 36.6 45.1
2 | 2" coat 1 40.3 45.8 51.8
3 | 3“coat 1 49.8 53.7 61.7
4 | 4"coat 1 57.1 63.0 68.8
5 | 5"coat 1 65.4 70.3 83.7
6 | 6"coat 1 76.5 82.5 91.4
7 | 7"coat 1 86.2 89.1 97.0
8 | 8"coat 1 92.1 93.4 100.0
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Table 4.29: Specular Gloss of Different Types of Purified Thitsi Coated
Lacquerwares after Alkali Immersion

Solution for immersion = 5% NaOH solution
sr | Coaton Imm_ersion Specular Gloss of Thitsi-Coat on Lacquerware (G.U.)
No.|Lacquerware| '™ [PTK +Tp (1 :0.0050)[ PTK + LO (1 : 0.0075)| Purified
(month) Thitsi-Coat Thitsi-Coat Thitsi-Coat

1| 1%coat 1 31.7 33.7 375
2 | 2"coat 1 39.1 42.8 45.0
3| 3"coat 1 46.3 49.2 55.2
4 | 4"coat 1 54.9 60.4 61.8
5| 5"coat 1 61.2 66.3 76.3
6 | 6" coat 1 69.1 74.1 85.4
7| 7"coat 1 79.8 82.6 91.2
8 | 8"coat 1 87.5 89.1 95.9

4.9 Study on the Effect of Toxic Materials of Drinking Water in Lacquer
Cup

Determination of toxic materials of drinking water in lacquer cup is
shown in Table 4.31. It was observed that the toxic materials like arsenic, copper,
lead and cyanide did not observe because of Thitsi used. So, Thitsi was still
interesting due to its natural eco-friendly feature and lacquerwares were safe and
adaptable for using house-hold purposes.
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Table 4.30: Specular Gloss of Different Types of Purified Thitsi Coated
Lacquerwares after Weathering Effect

Test specimen = 7" coated wood lacquerware
S Exterior Weather Specular Gloss of Thitsi-Coat on Lacquerware (G.U.)
r.
No.| hr. |Affected PTK + Tp (1:0.0050)| PTK + LO (1:0.0075) | Purified
Used yr. Thitsi-Coat Thitsi-Coat Thitsi-Coat
1 - - 91.7 94.8 96.8
2 | 164 0.68 81.3 82.1 83.5
3| 352 1.47 70.8 73.4 77.1
4 | 776 3.23 62.4 65.3 70.3
5 | 1088 | 4.53 52.6 56.4 62.7
6 | 1492 | 6.22 47.2 50.6 58.3
7 | 1812 | 7.55 40.8 44.1 50.0
8 | 2192 | 9.13 30.1 35.2 43.4
9 | 2264 | 943 24.7 30.8 37.9
Table 4.31 Determination of Toxic Materials of Drinking Water in
Lacquer Cup
Exposed Time of Drinking Presence of Toxic Materials (mg/L)
Sr. .
No Water with Lacquer Cup - -
: (month) Arsenic Copper Lead Cyanide
1 3 Nil Nil Nil Nil
2 6 Nil Nil Nil Nil

Presence of toxic materials in lucky brand purified drinking water (mg/L) = Nil, Nil = Not in list
or zero

4.10 Physical Appearance of Lacquer Surface after Exposing Pickled Tea
Leaves and Vinegar

Table 4.32 shows the physical appearance of lacquer surface after
disposing pickled tea leaves and vinegar. It was found that there were no
chalking, cracking, blistering and spotting to the lacquer film due to the disposing
of pickled tea leaves and vinegar until 8 weeks. Therefore lacquerwares were free
from harm or risk accompanied with the excellent physico-chemical properties of
its film such as anti-corrosiveness, good brilliance and super-high durability.
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4.11 Effect of Protective Coating on the Lacquerwares

By the aid of protective coating, light coated lacquerwares, only 2 or 3
coats could upgrade in lustrousness. Besides, they withstood attacks from
weathering as heavy coated lacquerwares. Gloss values of coated lacquerware
with thin film protective layer after weathering effect are shown in Table 4.33.

It was observed that the gloss values of all consecutive lacquer coating
did not decrease by weathering effect. The protective coating prevented the
exposure of the lacquer film to UV radiation and the decomposition of
polymerized thitsiol, and thus the gloss values, 100 G.U. retained constantly for 9
years and 5 months. Therefore, lacquerwares can be used for exterior uses like
outdoor decorations for hotel, restaurants and parks, etc., by providing with high
performance protective layer.

By this experiment, using the protective coating in lacquering process
not only enhanced the lacquerwares for outdoor purposes but also saved the
required time and amount of needed Thitsi as lacquerwares coated by only
natural purified Thitsi. But protective coating covered lacquerwares are not safe
for house-hold purposes.

Table 4.32: Physical Appearance of Lacquer Surface after Exposing with
Pickled Tea Leaves and Vinegar

Exposed Time [Exposed Time of| Apperance of Exposed Lacquer Surface
Sr. | of Lacquer |Lacquer Surface with PTL / Vinegar
No. | Surface with with 5% Vinegar : . o .
PTL (week) (week) Chalking | Cracking |Blistering | Spotting

1 - - X X X X

2 2 2 X X X X

3 4 4 X X X X

4 6 6 X X X X

5 8 8 X X X X

PTL = Pickled tea leaves
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Table 4.33: Gloss Values of (PTK Layers + Protective Layer) Coated
Lacquerware after Weathering Effect
Specular Gloss of (PTK Layer + Protective Layer)
Coated Lacquerware (G.U.)

hr. Used |Affected yr.| 1% coat | 2" coat |3™ coat | 4™ coat | 5" coat | 6™ coat

Sr.| Exterior Weather
No.

1 - - 90.6 100 100 100 100 100
2| 164 0.68 90.6 100 100 100 100 100
3| 352 1.47 90.6 100 100 100 100 100
4 | 776 3.23 90.6 100 100 100 100 100
5| 1088 4.53 90.6 100 100 100 100 100
6 | 1492 6.22 90.6 100 100 100 100 100
7 | 1812 7.55 90.6 100 100 100 100 100
8 | 2192 9.13 90.6 100 100 100 100 100
9 | 2264 9.43 90.6 100 100 100 100 100

FLLLT
anA |
(@) (b)

Figure 4.3: Smooth and Glossy (a) Bamboo Lacquerwares (b) Lacquerware Cups

Conclusion

The constituents and properties of Thitsi vary with the age of tree, grown
region and collected season. Quality of Thitsi depends on its thisiol content. In
both raw and purified Thitsi, Thitsi samples from Kawlin and Mabain Townships
were the best quality with the highest thitsiol content. Purification of Thitsi can
produce fine lacquer, since viscosity and thitsiol content markedly increased with
decreased in moisture and volatile matter content. Moreover, the best quality
Thitsi can give the illustrious lacquerwares, possessing outstanding qualities with
marvelous gloss, great resistance and high durability when laid upon any
surfaces. Thus Myanma Thitsi has necessary compositions that required in
creditable Thitsi.

Lacquer could not set by the aid of heat, sun light and dry air and hence,
polymerization of Thitsi should be taken place in the dark underground cellar to
dry the lacquerwares. Polymerization or hardening time mainly depends on
thitsiol content, moisture and volatile matter contents, and nitrogenous matter
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content. High thitsiol content could prolong the hardening time of Thitsi layers,
on the other hand, it could increase the glossiness of Thitsi-coat on lacquerwares.
High moisture and volatile matter contents and high nitrogenous matter content
decreased the hardening time of Thitsi layers. Therefore, the shortest hardening
time occurred in both raw and purified Thitsi from Taze and Yaksawk
Townships. Purification process saved the time required for polymerization of
raw Thitsi and also gave the high quality of lacquerwares. In addition, the
prepolymerization of Thitsi was to hopefully be used to prepare a fast drying
Thitsi on a large scale and promote the application of Thitsi as an industrial paint.
Using appropriate amount of solvent and drying oil reduced the hardening time of
Thitsi but slight inferior to the properties of lacquerwares. Using the large amount
of these drying agents retarded the polymerization time and impaired the quality
of lacquerwares.

In this research, processed lacquerwares had great hardness and good
adhesive power so they can keep their authentic beauty. The viscosity of Thitsi
could also influence on the dry film thickness of lacquerwares. From the point of
chemical strength, lacquerwares had great capacity to resist not only water, salt
and steam but also had good capacity to withstand acid and alkali. But, their
drawback was found on the exposure of UV radiation. Although the appearance
was unsatisfactory, their qualities were still acceptable even long exposure to UV
radiation because it could not be scratched with a finger-nail, and there were no
blisters, craters, pinholes, pits, crack, scratches and any other unacceptable flaws.
Thus the properties of lacquerwares especially glossiness could increase by using
them in various environments and different conditions.

The highest qualities of lacquerware could be achieved by restricted
increased number of coating and that 6™ or 7" coated lacquerwares with pure
Myanma Thitsi occupied the perfectness. Since thin film protective coating on
harden lacquerwares (only 2" coated wares) prevented photo-oxidative
degradation and decomposition of polymerized thitsiol, they could be used for
exterior application under UV radiation. Therefore, Myanma lacquerwares could
be upgradeable for various outdoor decorations like synthetic materials. Since
Thitsi is a renewable resource and an eco-friendly biopolymer material, unlike
synthetic coatings, Myanma traditional lacquerwares are safe and adaptable for
using house-hold purposes, can be used in special environments and can also be
kept for several years without declining their true attractiveness.
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Process Flow Diagrams for Preparation of Lacquerwares e
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Figure A: Process Flow Diagram for the Production of Lacquerwares
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Estimated Cost for Production of Lacquerwares
Manufacturing cost for one unit of prepared purified Thitsi
705.87 K/unit

coated Lacquerware

Manufacturing cost for one unit of prepared Lacquerware

coated by purified Thitsi (KL) mixed with turpentine oil 697.92 K/unit
Manufacturing cost for one unit of prepared Lacquerware

649.85 K/unit

coated by purified Thitsi (KL) mixed with linseed oil

Manufacturing cost for one unit of prepared protective thin

film coated Lacquerware 283.61 K/unit
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J-o1  FINANCIAL REFORMS AND CONDUCT OF

MONETARY POLICY IN MYANMAR
Su Su Myat*

Abstract

This study analyzes the financial reforms and implementation of monetary
policy in Myanmar. The study aims to find out the impact of financial deepening
on economic growth, and to examine the current monetary policy strategy of
Myanmar in policy perspectives. Empirical analysis is done by using Vector
Autoregressive method and Vector Error Correction method based on time
series data. Although a descriptive study tries to catch up the whole picture up to
2014, empirical analysis on finance-growth nexus based on yearly data covers
the period from 1971 to 2013, and empirical study on monetary policy based on
monthly data covers the period from April 2012 to July 2015. It is found that
financial deepening could support economic growth to some extent since growth
of narrow money supply and growth of broad money supply have positive effect
on economic growth in one-year time lag, and growth of credit to private sector
have positive effect on economic growth in two-year time lag. It is also observed
that monetary aggregates play a role in the conduct of monetary policy of
Myanmar and the money supply targeting strategy is a suitable choice for
implementing monetary policy because of the cash-based nature of the economy
and the relationship between money supply and economic growth. The study
also supports the view that monetary policy matter in economic issue because
growth in broad money supply is closely related to inflationary pressure.

Keywords: Economic Growth, Financial Deepening, Monetary Policy,
Monetary Aggregates, Inflationary Pressure

Introduction

The financial structure is indispensable for the way in which the monetary
policy conducts in achieving its major objectives: output and price stability.
Through its transmission channels, monetary policy affects financial market and
also affects real sector of the economy (Cecchetti, 2006; Mishkin, 2007).
Monetary policies plays a key role in the soundness of the macro economy since
maintaining price stability, one of the main objectives of central banks, can
contribute to financial stability by removing distortions and thereby support the

real sector of the economy.

! Dr, Associate Professor, Department of Economics, Yangon University of Economics
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With the inception of the economic reform and opening-up policy in the
late 1980s, the financial system of Myanmar has been reformed since the early
1990s to support mobilizing and allocating financial resources and for providing
an appropriate environment for the conduct of monetary policy. Key features of
financial reform are the emergence of the new banking system, the newly
established bond market, the practice of financial liberalization by gradually
changing the system from repressed financial system to liberalized financial
system and foreign exchange rate unification by replacing the fixed exchange rate
system with managed float foreign exchange regime. Although financial reform
is still an ongoing process, it is worthwhile to analyze the impact of financial
liberalization on economic growth. Moreover, monetary policy, as a stabilizing
policy, plays a role in monetary and financial stability. So, the study is set out to
illuminate the mechanism of the monetary policy currently conducted in
Myanmar.

Objectives of the Study

Obijectives of the study are (i) to find out the impact of financial
deepening on economic growth in Myanmar, and (ii) to analyze the reserve
money targeting monetary strategy of Myanmar in policy perceptive.

Method of the Study

The study is mainly based on two empirical works. One is an empirical
study on finance-growth nexus which tries to investigate the impact of financial
deepening on economic growth. The other is an empirical study which explores
the effect of money supply on inflation. The study tries to examine whether
inflation is monetary phenomena or not and if it is the case of monetary
phenomenon, the study tries to investigate the exact time-lag within which
inflation is affected by changes in money supply.

For empirical study on impact of financial deepening on economic
growth, time series data on macroeconomic and financial variables of the
economy are applied. These variables include Gross Domestic Product (GDP),
government expenditure, gross fixed capital formation, export, broad money
supply (M2), narrow money supply (M1), quasi money and bank credit to private
sector. Real GDP growth rate is chosen as a measure of output or economic
growth. Government expenditure, gross fixed capital formation and export are
used as growth affecting factors. As the measures of financial deepening, broad
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money supply, narrow money supply, quasi money supply and bank credit to
private sector are applied. Since these variables are time series data and some
variables are non-stationary in their levels, the dynamic model of Vector
Autoregressive (VAR) is used for empirical analysis.

For empirical study on effect of change in broad money supply and
movement of foreign exchange rate on inflation, an empirical model is
constructed by using time series data on broad money supply, Consumer Price
Index, and nominal foreign exchange rate. Since two of these variables are non-
stationary in their levels, and there is coninegration among these series, Vector
Error Correction (VEC) model is appropriately applied for empirical study.

The study uses secondary data released by Central Statistical Organization
(CSO) Myanmar, International Monetary Fund, and the United Nations.

Financial Reforms and Financial Development in Myanmar

During the period from 1990 to 2010, before the new democratic
government took power, the financial reform process was preceded by the State
Law and Order Restoration Council (SLORC) and the State Peace and
Development Council (SPDC) After taking its office in 2011, the democratic
government has enhanced the momentum of the financial reform process.

The financial reform process consists of the following measures;

(i) Allowing the establishment of domestic private banks and
representative offices of foreign banks

(i) Changing interest rates in flexible manner

(iii) Partial liberalization in foreign exchange management
(iv) Unification of foreign exchange rates

(v) Establishment of monetary policy framework

Over two decades of financial reforms since the early 1990s, Myanmar’s
financial sector transformed from a repressed financial sector to a liberalized one.
Consequently, the financial sector of Myanmar has deepened because of
liberalized financial system. Private bank participation in banking industry and
widening banking network make the banking sector more competitive and
enhance people’s banking habit and use of banking service by households and the
corporate sector. Besides, allowing interest rate to change in a more flexible
manner can attract deposits which are funds bank can mobilize to support
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financing investment. Time and saving bank deposits are financial savings.
Financial savings which is also called quasi money is the difference between
narrow money supply M1 and broad money supply M2. Increase in demand
deposit leads to increase in money supply M1 through the multiplier effect and
likewise increase in time and savings deposit means increase in money supply
M2 through multiplier effect. Consequently, increase in deposits means more
credit creation for banks. So, financial deepening can be seen in some financial
indicators related to deposits, credit and money supply.

Ratios of Deposits to GDP
Deposits to GDP ratios are shown in Figure (1).
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Figure 1: Demand Deposit and Time & Savings Deposit(as Percent of GDP)
Source: Calculation based on data obtained from IFS (2015), IMF

After initiation of financial reform in 1992, both types of deposits has
increased and reached remarkable high in 2001 with 13.4 percent of time and
savings deposits ratio and 5.8 percent of demand deposits ratio as percent of
GDP. However, the sharp decline was seen in these deposit ratios due to the
adverse effect of banking crisis in the early 2003. After this year, demand deposit
to GDP ratio was stagnant for some years until 2009 when it rose slightly and
continuously till 2013. Regarding time and savings deposits, its ratio to GDP
increased slightly in 2004 and then declined till 2007. Since 2008, it rose up year
after year and reached its peak in 2013 with the ratio of 25.7 percent of GDP.
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Credit to Private Sector

Due to financial reform measures, credit to private sector has been
increased. Domestic financial mobilization can be measured as increasing ratio of
credit to private sector as percent of GDP as shown in the following figure.
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Figure 2: Credit to Private Sector (as Percent of GDP)
Source: Calculation based on data obtained from IFS (2015), IMF.

According to Figure (2), after taking reform measures, despite dramatic
decline in 2003 and prolonged stagnant trend until 2009, credit to private sector
as percentage of GDP is steadily going up since 2009 and it is as high as
13.7 percent of GDP in 2013.

Money Supply as Percent of GDP

Financial deepening can be traced in ratio of narrow money supply (M1)
to nominal GDP and ratio of broad money supply (M2) to nominal GDP. Since
the difference between M1 and M2 is time, saving and other deposits which is
financial savings, one indicator of financial deepening is the gap between M1 and
M2 as shown in the following figure.



J93d

45
40
35
30
25
20
15
10

Percent

[ T o I N T T = o N e Y o D = T = = B e B o L N ¥ Yo« N e T o N~ SR € TR « = T o B SV o

[~ I~ I~ I~ I~ @ 0 0 W 0 @ O ¢ o ¢ o @ @ 2@ @ A - -d

T h y Sy v Sy S Sy ¢ Ty ¢ &y 4 o o o o o o o O

Y 4 =4 o = = = o =4 ™~ =4 o 4 o A 6~ & ©~ &9 9 ©9° ©~9° ©™
Year

—@—Ratio of M2to GDP  ——@=Ratio of M1to GDP

Figure 3: Money Supply (as Percent of GDP)
Source: IFS (2015), IMF.

Figure (3) shows that from 1960 to 1977, there was a narrow gap between
M2 and M1 in relative terms. After 1977, M2 ratio turns to be much higher than
M1 ratio. Difference between M2 and M1 is time and saving deposits and reflects
the financial savings. This gap between M2 ratio and M1 ratio is much widening
until 2002 after enactment of 1992 Saving Bank Law and reflecting the increased
financial savings.

After the banking crisis which occurred in 2003, the gap between M2
ratio and M1 ratio became narrow until 2009. In 2009 the gap started to widen
and after extensive reform measures taken by the Central Bank of Myanmar
under the democratic government, the gap has continuously widen. In 2014,
financial savings indicated by the gap between M2 ratio and M1 ratio is the
largest over the period from 1960 to 2014.

In addition to the increasing trend of these financial deepening indicators
since the late 2000s, the emergence of private banking sector, and newly
establishment of bond market show that the financial sector has developed to
some extent as a result of financial reforms.

Empirical Analysis on Finance-Growth Nexus

In order to find out the effect of financial deepening on economic growth,
the growth-finance nexus was analyzed by using time series analysis.
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Model Specification for Finance-Growth nexus

Firstly, it is considered that financial deepening indicators can support the
growth of real GDP. So, regression model is built up by including financial
indicators and other growth affecting factors which regress on real GDP growth
rate. The regression model is as follows:

GDP=c+ @G+ %,INV+ @3EX+ 2,F+u
Where GDP = Real GDP Growth Rate
G = Ratio of Government Expenditure to GDP
INV= Ratio of Investment Expenditure to nominal GDP
EX= Export Growth Rate
F= Financial Indicators

Secondly, in modified regression equations, different financial indicators
such as narrow money supply (M1), broad money supply (M2), quasi money
supply (QUASI) and credit to private sector (PRVC) are included alternately in
the place of financial indicators (F) .

By replacing specific financial indicators: M1, M2, QUASI and PRVC in
the place of F, four specific regression equations can be expressed as follows:

Regression Equation 1

GDP =c+¢, G+ a, INV+ o, EX+a, M1+u (1)
Regression Equation 2

GDP=c+o, G+ o, INV+o, EX+a, M2+uU (2)
Regression Equation 3

GDP=c+a G+ a, INV+a, EX+a, QUASI +u (3)
Regression Equation 4

GDP=c+¢, G+ o, INV+a, EX+a, PRVC +u 4)

where GDP = Growth rate of real GDP

¢ = Constant term
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G = Government expenditure ratio to nominal GDP
INV = Investment expenditure ratio to nominal GDP

EX = Growth rate of export

M1 = Growth rate of Narrow Money supply

M2 = Growth rate of Broad Money supply

QUASI = Growth rate of Quasi Money
PRVC = Growth rate of credit to private sector

u = Error term

Thirdly, since time series data are used for analysis, it is necessary to
examine whether each series of variables is stationary or not. Accordingly,
Augmented Dickey Fuller Unit Root Test is applied for both without trend and
with trend for testing stationary.

Empirical Results and Discussions

According to the results of unit root test (both without trend and with
trend), series of G, EX, M1, M2, Quasi and PRVC can reject null hypothesis that
series has unit root at level. So, G, EX, M1, M2, Quasi and PRVC are integrated
of order (0) series and do not have unit root. Therefore, these series are stationary
series. However, GDP and INV cannot reject the null hypothesis at their levels
and can reject it at first difference. So, GDP and INV series are integrated of
order (1) series and each series have one unit root. The following Table (1) and
Table (2) provide the results of unit root test without trend and with trend
respectively.



Jg®

Table 1: Results of Unit Root Test (Without Trend)

Nam_e of Level First Difference Integrated
Series Order
ADF Critical ADF Critical
Value Value
GDP -2.44 -2.93 -8.62 -3.60 1
(lag 0) @5% (lag 0) @1%
[0.1354] [0.0000]
G -3.95 -3.60 0
(lag 2) @1%
[0.0040]
INV 0.23 -2.93 -3.90 -3.60 1
(lag 1) @5% (lag 0) @1%
[0.9713] [0.0045]
EX -5.60 -3.60 0
(lag 0) @1%
[0.000]
M1 -3.03 -2.93 0
(lag 1) @5 %
[0.0404]
M2 -2.70 -2.93 0
(lag 1) @10%
[0.0802]
QUASI -3.97 -3.60 0
(lag 0) @1%
[0.007]
PRVC -4.44 -3.60 0
(lag 0) @1%
[0.0009]
Source: Results are obtained by using Eviews 8 Econometrics Software
Note 1:  Without trend' means the series has only intercept.
Note 2: Lag length is automatically chosen based on maximum lag length suggested by
Akaike Information Criterion (AIC).
Note 3: p-values are in square bracket




Table 2: Results of Unit Root Test (With Trend)

Nam_e of Level First Difference Integrated
Series Order
ADF Critical ADF Critical
Value Value
GDP -2.96 -3.52 -8.53 -4.20 1
(lag 0) @5% | (lag 0) @1%
[0.1542] [0.0000]
G -4.19 -3.53 0
(lag 2) @1%
[0.0104]
INV 0.01 -3.562 -4.23 -4.20 1
(lag 1) @5% (lag 0) @1%
[0.9951] [0.0091]
EX -5.59 -4.19 0
(lag 0) @1%
[0.0002]
M1 -3.32 -3.52 0
(lag 1) @5 %
[0.0773]
M2 -6.14 -4.19 0
(lag 0) @1%
[0.0000]
QUASI -4.56 -4.19 0
(lag 0) @1%
[0.0038]
PRVC -4.64 -4.19 0
(lag 0) @1%
[0.0030]

Source: Results are obtained by using Eviews 8 Econometrics Software

J9€

Notel: 'With trend' means the series has both intercept and trend.

Note2: Lag length is automatically chosen based on maximum lag length suggested by
Akaike Information Criterion (AIC).

Note 3: p-values are in square bracket
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As GDP and INV series are non-stationary series at level and stationary at
first difference, the next step is to apply cointegration test in order to investigate
whether these series are cointegrated or not. This test can be thought of as a pre-
test to avoid ‘spurious regression’ situations (Gujarati, 2003, p.822). For
cointegration test, empirical procedure follows the study done by Nachega
(2001). Since G, EX, M1, M2, Quasi and PRVC series are stationary series at
level , these series are excluded from cointegration analysis and later included in
Vector Autoregressive (VAR) model.

Johansen cointegration test is applied to determine whether there is
conintegration between GDP and INV which are I(1) series. For cointegration
test, suitable lag order is chosen by using VAR lag order slection criteria. Among
lag order selection creiteria, Schwarz information criterion (SC) suggests lag
order 1, sequential modified LR test statistic (LR) suggests lag order 2 whereas
Final prediction error (FPE), Akaike information criterion (AIC) and Hannan-
Quinn information criterion (HQ) suggest lag order 3. Therefore, lag order 3 is
chosen as appropriate lag order for cointegration test.

According to the cointegration result, trace statistics and maximum
Eigenvalue show that there is no cointegration between GDP and INV. Since
there is no cointegration between non-stationary | (1) series and the regression
model is composed of variables with different integrated of orders, 1(0) and 1(1),
the usual approach adopted by Vector Autoregressive (VAR) aficionados is to
work in levels, although all the variables should be stationary in VAR
methodologies (Harvey, 1990, p.38). Also, Gujarati (1995, p.749) affirms that
transformations of the data will not be easy if the model contains a mix of 1 (0)
and | (1). Accordingly, the VAR is applied in level series for all of four
regression equations mentioned above.

The simple two-variable VAR model is

where i denotes lag.

The system equations in this VAR model show that current y is explained
in terms of lagged y and lagged x, and current x is explained in terms of lagged
x and lagged y. These system equations can be expressed as
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2 2
Y =C+ Zai Yiai "‘Z:B. Xy + Uy
i=1 i=1

2 2
X =C'+ zé‘. X +Z?’i Yii T Uy
i=1 i=1
Based on this VAR model, four regression equations: Equation (1),
Equation (2), Equation (3) and Equation (4) specified above are estimated.

For VAR model, lag order 1 is chosen for Regression Equation (1) since
all lag selection criteria suggest lag order 1. For Regression Equations (2) and (3),
lag order 1 is selected because all lag selection criteria except AIC recommend
lag order 1 in both equations. For Regression Equation (4), FPE, SC and HQ
criteria suggest lag order 1 whereas LR and AIC criteria recommend lag order 2.
In this case, higher lag order 2 is chosen.

Table 3: Summary of VAR Results

ependent GDP;
Reg. Reg. Reg. Reg.
Independent Eqgn.(1) Eqgn.(2) Eqgn.(3) Eqn.(4)
GDP 4 0.7614*** | 0.6935*** | 0.7541*** | 0.5867***
(7.3854) (6.0772) (5.8309) (3.5091)
GDP ., 0.2682
(1.5567)
Gt 0.1938 0.1814 0.0849 0.3592
(0.8542) (0.7300) (0.3077) (1.2053)
Gt -0.0134
(-0.0441)
INV 1 0.0333 -0.0250 0.0154 0.2683
(0.3478) (-0.2389) | (0.1167) (1.0124)
INV .2 -0.4309
(-1.4689)
EX 1 -0.0309 -0.0263 0.0221 0.0420
(-0.8987) (-0.6823) | (0.5258) (1.0976)
EX 2 -0.0527
(-1.4056)
M1 0.1177***
(4.0448)
M2 0.1200***
(2.8015)
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ependent GDP;
Reg. Reg. Reg. Reg.
Independent Eqgn.(1) Eqgn.(2 Eqn.(3) Eqn.(4)
QUASI 1 -0.0089
(-0.2356)
PRVC -0.0322
(-1.6103)
PRVC 0.0469***
(2.4602)
C -3.7329 -2.4195 0.5115 -0.8845
(-1.0974) (-0.6564) | (0.1307) (-0.1935)
R-squared 0.7002 0.6420 0.5646 0.6945

Source: Results are obtained by using Eviews 8 Econometrics Software.

Note 1:  Calculated t-statistics are in parenthesis.

Note 2:  Two asterisks and three asterisks indicate 5% and 1% level of significance
respectively.

Table (3) shows the VAR results. Results are summarized by taking only
the cases of GDP as dependent variable from original VAR results.

Lags of GDP, G, INV and EX

In all regression equations, coefficient of GDP in last year (one-year
lag) is positively significant at 1 % level and other growth affecting factors G,
INV and EX are insignificant. So, real GDP in last year strongly supports to real
GDP in current year. However, government expenditure ratio, investment ratio
and export growth in their lags could not explain the growth rate of current real
GDP or economic growth in this study.

Lags of Financial Indicators

In equation (1) and (2), as coefficient of M1 in one-year lag is positively
significant at 1 % level, M1 has positive effect on GDP (Regression Equation 1).
The coefficient of M2 in one-year lag is positive and significant at 1 % level. So,
M2 and GDP is also positively related in one-year lag (Regression Equation 2).
So, the pass-through effects of both measures of money supply in one-year lag
show that money supply has stimulus effect on real GDP growth.

In equation (3), Quasi money is financial savings or bank deposits and
expected sign of its coefficient is positive. The coefficient of quasi money
(QUASI) in one-year lag is negative but insignificant and that of QUASI in two-
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year lag is positive but insignificant. So, quasi money or financial savings cannot
support economic growth. The possible reason is that out of bank deposit or quasi
money, banks have not created credit efficiently and effectively to the domestic
economy. Inefficiency of financial mobilization can be traced out by
investigating credit creation by banks over the period from 1970 to 2013. The
following table and figure show credit to deposit ratio of the banking sector.

Table 4: Credit to Deposit Ratio

Year |Ratio |Year | Ratio |Year | Ratio |Year | Ratio |Year |Ratio
(%) (%) (%) (%) (%)
1970 |107.0 |1980 |399.6 |1990 |85.9 2000 |68.1 |2010 |37.3
1971 |100.4 (1981 |437.0 |1991 |86.4 2001 |70.2 |2011 |45.2
1972 |152.9 (1982 |451.1 |1992 [99.3 2002 |77.0 {2012 |60.7
1973 |167.9 (1983 |462.6 |1993 (954 2003 |78.6 |2013 |51.2
1974 11789 (1984 |459.9 (1994 [93.3 |2004 |62.6
1975 |198.7 (1985 |469.4 (1995 |79.3 |2005 |63.6
1976 |135.0 (1986 |476.0 (1996 [85.2 |2006 |53.9
1977 |218.7 (1987 |466.6 (1997 [96.7 |2007 |47.6
1978 |347.0 (1988 |569.1 (1998 |102.4 |2008 |43.4
1979 |354.5 (1989 |35.2 1999 [79.3 |2009 |39.2
Source: Calculation based on data obtained from IFS, IMF (2015)
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Table (4) and Figure (4) show that over the period from 1970 to 1988,
credit creation by banks had been much intensified with incredibly high rates
over bank deposits. This period was under socialist economic system and
banking sector was dominated by state banks only. These state-owned banks
mainly provided credit to public sector including state-owned enterprises which
were loss making in the same period. Therefore, bank credit which is much more
than bank deposits could not support economic growth during this period. This is
one possible reason for inefficiency of financial mobilization by banks before
1989. So, Quasi money or bank deposits could not have positive effect on the
economic growth,

In 1988, outbreak of demonstration changed the scenario to the opposite
and credit to deposit ratio dramatically shrank from 569.1 percent in 1988 to
35.2 percent in 1989. It ranged between slightly above 100 percent and slightly
below 80 percent during the period from 1990 to 1999. Over the period from
2000 to 2013, the ratio was quite low, below 70 percent and even lower than
50 percent in recent years. This reflects that banks did not mobilize deposits they
accepted during this period. Moreover, banks do not make long term loans which
is necessary for financing investment. Therefore, the period after 1989 is also the
period of inefficiency in banks’ financial mobilization because of low creation of
credit which was lent out of deposits. Consequently, the empirical result shows
that the coefficient of Quasi (quasi money) which is also called financial savings
cannot support economic growth because banks held much excess reserves over
deposits they accepted. On the other hand, quasi money or bank deposits does not
support economic growth because banks did not make full mobilization of
deposits , that is, banks did not lend effectively out of these deposits, despite
increase in bank deposits year after year.

In equation (4), the coefficient of credit to private sector (PRVC) in one-
year lag is negative and insignificant. However PRVC in two-year lag is
positively significant at 1 % level. So, the pass-through effect of bank credit
channeled to private sector in two-year lag (previous last year) supports economic
growth.
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Residual Test for VAR Results

For VAR results, residuals tests are focused to Residual Serial Correlation
Lagrange Multiplier (LM) Tests. Both tests show that the null hypothesis of no
serial autocorrelation in residuals cannot be rejected for time lag considered in
cases of Regression Equation (1), (2) and (4). However both tests show that the
null hypothesis of no serial correlation in residuals can be rejected for time lag
considered in case of Regression Equation (3). Therefore, residuals in VAR
results for Equation (1), (2) and (4) have no serial correlation and residuals in
VAR results for Equation (3) has serial correlation.

Since GDP in one-year lag is positively significant at 1 % level in all
equations, real GDP in last year (lag 1) could support current real GDP. Although
current real economic growth (GDP) is explained by its past value or GDP in
one-year lag, past values of other growth affecting factors such as ratio of
government expenditure to GDP (G), ratio of investment to GDP (INV), and
growth rate of exports (EX) cannot explain the current economic growth. In
other words, unlike financial and monetary variables, these variables do not show
time lag nature in this study.

Monetary Policy Strategy of Myanmar

The Central Bank of Myanmar (CBM) has implemented reserve money
targeting monetary policy framework since 2012. Reserve money which is also
called monetary base includes currency in circulation and reserves held by the
banking system. Under this framework, the final target of price stability is
achieved by influencing changes in the total amount of liquidity in the economy
which is linked to the operating target of monetary policy, reserve money.

Cash-based Nature of the Economy

The following figure show that the cash-based nature of the economy is
revealed by the high ratio of reserve money to broad money supply (M2) and
ratio of currency in circulation (CIC) to M2.
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Source: Calculation based on data obtained from IFS (2015), IMF

According to Figure (5), reserve money constitutes the large portion in the
broad money supply (M2). It is 81 percent of broad money supply in 2003 and is
still large in proportion of broad money supply with 47 percent in 2013. Currency
in circulation is component of reserve money and it dominates the reserve money.
Such heavily cash-based nature of the economy suggests a close link between
reserve money and inflation, providing a useful indicator to the CBM for its
monetary policy decisions.

Another aspect of monetary policy strategy is based on demand for
money. Literature suggests that demand for money should be stable in order to
adopt monetary aggregate targeting strategy. The following figure shows the
velocity of money which can reflect the demand for money stability.
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Figure 6: Income Velocities of Broad Money Supply (M2)

Source: Calculation based on GDP (from 1970-71 to 2013-14) obtained from UN
Database and GDP (for the year 2014-15) obtained from CSO, Myanmar and
M2 obtained from IFS (2015), IMF.
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Figure (6) shows the Income Velocities of Broad Money (V) for the
period from 1970 to 2014. Increasing velocity means that monetary growth is
lower than the nominal GDP growth rate. Likewise, declining velocity shows
that monetary growth is greater than the growth rate of nominal GDP. Over the
period under review, there are four periods during which income velocities
moves in pronounced trend. It steadily declined during the period from 1977 to
1986 and shows its stability during the period between 1987 and 2001. The
stability shows the fact that M2 and nominal GDP had grown approximately the
same rate over that period. And income velocity of M2 is on an upward trend
which starts from 2002 and runs through 2008 and downward trend of M2
velocity can be seen over the period from 2009 to 2013. According to the
Quantity Theory of Money, stable velocity reflects stable demand for money
since demand for money is reciprocal of income velocity. The following table
shows the volatility of income velocity of money over the period from 1970 to
2014.

Table 5: Volatility of Income Velocity of Money

Mean of Velocity of Period Standard Coefficient of
Money Deviation Variation
3.99 1970-1986 0.76 18.99
3.48 1987-2002 0.30 8.57
5.00 2003-2008 0.51 10.20
3.60 2009-2014 1.00 27.79
3.89 1970-2014 0.79 20.36

Source: Calculation based on velocity of money computed by using GDP and broad
money supply obtained from UN Database, CSO (Myanmar) and IFS (2015),
IMF.

In Table (5), volatility in M2 velocity of money is measured by
coefficient of variation in M2 velocity. Coefficient of variation is calculated by
dividing standard deviation by mean and multiplying by 100. Volatility is
measured for the four sub-periods based on the four pronounced patterns of
movement in velocity of money, and the whole period under consideration from
1970 to 2014. Coefficient of variation in velocity of money for the whole period
under consideration from 1970 to 2014 is (20.36). It is (18.99) in the first sub-
period from 1970 to 1986, (8.57) in the second sub-period from 1987 to 2002,
(10.20) in the third sub-period from 2003 to 2008, (27.79) in the fourth sub-
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period from 2009 to 2014. Since coefficient of variation is less than 100 in all
sub-periods and in the whole study period as well, volatility of money velocity is
low in all different periods. Therefore, it is observed that income velocity of
money is less volatile. This suggests that monetary aggregate target is
appropriate to be used as monetary strategy since less volatile movement of
velocity makes reserve money projection easier.

Monetary Policy Instruments

The Central Bank of Myanmar has initially used reserve requirements and
interest rates as major monetary instruments. Open market operations have also
been used to some extent, as an additional instrument since the first issuing of
Government Treasury Bonds in 1993.In order that the money supply and interest
rate to be affected, the CBM sets four tools of monetary policy: interest rates,
reserve requirements, open market operations and discount window facility.

Operation market operations (OMOs) are the most important conventional
monetary policy tool because OMOs are primary determinants of changes in
monetary base which is the main source of money supply, and interest rates.
Open market purchase increases reserves and monetary base and thereby expands
money supply and lower short-term interest rates. Open market sale brings about
opposite results. OMOs take the forms of dynamic open market operations and
defensive open market operations. Dynamic operations is intended to influence
the level of reserves and monetary base whereas defensive operations is intended
to offset changes in the other factors which also affect reserves and monetary
base.

In conducting open market operations, the CBM issues 2-year, 3-year and
5-year Government Treasury Bonds on behalf of the government over the counter
basis to provide investment opportunity for the public and to develop a capital
market in the economy. Open Market Operations (OMOs) is a limited instrument
for monetary policy because of less developed bond market since lack of
developed secondary bond market makes bonds illiquid and unpopular among the
public.

With the foreign exchange auction in place and the potential need for the
CBM to buy foreign exchange, a liquidity absorption tool is necessary.
Implementation initially relies mainly on deposit and credit auctions which are
essential components of liquidity management for Kyat.
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In case of excess liquidity of kyat, i.e., actual money supply is larger than
targeted money supply measured by liquidity forecasting, excess reserves
holdings by banking system will be absorbed through deposit auction. In case of
shortage of liquidity, i.e., actual money supply is smaller than targeted money
supply measured by liquidity forecasting, liquidity injection to the banking
system will be done through credit auction.

Under the liquidity management, liquidity absorption has been done only
so far throughout the period the liquidity management has been done. The CBM
has put in place a deposit auction as an instrument for absorbing domestic
liquidity both for interest rate discovery and for sterilization. Sterilization means
the central bank’s attempt to offset the potential of change in money supply
resulting from its foreign exchange intervention. An alternative way to do a
sterilized foreign exchange intervention is conducting open market operation on
government securities as a complementary action of foreign exchange
intervention which leaves the monetary base unchanged (Mishkin, 2013, p.502).
Deposit auction has been started in September 2012 and amount of deposit
auctions are shown in the following table.

Table 6: Amount of Deposit Auction

Fiscal Year Amount of Average Interest | Total Amount
Deposit Auction Rate (%) of Interest paid
(Kyat in Billion) (Kyat in Billion)
Second Half of 634 2% -4% 0.43
(2012-2013)
(2013-2014) 2,319 1.8%-2.25% 0.66
(2014-2015) 2,662 2.8% - 6% 2.52

Source: Central Bank of Myanmar

The amount of deposit auction are small since it was 3.9 percent of M2,
10.7 percent of M2 and 10.1 percent of M2 in fiscal year 2012-13, 2013-14 and
2014-15 respectively. Thus, there is room for further reform of CBM facilities to
absorb liquidity in case of excess liquidity of kyat and to have sterilization effect
on money supply in case of foreign exchange intervention.

It is found that in case of excess liquidity, liquidity absorption through
deposit auction seems a rather costly operation of CBM because of interest
burden on it. However, it is worthwhile to incur interest on deposit auction
because low level of inflation which is around 5 % in recent years since 2011 is
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accompanied with decreasing rate of growth of broad money supply M2. This is
shown by the following figure.

Percent
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Figure 7: Money Supply Growth Rate and Inflation Rate

Source: M2 data for (1975-2013) obtained from IFS (2015), IMF and M2 data for
(2014) obtained from Selected Monthly Economic Indicators, CSO, Myanmar.

Monetary Policy and Fiscal Policy Accommodation

One of the ultimate goals of monetary policy is to rein inflation. If fiscal
policy is not based on fiscal discipline, chronic budget deficit accumulates public
debt, and the economy will not have fiscal sustainability, the economy tends to
find financing in imprudent way. This was a case of Myanmar over the period.
Myanmar has a long history of large budget deficits and monetization for
financial deficits. Over the period in the 1990s and 2000s, the CBM printed
money to finance consistently large budget deficits. This inevitably led to higher
inflation, while a massively overvalued official exchange rate damaged the
economy in a variety of ways, including distorting the level of revenues from
state-owned economic enterprises. Imprudent way of money printing creates
inflationary pressure. In that case, the CBM could not achieve its goal of price
stability.

However, as 3-year and 5-year bonds have been issued since 1993, 2-year
bonds have been issued since 2010, and auction for 3-month Treasury bill has
been operated since January, 2015, the CBM’s financing measure for budget
deficit could support to effectiveness of monetary policy in recent years.
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Table (7) shows annual budget deficit as percentage of GDP and bond
financing for deficit as percentage of deficit.

Table7: Budget Deficit and Bond Financing of Deficit

Fiscal Year Deficit Bond Financing
(% of GDP) | (% of Deficit)

1993-94 43 03

1994-95 6.3 0.2

1995-96 6.4 59

1996-99 6.5 16

1997-98 5.1 =3

1998-99 5.7 279
1999-00 5.0 379
2000-01 8.4 28 1
2001-02 22 16.3
2002-03 2.1 58
2003-04 4.6 >4
2004-05 47 104
2005-06 33 11
2006-07 43 =1

2007-08 38 105
2008-09 23 19.3
2009-10 45 452
2010-11 45 218
2011-12 35 E1E
2012-13 2.4 50 4
2013-14 13 156.9
2014-15 3.9 16.6

Source: Calculation based on budget deficit obtained from Statistical Yearbook (several
issues), CSO, Myanmar and GDP at current price obtained from UN Database.

Note: Budget Deficit for 2013-14 is preliminary actual data and Budget deficit for
2014-15 is revised estimates (Citizen’s Budget 2015-16, Budget Department,
Ministry of Finance, Myanmar)

According to Table (7), two important findings stand out. First, deficit to
GDP ratios are below 4 percent in recent years since fiscal year 2011-2012
reflects that fiscal policy is supposedly based on fiscal discipline. Second,
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financing deficit through bond issuance becomes apparent in recent years as
deficit financing through bond issuance is only 0.3 percent in 1993 and over
50 percent of deficit since fiscal year 2011- 2012 except in 2013-14. This means
that monetary policy accommodates with fiscal policy as the CBM’s previous
role of quasi-fiscal arm of government in deficit financing is transformed into a
prudential role.

Empirical Analysis on the Effect of Change in Money Supply on Inflation

In order to address the questions of whether reserve money targeting is an
appropriate strategy or not, the effects of change in broad money supply (M2) on
inflation, and appreciation and depreciation of foreign exchange rate are
empirically tested. It should be noted that since M2 is an intermediate target of
monetary policy and reserve money is an operating target of monetary policy, in
the case of analyzing whether inflation is monetary phenomenon or not, the effect
of change in broad money supply M2 should be investigated instead of exploring
the effect of change in reserve money on inflation.

In this study, the pass-through effect of change in money supply M2 on
inflation and movement of foreign exchange rates is examined for the period
from April 2012 to July 2015. In analyzing the inflation scenario, the study
period is chosen to start from April 2012 because reserve money targeting
monetary strategy was embarked in 2012 and managed float exchange rate
system was introduced in April 2012. In this analysis, money supply M2 is in the
form of taking difference in natural log. Inflation rate is measured by percentage
change in Consumer Price Index (CPI) and movement of foreign exchange rates
is measured by depreciation or appreciation rates of kyat.

Empirical Results and Discussions

As all of these variables are time series, Augmented Dicky-Fuller unit
root test is applied for testing stationarity of each series. The following tables
show the results of unit root tests, without trend and with trend respectively.



Table 8: Results of Unit Root Test (Without Trend)

Nam_e of Level First Difference Integrated
Series Order
ADF | Critical | ADF Critical
Value Value
M2 -1.72 -2.61 -6.92 -3.64 1
(lag5) | @10% (lag 4) @1%
[0.4110] [0.0000]
INF -3.53 -2.94 0
(lag 0) @5%
[0.0122]
FX -1.09 -2.61 -2.70 -2.61 1
(lag4) | @10% (lag 3) @10%
[0.7091] [0.0846]
Source: Data obtained from IFS, IMF, 2015
Note 1: “Without Trend” means the series has intercept only.
Note 2: p-values are in square brackets.
Table 9: Results of Unit Root Test (With Trend)
Name of . . Second Integrated
Series Level First Difference Difference Order
ADF | Critical | ADF | Critical | ADF | Critical
Value Value Value
M2 -1.68 -3.21 -6.82 -4.25 1
(lag5)| @10% |(lag4)| @1%
[0.7371] [0.0000]
INF -3.91 -3.53 0
(lagl) | @5%
[0.0213]
FX -2.24 -3.20 -2.91 -3.20 -5.18 | -4.25 2
(lag4)| @10% |[(lag3)| @10% |(lag3)| @ 1%
[0.8867] [0.1728] [0.0002]
Source: Data obtained from IFS, IMF, 2015
Note 1: 'With trend' means the series has both intercept and trend,
Note 2:  p-values are in square brackets
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According to the results of unit root test (without trend) shown in Table
(8), series of M2 and FX are not stationary at levels and they become stationary
series at first difference. Therefore, these variables are order of integrated one,
I (1) variables. According to the results of unit root test with trend shown in
Table (9), M2 is integrated of order (1), INF is integrated of order (0) and FX is
integrated of order (2). However, coefficients of trend are not significant in all
series in the unit root results (with trend). So, all of these series are not trend
stationary series and these are difference stationary series according to unit root
test results (without trend). Therefore, according to unit root test (without trend)
results, M2 and FX are integrated of order (1) and INF is integrated of order (0).
By following empirical procedure conducted by Nachega (2001), I (1) variables
M2 and FX are included in cointegration test and INF which is I (0) variable is
excluded in cointegration test. Later on, INF is included in Vector Error
Correction (VEC) model.

For cointegration test, suitable lag order 1 is chosen by VAR lag order
selection criteria since among lag selection criteria, SC and HQ criteria suggest
lag order 0 whereas LR, FPE and AIC criteria recommend lag order 1.

After selection of suitable lag order, Johansen cointegartion test is applied
for non-stationary time series M2 and FX in order to examine the long-term or
equilibrium relationship between them. According to Johansen test, null
hypothesis of there is no cointegration is rejected by Trace statistics and
Maximum Eigenvalue which are significant at 1 % level. Therefore, there is co-
integration among M2 and FX.

According to the Granger representation theorem, if two variables are
cointegrated, then the relationship between these two variables can be expressed
as Error Correction Mechanism (ECM) (Gujarati, 2003, p.825). Since Vector
Error Correction (VEC) model is appropriate for estimating co-integrated non-
stationary time series, the VEC model is applied to find out the relationship
between M2, INF and FX. The suitable lag order is selected for estimation of
VEC model by using VEC lag exclusion Wald Test. According to Wald Test,
joint lag structure 2 is significant at 1 % level.

Based on the suitable lag order, the following VEC model is estimated.

AY =B+ BAY ot BAY A e A AT e AT
+ Ay, —6,-61.,-8X% ) +¢E

where p denotes time lags and
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Y1 -0, -6z, —dx.,) IS error correction term.

Since the estimated VEC model consists of three variables, M2, INF and
FX, the model composed of three equations: In the first equation, M2 is
dependent variable and it depends on its own lags and lags of INF and FX. In
second equation, INF is dependent variable and current INF depends on its own
lags and lags of M2 and FX. In third equation, FX is dependent variable and
current FX depends on its own lags and lags of M2 and INF.

The case of M2 as dependent is not the case of interest since money
supply is assumed to be exogenously determined by the central bank. Moreover,
in the case of FX as dependent variable, there is no coefficient which is
statistically significant. So, although results of VEC model provide three system
equations, only one equation in which INF is dependent variable is expressed in
summary of the VEC result shown in Table (10).

Table 10: Results of VEC Model

Dependent Var: D INF t
Independent Var:
Constant 0.0316
(0.2910)
DM2 ¢, 9.3042***
(2.4734)
DM2 ¢+, 7.3443***
(2.0401)
DINF 4 0. 1950
(0.9671)
DINF ¢ 0.0810
(0.4308)
DFX 1 -0.0742
(-0.7678)
DFXt., -0.1336
(-1.3225)
CE -11.7205***
(-2.8752)
R 0.3196

Source: VEC Results are obtained by using Eviews 8 Econometrics Software.
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Calculation based on Data obtained from IFS (2015), IMF and CSO,
Myanmar.
Note: 1. Results are summarized by taking only the case of INF as dependent variable
from original results. Original VEC results can be seen in Appendix (4).
2. D is Differencing Operator m
3. t-statistics are in Parenthesis.
4. Two asterisks and three asterisks indicate 5% and 1% level of significance
respectively.

Inflation Equation: INF (t) is the dependent variable and it regresses on its own
lags and lags of the other variables, M2 and FX. Estimated INF equation can be
expressed as follows.

AINF(t)= 0.0316 + 9.3042AM2(t-1) *** + 7.3443AM2(t-2) *** + 0. 1950
AINF(t-1) + 0.0810 A INF(t-2) — 0.0742 AFX(t-1) — 0.1336 AFX (t-2) - 11.7205
CE**

In case of Inflation (INF) as dependent variable, the positive relationship
between INF and broad money supply (M2) can be supported by 1 % significant
test statistics for coefficients of M2 in one-month lag and two-month lag.
Positively significant coefficient of M2 in one-month lag means that increase in
broad money supply M2 can fuel inflationary pressure within one month.
Moreover, pass-through effect of M2 is still positively significant in two-month.
This means that increase in broad money supply in two months ago also can fuel
inflationary pressure.

In this equation, the coefficient of inflation in its own lags are positive but
insignificant. Further, coefficient of FX are also insignificant. The important term
which shows long-term relationship among variables is error correction term
(CE). CE is statistically significant at 1 % level, suggesting that there is a long
run relationship among variables and deviations are corrected over time.

Residual Test for VEC Results

For VEC results, residuals tests are focused to Residual Portmanteau
Tests for Autocorrelations and Residual Serial Correlation LM Tests. Both tests
show that the null hypothesis of no serial autocorrelation in residuals cannot be
rejected. Therefore, there is no autocorrelation and serial correlation in residuals
of VEC results.
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Conclusion

By following financial liberalization, setting nominal deposit interest rates
above inflation rate has resulted in modestly positive real interest rates since
2009. As a result of positive real deposit rate and growing banking habit of
people, time and saving deposit ratio of GDP and credit to private sector ratio of
GDP have been on an upward trend since 2008 and 2009 respectively. Therefore,
increased ratios of M1 to GDP, M2 to GDP, increase in Quasi money and
increase in credit to private sector all are features of financial deepening resulting
from financial liberalization.

Regarding monetary policy instruments, interest rate policy is still
controlled by keeping caps on interest rates and interest rate setting should be
based on interbank market. Open market operations in Treasury bonds is
important instruments for financing budget deficits. However, due to the lack of
secondary market for bonds, bond is illiquid and unattractive. Therefore, Open
Market Operations in treasury bonds has a limited role as sterilization instrument
in foreign exchange intervention.

Although operating liquidity management through deposit auction is
rather costly for CBM because of interest burden of deposit auction, it is
worthwhile to operate this auction because inflation is related to growth of money
supply. If liquidity absorption through deposit auction and open market
operations in Treasury securities had not been conducted, money supply would
be greater than the existing amount circulating in the economy.

Under managed float exchange rate system, over the period from 2012 to
2014 exchange rates move with less volatility, compared to the volatility of
exchange rate movement during the period from 1988 to 2011. Regarding
unification of exchange rates, although managed float exchange rate system could
unify multiple exchange rates, capacity of CBM to manage exchange rate should
be built up because its foreign exchange auction transaction is smaller than the
size of the market.

The descriptive study shows that reserve money targeting strategy is an
appropriate strategy for monetary policy implementation because of cash-based
nature of the economy and less volatile velocity of money which makes reserve
money projection easier.
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Empirical analysis is conducted as an attempt to achieve two objectives of
the study. In order to achieve the first objective, the study tried to answer the
research question of whether financial deepening supports economic growth or
not. To address this research question, the effect of financial deepening on
economic growth is empirically investigated. Four indicators of financial
deepening are included in empirical analysis on finance-growth nexus. These
indicators are annual growth rate of M1, annual growth rate of M2, annual
growth rate of quasi money and annual growth rate of credit to private sector. The
VAR model is applied for in empirical analysis of finance-growth nexus.

VAR results show that although current real economic growth (GDP) is
explained by its GDP in one-year lag, past values of other growth affecting
factors such as ratio of government expenditure to GDP (G), ratio of investment
to GDP (INV), and annual growth rate of exports (EX) cannot explain the current
economic growth. So, these variables do not show time lag nature in this study.

Among financial variables, narrow money supply M1 and broad money
supply M2 have significant positive coefficients in one-year lag. So, the pass-
through effects of both measures of money supply in one-year lag show that
money supply in last year has stimulus effect on economic growth.

The coefficient of Quasi money in one-year lag is insignificantly negative
and thatt of Quasi money in two-year lag is insignificantly positive. So, Quasi
money or financial savings cannot support economic growth. The reason is that
out of bank deposits, banks have not created credit efficiently and effectively to
the domestic economy.

The study found that credit created by banks to private sector contributes
to economic growth because coefficient of PRVC in in previous last year (two-
year lag) has positive effect on economic growth.

In order to achieve the second objective of the study, it is necessary to
address the question of whether reserve money targeting is an appropriate
strategy or not. The research question is to identify whether the inflation is a
monetary phenomenon or not. To address this question, the effect of change in
broad money supply (M2) on inflation, is empirically tested. In case of inflation
(INF) as dependent variable, coefficients of broad money supply (M2) in one-
month lag and two-month lag are significantly positive. So, increase in broad
money supply M2 can fuel inflationary pressure within one month and two
months. This is an empirical evidence which articulates that inflation is a
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monetary phenomenon and supports the monetarist view that money supply
matters in macroeconomic issue. The essence of this empirical study is that it
provides exact time lag within which change in monetary aggregate affects
inflation. Therefore, this finding is an important contribution to policy
perspectives.
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Abstract

The major purpose of this study is to investigate the effectiveness of cooperative
learning techniques on Grade Ten students’ English reading comprehension. The
ultimate goal of reading instruction is to gain meaning— to comprehend. With
strengthened reading skills, readers will make greater development in all
academic areas. So, teachers should use effective teaching methods to arouse
students’ interest and develop their understanding. Time comes to analyze
whether or not the use of cooperative learning techniques in reading instruction
can improve students’ reading comprehension.

The research design applied in this study is a quasi-experimental design. At the
beginning of the study, pretests were administered to know whether there were
significant differences between the experimental and control groups in all the
selected schools. According to one of the objectives, researcher developed
cooperative learning exercises for reading for all the units in Grade Ten
Textbook. The treatment period was from July, 2014 to February, 2015. During
the treatment period, experimental groups were taught with cooperative learning
techniques in reading instruction and the control groups were taught with the
existing teaching technique.

At the end of the treatment period, both the control groups and experimental
groups were compared by a posttest. According to the statistical data of the
posttest scores, it was found out that the performance of the experimental groups
were better than that of the control groups in all the selected schools. Thus, the
use of cooperative learning techniques in reading instruction can improve
students’ reading skill. It is believed that this method of teaching will contribute
effectiveness to reading instruction.

Keywords: cooperative learning; reading comprehension

! Senior Assistant Teacher, No.(2), Basic Education High School. Lanmadaw
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CHAPTER 1
Introduction

The twenty-first Century is a knowledge-driven age. Information comes
to students from the wider ranges. With the access of technology, they become
“digital natives” and try to face the challenges of the 21" century. To get access
to wider information from all over the world, they must be proficient in the
English language. Thus, the study of a foreign language will be an important
source of curricular enrichment.

The change in economic system in 1988 from a centrally-planned to a
market-oriented one expanded foreign trade and tourism, increased the use of
Information Communication Technology (ICT) and improved job prospects for
those with a good command of English. These developments have increased the
need for better communicative skills in English (Myo Myint, 2003, cited in
Kamé& Wong, 2003).

English became the medium of instruction for science subjects (Biology,
Chemistry, Mathematics, and Physics) and Economics at the high school level.
At the post-secondary and university institutions, the medium of instruction for
all science disciplines and most of the humanities and social sciences became
English once again (Han Tin, 1990, cited in Soe Than, 2006). Nowadays,
Economics is taught in Myanmar at the high school level.

Vygotsky (1978) stated that learning a language is a socially mediated
process. Moreover, there are also plans to make language learning more student-
centered by using more interactive and collaborative methods to develop
communicative skills. Teaching should be in communicative situations in the
form of meaningful interactions between teacher and pupils and among pupils
themselves.

Pestalozzi (n.d., cited in Hessong & Weeks, 1991) wrote the ultimate end
of education is not perfection in the accomplishments of the school, but fitness
for life; not the acquirement of habits of blind obedience and of prescribed
diligence, but a preparation for independent action. So, the use of discussion
groups, group work and pair work has often been advocated both in teaching
languages and in other subjects.

In cooperative learning, group activities are carefully planned to
maximize students’ interaction and to facilitate students’ contributions to each
other’s learning. Therefore, cooperative learning would seem to deserve more
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attention from educators for academic achievement, personal growth and the
development of social and learning skills.

Objectives of the Research

This dissertation will attempt to highlight the vital aspects of cooperative
learning in English Language Teaching (ELT). The major objectives of this
dissertation are as follows:

1.  to develop cooperative learning exercises for reading based on the
texts prescribed for Grade Ten students,

2.  to investigate whether there is a significant difference between the
performance of the students who are taught with cooperative
learning techniques and that of the students who are taught with the
existing teaching techniques,

3. to highlight the effectiveness of cooperative learning in English
Language Teaching, and

4.  to give suggestions for the use of cooperative learning in teaching
English according to the result of the study.

Hypotheses
The hypotheses of this study are as follows:

H1: There is a significant difference between the performance of the students
with cooperative learning techniques and that of the students with traditional
learning on reading comprehension skills.

H2: The achievement of the cooperated reading group may be higher than that of
the traditional group on reading passages (Skimming and Scanning Skills).

H3: Lexical knowledge of the students of the cooperated reading group may be
higher than that of the students of the traditional group.

H4: The syntactic knowledge of the students of the cooperated reading group
may be higher than that of the students of the traditional group.

H5: The discourse knowledge of the students of the cooperated reading group
may be higher than that of the students of the traditional group.

H6: The students of the cooperated reading group will understand and remember
the content more than those of the traditional group.
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Definition of the Key Terms
Cooperative Learning

Cooperative learning is a group learning activity organized so that
learning is dependent on the socially structured exchange of information between
learners in groups and in which each learner is held accountable for his or her
own learning and is motivated to increase the learning of others (Olsen & Kagan,
1992, cited in Richards & Rodgers, 2001).

Reading Comprehension

Reading comprehension involves visual mechanical skills of recognition,
remembering of meaning of words, integrating grammatical and semantic clues
and relating to the reader’s own general knowledge and the knowledge of the
subject being read (Tahir, 1988, cited in Khan, 2008).

The Scope of the Study
This study is geographically restricted in Yangon Region.

1. Participants of this study are Grade Ten students from the selected
schools in (2014-2015) Academic Year.

2. This study is intended to investigate only the reading comprehension
skills of students in learning the English language.

3. The content area covers from Unit 2: A Brave Boy to Unit 10:
Traditional Medicine in Grade Ten English Text.

Significance of the Study

Throughout the history of language teaching, language teaching and
investigation are progressing at an ever accelerating rate. The “really new and
different things” in language teaching today involve different approaches to
teaching. In the past, the question most frequently asked was “Which is the best
teaching methodology?”” Now teachers ask “How can their students best learn the
language?” The focus has shifted from the teacher to the learner and with this has
come the realization that each learner is an individual with distinct needs,
learning styles, mental schemata and attitudes.

One of the major issues of English Language Teaching (ELT) in
Myanmar is the need to promote teachers’ interest in new language teaching
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methodology. Most of the older teachers use traditional teaching method which
involves providing a lot of explanation of the words in English using the mother
tongue. This situation focuses the Grammar-translation Method. And the teacher
is the authority in the classroom and asks students to engage in rote learning.
Students become passive learners and the teacher is trying to instill knowledge
into the minds of passive students. In order to meet the needs of the students,
teachers should create, adapt and tailor the teaching methodology to help students
develop the language skills needed.

Darwin said that “in the struggle for existence, favorable variations would
tend to be preserved and unfavorable ones to be destroyed. The result of this
would be the formation of a new species” (Khin Zaw, 2001). Therefore, learning
IS an active process of changing: it is the process by which behavior is developed
through practice or experience.

Moreover, life is concerned with change, to be alive is to be constantly
active and change. Thus, both teachers and students must take certain adaptations
to keep abreast with the changing world. They shouldn’t rest on the old teaching-
learning process which couldn’t make them fit in the modern society.

The ultimate goal in reading instruction is to teach students to gain
meaning —to comprehend. With strengthened reading skills, readers will make
greater progress and attain greater development in all academic areas. There are
five main objectives of teaching reading prescribed in the Grade Ten English
textbook:

1. To build up and enrich vocabulary of the learners.

2. To train learners to do as much independent reading as possible.
3. To expose learners to a variety of contemporary English writing.
4

. To help learners assimilate the grammar, lexis, syntax, and idiom of
the English language and

5. To help learners develop their reading and writing skills in English.

In basic education level, most of the teachers use traditional method by
providing students with a lot of explanation using the mother tongue during their
reading instruction. They cannot arouse students’ interest and so students become
passive learners. In order to make classroom situation more effective and to make
comprehension easier in reading, teacher should use an appropriate technique in
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teaching reading. Therefore, time comes to analyze whether or not the use of
cooperative learning techniques in reading instruction can improve students’
reading comprehension.

Review of Related Literature

Education is a life-long process and it must inform the learner a way of
achievement which enables him or her to proceed to the next. It is important to
notice that students have their different styles of learning. They differ in their
physical appearance and also in personality traits. Thus, teachers should use
various strategies and tactics to cultivate students’ creativity and to make them
aware of their talents and abilities.

Constructivism: A Developmentally Based View of Teaching and Learning

The study of development, learning, and teaching is going through
something close to a revolution, and the learner is at the center of this change.
Constructivism is a view of learning and development that emphasizes the active
role of the learner in building understanding and making sense of the world.

"Constructivists believe that knowledge results from individual
constructions of reality. From their perspective, learning occurs through the
continual creation of rules and hypotheses to explain what is observed. The need
to create new rules and formulate new hypotheses occurs when students’ present
conceptions of reality are thrown out of balance by disparities between those
conceptions and new observations.” (Brooks 1990, cited in Eggen & Kauchak,
1994)

Constructivism emphasizes active learners, the linking of new knowledge
to knowledge learners already possess, and the application of understanding to
authentic situations. Experience and interaction between teachers and students
and students with each other are instructional tools for constructivists.

All views of constructivism recommend that teachers go beyond lecturing
and “telling” as teaching methods and move toward “.... structuring reflective
discussions of the meanings and implications of content and providing
opportunities for students to use the content as they engage in inquiry, problem
solving, or decision making”.
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Implications of Theory of Constructivism in Teaching-Learning

The following principles based on the theory of constructivism play

an important role in the teaching-learning process.

1.

Under the Theory of Constructivism in teaching-learning activities,
teacher only plays the role as adviser, facilitator and planner, while
pupils in turn, will play the main role in the learning process.

The most suitable method for teaching-learning is to use the
cooperative and collaborative model. Teaching by using the traditional
method and technique such as lecturing, demonstrating and rote
learning are no longer suitable to expand knowledge.

Pupil’s knowledge and awareness are important factors to influence
the process of cognitive development.

Assist pupils to use their acquired knowledge to relate and apply to
the learning of new knowledge.

Foster intrinsic motivation for pupils to learn on their own initiative.

Traditional evaluation is not suitable to be used. The format and
instruments of evaluation used for knowledge acquisition must be
constructed by the teacher and pupils together.

Pupils are encouraged to use their critical and creative thinking skills
to solve problems, and metacognitive skill, especially reflective
thinking, to control, assess and make reflection on the result and
achievement (Sang, 2003).

According to constructivism, the task of education is not to pour
information into students’ heads, but to engage students’ minds with powerful
and useful concepts. Learning is much more than memory. For students to really
understand and be able to apply knowledge, they must work to solve problems, to
discover things for themselves and to wrestle with ideas. Moreover, constructivist
approaches to teaching typically make extensive use of cooperative learning, on
the theory that students will more easily discover and comprehend difficult
concepts if they can talk with each other about the problems.
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Interaction Analysis Model

Ned Flanders has developed one of the best known social-interaction
models in learning psychology. In his model, he stated three principles of teacher
influence to which the interaction model applies (1) Restricting student freedom
of participation early in the cycle of classroom learning activities increases
dependence and decreases achievement, (2) Restricting student freedom of
participation later in the cycle of classroom learning activities does not increase
dependence and does increase achievement and (3) Expanding student freedom of
participation early in the cycle of classroom learning activities decreases
dependence and increases achievement.

When the teacher exercises direct influence through lecturing, giving
directions, and criticizing or justifying authority and plays a dominant role in the
classroom, he is said to be restricting student freedom of participation. On the
other hand, if he accepts feeling, praises or encourages, accepts or uses student
ideas, and ask questions, he is said to be expanding student freedom of
participation.

According to Flanders, sustained direct influence by the teacher results in
increased dependency. A dependent student is more concerned about which
method the teacher wants him to use than about which method will solve the
problem. Flanders assumed that teachers who are more accepting, unconditional
and less rejecting in their relationships with students and teachers who are aware
of and are able to use a variety of appropriate teaching behaviors will be able to
facilitate more learning in their classroom (Khin Zaw, 2001).

Developing a New Model for Cooperative Learning

In developing a new model for cooperative learning, social constructivism
is deeply taken into consideration. The constructivist approach to learning
encourages student to cooperate and collaborate with each other as a team to seek
knowledge and information in order to solve a problem. According to
constructivist view, cooperative learning is the suitable method to increase
academic performance of the students and it can help students to develop social
competence and skills that are required in the community.
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Theoretical Considerations

Teaching children how to read is a significant responsibility to function
fully in modern society. Reading is an essential skill for English language
learners and also a prerequisite for successful performance in any school subject.
In the learning process, there is a high correlation between reading
comprehension and academic achievement. With strengthened reading skills,
they can make greater progress and attain greater development in all academic
areas. In Myanmar, English subject is taught as a compulsory subject and most of
the teachers use traditional method which involves a lot of explanation using the
mother tongue and asking students to engage in rote learning. So, the students
become passive learners and have little interest in English Language Teaching
(ELT). According to Friedenberg (1965, cited in Gagne, Briggs & Wager, 1988),
the systematically designed instruction can greatly affect individual development.
It must be based on knowledge of how human beings learn and must take fully
into account learning conditions to occur the desired effects.

According to constructivist view of learning, teachers cannot simply give
knowledge to the students. Students must construct knowledge in their own
minds. The teacher must facilitate this process by making information meaningful
and relevant to students, by giving students opportunities to discover or apply
ideas themselves, and by teaching students to be aware of and consciously use
their own strategies for learning. Teachers can give students ladders that lead to
higher understanding, yet the students themselves must climb these ladders
(Slavin, 2003). Moreover, a characteristic of highly successful learners is that
they are autonomous. They themselves decide how to study outside class and
even how to work in class. Under the theory of constructivism, one of the suitable
methods for teaching and learning is to use the cooperative and collaborative
model. Teaching by using the traditional method and techniques such as
lecturing, demonstrating and rote learning are no longer suitable to expand
knowledge. However, the constructivist classrooms present the learners with
opportunities to build on prior knowledge and understanding from authentic
experience. These classrooms rely heavily on collaboration among students and
the students learn about learning not only from themselves, but also from their
peers.

In developing a new model for cooperative learning, social constructivism
is mainly focused. Social constructivism emphasizes the importance of the
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learner being actively involved in the learning process. Without the social
interaction with other more knowledgeable people, it is impossible to acquire
social meaning of important symbol systems and learn how to utilize them.
According to the social constructivist approach, instructors have to adapt to the
role of facilitators and not teachers. Where a teacher gives a didactic lecture
which covers the subject matter, a facilitator helps the learner to get to his or her
own understanding of the content (Bauersfeld, 1995, cited in Wikipedia, n. d.).
Moreover, the teacher's role is not only to observe and assess but to also engage
with the students while they are completing activities, wondering around and
posing questions to the students for promotion of reasoning. Teachers must also
intervene whenever the conflicts arise. Thus, the teacher's roles in constructivism
are exactly the same as the teacher's roles in cooperative learning. According to
Dewey, the teacher should not stand at the front of the room doling out bits of
information to be absorbed by passive students.

In cooperative learning model, the importance of the relationship between
the students and the teacher in the learning process is emphasized. In cooperative
learning, the teacher designs the social interaction structures as well as learning
activities that will provide language development and increase active
communication among the students. Piaget and Vygotsky emphasized the social
nature of learning. Vygotsky's theory of learning supports the collaborative
approach because it analyzes how people are embedded with one another in a
social world. In Vygotskyan terms, human learning is always mediated through
others — parents, peers, and teachers — and these interactions themselves are
mediated. In other words, learning is a collaborative enterprise in which the adult
engages in dialogue with the child in such a way that the child is enabled to solve
a problem that he or she was unable to manage alone.

Cooperative learning model mainly focuses on Vygotsky's "Zone of
Proximal Development (ZPD)" in order to make sense of the relationship of
society and the individual and social and cognitive development. He defined the
zone as the distance between what a child can do in isolation — that is, the actual
development level — and what the child can do in collaboration with others called
the proximal level. The distance between these points is the zone of proximal
development. This theory implies the idea that tasks, which are too difficult for
students to master alone, can be learned with guidance and assistance from
adults, more-skilled peers or more knowledgeable others. According to
Vygotsky, the upper limit in the zone of proximal development cannot become
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fruits without social interactive support from peers and teachers. Such support
would enable students to make further progress in the zone of proximal

development, and which is beyond students' independent ability to achieve.

Pupils' actual
development (able to
learn and perform task

individually)

Zone of Proximal
development (able to
learn and perform
various tasks with help
from others)

Potential development

limit (unable to learn or

perform any task even
with help)

Most difficult task that
can be learned or
performed individually

Most difficult task that
can be learned or
performed with help

from others

Figure 1: Vygotsky's Zone of Proximal Development (ZPD)
Source: From Sang (2003)

A Model for Cooperative Learning

A model for cooperative learning was developed based on Robert Glaser's
Basic Teaching model, Gerlach and Ely Model for systematic planning of
instruction, Slavin's Model of Cooperative Learning and Inquiry- based Learning
Performance Model. This model is intended to contribute to language teaching,
especially to cooperative language learning. This model consists of eight main
components: content selection, instructional objectives, preparation instructional
procedure, analysis of individual differences, activate prior knowledge,
instructional process, performance assessment and analysis of feedback /
regulation.

Cooperative Learning and Reading

Many students especially young learners find reading activities tiresome,
even frustrating at times. This condition has led the children to a halt in their
language development. Reading is necessary when students further their study,
especially at the University level. They need good reading skill for acquiring
knowledge and learning new information. Many researchers have been interested
in doing research to investigate appropriate reading strategies to help students
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have better understanding when they read. Many reading methods have been used
in classrooms alternately. The results showed that some are successful with a
particular group of students but some are not. Actually what should be taken into
account is the way the knowledge is presented. Teacher-centered approach taking
place in traditional classrooms does not produce active recipients and results in
fossilized language learning. It is not effective enough to promote language
acquisition. However, during the past decade, a new approach called cooperative
learning seemed to attract a lot of attention and became popular (Wichadee,
2005).

Cooperative Learning Techniques

Schul (2011, cited in Wikipedia, n.d.) discussed cooperative learning
techniques. There are a great number of cooperative learning techniques
available. Some cooperative learning techniques utilize student pairing, while
others utilize small groups of four or five students.

1) Think-Pair-Share

Think-Pair-Share allows for students to contemplate a posed question or
problem silently. The student may write down thoughts or simply just brainstorm
in his or her head. When prompted, the student pairs up with a peer and discusses
his or her idea(s) and then listens to the ideas of his or her partner. Following pair
dialogue, the teacher solicits responses from the whole group.

(2 Jigsaw

Students are members of two groups: home group and expert group. In the
heterogeneous home group, students are each assigned a different topic. Once a
topic has been identified, students leave the home group and group with the other
students with their assigned topic. In the new group, students learn the material
together before returning to their home group. Once back in their home group,
each student is accountable for teaching his or her assigned topic.

(3)  Reciprocal Teaching

It is a cooperative technique that allows for student pairs to participate in
a dialogue about text. Partners take turns reading and asking questions of each
other, receiving immediate feedback. Such a model allows for students to use
important metacognitive techniques such as clarifying, questioning, predicting,
and summarizing. It embraces the idea students can effectively learn from each
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other. Reciprocal teaching places less emphasis on teacher explanation and
focuses more on the teacher and student collaborating in an attempt to bring
meaning to the text.

(4)  Numbered heads together

In numbered heads together, students number off within teams. The
teacher asks questions and students put their heads together to knows the
answers. The teacher randomly selects one student and asks to answer.

Numbered heads together encourages successful group functioning
because all members need to know and be ready to explain their group’ answer
and because, when students help their group-mates, they help themselves and
their whole group, because the response given belongs to the whole group, not
just to the group member giving it.

(5) Learning together

Learning together involves students working in four- or five-member
heterogeneous group on assignments. The groups hand in a single completed
assignment and receive praise and rewards based on the group product. This
method emphasizes team-building activities before students begin working
together and regular discussions within groups about how well they are working
together.

(6) Student-Teams-Achievement Divisions (STAD)

Students are placed in small groups (or teams). The class entirely is
presented with a lesson and the students are subsequently tested. Individuals are
graded on the team’s performance. Although the tests are taken individually,
students are encouraged to work together to improve the overall performance of
the group.

Reading is defined as a set of skills that involves making sense and
deriving meaning from the printed word. Lerner (1989) pointed out that the
teachers must search for strategies that will offer many reading opportunities. At
all stages of reading, students should have sufficient opportunities to practice and
engage in the process of reading. According to Linse (2006), through cooperative
learning, students are active in the learning process because they will learn more
through a process of constructing and creating, working in group and sharing
knowledge. Therefore, researcher developed cooperative learning exercises for
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reading by applying cooperative learning techniques and these techniques are
used in teaching reading skill to Grade Ten students.

There are six major approaches to cooperative and collaborative learning.
The approaches are: Student Team Learning, Learning Together, Group
Investigation, the Structural Approach, Complex Instruction and the
Collaborative Approach. In this dissertation, Student Team Learning, Learning
Together and the Structural Approach are used to investigate the impact of
students’ reading comprehension skills.

Research Methodology

Subjects

To investigate the effects of using cooperative learning techniques in
teaching reading, (87) students from No. (2) B.E.H.S, Lanmadaw, (93) students
from No. (2) B.E.H.S Shwepyitha, (75) students from No. (2) B.E.H.S, Bahan
and (125) students from No. (2) B.E.H.S, Insein were selected by using stratified
random sampling method.

Instrumentation

To investigate the students' reading skill and background knowledge, the
researcher developed a pretest that included Lesson (8) to Lesson (11) from
Grade Nine English Text and some reading passages from the story books.The
pretest consists of (5) synonyms, (5) completion vocabulary items, (5)
morphology items, (10) scrambled sentences that are needed to arrange into a
meaningful paragraph, (5) synonyms based on the reading passage, (5) references
(5) answering questions items with a reading passage and (10) multiple choice
items. Time allowed for this test was one and a half hours.

At the end of the treatment period, both control and experimental groups
in all the selected schools took 3 hours posttest. The posttest contains 10 test
items. Some reading passages and recall questions from Unit 2 to Unit 10 in
Grade Nine Textbook and some reading passages and exercises from
“Intermediate Vocabulary,” written by B. J. Thomas and “A Skills-Based
Reader,” written by Blanchard and Root were used for posttest.

Question No. I and II is to measure the students’ reading comprehension
skill on seen and unseen passages. After reading the passages, the students have
to answer reading comprehension questions. Question No. Il is cloze procedure
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which is used to analyze students’ comprehension on the context. Question No.
IV is to measure students’ sequencing skill on correct order of events. Students
must read each paragraph and they need to number the given sentences in the
correct time order. In Question No. V, 9 sentences are given in jumbled order
and the students have to rearrange them into a proper order. Question No. VI
contains true or false items which were constructed to test students’
understanding of the content which covers recall questions from Unit 2 to Unit 10
from the prescribed textbook. Question No. VII is to measure students’ reading
comprehension skill on pronoun and adverbial referents. In Question No. VIII,
the students are asked to identify the main idea. They need to ask themselves
what the passage is mostly about and they must extract the main idea of the given
paragraphs. Question No. IX is to measure the students’ skill on making
inference from a given sentence. To make inferences the students must combine
the clues in the reading with information they already know from their own life.
Question No. X is multiple choice items. Students must complete each sentence
by using the contextual clue

Procedure

To investigate the effect of using cooperative learning techniques in
teaching reading, the sample of the students were selected by using stratified
random sampling method. First of all, researcher constructed cooperative learning
exercises for reading instruction from all the units in Grade Ten English
Textbook. Secondly, in order to get data for this study, instruments were
constructed. Expert validity of the instruments was obtained from seven teacher
educators. After getting the validity of the instruments, pilot teaching was
conducted for Unit (1) in B. E. H. S (5) Kamayut in the first week of June, 2014.
Most students were interested in reading instruction and participated actively.
Pilot study for pretest was also held in that school. Based on the pilot test, some
items were modified to adapt to the students’ understanding.

Treatment period took 7 months (from July, 2014 to January, 2015) and
the teaching instruction covers from Unit 2 to Unit 10. The experimental groups
were taught reading by using cooperative learning techniques and the control
groups were taught reading by using traditional method. At the end of the
treatment period, posttest was held in all the selected schools. To establish the
reliability of the posttest, pilot study was held in B. E. H. S (1) Latha. According
to the result data of pilot testing, posttest was reliable.
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Posttest was held in all schools in the first week of February, 2015.
According to the statistical data of the posttest scores, the use of cooperative
learning techniques in reading instruction can improve students’ reading skills.
So, it is hoped that this study will be beneficial in teaching reading in Myanmar.

Research Design

The research design applied in this research is a quasi-experimental, "in which
experimental research is conducted when a researcher has to agree to use existing
classroom.” (Gay, 1987), nonequivalent control group design. An advantage of
this design is that since classes are used "as it is," possible effects from reactive
arrangements are minimized. Subjects may not be aware that they are involved in
a study.

Data Analysis

The Statistical Package for the Social Science (SPSS) version (20) was
used to analyze the quantitative data. The data were analyzed by using descriptive
statistics, the independent samples t-test and analysis of covariance (ANCOVA)
to investigate into the effectiveness of Cooperative Learning.

Findings

To investigate the effect of using cooperative learning techniques in
teaching reading comprehension of Grade Ten students, the posttest scores of the
control and experimental groups in B.E.H.S (2), Bahan were analyzed by using
the t-test for independent samples as there was no significant difference between
the control and experimental groups before they were treated. The posttest scores
of the other schools were analyzed by using analysis of covariance (ANCOVA)
as there were significant differences between the control and experimental groups
before they were treated. The findings of the experimental study are as follows:
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Quantitative Findings of B.E.H.S, Lanmadaw (School 1), Insein (School 2),
Shwepyitha (School 3) and Bahan (School 4) on Posttest Scores

100
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mExperimental
m Control

Schooll School2 School3 School4

Schools

Figure 2: Comparison of Mean Scores for Posttest Scores

Table 1: Comparison of Mean Scores for Posttest Scores

Means 5
School Group N 8

Quo [ Q| Q@ [ Qs | Qs [ Qs | Q7 | Qs | Qo | Qo | Quo 2 tailed)

Experimental | 44 |627 (627 [13.02 395|177 [727 |525 (341|595 |8.16 [63.34
BEHS(2)Lanmadaw Q0Q===

Control 43 (3.05 (386 | 7.3 |344 107|547 (274|084 | 551 |6.05 3933
Experimental | 60 |7.77 (927 [12.92 |6.37 |3.13 |9.68 |6.08 [5.15[6.97 | 9.1 |76.43

BEHS (2)Insein 00Q===
Control 65 |5.82 (617|934 |352 183|763 |44 |0.89 623|742 (5525
BEHS(2) Experimental | 45 |3.53 |3.02| 6.71 {247 |091 |793 |1.89|2.67| 5 |3.33 (3947
000111
Shwe Pyi Tha Control 48 269|073 | 465 |142|092(6.19| 1.6 | 031 [3.15 [4.02 |25.67
Experimental | 42 | 6.6 |7.86 |11.83 |6.57 | 3.6 [9.93 |5.57 |4.95|6.83 |9.48 |73.21
BEHS (2) Bahan 003**

Control 33 | 494|443 |11.82 | 648 |3.58 11.39|6.09 | 3.85 | 6.61 | 9.36 | 68.61

Note : ***p= 001, **p= 01
Q = Question

Discussion

Results of the study pointed out that the use of cooperative learning
techniques in teaching can improve students’ reading skills. According to Haeton
(1982), there are numerous ways of testing reading comprehension, ranging from
multiple-choice items to open-ended questions. Although multiple-choice items
are sometimes the suitable instrument for testing reading comprehension, they
should not be overused. The text itself should determine the types of question
which are constructed. Certain texts may lend themselves to multiple-choice
items, others to ordinary completion items, others to the completion of
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information in tables, and yet others to open-ended questions. To assess the
students' reading comprehension abilities, different question types on reading
comprehension were used.

The posttest scores of the selected schools (School 1, 2 and 3) were
analyzed by using analysis of covariance (ANCOVA) and the posttest scores of
the school 4 were analyzed by using t-test for independent samples. The mean
scores of all the experimental groups in the selected schools were higher than that
of the control groups. The results showed that students’ reading comprehension
skills were significant at p <.001 level in Schools 1, 2 and 3 and p < .01 level in
School 4. So, these results supported hypothesis 1 (H1): there is a significant
difference between the performance of the students with cooperative learning
techniques and that of the students with traditional learning on reading
comprehension skills.

In comparing the mean scores of reading comprehension for seen and
unseen passages (Question No. I and Il), there were significant differences
between experimental groups and control groups. Students’ comprehension skills
on reading passages were significant at p <.001 level for Question I in Schools 1,
2 and 4 and p < .01 level in School 3. In Question No. II, students’
comprehension skills were significant at p < .001 level. All the experimental
groups in all the selected schools did better than the control groups. These
findings supported H2: the achievement of the cooperated reading group may be
higher than the achievement of traditional group on reading passages. The
skimming and scanning skills of the experimental groups were higher than that of
the control groups. The students in the experimental groups can answer literal and
inferential questions. The result indicated that giving students opportunities to
study reading passages cooperatively in the classroom can enhance students'
reading skill. Students had the opportunity to work together and learn from each
other in groups. Stronger students helped the weaker ones. Students in cooperated
groups developed considerable commitment and became less dependent on the
teacher. They didn't passively sit in and take in what the teacher said. They
participated actively in their reading activities and made sure everyone in the
groups understand the passages well.

In Question No.lll, students' comprehension of the text was measured by
using cloze procedure test. In comparing the mean scores of cloze procedure, the
experimental groups in three schools (Schools 1, 2 and 3) did better than the
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control groups. The results showed that students’ comprehension skill on cloze
procedure were significant at p < .001 level in Schools 1 and 2 and p < .05 level
in School3. These findings showed that the students in experimental groups had
the ability in predicting and translation. They could use the grammatical and
semantic cues given in the passage. The students in the experimental groups have
more grammatical and lexical knowledge than the students in the control groups.
Therefore, it can be concluded that reading activities in cooperated groups
enhanced their reading ability. The result data in those schools supported H3:
lexical knowledge of the students of the cooperated reading group may be higher
than that of the students of the traditional groups. Although in school 4, there was
no significant difference between the two groups. The students in both groups
could do well in this test. The result data in this school did not support H3.

Students' sequencing skill on the correct order of events was tested in
Question No. IV. In comparing the mean scores for sequencing skill, there were
significant differences between the three schools (Schools 1, 2 and 3). The results
showed that students’ syntactic knowledge was significant at p < .001 level in
School 1 and p <.01 level in School 2 and p < .05 level in School 3. These data
supported H4: the syntactic knowledge of the students of the cooperated reading
group may be higher than that of the students of the traditional group. But there
was no significant difference between the two groups in School 4. So, School 4
rejected H4.

In Question No.V, students' rearranging skill was tested to check their
discourse knowledge, logical thought and understanding of coherent organization
in a written text. In comparing the mean scores of rearranging sentences, there
were significant differences between the two schools (Schools 1 and 2). The
experimental groups did better than the control groups. The results showed that
students’ discourse knowledge was significant at p < .05 level in School 1 and p
< .001 level in School 2. The students in experimental groups understood the
coherent organization in the written text and could do well in that question. This
may be due to the use of cooperative techniques in reading instruction. The result
findings supported H5: the discourse knowledge of the students of the cooperated
reading group may be higher than that of the students of the traditional group.
But there were no significant differences between the two groups in two schools
(Schools 3 and 4). In those schools, it was found out that some students did not
answer that question type and they did not use enough effort to answer the test as
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it was not concerned with their examination. H5 was not supported in those
schools.

Question No. V1 is true-false items. It is one of the most widely used tests
of reading comprehension. To test the students' understanding of the content,
recall questions from Unit 2 to Unit 10 were added. In comparing the mean
scores of true-false items, there were significant differences in three schools. The
experimental groups in Schools 1, 2 and 3 did better than the control groups. The
results showed that comprehension skills of the students (students’ understanding
and remembering of the content) were significant at p < .001 in Schools 1, 2 and
3. It pointed out that students learning in cooperated groups remembered and
understood the content more. The result findings supported H6: the students of
cooperated reading group will understand and remember the content more than
the students of the traditional group. But in School 4, the control group did better
than the experimental group. H6 was rejected in this school.

Students' reading comprehension skill on pronoun and adverbial referents
was tested in Question No. VII. It is one of the major components of the reading
comprehension process. To understand the meaningful relationship among
sentences, students must connect the referent with the correct reference in the
text. In comparing the mean scores of students' skill on referents, there were
significant differences between the experimental groups and control groups in
two schools (Schools 1 and 2). Students in the experimental groups did better
than the control groups. The scores of the experimental groups were significant at
p <.001 level. The results showed that students in the experimental groups knew
the correct references as they were experienced in reading passages themselves in
cooperated groups. They knew the correct pronoun and adverbial referents
mentioned in the passage. So, it was also support H5: the discourse knowledge of
the students of cooperated reading group may be higher than that of the students
of traditional group. But, in Schools 3 and 4, there were no significant
differences between the experimental groups and the control groups. In School 4,
most of the students in both groups could do well in referents questions. In
School 3, some students did not answer all in that question type. Some students
left to write down preposition (-in) in answering the place referents (e.g., there
and here). The results of these schools did not support H5.

In Question No.VIII, students' skill on identifying the main idea was
tested. According to DeBoer and Dallmann (1967, cited in Anthony & Richards,
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1976), one of the objectives of reading is to find the main idea. To identify the
main idea, students need to ask themselves what the passage is mostly about.
They must look through the passage to see how many times a word is repeated as
a clue to what it is mostly about. In comparing the mean scores of identifying the
main idea, there were significant differences between the experimental groups
and control groups in all schools. Students’ achievement scores were significant
at p < .001 level in Schools 1, 2 and 3 and p < .01 level in School 4. The
experimental groups did better than the control groups. The results also
supported H2: the achievement of the cooperative reading group may be higher
than that of the traditional group on reading passages (Skimming and Scanning
Skills). It can be concluded that students reading in cooperated groups could find
out the main idea and could draw inference what the passage is about. Their
reading activities in cooperated groups can enhance their reading skill.

Question No. IX tested students' skill on making inferences. Students
must construct inferences based on information presented in the text and their
own prior knowledge. Inferences are at the heart of the comprehension process.
Students must use syntactic and discourse knowledge to make inferences. In
comparing the mean scores of making inferences, there were significant
differences in Schools 2 and 3. The experimental groups did better than the
control groups. The results showed that students’ syntactic and discourse
knowledge were significant at p < .001 level. These findings supported H4 and
H5 mentioned above. But there were no significant differences in Schools 1 and
4. In Schools 1 and 4, most of the students in both groups could do well in
inference questions. They had a chance of 50% guessing the answer. They chose
one correct answer out of two given sentences. The result findings in those
schools did not support H4 and H5. To get more valuable result, students should
be given four or more options to choose for correct answer.

Question No. X is a multiple choice item. Students must complete each
sentence by using the contextual clue. For multiple choice items, it is necessary
for the students to read a sentence carefully and choose the correct answer of
three options. This question type was used to test the students’ vocabulary
knowledge and their ability of using the contextual clue and their ability to
connect their background knowledge to the written text. In comparing the mean
scores of multiple choice items, there were significant differences between the
two groups in three schools (Schools 1, 2 and 3). The experimental groups did
better than the control groups. The results showed that students’ vocabulary
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knowledge were significant at p <.001 level in Schools 1 and 2 and p < .01 level
in School 3. The students in experimental groups could connect their background
knowledge to the written text and could use the contextual clue to choose the
correct answer. It can be concluded that the use of cooperative techniques in
reading instruction could enhance the students' ability in using contextual clue
and background knowledge in reading. Moreover, the use of cooperative learning
techniques in reading instruction can improve students’ vocabulary knowledge.
These findings supported H3: the lexical knowledge of the students of the
cooperated reading group may be higher than that of the students of the
traditional group. Although in School 4, there was no significant difference
between the two groups. Both groups could do well in the test. So, this finding
rejected H3.

Generally, the results of analyzing data showed that all the experimental
groups did better in reading comprehension questions and identifying main idea
than the control groups. Moreover, three experimental groups out of four did
better in four question types out of ten (cloze procedure, sequencing correct order
of events, True-false items and multiple choice items). The students in both the
control and experimental groups in two schools gave the same effort in answering
rearranging sentences, skill on referents and skill on making inferences. To sum
up, the results showed that most of the experimental groups did better in seven
question types out of ten. According to the statistical data of the posttest scores, it
was concluded that the performance of the experimental groups in all the selected
schools were better in reading comprehension skills than that of the control
groups.

During the study, it was found that the use of the cooperative learning
techniques in teaching reading comprehension had several advantages. The
students were more interested in learning the English language and enjoyed
reading. Moreover, the students in cooperated group felt comfortable and
enhanced their reading skill by sharing and discussing the main idea of the
reading passages and their background knowledge. It can be generalized that the
students with lesser abilities learn more by working alongside those who have
greater abilities. To sum up, the students should be encouraged to participate in
the cooperative tasks in language learning.
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Suggestion

The main objective of teaching English in Myanmar is to enable students
to use English for academic purposes. It is suggested that teachers should use a
student- centered approach and allow the students to engage with the text by
themselves before providing help. Moreover, teachers should use pair and group
works often as possible so that students can be involved in the interactive
activities and the classroom will be more enjoyable.

Finocchiara (1982) has suggested that successful language teaching
environment requires the acronym "COMET". 'C' stands for curriculum, 'O’
stands for objectives; 'M' stands for methods and materials, 'E' stands for
evaluation procedures and 'T' stand for teacher. Under a sound curriculum, the
teacher must determine the goals and objectives of the contents. By using well-
structured and appropriate methods and materials, students' attention and
motivation should be increased. Teacher should use positive evaluation
procedures to diagnose students' understanding and provide positive feedback and
reinforcement.

According to Slavin (1979, cited in Kral, 1994), traditional forms of
education do not encourage cooperative activity; students work independently
and compete for recognition with their peers. Thus, teacher should provide
activities in the classroom that offer opportunities for active involvement of the
students, and use teaching strategies and grouping techniques that reduce the
anxiety of the students as much as possible.

Nunan (1997, cited in Nakamura, 2005) stated that a major impetus to the
development of learner-centered language teaching came with the advent of the
communicative language teaching. The communicative view of language and
language learning has become the mainstream in ELT. Richards and Rogers
(2001, cited in Nakamura, 2005) stated that in language teaching, cooperative
language learning has been embraced as a way of promoting communicative
interaction in the classroom and is seen as an extension of the principles of
communicative language teaching. Cooperative learning method provides
maximum opportunities for meaningful input and output in highly interactive and
supportive environment. Through interaction, students can increase their
language store as they listen to or read authentic linguistic materials, or even the
output of their fellow students in discussions.
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In many reading instruction programs, a greater amount of emphasis and
time are placed on testing reading comprehension than on teaching readers how
to comprehend. Monitoring comprehension is essential to successful reading.
Activation of background knowledge is also essential to the reading
comprehension process. Second language reading researchers indicated that
reading comprehension and reading skills enhanced when prior knowledge is
activated. Carrell and Eisterhold (1983, cited in Anderson, 1999) pointed out that
“a reader’s failure to activate an appropriate schema...during reading results in
various degree of non-comprehension.” McNeil (1987, cited in Anderson, 1999)
suggested that activation of prior knowledge can be initiated by setting goals,
asking questions and making predictions. So, in developing a model for
cooperative learning, researcher had taken into account the role of the activation
of prior knowledge and always started the reading instruction by asking some
questions related to the content. By asking questions before the instruction
started, teacher could take students’ interest and motivate their learning. So,
teachers should activate students’ background knowledge by asking some pre-
reading questions.

Learning to read is like learning to weave a tapestry. Various strands of
thread are used by the weaver just as various reading skills are used by the reader.
Understanding main ideas, making inferences, predicting outcomes and guessing
vocabulary from context are all reading skills that readers of English typically
need to develop.

Traditional approach to language reading is widely used in Myanmar.
Most of the teaching in EFL classrooms still emphasizes teacher-centered
instruction. Such a traditional instructional approach causes competitive learning
and individual performance in the classroom teaching. In teacher-centered
method, students are more reliant on the teacher and do not have opportunity for
thinking on the material and working with their classmates. To promote
communicative competence of students, communicative approach should be
encouraged from now on. In applying the communicative principles in the
classroom, students should be given opportunities to focus on their own learning
process through an understanding of their own styles of learning and through the
development of appropriate strategies for authentic learning. The role of the
teacher should be facilitator and guide, not an all-knowing bestower of
knowledge. Therefore, students are encouraged to construct meaning through
genuine linguistic interaction with others. According to these points of view, new
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classroom techniques and activities and new roles for teachers and learners in the
classroom are needed. Teachers can use cooperative learning techniques in
reading instruction to stimulate students to acquire the skills in reading and create
interpersonal and team skills.

Traditionally, classes consist of good students and weak students. The
weak students sit in isolation as they lose confidence in their ability to learn
English. Therefore, working in groups is believed to help solve this problem.
Group members can complement each other's strengths and weaknesses in
English. The use of cooperative learning techniques in reading instruction could
promote student-student interaction and maximize their learning. Students
became involved in instructional activities. They expressed their ideas and
feelings in the groups and listened to the teacher. They created more positive
feelings towards each other.

Children who learn within a cooperative classroom will be better prepared
for the challenge of the future because they will be better able to communicate,
collaborate, negotiate, solve problem and think critically. Simply putting students
into groups is not going to guarantee that they work and learn cooperatively.
Students must learn how to take responsibility for their own learning and they
must know they are accountable to each other for their group's success.

According to the results of this research, the use of cooperative learning
techniques in reading instruction can enhance students’ reading comprehension
skill. This study indicated that giving students opportunities to study reading
passages cooperatively in the classroom can enhance students' reading skill.
Students had the opportunity to work together and learn from each other in
groups. Stronger students helped the weaker ones. Students in cooperated groups
developed considerable commitment and became less dependent on teacher. They
didn't passively sit in and take in what the teacher said. They participated actively
in their reading activities and made sure everyone in the groups understand the
passages well. These research findings are in agreement with Kessler’s (1992)
suggestions who stated that students can understand better the text and take
valuable feedback from each other working in pairs or groups.

Although most research results offer positive perspectives of cooperative
learning, some awareness should be taken into consideration when implementing
it in language teaching. It is time-consuming for students to learn materials in a
cooperative way and to work together in groups. The allocated time for each unit



JE?

is generally 10 periods and each period takes 45 minutes. Within this allocated
time, all language skills (listening, speaking, reading and writing) have to be
taught to the students. Time allotment may not be adequate to teach all language
skills in cooperative learning approach. In this study, cooperative learning
approach is used only in reading instruction. If teachers get enough time, all
language skills should be taught with cooperative learning approach. Moreover,
teachers should be aware of time limitation in order to make group learning more
meaningful.

Teacher-students ratio is one of the problems in implementing cooperative
learning environment. In School 2, there are over sixty students in most classes.
Students had to sit in tight. The same situation is also seen in School 1. During
the study, it was found that it was difficult to arrange the classrooms to be
comfortable in cooperative structure. Because of the insufficient number of
teachers, classrooms, buildings and furniture, there are over sixty students in each
classroom of some schools in Myanmar. For students to work together, they must
talk to one another. Any teacher who can manage a classroom of 20 to 30
students may face many challenges. It is difficult for the teacher to be sure that
the groups are discussing the academic content rather than something else.
Sometimes, students are not participating properly in group and nothing gets
done in group because everyone is talking about everything but what they are
supposed to be doing. Teachers should regularly monitor individual and small-
group work to know how well the groups are functioning; determine what skills
are lacking, both related to the subject matter and to the interaction during
cooperative learning. And teachers need to intervene where problems are serious
to help groups work out their own problems. Problems in group activities should
be solved and emphasis should be placed on improving the effectiveness of the
group members in collaborating with each other.

One of the greatest challenges of cooperative learning is its reliance on a
positive group dynamic to function at its highest efficiency. Conflict between
individuals can diminish a group’s ability to work together. If a student does not
want to work in a group, the teacher should discuss the advantages that students
can derive from learning in groups and overcome resistance to group activities.
When students work in groups, they should do their best to make sure everyone is
involved. If students are put in groups without explicit roles and responsibilities,
there may be some students who try to do as little as possible in order to get by.
Therefore, teachers should emphasize the rules and duties for cooperative



JE®

learning in class and remind group members to precisely rate the contribution of
each group member. Moreover, the class activities should be well-planned in
advance to ensure the learning process is really based on cooperative learning. If
activities are not properly constructed, cooperative learning methods can allow
the “free rider” effect, in which some group members do all or most of the work
while others go along for the rider. Teachers should be aware that cooperative
learning will never take place if students don’t get clear instructions.

To improve the efficiency of learning and teaching, a variety of teaching
methods, learning strategies, teaching learning materials and media have been
developed and used for long. English teachers need to understand and promote
reading and learning as an active process for students. It is important that teachers
understand the constructivists' theory of learning. Constructivists believe that
students make sense of new information by connecting it to prior knowledge and
previously acquired understanding. Unfortunately, some students in today's
classrooms do not have the personal knowledge and experiences necessary to
support learning. Therefore, the teacher must make the effort to provide a
knowledge base in order to build the necessary background to make learning
meaningful.

One of the aims of education is to assist students to achieve a high degree
of language competence so that they may achieve personal fulfillment, reach their
potential and participate in society in a meaningful way. In the past, language
learning focused on the learning of grammar and vocabulary. A later shift to a
communicative approach to language teaching. According to Lerner (1989), at all
stages of reading, from the beginning on, it is important that the learner has
sufficient opportunities to practice and engage in the process of reading. Teachers
must search for strategies that will offer many reading opportunities. Therefore,
the use of cooperative learning techniques in teaching reading can provide
students opportunities to practice foreign language and to discuss and share ideas
that they have known to each other while they are reading. While teaching
students through cooperative learning, it can draw together students of mixed
abilities and create opportunities to discuss and exchange knowledge. Therefore,
teachers should use cooperative learning techniques in their reading instruction.
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Recommendation
In this study,

1. the sample schools were randomly selected from Yangon City
Development Area. Further research should be carried out in the other
states and regions.

2. cooperative learning techniques were used in teaching English reading at
Grade Ten. Another research should be made in teaching other language
skills and the other content areas at the Middle and High School levels.

3. this research was mainly based on Student Team Learning, Learning
Together and Structural Approach to investigate their impact on students’
reading comprehension skills. Further research should focus on
comparison between different techniques of cooperative learning in order
to determine if other cooperative learning techniques are equally effective
in producing desired learning outcomes.

4. a quasi-experimental design had to be used because the researcher had no
chance to assign subjects randomly to group. Further research should be
conducted by using true-experimental design to get more valid results and
to be more reliable than the present results.

Conclusion

The purpose of the study is to investigate the influence of cooperative
learning techniques on teaching reading. Reading is a complex information
processing skill in which the reader interacts with the text in order to create
meaningful discourse. It consists of two major components: recognizing and
analyzing words (decoding) and understanding words and ideas (comprehension).
Comprehension involves constructing meaning that is reasonable and accurate by
connecting what has been read to what the reader already knows and thinks about
all this information until it is understood. Meaning is not seen as being fully
present in a text waiting to be decoded. Meaning is reached when the reader
integrates personal background knowledge, purpose for reading, reading
strategies and the text to get meaning. Therefore, meaning is created through the
interaction of reader and text. In this study, Student Team Learning (STL),
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Learning Together and the Structural Approach are used to investigate their
impact on student’s reading comprehension skills.

Throughout the treatment period, the experimental groups were taught
reading by using cooperative learning exercises developed by the researcher.
During the study, it was found out that students in cooperated groups were
actively involved in the learning process and they facilitated each other’s
learning. In both educational and work setting, peers have a strong influence on
productivity. Greater achievement is typically found in collaborative situations
where peers work together than in situations where individuals work alone. Thus,
teacher must ensure that students interact with each other within a supportive and
accepting context. Cooperative learning leads to peer friendships and supports
and motivates students to succeed academically and socially. It gives students
opportunities to learn from one another rather than receive information from the
teacher or text alone.

To sum up, there is no special magic way to teach English.
However, cooperative learning can be assumed as an effective method for
improving reading skills of language learners. The research findings indicated
that giving students opportunities to study cooperatively in the classroom could
enhance students' reading skills. This cooperative method of learning can be used
as an alternative to the traditional learning where learning is based on repetition
and teacher disseminates information to students and the students are recipients
of knowledge. Piaget (as cited in Fetsco & McClure, 2005) stated that students
need to be engaged in active learning experiences that allow them to invent or
construct understanding through their own spontaneous research activities, rather
than having ideas transmitted to them by teacher-directed instruction. Moreover,
learning is a social process. It occurs when people are engaged in social activities.
One of the main goals in teaching is to help students become autonomous
learners. Therefore, teachers need to help students become independent by
encouraging group decision making and having students work in teams or small
groups. It is expected that this study will be beneficial to both teachers and
students in teaching reading in Myanmar to some extent.



?OO

Acknowledgements

I would like to express my respectful thanks to Dr. Khin Zaw (Retired Rector, Yangon
University of Education) and Dr. Htoo Htoo Aung (Retired Pro-Rector, Yangon University of
Education) for their valuable comments, suggestions and great support during the study.

I would like to express my heartfelt gratitude to Dr. Soe Than (Professsor and Head of
Methodology Department, Yangon University of Education) for his precious advice, valuable
guidance and continuous encouragement throughout the study.

I would like to extend my sincere thanks to my supervisor Dr. Myo Win (Associate
Professor, Methodology Department, Yangon University of Education) and co-supervisor
Dr. Khin Mar Khine (Lecturer, Methodology Department, Yangon University of Education) for
the precious advice, encouragement, suggestions, great kindness, reviewing and editing my
dissertation to complete successfully.

Moreover, | wish to express my deep gratitude to Professor Daw Mae Kyaw Myint
(Retired Professor and Head of English Department, Yangon University of Education) and
Dr. Nyo Nyo Lwin (Associate Professor, English Department, Yangon University of Distance
Education) for their valuable advice, comments and suggestion to improve this dissertation.

Special thanks also go to Daw Khin Aye Myint (Retired Professor, Methodology
Department, Yangon University of Education), Daw Khin Hla Than (Retired Professor,
Methodology Department, Yangon University of Education) and Daw Aye Aye Kywe (Retired
Associate Professor, Methodology Department, Yangon University of Education) for their
invaluable comments and suggestion and critical remarks on my dissertation.

I would like to express my sincere thanks to Dr. Naing Naing Thein (Lecturer,
Methodology Department, Yangon University of Education), Dr. Khaing Khaing Lwin (Lecturer,
Methodology Department, Yangon University of Education), Dr. Wai Wai Oo (Lecturer,
Methodology Department, Yangon University of Education), Dr. Ma Kyi Swe (Lecturer,
Methodology Department, Yangon University of Education), Dr. Thida Wai (Lecturer,
Methodology Department, Yangon University of Education), Dr. Khin Mu Mu Han (Lecturer,
Methodology Department, Yangon University of Education), Dr. Su Su Khine (Lecturer,
Methodology Department, Yangon University of Education) and Dr. Swe Swe Nyunt (Lecturer,
Methodology Department, Yangon University of Education) and all the teachers in Methodology
Department for their valuable advice, suggestion, comments and their warm kind heart and
encouragement in my study.

I would like to express my gratitude to all the teachers and students who participated
actively and willingly in my study. I also wish to convey my special thanks to the librarians and
staff of Yangon University of Education for their patience and great help with my study.

Finally, | am deeply grateful to my parents and family members for their warm support,
kindness, encouragement and understanding throughout my study.



R°J

References

Anderson, N. (1999). Exploring Second Language Reading. Canada. An International Thomson
Publishing Company.

Eggen, P. & Kauchak, D. (1994). Educational Psychology. Columbus: Macmillan Publishing
Company.

Fetsco, T., & McClure, J. (2005). Educational Psychology, An Integrated Approach To
Classroom Decisions. USA: Pearson Education, Inc.

Finocchiaro, M. (1982). Reflections on the Past, the Present, and the Future, English Teaching
Forum XX (3): 2-13.

Gagne, R.M., et al. (1974). Principles of Instructional Design. London: Holt, Rinehart &
Winston, Inc.

Gay, L.R. (1987). Educational Research. Competencies for Analysis and Application. New York:
Macmillan Publishing Company.

Haeton, J.B. (1982). Writing English Language Tests, Longman Handbooks for Teachers, New
Edition, Modern English Publications.

Hessong, R.F., & Weeks, T.H. (1991). Introduction to the Foundations of Education(2™ ed.) New
York: Macmillan Publishing Company.

Kam, HW., & Wong, R.Y.L. (2003). English Language Teaching in East Asia Today. Singapore:
Eastern Universities Press.

Kessler, C. (1992). Cooperative Language Learning. USA: Prentice- Hall Inc.

Khan, S.A. (2008). An Experimental Study to Evaluate the Effectiveness of Cooperative Learning
Method Versus Traditional Learning Method. Retrieved August 21, 2012 from

http://prr.hec.gov.pk/Thesis/582 S.pdf

Khin Zaw, Dr. (2001). Advanced Educational Psychology. Ph.D. Reference. Yangon: Yangon
University of Education.

Kral, T. (1994). Teacher Development Making The Right Moves. Washington, D.C: United States
Information Agency

Lerner, J.W. (1989). Learning Disabilities: Theories, Diagnosis, and Teaching Strategies (5"
ed.). Boston: Houghton Mifflin Company.

Nakamura, K. (2005). Creating a Learner-centered Communicative Classroom for Student
Teachers. Retrieved 1, December, 2013

Richards, J.C., & Rodgers, T.S. (2001) Approaches and Methods in Language Teaching.
Cambridge: Cambridge University Press.

Sang, M. S. (2003). An Education Course for K.P.L.1., Theme 2: Student Development, Teaching-
Learning Process & Evaluation. Selangor: Regalia Business Centre.

Slavin, R.E. (2003). Educational Psychology: Theory and Practice (7" ed.) New York: Pearson
Education, Inc.


http://prr.hec.gov.pk/Thesis/582%20S.pdf

OR

Soe Than. (2006). Developing A Bank of Extended Vocabulary Exercises for Learners of English
As a Foreign Language: A Contribution to Grade Nine Students in Myanmar.
Unpublished Ph.D. Dissertation. Yangon: Yangon University of Education.

Vygotsky, L.S. (1978). Mind in Society: The Development of Higher Psychological Processes.
Cambridge: Harvard University Press.

Wichadee, S. (2005). The effects of Cooperative Learning on English Reading Skills and Attitudes
of the First-Year Students at Bangkok University. Retrieved October 1, 2012 from

http://www.bu.ac.th/../saovapa.pdf
Wikipedia (n.d.). Cooperative Learning. Retrieved July 23, 2012 from
http://en.wikipedia.org/wiki/cooperative_/..


http://www.bu.ac.th/saovapa.pdf
http://en.wikipedia.org/wiki/cooperative_/

ROG

Appendix A

Suiwes) aanesadood Jo |ppow y : undiy

ST ) TUAWSSISSY
| Peqpasy jo sishjeuy
MIN JIUBWIONIJ ON
U0
dno3 jo uonenjea3
UONUIAIAIUI J3YIeI |
auewsopad dnoso
sajewdnosd uoIsayod |enos
4
um
UONBANOW sleod
dnoJd jo uoneuwsNaq adpajmouy SUIAYIQ EYLTERLTR
__, Joug [ enpmipy; [ 1euondnisu)
eAndy jo sishjeuy uonesedald

Jwn Jo uoneo| |y

s9AN23(q0
|leuonannsu|

1

sainpadoxd Jo uoneue|dx3

1

sdnosd jo uoneziuedsp

$532014 [RUONINASY|

UONIIRS
1UAU0)




R°J

Appendix B
Sample Teaching Procedure Using Ask Together Learn Together Technique
Title . The last leaf (Unit 7)
Standard : Grade 10

Time Allocation : 45 minutes x 7 periods
Instructional Objectives
(a) General Objective

To improve students' reading skill on stories by asking and sharing
the main points among them

(b) Specific Objectives

To look for the main ideas of paragraphs and specific information in
the reading passage

Teaching Aid  : Reading Text
Teaching Procedure
Step 1: Circulating reading passages

Students are given the reading passages about the last leaf. Then, the
teacher arouses their interest and background knowledge by asking some
questions and accepts any relevant answer.

1. How many seasons are there in our country and when do leaves
fall?

2. How do you feel if you see leaves falling? Why?

3. What happens to people in the season when leaves fall?

4. Do you have a closed friend? What will you do if you see he/she

finds difficulties and feels depressed in something?
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Step 2:Individual studying on reading passage and preparation of an
individual question.

Each student will study on reading passages and prepare individual
questions. Students are asked to produce questions related to the main points of
the story.

Student 1:  What kind of people came to Greenwich village and why?
Student 2:  Where and when did Sue and Johnsy meet?
Student 3:  For what did Sue and Johnsy come to New York?
Student 4:  What happened to Johnsy when she was touched by pneumonia?
Student 5:  Why did Johnsy have little chance to live?
Student 6:  What was Johnsy doing when Sue entered her room? etc.
Step 3:Formation of cooperated groups
Students are formed into cooperated groups of five.
Step 4: Group discussion and preparation of group question

In each group, students learn together by asking and discussing the main
points and some unclear points. Then, they will write their group questions on
question section of question and answer card.

Question and answer card

Question Answer
What did Johnsy want to do?

How did Sue enter into Johnsy's room?

What had blown all the leaves from the vine?

What made Johnsy's head ache?

g B W e
g B W e

Who was old Behrman?

Group 1
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Question Answer
1. What was the strange idea that Johnsy had? 1.
2. What did Mr. Behrman want to paint? 2.
3. What is a masterpiece? 3.
4. What had Behrman painted on the wall opposite | 4.
Johnsy's room?
5. What finally happened to Behrman? 5.
Group 2

Step 5:  Swapping group questions
Each group will take their question card to another group and swap each

other.

Step 6: Answering the received questions by the groups
Students will discuss the questions they have received and write the

answer on the answer section.

Group 1
Question Answer
1. What was the strange idea that | 1. The strange idea that Johnsy had
Johnsy had? was that she would die when the

last leaf from the old vine fell.

2. What did Mr. Behrman want to | 2. Mr. Behrman wanted to paint a
paint? masterpiece.

3. What is a masterpiece? 3. A masterpiece is something which

has been done with great skill.

4. What had Behrman painted on | 4. Behrman had painted a green leaf
the wall opposite Johnsy's on the wall opposite Johnsy's room.

room?
5. What finally happened to |5. Behrman finally died in the
Behrman? hospital of pneumonia.

Group 2
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Group 2

Question

Answer

1. What did Johnsy want to do?

. Johnsy wanted to paint a picture of

the Bay of Naples some day.

2. How did Sue enter into Johnsy's
room?

. Sue entered into Johnsy's room

whistling.

3. What had blown all the leaves
from the vine?

. The cold breath of autumn had blown

all the leaves from the vine.

4. What made Johnsy's head ache?

. Counting the leaves made Johnsy's

head ache.

5. Who was old Behrman?

. Old Behrman was a painter and a

fierce, intense little man who lived
on the first floor beneath the two
young artists.

Group 1

Step 7:Presentation of answers in the class and discussion

Each group will present the questions and their answers to the

class. After they have presented, class discussion was made for completing the

missing and non-clear parts.

Step 8: Teacher divides the class into two groups. One group will argue “Mr.

Behrman’s last act was generous” and the other group will argue “Mr. Behrman’s

last act was foolish.” Each group needs to prepare enough and valid information

to win the other group.

Finally, the teacher will evaluate their comprehension by asking the

following questions.
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Write the synonyms for the given words.

7. very bad or unpleasant

© 0 k~ w NP

make a living

make up one's mind
stupid

different

angry and aggressive
allowed

N o gk~ w e

Make sentences with the following words.

N o a bk~ wbdh e

commercial
promise
clinic
severe
figure out
take a seat
protect

Answer the following questions. Discuss your answers with your
partners.

1.
2.
3.

Is Johnsy a clever or stupid girl? Why?
How did Sue help Johnsy when Johnsy suffered from pneumonia?

What kind of person is old Behrman? Write your comments concerning

his act on Johnsy.
If you were Mr. Behrman, how would you save Johnsy’s life?

Rewrite the story with your own words by changing the conclusion as

you wish,
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IV. Read the passage.
Sue looked out of the window............... to buy you some good port wine.
(A) Write the correct word or words to complete each sentence.
(1)Sue wanted to know what Johnsy was
(2) Johnsy was lookingatan
(3) Almost all the leaves of the old vine had been blown by the cold _
(4) Counting leaves of the vine made Johnsy .
(5) Johnsy felt that she would die whenthe  fell.
(B) Answer each question in one sentence.
(6) What was Johnsy counting as she looked out of the window?
(7) How many leaves were there on the vine three days ago?
(8) Who used to love the old vine very much?
(9) What did the doctor tell Sue that morning?
(10) What did Sue tell Johnsy to do?
V. Read the passage.

Sue found Behrman in his poorly-lighted studio......... cold rain was
falling, mixed with snow.

(A)Write the correct word or words to complete each sentence.

(1) Behrman’s studio was

(2) Sue told Behrman of Johnsy’s strange idea ____ the last leaf.
(3) Johnsy’s fever had left her mind full of .

(4) Sue and Behrman found Johnsy __ when they went upstairs.
(5) A coldrain mixed with __ was falling.

(B) Answer each question in one sentence.
(6) Where did Sue find Mr. Behrman?
(7) What did Sue fear?
(8) Why did Johnsy have strange ideas?
(9) What did Sue tell Behrman to do?
(10) At what did Sue and Behrman look out of the window fearfully?
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37|The Ethics of Environmental Conservation, [Jobmn0ywOe;usi
xe;or;a&gién u, wiwentjri’ ("w, tur) 1500
3g |Environmental Toxicology and Human Health 3500
39|Qé& yi&*usr; oawoevyie;tp&icpnrm; (2015 cEp) 3000
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1 |Proceeding Vol. | 700
2 |Proceeding Vol. Il 700
3 [Journal of MAAS Vol. I, (No.1 to 3) 800
4 [Journal of MAAS Vol. I, (No.1to 6) 850
5 [Journal of MAAS Vol. Ill, No.1 (Chemistry) 1300
6 [Journal of MAAS Vol. 11, No.2 (Physics) 800
7 |Journal of MAAS Vol. Ill, No.3 (Phyaics + Mathematics) 1000
8 [Journal of MAAS Vol. Ill, No.4 (Botany + Zoology) 1000
9 [Journal of MAAS Vol. I1l, No.5 (Geology + Geography) 1000
10 [Journal of MAAS Vol. 111, No.6 (Arts, Humanities & Social Science) 1200
11 [Journal of MAAS Vol. IV, No.1 (Chemistry) 1500
12 |Journal of MAAS Vol. IV, No.2 (Physics) 1200
13 |Journal of MAAS Vol. IV, No.3 (Mathematics) 1000
14 |Journal of MAAS Vol. IV, No.4 (Botany) 1000
15 [Journal of MAAS Vol. 1V, No.5A (Zoology) 1500
16 |Journal of MAAS Vol. IV, No.5B (Zoology) 1500
17 [Journal of MAAS Vol. 1V, No.6 (Geology + Geography) 1000
18 |Journal of MAAS Vol. IV, No.7 (Myan.+Hist+ Phil.+ Psyc.+ Orie.) 1000
19 |Journal of MAAS Vol. 1V, No.8 (Edu.+Eco.+ Law+ Libr.) 1000
20 [Journal of MAAS Vol. V, No.1A (Chemistry) 1500
21 |Journal of MAAS Vol. V, No.1B (Chemistry)&(Industrial Chemistry) 1500
22 |Journal of MAAS Vol. V, No.2 A (Physics) 2000
23 |Journal of MAAS Vol. V, No.2 B (Physics) 1800
24 [Journal of MAAS Vol. V, No.3 (Mathematics & Comp. Science) 1700
25 |Journal of MAAS Vol. V, No.4 (Zoology & Botany) 1200
26 [Journal of MAAS Vol. V, No.5 (Geology & Geography) 1400
27 [Journal of MAAS Vol. V, No.6 A (Myanmar & Library Science) 2000
28 |Journal of MAAS Vol. V,_ No.6 B (History, International Relations, 1400

Philosophy, Anthropology and Archaeology)

29 |Journal of MAAS Vol. V, No.7 (Edu., Law, Psy., Eco. & Tourism) 1400
30 [Journal of MAAS Vol. VI, No.1 (Chemistry)&(Industrial Chemistry) 2300
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31 |Journal of MAAS Vol. VI, No.2A (Physics) 1700
32 [Journal of MAAS Vol. VI, No.2B (Physics) 1600
33 |Journal of MAAS Vol. VI, No.2C (Physics) 1700
34 [Journal of MAAS Vol. VI, No.3 (Mathematics & Comp. Science) 1200
35 |Journal of MAAS Vol. VI, No.4(Zoology, Marine Science &Botany) 1600
36 [Journal of MAAS Vol. VI, No.5 (Geology & Geography) 1400
37 |Journal of MAAS Vol. VI, No.6A (Myanmar) 2300
38 [Journal of MAAS \_/ol. VI, No.6B (Myanmar, History, Internation_al 2000
Relations, Philosophy, Anthropology, Archaeology and English)
39 [Journal of MAAS Vol. _VI, l_\lo_.? (Econgmics, Education, _Psycholc_)gy, 1800
Law, Language & Linguistics and Library & Information Studies)
40 (Journal of MAAS Vol. VII, No.1 (Chemistry)&(Industrial Chemistry) | 2700
41 |Journal of MAAS Vol. VII, No.2A (Physics) 2800
42 [Journal of MAAS Vol. VII, No.2B (Physics) 2500
43 |Journal of MAAS Vol. VII, No.3 (Mathematics & Comp. Science) 1300
44 Journal of MAAS Vol. VII, No.4 (Zoology, Marine Science & Botany) | 2500
45 |Journal of MAAS Vol. VII, No.5 (Marine Science ) 3000
46 [Journal of MAAS Vol. VII, No.6 (Geology & Geography) 1100
47 |Journal of MAAS Vol. VII, No.7A (Myanmar) 2500
48 Journal of MAAS Vql. VII, No.7B (Myanmar, Histqry, .Internat.ional 2200
Relations, Philosophy, Anthropology, and Oriential Studies)
49 Journal of MAAS Vol. VII, No.8 (Ecor?omics, Education_, Law, _ 2300
Archaeology, Psychology and Library & Information Studies)
50 [Journal of MAAS Vol. VII, No.9 (Language & Linguistics and English) | 700
51 |Journal of MAAS Vol. VIII, No.1 (Chemistry & Industrial Chemistry) | 2800
52 [Journal of MAAS Vol. VIII, No.2 (Physics) 2000
53 |Journal of MAAS Vol. VIII, No.3 (Mathematics & Comp. Science) 1600
54 [Journal of MAAS Vol. VIII, No.4 (Zoology) 1800
55 |Journal of MAAS Vol. VIII, No.5 (Botany and Marine Science ) 1500
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56 |Journal of MAAS Vol. VIII, No.6 (Geology & Geography) 1500
57 [Journal of MAAS Vol. VIII, No.7 A, Myanmar (Literature) and 2800
58 Journal of.MAAS Vol. VI, Ng.? B, (Myanmar _(Languagg), 1500
Foreign (Language), English, Oriental Studies and Philosophy)
Journal of MAAS Vol. VIII, No.8, (History, International Relations,
59 Archaeology and Psychology) 2000
60 |Journal of MAAS Vol. VIII, No 9, Education, Law and Economics 3000
61 |Journal of MAAS Vol. IX, No.1 (Chemistry & Industrial Chemistry) 3000
62 [Journal of MAAS Vol. IX, No.2A (Physics) 2000
63 |Journal of MAAS Vol. IX, No.2B (Physics) 2000
64 |Journal of MAAS Vol. IX, No.3 (Mathematics & Comp. Science) 1000
65 |Journal of MAAS Vol. IX, No.4 (Zoology) 1200
66 |Journal of MAAS Vol. IX, No.5 (Botany and Marine Science ) 1800
67 |Journal of MAAS Vol. IX, No.6 (Geology & Geography) 1500
68 [Journal of MAAS Vol. IX, No.7 A, Myanmar (Literature) 2300
69 Journal of MAAS Vol. IX, N0.7_ B, (M_yanmar (Lgnguage_), Foreign 1500
(Language), English, Oriental Studies &Philosophy )
70 Journal of MAAS Vol. IX, No.8, (History, International Relations, 1800
Archaeology, Anth.and Psychology)
71 |Journal of MAAS Vol. IX, No 9, Education, Law and Economics 2400
72 [Journal of MAAS Vol. X, No.1, Chemistry and Industrial Chemistry 3000
73 [Journal of MAAS Vol. X, No.2, Physics 2200
74 Journal of MAAS Vol. X, No.3, Physi_cs, Mathematics and 1400
Computer Science
75 [Journal of MAAS Vol. X, No.4, Zoology 2000
76 [Journal of MAAS Vol. X, No.5, Botany and Marine Science 2000
77 |Journal of MAAS Vol. X, No.6, Geology and Geography 1500
78 [Journal of MAAS Vol. X, No.7, Myanmar (Literature) 2200
Journal of MAAS Vol. X, No.8, Myanmar(Language),
79 2000

Foreign (Language), English and Oriental Studies




Qo

< QC o c _Q < X
@?%%CC C@O??&QUE@?LC%g.

@ (5}

< (3

E.:’;.COGCP(E:QJS.)& QIO*O)QJOSOOGIéS

oS 0omd wipeps e
(038)
80 [Journal of MAAS Vol. X, No.9, History and Archaeology 2000
81 Journal of MAAS Vol. X, No.lo, International Relations, 1700
Philosophy and Psychology
82 |Journal of MAAS Vol. X, No.11, Education, Law and Economics 2400
83 |Journal of MAAS Vol. XI, No.1 Chemistry & Industrial Chemistry 3000
84 [Journal of MAAS Vol. XI, No.2 Physics 2000
85 |Journal of MAAS Vol. XI, No.3 Mathematics & Comp. Science 1500
86 [Journal of MAAS Vol. XI, No.4 Zoology 1500
87 |Journal of MAAS Vol.XI, No.5 Botany and Marine Science 2000
88 [Journal of MAAS Vol. XI, No.6 Geology & Geography 1800
89 |Journal of MAAS Vol. XI, No.7 Myanmar (Literature) 2200
Journal of MAAS Vol. XI, No.8, Myanmar (Language), Foreign 1700
90 (Language), English, Oriental Studies and
Library & Information Studies
o1 Journal of MAAS Vol. XI, No.9, (History, Internatio_nal Relations, 1800
Archaeology, Anth.and Philosophy)
92 Journal of MAAS Vol. X1, No 10,_ Psychology, Education, Law and 1700
Economics
93 [Journal of MAAS Vol. XII, No.1 Chemistry & Industrial Chemistry 3000
94 [Journal of MAAS Vol. XII, No.2 Physics 2500
95 |Journal of MAAS Vol. XII, No.3 Mathematics & Comp. Science 1500
96 |Journal of MAAS Vol. XII, No.4 Zoology 1500
97 |Journal of MAAS Vol.XIl, No.5 Botany and Marine Science 1500
98 |Journal of MAAS Vol. XIl, No.6 Geology & Geography 1500
99 [Journal of MAAS Vol. XII, No.7 A Myanmar (Literature) 1800
100[Journal of MAAS Vol. XIl, No.7 B Myanmar (Literature) 2000
Journal of MAAS Vol. XI1I, No.8, Myanmar (Language), English and
101 1500

Library & Information Studies




Qo

< QC o c _Q < X
@?%%CC Cg@;&?@b@@e@ﬂ?%g.

]
< (3

E.:’;.COGCP(E:QJS.)& QIO*O)QJOSOOGIéS

oS 0omd wipeps e
(o316)
102 Journal of MAAS Vol. XIlI, No. 9, (History, Internatipnal Relations, 1800
Archaeology, Anth.and Philosophy)
103 Journal of MAAS Vol. XII, No 10,_Psycho|ogy, Education, Law and 9300
Economics
104|Journal of MAAS Vol. XIlI, No.1 Chemistry & Industrial Chemistry 3000
105 [Journal of MAAS Vol. XIII, No.2 Physics 2500
106 [Journal of MAAS Vol. XIII, No.3 Mathematics & Comp. Science 1500
107|Journal of MAAS Vol. XIlI, No.4 Zoology & Botany 1500
108|Journal of MAAS Vol.XIIl, No.5 Geology & Geography 1500
109|Journal of MAAS Vol. XIlI, No.6 Myanmar (Literature) 2000
110 Journal of MAAS Vol. XIIlI, N0.7_ Myanmar (Litergture) ant_j 2000
Library & Information Studies
11 Journal of MAAS Vol. XIIlI, _N0.8, Myanmar(Langqage), Engl_ish , 2000
Foreign(Languages) and Oriental Studies
Journal of MAAS Vol. XIlII, No. 9, (History, International Relations,
112 2000
Anthropology and Archaeology)
Journal of MAAS Vol. XIIl, No 10, Law, Economics, Philosophy
113 and Psychology 1500
114 Journal of MAAS Vol. XIlI, No 11A, Education 2000
115[Journal of MAAS Vol. XIII, No 11B, Education 2000
116|Journal of MAAS Vol. XIV No.1 Chemistry & Industrial Chemistry 2500
117|Journal of MAAS Vol. XIV, No.2 Physics 2000
118|Journal of MAAS Vol. XIV, No.3 Mathematics & Comp. Science 2000
119|Journal of MAAS Vol. X1V, No.4 Zoology+ Botany 2500
120|Journal of MAAS Vol.XIV, No.5 Geology & Geography 2000
121|Journal of MAAS Vol. XIV, No.6 Myanmar (Literature) and 2500
Library & Information Studies
122|Journal of MAAS Vol. X1V, No.7 Myanmar(Language) and English 1500
(Language)
123|Journal of MAAS Vol. XIV, No.8 History, International Relations, 1500

Anthropology and Archaeology
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124|Journal of MAAS Vol. X1V, No. 9, (Law, Economics, Philosophy 1500

and Psychology)

125(Journal of MAAS Vol. XV, No 10, Education 2000

126|Journal of MAAS Vol. XV No.1 Chemistry & Industrial Chemistry 3000

127]Journal of MAAS Vol. XV, No.2 Physics 2000

128|Journal of MAAS Vol. XV, No.3 Mathematics & Comp. Science 2000

129|Journal of MAAS Vol. XV, No.4 Zoology+ Botany 2500

130]Journal of MAAS Vol.XV, No.5 Geology & Geography 2000

131|Journal of MAAS Vol. XV, No.6 Myanmar (Literature) 2500

132|Journal of MAAS Vol. XV, No.7 Myanmar (Literature), Myanmar 2500

(Lanauaae) and Librarv & Information Studies
133|Journal of MAAS Vol. XV, No.8 History, Philosophy, Psychology, 1500
International Relations
134(Journal of MAAS Vol. XV, No. 9, Law, Economics 2000
135(Journal of MAAS Vol. XV, No 10 A, Education (Educational 2500
Psychology + Educational Theory)
136 [Journal of MAAS Vol. XV, No 10 B, Education (Methodology) 2000




