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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 promotion 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 32 researchers won the 
Best Paper Award at the 2019 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 75th 

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 2018 are: 

(a) Arts 
 History 
 Royal Boatman Groups in Lower Myanmar (1752-1852) 

 Geography 
Geographical Analysis of Land Cover and Land Use Changes in Chaungzon 
Township 

 Myanmar (Language) 
 jrefrmbmompum;&Sd tajympum;yHkpHrsm; avhvmcsuf (vlrIbmomaA') 

  

(b) Physical Sciences 
 Chemistry 
 Hydroxyapatite and Hydroxyapatite Magnesium Oxide Nanocomposites from 

Waste Cow Bone                  

 Physics  
 Implementation of Analog Signal Synthesizing System to Generate Digital 

Sound of Myanmar Gong 
 Zoology 
 Applicability of Fish Scale Based Biomaterials in Hard Tissue Implantation 
 Industrial Chemistry 

 Process Development on the Production of Dry Cat Food from Fish Factory 
Wastes 



 (c) Social Science 
 Educational Psychology 

An Assessment of Reasoning Skills Enhancing Problem Solving Ability 
Among Student Teachers from Universities of Education in Myanmar 

 Economics 
The Incidence of Non-Tariff Measures on Market Access for Myanmar 
Fishery Exports 

 

 All the Nine 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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bmompum;ponfh) bmom&yfqdkif&m yg&*lusrf;rsm; teuf? taumif;qHk; 

vlrSKa&;ynm&yfyg&*lusrf;ESifh okawoevkyfief;tpD&ifcHpm jyKpkaomyk*¾dKvftm; 

ynm&SiftzGJU\qkudk 0dZÆmESifhodyÜHynm½SiftzGJUqk (vlrSKa&;ynm&yf)[lí 

vnf;aumif; 

qk (3)rsKd; cGJjcm;í csD;jr§ifh ay;tyfjcif; jzpfygonf/  

rSwfcsuf /    qk wpfqkpDtwGuf taumif;qHk;[k ,lqxm;aom yg&*lusrf; tu,fí 

r&Sdygu xdkqktwGuf csD;jr§ifhrnf r[kwfyg/  

7/ 2018 ckESpf? (13)Budrfajrmuf ]]jrefrmEkdifiH0dZÆmESifhodyÜHynm½Sif tzGJUqk}}twGuf NydKifyGJ0if 

onfh yg&*lbGJU&ynm&Sif pkpkaygif; (46)OD; &SdcJU&m? atmufazmfjyyg (9) OD;wdkYonf  ]]jrefrmEkdifiH 

0dZÆmESifhodyÜHynm&Sif tzGJUqk}} udk – 
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 (1) 0dZÆmynm&yfrS ordkif; bmom&yfwGif a'gufwm jrjzLrdk;? yx0D0if bmom&yfwGif 

a'gufwm cifwdk;wdk;vGif? jrefrmpm bmom&yfwGif a'gufwm pdkif;armifarmifjrifh 

wdkYu vnf;aumif;?  

 (2) odyÜHynm&yfrS "mwkaA' bmom&yfwGif a'gufwm csdKvGifvGifcdkif? ½lyaA'bmom 

&yfwGif a'gufwm odef;xGef;OD;? owåaA' bmom&yfwGif a'gufwm vJhvJhat;? ESifh 

ukefxkwf"mwkaA' bmom&yfwGif a'gufwm BudKifolZmrGefwdkYu vnf;aumif;?  

 (3) vlrIa&;ynm&yfrS ynma&;pdwfynm bmom&yfwGif a'gufwm &mZmcspfESifh 

pD;yGm;a&; bmom&yfwGif a'gufwm ZifZifEdkifu vnf;aumif;? 

toD;oD; &&SdMuygonf/   

8/ tqdkyg ]]jrefrmEkdifiH 0dZÆmESifhodyÜHynm½SiftzGJUqk}} csD;jr§ifh&mü yg&*lusrf;ESifh okawoe 

vkyfief;tpD&ifcHpmrsm;tay:wGif tajcjyKí ta&G;cs,fcH&onfhtaMumif;&if; wdkUudk atmufwGif 

tusOf;csKyfí azmfjyxm;ygonf- 

 (8-1) 0dZÆm ynm&yf (1)  - ordkif; bmom&yf  

     a'gufwm jrjzLrdk; 

     vufaxmufuxdu? 

    ordkif;Xme? &efukefEdkifiHjcm;bmom wuúodkvf  

  usrf;acgif;pOf - Royal Boatman Groups in Lower Myanmar (1752-
1852) 

 (u) 0dZ Æmynm&yfwGifynm&Siftz G J Y  qk&oloHk;O D ;teuf a'gufwm jrjzLrdk;onf 

2018 ckESpfwGif &efukefwuúodkvfrS ordkif;bmom&yf jzifh yg&*lbGJU &&SdcJhol 

jzpfygonf/ 

 (c) a'gufwm jrjzLrdk;onf – 

 þyg&*lusrf; okawoeonf Social History twGuf taxmuftul 

ûyjcif;?  yifudk,f okawoejzpfjcif;? awGU&Sdcsuf topfrsm;udk wifjy&m 

wGif  a&;om;wifjycsufrsm; &Sif;vif;jcif;? ûcHikHokH;oyfcsufrsm;vnf; yg0if 

ojzifh ynm&yfudk taxmuftulûyaMumif; awGU&Sd&jcif;  

wdkUaMumifh 0dZÆmynm&yfqdkif&m jrefrmEdkifiH 0dZÆmESifhodyÜHynm&Sif tzGJUqktwGuf a&G;cs,fchJjcif; 

jzpfygonf/ 

   (8-2) 0dZÆm ynm&yf(2) - yx0D0if bmom&yf  

       a'gufwmcifwdk;wdk;vGif 

       uxdu? yx0D0ifXme? 

      bm;tHwuúodkvf 

usrf;acgif;pOf - Geographical Analysis of Land Cover and Land Use 
Changes in Chaungzon Township 
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(u) 0dZ Æmynm&yfwGif ynm&Siftz G J Yq k&ol oHk;O D ;teuf a'gufwm 

cifwdk;wdk;vGif onf 2018 ckESpfwGif &efukefwuúodkvfrS yx0D0if bmom&yf 

jzifh yg&*lbGJU &&SdcJholjzpfygonf/ 

(c) a'gufwm cifwdk;wdk;vGifonf – 

 þyg&*lusrf;onf 1990 rS 2015 ESpfrsm;twGif; Land Use and Land 
Cover ajymif;vJrIudk GIS and RS enf;jzifh pepfwus wifjyxm;yg 

ojzifh EdkifiH\ vlrIpD;yGm;b0udk tusdK;ûyonfh pmwrf;jzpfonf/ 

 Land Use and Land Cover Changes udkjzpfay:aponfh taMumif;&if; 

rsm;ESifh tusdK;qufrsm;udk tao;pdwf ûypkwGufcsuf azmfxkwf 

ay;xm;onfudk awGU&Sd&ygonf/ 

 urf;½dk;wef; wdkufpm;rI? ydkYcsrIrsm;udk wGufcsufNyD;? urf;½dk;wef;ykH 

o@mef ajymif;vJrIrsm;udk ajrykHESifhwuG &Sif;vif;wifjyxm;aomaMumifh 

aemiftem*wfwGif jzpfay:vmEdkifonfh taetxm;udk odyÜHenf;us 

xm;onfhudk awGU&ygonf/ xdkYtjyif a'oqdkif&m zGHUûzd;rI 

vkyfief;&yfrsm;wGifrsm;pGm taxmuftulûyrnfh usrf;jzpfonfudkvnf; 

awGU&Sd&jcif;? 

wdkUaMumifh 0dZÆmynm&yfqdkif&m jrefrmEdkifiH 0dZÆmESifhodyÜHynm&SiftzGJUqk twGuf a&G;cs,fchJjcif; 

jzpfygonf/   

 (8-3) 0dZÆm ynm&yf(3)  - jrefrmpm(bmomaA')bmom&yf 

      a'gufwm pdkif;armifarmifjrifh 

      vufaxmufuxdu? 

      jrefrmpmXme? ppfwuúodkvf 

    usrf;acgif;pOf - jrefrmbmom pum;&Sd tajympum;yHkpHrsm; avhvmcsuf 

 (u) 0dZ Æmynm&yfwGi f  ynm& Si ftzG J Yqk&ol oHk;OD;teuf a'gufwm 

pdkif;armifarmifjrifh onf 2018 ckESpfwGif rEÅav;wuúodkvfrS jrefrmpm 

bmom&yf jzifh yg&*lbGJU &&SdcJholjzpfygonf/  

   (c) a'gufwm pdkif;armifarmifjrifh\ okawoeonf – 

 jrefrmbmompum;wGif vlrIqufqHa&;üokH;onfh tajympum;ykHpHrsm; 

taMumif;udk udk,fydkif okawoe tjzpf ûypkxm;onfh twGuf EdkifiH 

tusdK;ûyygonf/ 

 rsufarSmufacwf jrefrmhvlrIe,fy,ftwGif; tokH;ûyaeonfh jrefrmpum; 

tajymykHpHudk uGif;qif;avhvmxm;aomaMumifh topfwDxGifrI jzpfonf/  

 odyÜHenf;us pHepfwus avhvmxm;ojzifh  taxmuftxm;cdkifrmNyD; 

pepfwusaom usrf;wpfaqmif[k qdkEdkifygonf/ xdkYtjyif jrefrmbmom 
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pum;avhvmrItwGuf taxmuftyHhjzpfjcif;ESifh ta&;tom; wifjyykH 

aumif;rGefpepfusojzifh  jrefrmbmompum; avhvmolwdkYtwGuf 

tusdK;ûyaom usrf;jzpfjcif;?  

wdkUaMumifh 0dZÆmynm&yfqdkif&m jrefrmEdkifiH 0dZÆmESifhodyÜHynm&SiftzGJUqk twGuf a&G;cs,fchJjcif; 

jzpfygonf/  

 (8-4) odyÜH ynm&yf(1)  - "mwkaA' bmom&yf 

    a'gufwm csKdvGifvGifcdkif 

    vufaxmufuxdu? "mwkaA'Xme 

    &efukefwuúodkvf 

               usrf;acgif;pOf    -  Hydroxyapatite and Hydroxyapatite-Magnesium Oxide 
Nanocomposites from Waste Cow Bone 

   (u) ody Ü Hynm&yfwGi f ynm&Si ftz G J Yq k&ol av;OD;teuf a'gufwm csKdvGifvGifcdkif 

  onf 2018 ckESpfwGif &efukefwuúodkvfrS "mwkaA' bmom&yf jzifh yg&*lbGJU 

&&SdcJhol jzpfygonf/  

   (c ) a'gufwm csKdvGifvGifcdkif \ okawoeonf – 

 þyg&*lusrf;onf pGefYypfEGm;½dk;rS? t½dk;tufjcif;? t½dk;usdK;onfwdkYudk 

ukpm;&mwGif tokH;ûyEdkifrnf Hydroxyapetite -Hydroxyapetite-
Magnesium oxide wdkYudk "mwfcGJcef;wGif;ü xkwfvkyfum? avhvm 

xm;onfh okawoejzpfonf/ ueOD;&&Sdonfh EGm;½dk;udk "mwkaA' 

enf;pOfrsm;jzifh tylcsdef tedrfhtjrifhwGif tqifhqifh oefYpifjcif;? 

aemufqkH;tqifhü tqifhjrifhenf;rsm;jzifh "mwfcGJprf;oyfjcif;wdkYudk ûyvkyf 

xm;aMumif;? 'kwd,tqifhwGif Magnesium Oxide emEdktrIefYrsm; 

xkwfvkyfjcif;? oefYpifNyD; Hydroxyapetites  ESifh a&mpyfjcif;? tylcsdef 

trsdK;rsdK;ü hydroxyapetite-Magnesium Oxide emEdkaygif;pyf 

(nanocomposite) rsm;udk ûyvkyfxm;aMumif; awGU&Sd&ygonf/ xdkodkYûyvkyf 

xm;onfh Hydroyapetite- MgO udk Microorganism 6 rsdK;jzifh 

prf;oyfjcif;? Protein Adsorption test ESifh Homolysis test rsm;jzifh 

prf;oyf&mwGif? ZD0oabmt& o[ZmwjzpfaMumif;udkvnf; awGU&Sd&yg 

onf/ Wistar <uufrsm;jzifh orf;oyf&mwGif t½dk;qufEdkifonfh 

*kPfowåd&SdaMumif;? xdkYaMumifh Hydroxyapetite-MgO emEdkaygif;pyf 

ypönf;udk  t½dk;usdK; t½dk;qufonfh 'Pf&m ukpm;rIwGif tjznfhcHypönf; 

tjzpf tokH;ûyEdkifaMumif; ûcHikH okH;oyfxm;onfudk awGU&Sd&jcif;?    

wdkUaMumifh odyÜHynm&yfqdkif&m jrefrmEdkifiH 0dZÆmESifhodyÜHynm&SiftzGJUqk twGuf a&G;cs,fcJUjcif; 

jzpfygonf/ 
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 (8-5) odyÜH ynm&yf(2)  - ½lyaA'bmom&yf 

    a'gufwm odef;xGef;OD; 

    uxdu? ½lyaA'Xme?  

    uav;wuúodkvf 

  usrf;acgif;pOf - Implementation of Analog Signal Synthesizing System 

to Generate Digital Sound of Myanmar Gong  

  (u) ody Ü Hynm&yfwGi f ynm& Si ftz G J Yq k&ol av;OD;teuf a'gufwm 

odef;xGefOD; onf 2018 ckESpfwGif rEÅav;wuúodkvfrS ½lyaA' bmom&yf 

jzifh yg&*lbGJU&&SdcJhol jzpfygonf/  

   (c ) a'gufwm odef;xGef;OD; \ okawoeonf – 
 þyg&*lusrf; okawoeonf jrefrmharmif;\ (c-note) pDoHpOfudk 

'D*spfw,fpepf (Digital System)jzifh wnfaqmuf&ef &nf½G,fonfh 

prf;oyfcsuf okawoejzpfygonf/ toHvIdif;wdkY\ ½lyaA' oabm 

w&m;udk tajcûyum t&nftaoG; pHcsdefrDonfh oHpOf&&ef Digital Signal 
Processing  udk tokH;ûyxm;aMumif;?  xdef;csKyf y½dk*&rfuk'f(Control 
Program Code) udk wDxGifzefwD;a&;om; tokH;ûyxm;onfudk awGU& 

aMumif;? xdkYaMumifh jrefrmh wl&d,mtwGuf qef;opfwDxGifrIygaom 

a&SUajy; þokawoeusrf;onf? jrefrmh wl&d,mtwGuf wpfacwf 

qef;aprnfh okawoe[k owfrSwfEdkifjcif;? 

wdkUaMumifh odyÜHynm&yfqdkif&m jrefrmEdkifiH 0dZÆmESifhodyÜHynm&SiftzGJUqk twGuf a&G;cs,fcJhjcif; 

jzpfygonf/ 

 (8-6) odyÜH ynm&yf(3)  - owåaA' bmom&yf 

     a'gufwm vJhvJhat; 

     uxdu? XmerSL; 

     aq;wuúodkvf-1? &efukef 

        usrf;acgif;pOf   -  Applicability of Fish Scale Based Biomaterials in Hard 

Tissue Implantation 

  (u)   ody Ü Hynm&yfwGi fynm&Si ftz G J Yq k&olav;OD;teuf a'gufwm vJhvJhat; 

onf 2018 ckESpfwGif &efukefwuúodkvfrS owåaA' bmom&yf jzifh 

yg&*lbGJU &&SdcJhol jzpfygonf/  

   (c) a'gufwm vJhvJhat; \ okawoeonf – 

 þyg&*lusrf; okawoeonf (Notopterus notopterus) ig;trsdK;tpm; 

wdkY\ ta&cGHrS oefYpifonfh Hydroxyapetite udk  ûyvkyf&mwGif tylcsdef 
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800 'D*&D pifwD*&dwfü emEdkt½G,ftpm;&Sd trIefyG(Porous particles) rsm; 
&&SdaMumif;? TGA jzifh twnfûyxm;onfh avhvmrIjzpf onf/ 

xkwfvkyfxm;onfh Hydroxyapetite wGif tqdyfoifhaponfh 

owåK"mwfrsm; (Heavy metals) yg0ifrIrSm pHcsdef pHñTef;xuf avsmhenf; 

aMumif;udkvnf; prf;oyfjy xm;ygonf/ Albino <uufrsm;jzifh prf;oyf 

&mwGif 14 &ufMumNyD;onfhwdkif? tqdyfvu©Pmudk rawGU& aMumif;? 

oGm;ESifh (Tooth and Bone) t½dk;uJhodkY trmpm; tom;rßSif (Hard tissue) 
wnfaqmufrIwGif Hydroxyapetite udk tpm;xdk;okH;EdkifaMumif; 

azmfñTef;onfh okawoejzpfonf/ Wistor <uufrsm;\ OD;cGH(Skull) rsm; 
uGJtuf csdKU,Gif;onfhtcg Hydroxyapetite udk  obm0ypönf;uJhodkY 

tpm;xdk; prf;oyfcJhonfh avhvmrIrsm;wGif ZD0oabmt& o[Zmw 

jzpfaMumif; azmfxkwfonfh okawojzpfaMumif; awGU&Sd&jcif;?   
wdkUaMumifh odyÜHynm&yfqdkif&m jrefrmEdkifiH 0dZÆmESifhodyÜHynm&SiftzGJUqk twGuf a&G;cs,fcJUjcif; 

jzpfygonf/ 

 

 (8-7) odyÜH ynm&yf(4)  - ukefxkwf"mwkaA' bmom&yf 

     a'gufwm BudKifolZmrGef 

    uxdu? ukefxkwf"mwkaA'Xme 

    &efukeftaemufydkif; wuúodkvf 

 usrf;acgif;pOf   - Process Development on the Production of Dry Cat 
Food from Fish Factory Wastes 

 (u) ody Ü Hynm&yfwGi f ynm& Si ftz G J Yq k&ol av;OD;teuf a'gufwm 

BudKifolZmrGefonf 2018 ckESpfwGif &efukefwuúodkvfrS ukefxkwf"mwkaA' 

bmom&yf jzifh yg&*lbGJU &&SdcJholjzpfygonf/  

   (c) a'gufwm BudKifolZmrGef \ okawoeonf – 
  þyg&*lusrf;onf tdrfarG;aMumifrsm;twGuf aMumifpm xkwfvkyf&mwGif 

t&nftaoG;edrfh pHcsdefrrSDonfh ig;rsm;&,lum ¤if;wdkY\ t[m&"mwf 

(Nutritive Values)udk "mwfcGJjcif;? *sKHajymif;wdkY\ zGJ? yJydpyfwdkYESifh tcsdK; 

trsdK;rsdK;jzifh a&mpyfaygif;wifjcif;qufvufprf;oyfonfh  okawoe 

jzpfaMumif;? xdkYjyif a½Tz½kHoD;? rkHvmOeDESifh aMumif½dk;ao;t½GufwdkYudk 

jznfhpGufívnf; azmfxkwfprf;oyf&m- tdrfarG;aMumifrsm; twGuf 

y½dkwif; t[m&"mwf ,dk,Gif;ajymif;vJrI r&SdaMumif;? xkwfvkyfrI ukefus 

p&dwf enf;aMumif;udkvnf; awGU&Sd&jcif;?     

wdkUaMumifh odyÜHynm&yfqdkif&m jrefrmEdkifiH 0dZÆmESifhodyÜHynm&SiftzGJUqktwGuf a&G;cs,fcJUjcif; 

jzpfygonf/ 
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  (8-8)vlrIa&;ynm&yf(1)  - ynma&;pdwfynm bmom&yf 

    a'gufwm &mZmcspf 

    vufaxmufuxdu? ynma&;pdwfynmXme? 

    ppfudkif;ynma&;wuúodkvf 

  usrf;acgif;pOf - An Assessment of Reasoning Skills Enhancing Problem 

Solving Ability Among Student Teachers from 
Universities of Education in Myanmar 

  (u)  vlr Ia&;ynm&y fwGi f ynm& Si ftzG J Yq k&ol eSpfOD;teuf a'gufwm 

&mZmcspfonf 2018 ckESpfwGif &efukefynma&;wuúodkvfrS ynma&;pdwfynm 

bmom&yf jzifh yg&*lbGJU &&SdcJholjzpfygonf/  

   (c) a'gufwm &mZmcspf\ okawoeonf – 

 ynma&;u@wGif wm0ef,lrnfh q&m q&mrrsm; ynma&;wuúodkvf 

rsm;ü ynmoif ,laeonfh q&m q&mrrsm;\ High Thinking skill udk 

jr§ifhwifa&;twGuf &nfrSef;csufjzifh aqmif½Gufaom okawoejzpfygonfh 

twGuf  Problem Solving Skills Ability udk tuJjzwf okawoeûyvkyf 

onfh ausmif;wpfckjzpfonfh twGuf EdkifiHawmf\ tusdK;pD;yGm;twGuf 

taxmuftulûyusrf;wpfck jzpfygonf/  

 q&m q&mraumif;rsm;jzpfxGef;vma&;twGuf Reasoning Skills Test ESifh 

Problem Solving Ability Test rsm;udk udk,fydkif topfwnfaxmif 

xm;jcif;? Regression Model of Reasoning Skill for Problem Solving 
Ability udk azmfxkwfjcif;? q&m q&mraumif;rsm; twGuf Reasoning 
Skills udk jrifhwufaponf/ yifudk,f okawoejzpfonfudk awGU&Sd& 

ygonf/    

 okawoevkyfief;pOf tqifhqifhudk aqmif½Guf&mwGif rSefuefrI? 

,kHMunfrI? vufcHEdkifrI&Sdygonf/  

 þokawoeonf ynma&;pdwfynmbmom&yftwGuf pepfwusjzifh  

topfazmfxkwf Edkifonfudk  awGU&Sd&ygonf/ 

 txl;ojzifh bmom&yftusdK;twGuf vufawGUtokH;csEdkifonfh csOf;uyfrI 

rsm;? Model rsm;jzifh azmfxkwf ûypkxm;aom usrf;wpfck jzpfaMumif; 

awGU&Sd&jcif; 
wdkUaMumifh vlrIa&;ynm&yfqkdkif&m jrefrmEdkifiH 0dZÆmESifhodyÜHynm&SiftzGJUqk twGuf a&G;cs,fcJYjcif; 

jzpfygonf/ 
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 (8-9) vlrIa&;ynm&yf(2) -  pD;yGm;a&;ynmbmom&yf 

    a'gufwm ZifZifEdkif 

     wGJzufygarmu©? toHk;csabm*aA'Xme 

   &efukefpD;yGm;a&;wuúodkvf 

   usrf;acgif;pOf - The Incidence of Non-tariff Measures on Market 

Access for Myanmar Fishery Exports 
   (u) vlrIa&;ynm&yf wGif ynm&SiftzGJUqk&ol ESpfOD;teuf a'gufwm ZifZifEdkif 

onf 2018 ckESpfwGif &efukefpD;yGm;a&;wuúodkvfrS pD;yGm;a&;ynm bmom&yff 

jzifh yg&*lbGJU&&SdcJhol jzpfygonf/  

  (c) a'gufwm ZifZifEdkif\ okawoeonf – 

 Trade Facilitation twGuf taxmuftuljzpfapí EdkifiHawmftwGuf 

tusdK;ûyusrf; &Sm;yg;okawoejzpfNyD; yifudk,fjzpfonfudk awGU&Sd& 

ygonf/ 

 Problem identification rS pí Literature review udk jynfhjynfhpkHpkHjzifh 

pepfwus csOf;uyf avhvmxm;jcif;? wifjyonfhykHpH? wifjyenf; 

wdkYrSmvnf;  aumif;rGefaMumif; awGU&Sdygonf/ 

 abm*aA' bmom&yf zGHUûzd;rItwGuf  taxmuftul jzpfygonf/ 

 txl;ojzifh þokawoeûyvkyf&mwGif bmom&yfESifh EdkifiHawmftwGuf 

xJxJ0if0if tm;xnfh aqmif½Gufxm;onfudkvnf; awGU&Sd&jcif;? 

wdkUaMumifh vlrIa&;ynm&yfqkdkif&m jrefrmEdkifiH 0dZÆmESifhodyÜHynm&SiftzGJUqk twGuf a&G;cs,fcJYjcif; 

jzpfygonf/ 
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2-1? ROYAL BOATMAN GROUPS IN LOWER MYANMAR 

(1752-1852) 
Mya Phyu Moe♣ 

 

Summary of the Report 
An attempt has been made to study the types of boats and barges, formation of boatman groups 
and functions and remuneration of boatman groups in the Konbaung Period. It aimed to share the 
knowledge of the naval strength, the types of boats which they used in those days and the social 
status of the boatmen. This research was made by the descriptive methods and critical method. 
Complete facts and figures about the types of watercraft and its construction method were found 
by studying Parabikes and personal interviews.  The formation of boatman groups and their 
functions remunerations were collected from the Parabikes Palm-leaf Manuscripts and books. 
Under the period of surveying, it was found the technology of the construction of the watercraft 
and their skill of navigation. This study unveiled the discrimination among the court officials 
while they were using the boats or watercrafts. 

Keywords: boatman, boat, barge, Konbaung 
 

Introduction 
This research fills the gap to about the evaluating study of  the royal boatman groups in 

Lower Myanmar during Konbaung Period from 1752 to 1852. It had to emphasize about the 
significance role of the boatmen of Konbaung Kings in Lower Myanmar.  In this research, firstly 
types of boats and barges; secondly formation of boatman groups and finally functions and 
remuneration of boatman groups were presented.  
 

Aims and Objectives 

 The research was submitted for the Ph. D degree and aimed to reveal the naval strength of 
Myanmar kings and its significance role in the local wars and battles for Thailand campaigns. 
And it counted the types of boat with respect to the usage of boat, according to match with the 
geographical condition and users’ status etc. And also it aimed to investigate and evaluate how 
they formed the boatman groups, what are their functions or duties, their responsibilities and 
remunerations. 
 

Outcome  

 By doing this research, it could share the knowledge of the technology of the construction 
of watercraft and skill of navigation in the inland waterways and off shore or coastal waterways 
in those days. Moreover, the social status of the boatmen and discriminations among the royal 
family and among the court officials while they were using the boats or watercraft, were 
understandable. And also how the boatmen were formed, the ranks among them, their 
responsibilities, their duties, and remuneration were realized.    

♣ Dr, Assistant Lecturer, Department of History, Yangon University of Foreign Languages 
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Research Methodology 

  Data and figures were collected from the Parabaike and photographs, but some figures 
(i.e. Figures 1 and 2) were drawn by author to explain the measurements and location of the point 
marked on the drawings. Descriptive method and critical method were used, field survey 
researches were collected and photographs were taken. Besides, personal interviews with the 
seamen, boatmen and boat- builders from Dala, Thanlyin, Kyauktan, Khayan and Thonegwa 
Townships during survey trips and discussions also made with knowledgeable persons. The 
Palm-leaf Manuscript, Parabaik, and documents were obtained from the National Library, 
Yangon; International Theravada Buddhist Missionary University Library, Kaba Aye, Yangon; 
Universities’ Central Library, Yangon and National Museum, Yangon.     
 

Findings  

This research described an assumption on the prevailing of the use of watercrafts (raft, 
boats and etc.) in Myanmar. In the prehistoric ages men used dugout for the waterway trips. In 
the coastal regions and deltas of Myanmar sea-gypsies Salon (Mawken or Nigritos) introduced 
boats probably to Mon and natives of Taninthayi coast. Gradually the skill of navigation and 
techniques of the construction of boats were improved and boats were widely used in the Pagan 
Period. It was witnessed on the mural painting of that period. In the reign of Myanmar kings, 
even though the navy is not included in the four kinds of combat arms (i.e. elephant corps, the 
cavalry, the chariots and the infantry), boats were crucial and necessary for the transportation not 
only for the troops but also to convey arms and food supply. Moreover, the king’s army 
conveyed boats on land and they transforms as sailors to use the boats when they met the rivers 
or creeks; therefore they were amphibious soldiers. They were well experience infantry soldiers 
as well as the weathered naval soldiers. If they could not carry boats by land route, they 
constructed the boats whenever they arrived as in the Bayinnaung’s Thailand campaign. British 
envoy, Michael Symes who went along the River Ayeyarwady from Yangon for Innwa, recorded 
about the boats of Myanmar. The British envoy well impressed the naval strength of Myanmar 
king. 

Boats were invented according to suit the geographical conditions of the respective region 
and for the purpose of use. Therefore, the types of the boats could be roughly classified as: (a) Ye 
hlay (war boat), (b) Taikhlay (attack boat), (c) Hkathlay (boat rowed by fixed oar or oars),               
(d) Hlayyan (attending or reserved boat), (e) Raikkha tin konhlay (supply boat), (f) Konhlay 
(cargo boat) and (g) Hsweihlay, Nginhlay (tow boat). Another type of boat, Hlawka, which prow 
and stern were higher than the deck used for the court and its official by the king’s permission. 
Barges or Phaung were used by the king, queen and royal family. Pyigyimon Phaung in 
Mandalay and Karaweik hall at Kandawgyi lake in Yangon are the typical barges of the olden 
days.  Boats and barges were built by obeying the rules of occult science and gave the names of 
boats according to the legends or auspicious omens. Myanmar kings strongly believe upon the 
supernatural power and they were superstitious that they liked to use lucky numbers and lucky 
figures of animal on the prow and stern of the boats. On the façade of the rafts were created with 
strange and glorious forms of imaginary animals by mixture of five, seven, nine, ten or twelve 
parts of different animal.  
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The construction systems of the boats were found in a Parabaike and it is well impressed 
for the accuracy and exact Myanmar measurement system which care up to a fraction of an inch. 
The Construction plan shows in the following table. 

Table 1 Construction plan  

Portion Beam Depth Girth Floor 
thickness 

Hull 
thickness 

Balance 
block 

Remarks 

2nd point 
Oo-ka-wun 

6 
feet 

4.2 feet 12.2 
feet 

7.3 
inches 

6.4 
inches 

- - 

4th point 
Oo-chain- doun 

9.5 
feet 

4 
feet 

16- 
feet 

5.6 
inches 

6.4 inches 1.6 
feet 

- 

1st point, Wun-
hlaing-chain- doun 
or 
Pet-ain 

12  
feet 

4 
feet 

18.4 
feet 

5.3 
inches 

6.4 
inches 

1.9 
feet 

5.2 
Inches 
lower 

5th point, Pe –
chain-doun 

8.85 
feet 

4.174 
feet 

17.3 
feet 

5.3 
inches 

6.4 
inches 

1.6 
feet 

- 

3rd point, Pe-ka-
wun 

4.7 
feet 

3.3 
feet 

13.1 
feet 

7.3 
inches 

6.4 
inches 

- - 

 

Sa-kyin or the length between perpendiculars was 101 feet. The length between Oo-ka-wun and 
Oo-chain-doun was twenty feet. The length between Oo-chain-doun and Wun-hlaing-chain-doun 
was 30.35 feet. The length between Wun-hlaing-chain-doun and Pe-chain-doun was 30.35 feet. 
The length between Pe-chain-doun and Pe-ka-wun was twenty feet. The length of prow was 
eighteen feet and the length of stern was 30.73 feet. Therefore the total length of the boat was 
150 feet. 
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       Source: Drawing adopted from NL. Pu-  No.727 

Figure 1 Construction Plan of a Boat 
 



 
 
16 

 
 Source: Drawing adopted from NL. Pu – No. 727 

Figure 2 Construction Plan of a Boat 
 

Boat building industries thrived in thaose days. In Lower Myanmar, Mottama (Madama 
or Matarban), Thanlyin, Pathein, Dala, Lunse (Myanaung), Kyangin and Pyay were once famous 
places for boat building. Because of cheap price for quality Teak timber and labour, foreigner 
especially Arab, Portuguese, Dutch, French and English started trade and shipyards since 1500s. 
About 25 out of 125 vessels arriving at and departing from port of Yangon annually were 
European ships, the rest were Chinese or Malay junks and Kattu or native crafts. In 
Mawlamyaing 123 vessels were launched during 1830 and 1855.Some ships built in Yangon 
(Dagon) between 1790 and 1820 were as follows. 
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Table 2  List of ships launched at Yangon dockyard 

Sr.No. Name of Vessel Year Tonnage 
1. Mysore 1795 777 

2. Adamant 1801 1000 
3. Marquess Wellesley 1802 1050 
4. Sha- Hpari 1805 1000 
5. Peelumcanza 1808 550 
6. Shwe- doung 1811 620 
7. Four Sisters 1815 670 
8. Britannia 1817 750 
9. Perthshire 1820 800 

 

The formation of boatman groups was also exposed in this research.  The evolution of 
boats and boatmen’s formation, duties, responsibilities and rights rooted since former kings 
before Konbaung Period. But, the navy in the reign of Bagan kings was found tremendous and it 
would hard to believe. In the reign of king Bayinnaung, there found a formidable naval strength. 
In the reign of king Thalun (1629-1648), king aimed to extend the navy with the strength of 
5,000 war- boats, 1,000 Kattu boats and 5,000 Kin Laung boats (scout boat). Though it was 
emphasized the formation of boatman groups during the Konbaung Period, former kings’ 
formation of naval forces were also described as for example.  

Infantry, cavalry, elephant troops, boat fleets or navy were organized in the reign of 
Myanmar kings as for the purposes to defend their country or to extend their territory. Those 
forces were formed systematically. Generally, those were formed on the basic of five men in one 
unit which was called Oza, and two Oza was controlled by an Akyat or lance corporal, but in the 
reign of King Alaungmintaya, formed his forces as a unit (Oza) with ten men. 

Boatmen, musicians and executioners were included in Sugyan or tough groups. The men 
who patched the barges (Phaung Parapat) and who built the boats (Hlay Khuk Letthamar) were 
inserted in the Sunu or Suthay (fine group or small group). The formation of Navy was found as 
follows; 

(1) Hlaythin Wun (Officer of Boats) 
(2) Phaung Wun (Officer of Barges) 
(3) Hlaythin Bo (Captain of Boat) 
(4) Hlaythin Sayaygyi (Senior Clerk of Boats) 
(5) Htaungke (Chief of One Thousand men) 
(6) Penin (Helmsman) 
(7) Pechade (Assistant Helmsman) 
(8) Khagyi (Cook) 
(9) Oozi (Prowman) 
(10)Tet Hswel Ahmuhtan (Oarsmen) 
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In general, boatman groups were included in the type of tough group or Sugyan. That 
group was divided into sub- groups, boats crew or oarsmen, Hlawka boats crew, barges crew, 
boat builders or carpenters and Parapat or Tharapat men whose duty was to patch the boats.  

The names of the groups were called with respect to the names of boats or barges where 
they were appointed, i.e. Ywaygyi boatman, Shwe Pan Tan boatman. Similarly, boatman groups 
were organized with respect to the type or name of Hlwaka boats. 

The man who supervised one thousand men was called Htaungke but later his men were 
even less than one thousand, he was called as usual Htaungke. The chief who governed 3,000 
boatmen was called Hlawka Thone Daung Hmu in the reign of Myanmar kings. Poet Shin Htwe 
Naga Thein was conferred the titles by the King of Taungoo, Minkyinyo (1486 – 1531). One of 
the poet’s titles was Hlawka Thone Daung Hmu which is famous nowadays as his pseudonym. 
He got that title because the King assigned him to govern 3,000 boatmen when the King founded 
a Navy himself. 

Penin was a key person while the boat or barge was on a voyage and any important 
decision should made for the navigation himself. Pechade was the second in command as 
assistant to Penin. Another man called Yar Kyaw Kaing controlled the oarsmen and other 
boatmen whose duty was to ply the pole, to tie the ropes, to unfurl and furl the sails. Comparing 
to the modern day crew, Penin is identical to a master of a ship, Pechade is to a chief officer and 
Yar Kyaw Kaing is to a boatswain. 

In Konbaung Period, headmen of towns and villages along the River Ayeyarwady 
contributed when the King conscripted to organize a Navy. Almost about 500 boats and 
commoner boatmen could collect within a few days. Those were boatmen’s villages. Big war-
boats and boatmen could be collected especially from the towns like Pyay, Hinthada, Tharawaw 
and Thanlyin of Lower Myanmar. 

In the time of King Thayarwady (1837 – 1846), a new ship named Shwehintha was built 
at Capital City and bought a steam ship which was given a name Yay nan yin tha in July 1844. 
King Pagan also built a steam ship at Hantharwady and named Yadana yin mon. The formation 
of boatman groups had to be made some changes and new names for the new posts were invented 
to match with the new type of propelling system. 

In the reign of King Alaungmintaya, foreigner crews were organized in Myanmar Navy. 
Manipuris captives consisting boatmen, blacksmiths, goldsmiths, wavers and dancers were 
collected when Myanmar occupied Manipura in 1758 and 1764. A prominent foreign soldier in 
that King was an Armenian named Antonio who fought English company on Haigyikyun 
(Nagris) in 6 October 1759. Antonio alias Min Ye Kong Pon and Kalan Pwa Myin Si Thein Kha 
Nara had led over 100 soldiers and occupied the company successfully.  When the King went 
down river for Yangon in July that year, foreigner crew followed in their traditional costumes 
and also they marched abreast with Myanmar boatmen from Yangon for Ayuddaya via Dawei 
(Tavoy) in December the same year with five ships. 

Foreigners also serviced in the King’s Army, as gunners, sailors or ship builders. Among 
them some were appointed in embassy as interpreter or member of the envoy like Gibson who 
was sent to Vietnam in 1822. Gibson, originally, was a sailor and an expert in variety of 
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languages, whose father was an Englishman and his mother was a Telegu. Another foreigner 
servant of that King was Simon de Vergas, the ship builder. 

Boat builders were also included in the boatmen group, among them the foreigners were 
consisted in certain number more than natives at Capital City. In the reign of King Badon, there 
were twenty foreigners and ten native carpenters and 133 sawyers in the boat construction works. 
At that time, a boat builder called NgaTun was a prominent one. He constructed a boat to carry 
Mingun big bell from work site to Mingun and the King ordered to issue nails and iron whatever 
he needed. Another clever leader of boat builder was a foreigner. He was titled Thaiddi Harat 
who built Pyilone Ant Hlawka boat and two other boats at Myede in 1791 with the labour of 
native boat builders. 

Tharapat or Parapat (the men who patch the boat) also contained in the boatmen group, 
but they might be lower in rank as to the ordinary boatmen because they got about 10 kyats per 
month while the boat builder carpenter got about 22 kyats per month. At that time, six units of 
boatmen (i.e. boats, barges, ships, sampans, punts and boat makers) were altogether in 6,238 
men. 

 In this research, the functions and remunerations of boatmen groups were also described. 
The functions of boatman groups can be found clearly in the appointment orders of Letya Bi 
Nanthu as Phaung Wun and Satu Yin Ga as Ye hlay Wun. The King’s boatman groups took 
duties and responsibilities in the religious affairs, diplomatic affairs, palace affairs, public works 
and cultivation on their own land besides their main duty of participating in the naval battles. 
And also they performed as the traders and transporters of revenue paddy and household goods in 
the peaceful times.  

King’s boatmen received titles, ranks, insignias, rewards in money and Nay-mye (land for 
living) and Loke-mye (land for cultivation) as for their remunerations. On the other hand, 
boatmen compensated for their lack of duty by paying back their title, rank or insignia, 
sometimes their life. Commoner boatmen received their remunerations from the King in cash or 
in kind as wages for their job. 

In war times, the naval soldiers or boatmen participated not only as the fighting men but 
also as boatmen to convey the soldiers, arms, equipments and supplies for the army. It was 
distinguishably found in the battles of Innwa King Minkhaung and Mon King Rajadarit 

Similarly, Alaungmintaya’s occupation of Pyay in February 1755 and victory over 
Thanlyin in July 1755 proved the bravery, loyalty, fulfillment of duties and responsibilities of the 
boatmen. Moreover, while King Alaungmintaya’s army was living in Yangon, Mon army 
blocked the creeks and rivulets not to supply provisions for Myanmar army. Myanmar boatmen 
patrolled and broke the blockade of Mon by the following troops. In September 1756, Shwe 
Daung U Dain Kyaw, Letya Kyaw Htin, Shwe Daung Raza and Min Htin Ye Htut were given 
fifty more boats each, totally two hundred more boats to displace and capture Mon war- boats at 
each and every mouth of creeks and rivulets. Other groups Shwe Daung Raza Kyaw, Min Kyaw 
Theikdi and Letwe Sanda were also given fifty boats each and assigned to capture Mon naval 
fleets at Danubyu, Hinthada and etc. On 9 December 1759, the king ordered commanders to 
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make all boats in the creeks ready for use when his troops passed through Mottama. That event 
showed that the boatmen had the duties and responsibilities to make smooth the supply routes. 

Sometimes, the boatmen took extra duty as infantry soldiers if the King wished. In 1808 
cargo boat boatmen were extracted from the towns and villages headmen to march for the 
Northern Shan State. Also in November 1808, boatmen were organized in the main army like the 
men attending the Royal White Umbrella and Royal Fan with Long Handle and they should serve 
their duties under Letywaygyi Hmu (Chief of Big Selected Groups). 

The construction works at pagodas and religious buildings were very often and boatmen 
were assigned by the King in those works. Moreover, religious affairs for the reverend monks, 
Royal families’ journey for homage to the famous pagodas were also very frequent. In those 
times, if the travel was convenient by waterway, boats were used. Therefore, it became the duties 
of boatmen for the safety and speedy of the journey. At the time of King Alaungmintaya, the 
King, Royal family and entourage went down in July 1759 along the Ayeyarwady River to make 
libation for His Majesty’s meritorious deed, a golden rest- house on the platform of Shwedagon 
(Dagon San Daw Shin) Pagoda at Yangon. Entourage organized with forty-four fleets of over 
1,000 boats of armed forces and over 500 provision boats. That journey took time thirteen stages 
from capital city (Shwebo) to Pyay and nine stages from Pyay to Yangon by waterway. 

King Badon ordered the boatmen to do the works which were not connecting with their 
main job. King’s boatman groups also took duties in making raw material for construction works. 
On 11 November 1807, the King ordered the boatmen from Lower Myanmar to bring back clay 
for bricks making. 

Another side job of the boatmen was to render their work for the King’s elephants. 
Myanmar Kings were very fond of elephants which were useful in the military campaign, so the 
strength of elephant troops showed how powerful the king was. Moreover, to own a white 
elephant was the pride of a King and its subjects thought that the King was excellent and justice. 
Myanmar Kings collected the elephants and always searched for white elephant. Especially King 
Badon collected the elephants and got white elephants. Boatmen were assigned to collect and 
move the elephants whenever necessary because they were big, heavy and wild and move by 
waterway was more convenient than any other way. 

Myanmar Kings used to celebrate annual regatta festival in Tawthalin (September-
October) every year. In the reign of King Badon, the King held a regatta between 30 August and 
4 September, six months after his coronation. He held the annual regatta festival according to the 
advice of learned persons on 3 September 1787. He ordered to build temporary palace, to prepare 
and arrange for regatta and also ordered boats of Ministers and Officers should participate in the 
competition by appointing commoners as the oarsmen. It was held for joy and aimed to promote 
the skill and abilities the boatmen. Villages of Poe Kayin tribes which were near the banks of 
creeks were found scattered along the coast from Myeik up to and within the deltas of the 
Thanlwin (Salween), Sittaung and Ayeyarwady Rivers. They were very muscular and powerful 
boatmen by birth and tradition. Under their different Penin, they often carried off the first prizes 
at the royal boat races of the capital. 
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Former kings conferred titles as well as insignias, towns or villages in fief and permission 
to use certain kind of boat with suitable decorations as remunerations. Some examples are as 
follows: 

(1) Htaungke of Yan Naing Boatman Group from Pyay, Nga Su Pyae was conferred Thiri 
Gingar title and five Pe (8.75 acreas) in fief by King Thalun on 7 November 1637 for 
attacking Dawei. 

(2) Chief of Pho Khaung boat was conferred Turin Yawda title and a village in fief by 
King Pyay (1661 – 1672) in August 1661. 

(3) Chief of Shwe Hlay boat was conferred Letwe Yawda title and a village in fief by 
King Narawara (1672 – 1673) in April 1673. 

(4) Chief of ShweHlay boat was granted Myinkhondaing village in fief by the King 
Minyekyawhtin (1673 – 1698) of Nyaungyan Period (1597 – 1752) in February 1691. 

(5) King Minyekyawhtin conferred Thiri Yawda title for the Chief of Shwe Hlay boat in 
January 1698. 

(6) King Sane (King Saturday) (1698 – 1714) of Nyaungyan Period conferred the title 
Raza Dewa to the Chief of Shwe Hlay Boat in November 1701. 

(7) King Alaungmintaya conferred the Daippa We Thaw title to a Boat Clerk called Nga 
Myat Tha in 1757. 

 The remunerations given by the kings for the boatmen for the boatmen were mainly the 
lands to live and lands for cultivation. Besides chiefs of boatman groups were allowed to attend 
Hluttaw at Taw seats and suitable titles and appropriate insignias were given to them. Sometimes 
kings rewarded money (silver) and permissions to trade without paying fees or taxes and allowed 
to carry arms on board for their safety. In return, the boatmen submitted their loyalty, materials 
for the construction works, provisions for the palace and kings’ arsenal (viz. jaggery, silver or 
gold, muskets, lead, gunpowder and etc.). 

Steam ships were used in the mid and late Konbaung Period, therefore new posts and 
terms were materialised, such as Captain or Ka-pi-tan, Ye-kyaung-pya (navigator), Tet-ma-kaing 
(helmsman), Mi-htoe (boiler- man), Set-saya (engineer), Kha-ya-thi or Kha-la-thi (sailor), Sa-lin 
(serang or chief of sailors). Captain was commonly called the name as Thin-baw-daw-zee at that 
time. They all were Myanmar national and according to the changes of the propelling system the 
functions and remuneration.    

The following salary bill was found in the book of B.R. Pearn’s “A History of Rangoon” 
as follows:  

 The following is the monthly salary bill of a King’s ship, the Thunendah, in the year 1785 - 

 Captain Rs. 320. 
 First Officer Rs. 80. 
 Second Officer Rs. 60. 
 Gunner Rs.25. 
 Five Succanys (i.e. steermen) Rs. 12 each 



 
 
22 

 Syrang (i.e. boatswain) Rs. 16. 
 First Tondall (i.e. assistant boatswain) Rs. 24. 
 Second Tondall Rs. 20. 
 Caulker Rs. 18. 
 Two Casabs (i.e. storekeepers) Rs. 8 each. 
 Forty-five Lascars Rs. 7 each 
 Supercargo Rs. 300. 

Source: Imperial Record Department, Public Consultation, 13th March, 1789, No. D 95 
 

Which described above were the remunerations gave by the King but also the boatmen 
should be punishable for their lack of duty which deserved capital punishment  recognizing as a 
criminal case. For example; during the Royal waterway journey, Hman Si Phaung (Glass Mosaic 
Royal Barge) was towed by the four boats of Boatman Groups and other six boats included with 
Kyauk Myet Si Boat, Yauk Thwa Si Boat and Wun Bo Tha Si Kyay Thanda Boat. Pyigyi Mon 
Royal Barge was towed by the four boats of Boatman Groups and six boats which were rowed by 
the boatmen of Pyaw Bwe Group and Royal 150 Group. Local headman should mark and show 
with signs where the shallow water, and under water rocks situated.  

Once, Hman Si Phaung was grounded and ordered to execute the Htaungke of Taung Yan 
Boat, Yan Lin Boat, Hswel Ma Naing Boat and Pyan Hlwar Boat, but in the same order                   
(11 November 1806) he excused them. The Ministers and Officials should come when the Royal 
Barge was grounded, but they did not come. Therefore the King ordered on 26 November 1806 
to crucify them, but for the first time he excused by the same order.  
 

Discussion 
 Mawken or Salon tribes might be the first user of watercrafts (boat and raft) in Myanmar, 
in the olden days. Mon or who dwelled in the southern part of Myanmar adopted the technology 
of building boats and navigational skill from the Salon. This is an assumption of which 
arguments may be appeared.  

 However, Myanmar used boats or watercrafts before Pagan Period and it was much more 
advanced in the Pagan Period which proved by the mural paintings of that time. Gradually boat- 
building technologies and navigational skills promoted by the ages especially in inland 
waterways and coastal voyages. Myanmar boats, barges and ships which were doubtful for the 
endurance in the open sea even though made with good timber woods, the designs and 
construction techniques were not much modernized like the British and France. Myanmar kings 
built boats and barges mostly for the inland waterways and for the domestic battles. They built 
barges to show their honour and glory by decorating with strange figures like Pyinsarupa, 
Thattarupaetc, and figures of legendary animals and constructing a big and grand pasada with 
tiered roofs and elaborate decorations on it. As for the war boats were mostly designed for the 
speed and easy manouvering in the river or creeks, so it must be light and provided good space 
for the rowers. As for the cargo boats, for the space of the cargo they needed to reduce the 
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number of boatmen, so depended upon the force of current for the downstream and force of wind 
for sailing for upstream.  

 Boatmen who worked for the boats and barges must be strong and healthy to match their 
nature of work. They had the high capacity to endure the weather and hardship on the waterways. 
Therefore, in the king’s service they were categorized as Su gyan (Tough or Rough group). They 
were organized in a certain form for each boat or barge under the Hlay thin Wun and Phaung 
Wun, Ye hlay Wun, Yay kin wun, Yay Wun and Akauk Wun supervised accordingly. For each 
boat or barge Htaungke or Penin closely commanded the boatmen. The officers of the boatman 
groups had the hereditary rights for the successions but Hlay thin Wun, Phaung Wun and Ye hlay 
Wun were appointed especially to the king’s favourable and trustworthy or his by- laws. The 
Strength of Myanmar king’s navy was rather difficult to count because the villages along the 
River Ayeyarwady were the villages of boatmen, they had to serve the king whenever His 
Majesty summoned. Moreover, those villages had to submit the battle boats whenever the king 
demanded. Towns and villages of Lower-Myanmar such as Hinthada, Tharawaw, Thanlyin and 
Dala were the sources of fair boats and good boatmen. 

 Without the king’s permission a man from a group could not transfer to another group, 
likewise boatman could not change from one boat to another as they wish. The lands which were 
allotted by a king were approved by the later king and those were permanent in successions and 
not transferable to another group. Sometimes they were transferred to the infantry group for their 
special performance or temporarily for the need of fighting. Sometimes they had to do corvee 
works which were not relating to their skill or main job, for example, making bricks with Young 
male group in 1807. 

 In peaceful times they were allowed to do trade with their boats along the rivers carrying 
their arms on board by submitting muskets for the king’s arsenal or supplying jaggery for the 
construction works. The traders’ boatmen who conveyed revenue paddy from Lower Myanmar 
granted special favour to pass the toll stations freely. The kings favoured some Htaunke and Pen 
in to attend the Hluttaw and gave permissions to take seats at Taw sitting places and some were 
allowed to use suitable titles and insignias. Besides, some were rewarded money (silver), for 
example, King Bagyidaw rewarded 150 ticals of silver each to the Htaungke of Ywaygyi Royal 
boat and two others. A notable salary bill for the crew of King’s ship named Thunendah, in 1785 
was found, but it was not the custom for the Myanmar king, the possibility is the crew may be the 
foreigners. Besides, estimation could be made for the wages of boatmen in those days by the 
review of a British merchant, Henry Gouger’s payments for the boatmen in August 1822. He 
gave fourteen ticals flowered silver each for the oarsmen and double (i.e. 28 ticals) for the Penin 
for the trip of Yangon to Amarapura.  

 Annual regattas were held in Tawthalin (6th month in Myanmar calendar) every year in 
the times of Myanmar kings. It was celebrated colourfully and joyfully to promote the efficiency 
of the boatmen and to make fun for the people. The boat races were compulsory in the regattas. 
Po Karen tribes from Lower Myanmar were strong men and expert rowers who achieved first 
prizes in the boat races at the Capital City.  

  The boatmen were praised and rewarded according to their performances but they had to 
take responsibilities for their failure of duty and recklessness. For example, once in 1806, a royal 
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barge, Hmansiphaung was grounded in a waterway trip, the responsible persons, Htaungkes  of 
Taungyan boat, Yan lin boat, Swe ma naing boat and Pyanhlwar boat were ordered to execute. 
Later they were excused by the King.  

 Boatman groups Myanmar kings were brave and skilful in naval battles, but the 
construction and structures of boats and ships were much lagged behind the British or the other 
Western countries. After the first Anglo Myanmar war Mawlamyaing was a ship- building centre 
in Southeast Asia. Between the years 1830 and 1855, 123 sea going vessels were built and 
launched at Mawlamyaing dockyards. Myanmar kings used first steam ship in 1844 and there 
were a few worthy ships or boats to confront the British naval forces in the second Anglo 
Myanmar war which concluded the occupation of Lower-Myanmar by the British.  

 Myanmar Navy which was a formidable force in the eyes of the foreigners in the reign of 
King Badon and mid-Konbaung Period. It became weaker and weaker in the Yadanabon Period. 
They were incompatible with the fleet of steam ships of the British who invaded Myanmar. It 
was probable that boatmen in the late Konbaung Period were lack of efficiency in the battle fields 
because they accumulated more experience in the ceremonial displays of the fleets in the Royal 
entourage than combat trainings and practices. Therefore, the British easily occupied the whole 
country in 1885.              

Conclusion 
 This research evaluates about the Myanmar traditional boats and watercrafts which were 
used not only by the kings’ navy but also by the commoner for their daily use in the old days. 
The formation of boatman groups, their functions and duty remuneration and responsibilities are 
described in it. However, it could contribute to fulfil the knowledge about the significance role of 
boatmen in Myanmar society and how and why the types of boat were improved to suit along the 
waterways of Myanmar in the reign of Myanmar kings. The social conditions of the boatmen 
including the boat builders, boat repairers and controllers of the waterways were revealed in it 
and contributed much more to assist the social history of Myanmar. The impressive skill of the 
navigation was unveiled along the inland waterways and coastal voyages by this dissertation. 
Moreover, it gives the abundant knowledge of the construction and designs of the boats and 
traditional custom and believing which concern with the boat building. 
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2-2? GEOGRAPHICAL ANALYSIS OF LAND COVER AND LAND USE 
CHANGES IN CHAUNGZON TOWNSHIP 

Khin Toe Toe Lwin 

Abstract 
This research work is an attempt to identify and analyze the land cover and land use changes 
during the 25-year period from 1990 to 2015 in Chaungzon Township (Belugyun). The township 
is located at the mouth of the Thanlwin River as an island, fronted by the Mawlamyine River, 
Dayebauk River and the Gulf of Mottama. Therefore it is constantly modified by bank erosional 
impact of the Thanlwin River and tidal waves and sediment deposition of the Gulf of Mottama, 
gradually changing the land cover of the township. The identification of land cover change is 
based on the satellite images taken in 1990, 2000 and 2015, land cover classification and land 
cover maps using RS and GIS techniques. To identify the spatial variation of land use types and 
their changes, GPS is used during field surveys. The changes in socio-economic conditions due to 
land cover and land use changes are based on the responses to the questionnaires and semi-
structured interviews with the locals.  
Keywords: Land cover and land use, classification, erosion, deposition, GIS, RS 

Introduction 
The changes in land cover and land use pattern in any given area may affect the socio-

economic conditions of the people concerned. For the best use of land, it is impossible without 
detailed information relating to the land cover and land use types. Therefore it is necessary to 
constantly study the land cover and land use pattern that witness changes because of natural 
processes and human actions. The study of the temporal and spatial changes of land cover and 
land use in Chaungzon Township, Mon State and its findings, may somehow, be helpful in 
drawing systematic regional development plans and in the best use of the land. 

 The main aim of this study is to examine the factors causing the temporal and spatial 
changes of land cover and land use and to provide certain information in drawing plans for the 
regional development and systematic land use. The objectives are 

- To examine the extent of land cover and land use changes (1990, 2000 and 2015) 

- To assess the driving forces of land cover and land use changes 

- To explain the impacts of land cover and land use changes   

- To present the relationship between the changes of land cover and land use and human 
activities.  

Study Area 

Chaungzon Township is one of the ten townships of Mon State and it is located at the 
mouth of Thanlwin River. Being an island it is flanked by the Mawlamyine River in the east and 
Gulf of Mottama in the west which is affected by the impact of the waves and boisterous 
seawater, constantly changing the shore line and the shape. On the other hand, deposition is 
dominant in the western and southern part, gradually extending the young alluvial plain. 
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Therefore, the shoreline of Chaungzon Township is ever changing, sometimes less obviously and 
at other times conspicuously.  

The areal extent of Chaungzon Township is 658.13 sq km (65813.53 hectares or              
162623 acres), comprising 3 wards in urban area and 43 village tracts in the rural area. A 
mountain range with a general elevation of about 150 m (500 feet) runs from north to south. On 
both sides of the range is low alluvial plain favourable for growing field crops, particularly 
paddy. In 2014 census, the total population of the township was 121150 persons of which          
6.12 per cent were urban dwellers and the majority (93.88%) rural inhabitants. Agriculture is the 
chief economic activity, covering about half the area of the township. About two-thirds of the 
agricultural land is paddy land and monsoon paddy is the main crop. Fishery is the second most 
important economic activity, next to agriculture. Manufacturing industry is very limited with a 
few small-scale cottage industries. 

 
Source: MIMU (Myanmar Information Management Unit) 

Figure 1 Reliefs and Drainage of Chaungzon Township 

Materials and Methods 

This dissertation essentially presents land cover and land use changes during the past        
25 years from 1990 to 2015. First, the relevant facts and data are collected from books, articles, 
research papers and theses. To know the real situation of the study area, field surveys were 
conducted particularly on land use types and the changes in the topographic features.  

The maps required for this research work are obtained from Myanmar Information 
Management Unit (MIMU), the soil types and their qualities with map from the Soil Department 
of Mawlamyine, geological rock units and map from the Department of Geology, Mawlamyine 
University, the climate data from the Meteorology and Hydrology Department, Mawlamyine and 
population data from the Population and National Registration Department, Chaungzon and 
Mawlamyine.  

For the assessment of land cover and land use change, causes and impacts of changes, 
both quantitative and qualitative methods are used.  
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In classifying land cover and analyzing changes, the satellite images of three different 
periods (1990, 2000 and 2015) are based on. The images for 1990 and 2000 are obtained from 
Landsat 7 ETM+ (131- 49) and the image for 2015 from Landsat 8. And then RS and GIS 
methods are used for analysis. For land cover classification, maximum likelihood algorithm in 
supervise classification method is used by ENVI 4.7 software in Remote Sensing method. Land 
cover maps are taken out from Arc GIS 10.1 software with GIS method. Change matrices are 
calculated to analyze the changes from one type of land to another.  

The reclassification of land use is mainly based on the land use types classified by 
Department of Agricultural Land Management and Statistics, landform characteristics with 
Google Earth, land difficult for classification by field survey and locating the places by GPS as 
well as photo evidences and discussion with the locals.  
 Primary data are collected for land cover and land use changes, causes and impacts of 
changes and that are related to human- induced activities, using qualitative method. During field 
surveys, relevant information is collected by engaging with the locals. Questionnaires are 
distributed to the heads of wards and village tracts. The use of questionnaires is to know the land 
use types and changing conditions, to have the knowledge of settlements and economic activities, 
to identify the impact of natural hazard and to learn the natural change of landforms and the 
changing land use type due to anthropogenic pressure. 

Findings and Discussions 

The characterization of land cover and land use is important for understanding the earth’s 
surface and its relationship to human activities. For land cover analysis satellite imagery for 
Landsat ETM+ and Landsat 8 (131-49) for the three time periods in 1990, 2000 and 2015 were 
used. 

Areas and Rate of Change in Land Cover Types 

Table 1 Brief Description of Land Cover Types defined in Chaungzon Township 

No. LC Types Description Code Color  
1 Vegetation 

Area 
an area covered with community forest, tidal forest, 
dhani (nipa) land, cultivating hard wood, rubber, 
mixed garden and smallholder tree crops 

VA green 

2 Agriculture 
Land 

crop cultivated area which determined by inundating 
field  

AL yellow 

3 Barren Land rocks, beaches and dunes, swamp land, degraded 
land, newly deposited land that cannot utilized 

BL purple 

4 Wetland a land area includes brackish water and marshes, 
tidal and non tidal fresh with bush, tall grass and 
aquatic plants 

WL turquoise 

5 Water Bodies an area covered by open water such as sea, river, 
stream and lake 

WB blue 

6 Built-up Area settlement area including town and village lands and 
their related infrastructure 

BA red 

Source: Based on Landsat 8 (131-49) imagery, (2015) 
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(A) 1990            (B) 2000           (C) 2015 

Source: Landsat 7 ETM+ (1990, 2000), Landsat 8 (2015) (131-49) 

Figure 2 (A), (B), (C) Land Cover Types of Chaungzon Township (1990, 2000 and 2015) 

Table 2 Land Cover Areas in Chaungzon Township for 1990, 2000 and 2015  

Land Cover 
Types 

1990 2000 2015 

Hectare  
Per 
cent Hectare  

Per 
cent  Hectare  

Per 
cent 

Vegetation Area 13028.49 19.80 10267.15 15.60 12542.10 19.06 
Agriculture 
Land 23741.86 36.07 27503.67 41.79 30580.53 46.46 

Barren Land  8362.79 12.71 7541.40 11.46 7863.30 11.95 
Wetland  2839.24 4.31 4130.81 6.28 3468.93 5.27 
Water Bodies  16870.29 25.63 15084.99 22.92 9890.10 15.03 
Built-up Area 970.86 1.48 1285.51 1.95 1468.57 2.23 
Total 65813.53 100 65813.53 100 65813.53 100 

   Source: Based on Landsat Images (131-49) 1900, 2000 & 2015 

 
Source: Based on Table 2 

Figure 3 Land Cover Areas of Chaungzon Township 
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During the whole study period, the agriculture land was the most dominant and it 
increased gradually. In 1990 agriculture land area was 23741.86 hectares (36.07%) and it 
increased to 30580.53 hectares (46.46%) in 2015. The increased area in 25-year period was 
6838.67 hectares with +1.01 per cent annual rate of change. 

 Water body area in 1990 was 16870.29 hectares (25.63%) the second most dominant land 
cover type in the study area. The area decreased to 15084.99 hectares (22.92%) in 2000 and 
further contracted to 9890.10 hectares (15.03%) in 2015. The average annual rate of decline was 
-2.14 per cent in the study period.  

 The built-up area occupied 970.86 hectares (1.48%) in 1990, 1285.51 hectares (1.95%) in 
2000 and 1468.57 hectares (2.23%) in 2015. The average annual change increase rate was           
+1.66 per cent in 1990- 2015 period. 

 The other land cover types, i.e., vegetation area, barren land and wetland also witnessed 
changes, but not under the same trends. The areas increased in certain period and decreased in 
another period. The vegetation land area in 1990 was 13028.49 hectares (19.80%) and it dropped 
to 10267.15 hectares (15.60%) in 2000 with an average annual decreased rate of -2.38 per cent. 
However, the area increased to 12542.10 hectares (19.06%) in 2015. Therefore, the annual rate of 
change with increasing trend was +1.33 per cent. For 25-year period from 1990 to 2015, the 
vegetation area decreased slightly with -0.15 per cent annual rate of change. 

Likewise, barren land decreased from 8362.79 hectares (12.71%) in 1990 to                   
7541.40 hectares (11.46%) in 2000, wetland area increased from 2839.24 hectares (4.31%) in 
1990 to 4130.81 hectares (6.28%) in 2000. In 2015, barren land area increased to                      
7863.30 hectares (11.95%), but wetland area decreased to 3468.93 hectares (5.27%). The annual 
rates of change of barren land and wetland in 1990-2000 periods were -1.03 per cent and               
+3.75 per cent respectively. From 2000 to 2015, the annual rates of change were +0.28 per cent 
and -1.16 per cent.  

Land cover change processes were then detected through classification comparison 
method. The data obtained from change matrices was further used to calculate the rate of change 
in each land cover class using the following formula devised by Puyravaud (2003), (requoted by 
Schulz, J. J, et.al., 2010). 

[ ])/A(A[ln   )]t1/(t r 1212 ×−=  

Where,    r = rate of change 

     A2 &A1 = the areas covered by a given land cover at time 1 and time 2 respectively 
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Table 3 Rate of Land Cover Change in Chaungzon Township 

No LC Types Rate of Change (%) 
1990-2000 2000-2015 1990-2015 

1 VA -2.38 1.33 -0.15 
2 AL 1.47 0.71 1.01 
3 BL -1.03 0.28 -0.25 
4 WL 3.75 -1.16 0.80 
5 WB -1.12 -2.81 -2.14 
6 BA 2.81 0.89 1.66 

   Source: Based on Land Cover Area (1990, 2000 and 2015) 

 
       Source: Based on Table 3 

Figure 4 Rate of Land Cover Change in Chaungzon Township 

 

Change Pattern of Land Cover 

Change matrix shows the change area from one land cover class to another. The diagonal 
cells of the matrix represent the area that has remained same in both the time period. Other cell 
values represent the area that has changed from one class to another class. 

Table 4 Land Cover Change Matrix in Chaungzon Township (1990 to 2000) 

Year 2000 

19
90

 

Area in 
Hectares V A AL BL WL WB BA 

Grand 
Total 

VA 7769.88 3733.20  0.00 941.45 339.88 244.08 13028.49 
AL 263.96 21663.58  0.00 1755.19 14.41 44.72 23741.86 
BL 1496.89 700.54 4448.93 558.43 1148.56 9.44 8362.79 
WL 311.76 1343.94 305.70 794.46 69.57 13.81 2839.24 
WB 424.66 62.41 2786.77 81.28 13512.57 2.60 16870.29 
BA  0.00 0.00   0.00  0.00 0.00  970.86 970.86 

  Grand Total 10267.15 27503.67 7541.40 4130.81 15084.99 1285.51 65813.53 
Source: Landsat 7 ETM+, 131-49 
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Table 5 Land Cover Change Matrix in Chaungzon Township (2000 to 2015)  

Year 2015 

20
00

 

Area in 
Hectares V A AL BL WL WB BA 

Grand 
Total 

VA 6798.82 2533.94  0.00 752.72 109.22 72.45 10267.15 

AL 705.61 25396.68  0.00 1299.42 26.53 75.43 27503.67 

BL 2606.09 190.91 3257.84 572.14 899.31 15.11 7541.40 

WL 1022.24 2446.29 87.75 485.28 75.63 13.62 4130.81 

WB 1409.34 12.71 4517.71 359.37 8779.41 6.45 15084.99 

BA  0.00 0.00  0.00  0.00  0.00  1285.51 1285.51 

Grand 
Total 12542.10 30580.53 7863.30 3468.93 9890.10 1468.57 65813.53 

Source: Landsat 7 ETM+ & Landsat 8, 131-49 

Table 6 Land Cover Change Matrix in Chaungzon Township (1990 to 2015)  

Year 2015 

19
90

 

Area in 
Hectares V A AL BL WL WB BA 

Grand 
Total 

VA 6601.04 5130.91 90.34 588.15 271.51 346.54 13028.49 

AL 206.72 22439.85  0.00 991.43 14.41 89.45 23741.86 

BL 2530.26 1282.02 2553.72 1056.43 916.70 23.66 8362.79 

WL 609.51 1636.92 109.02 387.69 71.56 24.54 2839.24 

WB 2594.57 90.83 5110.22 445.23 8615.92 13.52 16870.29 

BA  0.00 0.00  0.00  0.00  0.00  970.86 970.86 

Grand 
Total 12542.10 30580.53 7863.30 3468.93 9890.10 1468.57 65813.53 

Source: Landsat 7 ETM+ & Landsat 8, 131-49 

Vegetation area was decreased by 487.39 hectares from 1990 to 2015. The vegetation 
area that remained unchanged in 25-year period was 6601.04 hectares or 50.7 per cent. From 
vegetation area 39.4 per cent were changed to agriculture land, 0.7 per cent to barren land,                 
4.5 per cent to wetland, 2.1 per cent to water bodies and 2.7 per cent to built-up area, changing 
49.3 per cent in total.  

In the same period, some land types also changed to vegetation land, 0.9 per cent from 
agriculture land, 30.3 per cent from barren land, 21.5 per cent from wetland and 15.4 per cent 
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from water bodies. The decrease in the vegetation area is mainly due to the extension of 
agriculture land.  

Agriculture land gained the largest area (6838.67 hectares) among six types of land cover 
in the past 25 years. During that period the area of agriculture land that remained unchanged was 
94.5 per cent, while 0.9 per cent was changed to vegetation land, 4.2 per cent to wetland, 0.1 per 
cent to water bodies and 0.4 per cent to built-up area, totaling 5.5 per cent.  

The land types that changed to agriculture land were 39.4 per cent from vegetation area, 
15.3 per cent from barren land, 57.7 per cent from wetland the highest among the different land 
types, and 0.5 per cent from water bodies. 

 During the 25-year period, the change in the barren land area was less obvious with 
499.49 hectares, while 2553.72 hectares (30.5%) remained unchanged. From barren land 30.3 per 
cent changed to vegetation land, 15.3 per cent to agriculture land, 12.6 per cent to wetland,             
11.0 per cent to water bodies and 0.3 per cent to built-up area.  

                  
(A)  Change in Vegetation Area   (B) Change in Agriculture Land       (C) Change in Barren Land  
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 (D) Change in Wetland         (E) Change in Built-up Area 

Source: Based on Landsat Satellite Imagery  

Figure 5 (A, B, C, D, E) Changes from one area to another in Chaungzon Township (1990-2015) 
 

On the other hand, 0.7 per cent of vegetation land, 3.8 per cent of wetland, and 30.3 per 
cent of water bodies changed to barren land. Barren lands are mostly found along the western 
part and in the extreme south, including mainly newly deposited alluvial plain and sand banks. 

The wetland area of Chaungzon Township was increased by 1291.57 hectares in the 
1990-2000 period and it decreased by 661.88 hectares in the 2000-2015 period. The wetland area 
that remained unchanged in that period was 387.69 hectares (13.7%), but of the remaining area 
21.5 per cent were changed to vegetation area, 57.7 per cent to agriculture land, 3.8 per cent to 
barren land, 2.5 per cent to water bodies and 0.9 per cent to built-up area changing (86.3%) in 
total.  

In the same period, wetland area changed 4.5 per cent from vegetation land, 4.2 per cent 
from agriculture land, 12.6 per cent from barren land and 2.6 per cent from water bodies. 

Chaungzon is an island township surrounded by water and therefore it has relatively large 
area of water bodies. Based on the satellite images, the area of water bodies was                      
16870.29 hectares (25.63%) in 1990 and 9890.10 hectares (15.03%) in 2015, decreasing                
6980.19 hectares in the 25-year period. 

The water body area that remained unchanged was 8615.92 hectares (51.1%). The loss of 
water body area was 15.4 per cent to vegetation area, 0.5 per cent to agriculture land, 30.3 per 
cent to barren land, 2.6 per cent to wetland and 0.1 per cent to built-up area, totaling 48.9 per 
cent. At the same period, it gained 2.1 per cent from vegetation area, 0.1 per cent from 
agriculture land, 11.0 per cent from barren land and 2.5 per cent from wetland. 

The built-up area is lowest among the six land cover types. However, it has been 
increasing gradually. The net increased area in the 1990-2015 periods was 497.71 hectares. 
During the study period, there has been no change from built-up area to the other land types, but 
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it gained 2.7 per cent from vegetation cover, 0.4 per cent from agriculture land, 0.3 per cent from 
barren land, 0.9 per cent from wetland and 0.1 per cent from water bodies. 

Accuracy Assessment  

Accuracy assessment is an important step in image classification and change detection. A 
classified image needs to be compared against reference data, assume to be true, in order to 
assess its performance and quantify its accuracy. Accuracy assessments were conducted on the 
2015 classified image based on 150 ground truth points corresponding to six main land cover 
classes. Being much closer to the date of ground-truth points were collected, it was obtained 
overall classification accuracy of 83% for the 2015.   

Table 7 Accuracy Assessment of 2015 Land Cover Classification 

Ground Truth Data 

Land Cover VA AL BL WL WB BA Total 
Producer 
Accuracy 

(%) 

VA 6912 725 134 170 0 322 8263 83.65 

AL 828 4654 67 129 5 210 5893 79.54 

BL 195 201 9039 436 558 0 10429 86.67 

WL 279 86 1085 5597 52 318 7417 75.46 

WB 17 0 9 168 2616 0 2810 93.27 

BA 322 185 0 343 0 5161 6011 85.85 

Total 8553 5851 10334 6843 3231 6011 40823   

User Accuracy (%) 80.81 79.54 87.46 81.79 80.96 85.85   83.23% 

Overall Accuracy 83% 
Source: Based on Landsat 8, 131-49 Imagery 2015 and Field Observation 2016 

Overall Accuracy is essentially tells us out of all of the reference sites what proportion 
were mapped correctly. The overall accuracy is usually expressed as a percent, with 100% 
accuracy being a perfect classification where all reference sites were classified correctly.  

 

Analysis of Land Cover Changes 

The changes of land cover from one type to another in the period from 1990 to 2015 were 
not under the same trend. During the 1990-2000 periods, 3733.2 hectares (5.67%) of the 
vegetation area changed to agriculture land. The cutting of hardwoods and bamboos for local use 
and clearing of vegetation for rubber plantations depleted and reduced the natural vegetation 
cover over the central upland. The reclamation of tidal forest area for ‘le’ (paddy) land also 
decreased the vegetation area. 
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In the same period water bodies witnessed the second largest area of change among the 
six land cover types, particularly to barren land with 2786.77 hectares (4.23%) due to sediment 
deposition. The third most change was the change of agriculture land to wetland with                
1755.19 hectares (2.67%). The change was due to invasion of seawater and flooding along the 
river banks and tidal creeks. In the same period the change of barren land to vegetation area was 
1496.89 hectares (2.27%). The newly formed barren land over time was occupied by dhani (nipa) 
and tidal forest. The change of wetland to agriculture land was 1343.49 hectares (2.04%). Some 
wetlands of inland area were also converted to agriculture land. 

In the period from 2000 to 2015, the change of water bodies to barren land was largest in 
area with 4517.71 hectares (6.86%). Such changes occurred mostly along the western and 
southern coastal areas and southern extreme of Hintharkyun. Barren land emerged due to 
deposition of sediments on the areas occupied by water bodies and the emerged land remains 
barren without vegetated cover. The second largest land cover change was witnessed by barren 
land changing into vegetation area with 2606.09 hectares (3.96%). The barren land with young 
alluvium became stable over time turning to vegetation area.  

Vegetation Area

Agriculture Land

Barren Land

Wetland

Water Bodies

Built-up Area

Vegetation Area

Agriculture Land

Barren Land

Wetland

Water Bodies

Built-up Area

Vegetation Area

Agriculture Land

Barren Land

Wetland

Water Bodies

Built-up Area

5.67 %

1.0
6 %

2.
04

 %

1.43 %

2.67 %

1990 2000 2015

3.85 % 1.0
7 %

3.
96

 %
1.

55
 %

2.
14

 %

3.
72

 %
6.

86
 %

4.
23

 %
2.

27
 %

1.74 %

1.97 %
1.14 %

1.37 %

 
Source: Based on Table 4, 5 
 

    net change  > 4 % 
    between 2 % and 4 % 
    between 1 % and 2 % 
Figure 6 Major land cover change trajectories and their contributions to net change in 

percentage of the study area 
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Changes of Land Use 

Changes in land use are much more difficult to quantify. The study of land cover and land 
use changes of an area can identify the physical and socio-economic conditions as well as the 
spatial and temporal use of land by the local inhabitants. Based on these facts and information the 
authority concerned can lay out plan for the best use of the land. Also, the important facts for the 
satisfaction of basic requirements of the increasing population are available from the study. 

Level.1( Land Cover)  Level.2 (Land Use) 

1. Vegetation Area  1. Scrub Land  

2. Mangrove Forest 

2. Agriculture Land   3. Garden Land  

4. Crop Land 

3. Barren Land   5. Bare land (Sandy beach, exposed rocks,  

degraded land, newly deposited alluvial flat) 

4. Wetland    6. Cultivable Waste Land 

5. Water Bodies  7. Stream and Lake 

8. River and Sea  

6. Built-up Area  9.Settlement Area (transportation land, industrial  

land, other settlement lands) 

                
  (A) 1990           (B) 2000             (C) 2015 
Source: Land Cover Maps and Field Survey 

Figure 7 (A), (B), (C)  Land Use Types of Chaungzon Township (1990, 2000 and 2015) 
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Table 8 Land Use Areas in Chaungzon Township (1990, 2000 and 2015) 

No. Land Use Types 
1990 2000 2015 

Hectares % Hectares % Hectares % 

1 Garden Land 7357.55 11.18 5491.95 8.34 6429.65 9.77 

2 Crop Land  22450.89 34.11 25042.67 38.05 27401.20 41.63 

3 Scrub Land  1290.97 1.96 2461.00 3.74 1179.33 1.79 

4 Mangrove Forest 5670.94 8.62 4775.20 7.26 8112.45 12.33 

5 Settlement Area 970.86 1.48 1285.51 1.95 1468.57 2.23 

6 Stream and Lake 47.75 0.07 42.90 0.07 40.90 0.06 

7 River and Sea 16822.54 25.56 15042.09 22.86 9849.20 14.97 

8 
Cultivable Waste 
land 2839.24 4.31 4130.81 6.28 3468.93 5.27 

9 Bare Land 8362.79 12.71 7541.40 11.46 7863.30 11.95 

  Total 65813.53 100.00 65813.53 100.00 65813.53 100.00 

Source: Based on Land Cover Maps 1990, 2000 and 2015 and Field Survey 

 

              
Source: based on Table 8 

Figure 8 Land Use Areas of Chaungzon Township 

There are nine land use types in Chaungzon Township of which crop land is the most 
dominant. In 1990, the crop land area was 22450.89 hectares (34.11%) it increased to               
25042.67 hectares (38.05%) in the year 2000 and then to 27401.20 hectares (41.63%) in 2015. 
The crop land area has been continuously increasing during the 25-year period.  

The secondmost dominant type is river and sea water. However, river and sea water has 
been declining from 16822.54 hectares (25.56%) in 1990 to 15042.09 hectares (22,86%) in 2000 
and to 9849.20 hectares (14.97%) in 2015, due to the emergence of wide alluvial flats in the 
western and southern coastal areas.  

1990 
2000 

Crop Land

River and Sea

Mangrove Forest

Bare Land

Garden Land

Cultivable Waste
Land
Settlement Area

Scrub Land

Stream and Lake

2015 
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Bare land occupied the third largest area in 1990 with 8362.79 hectares (12.71%), and in 
2000with 7541.40 hectares (11.46 %). But it declined to the fourth place in 2015 with             
7863.30 hectares (11.95%), although the area was slightly increased.  

The mangrove forest area was 5670.94 hectares (8.62%) in 1990, but it slightly decreased 
to 4775.20 hectares (7.26%) in 2000. However, it increased sharply to 8112.45 hectares (12.33%) 
in 2015, taking the third place in area among the nine types of land use.  

Stream and lake area is lowest among the land use types and the change was less 
pronounce in 25- year period. The second lowest type is settlement area. The occupied area of 
settlement land was 970.86 hectares (1.48%) in 1990, 1285.51 hectares (1.95%) in 2000 and 
1468.57 hectares (2.23%) in 2015. With the increasing number population, the settlement area 
has been gradually increasing in the 25- year period.  

Other types of land use including garden land, scrub land and cultivable waste land 
witnessed less changes in the 25- year period.   

Table 9 Rate of Land Use Change in Chaungzon Township 

No Land Use Types Rate of Change (%) 
1990-2000 2000-2015 1990-2015 

1 Garden Land -2.92 1.05 -0.54 
2 Crop Land 1.09 0.60 0.80 
3 Scrub Land 6.45 -4.90 -0.36 
4 Mangrove Forest -1.72 3.53 1.43 
5 Settlement Area 2.81 0.89 1.66 
6 Stream and Lake -1.07 -0.32 -0.62 
7 River and Sea -1.12 -2.82 -2.14 

8 
Cultivable Waste 
Land 3.75 -1.16 0.80 

9 Bare Land -1.03 0.28 -0.25 
Source: Based on Land Use Areas (1990, 2000 and 2015) 

 
Source: Based on Table 3.3 

Figure 9 Rate of land Use Changes 
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During the study period, garden land area was decreased by 927.90 hectares with an 
average annual decreased rate of -0.54 per cent. The decrease in areas of garden land was due to 
the cutting of hardwoods and bamboos for construction and firewoods. In 2015, garden lands are 
being occupied by rubber and teak plantation and the area of scrub land in the upland area is 
replaced by plantation areas.  

 
Figure 10 Change Pattern of Garden Land 

The increase in crop land area is more conspicuous in southern newly formed alluvial flat. 
The newly emerged land is seem as bare land in the image taken in 1990, and in 2000 it has 
changed into crop land and vegetation cover. In 2015, much of the land has been reclaimed as 
crop land.  

 
Figure 11 Change Pattern of Crop Land 

Scrub lands are found on the upland region of the study area. From 1990 to 2015, scrub 
land area was decreased by 111.64 hectares with an average decreased rate of -0.36 per cent in 
the study area. 

As the present scrub lands are being occupied by rubber and teak plantation, the area of 
scrub land is likely to disappear in the next decade and the entire upland area would turn green 
(Plate 4). 

 
Figure 12 Change Pattern of Scrub Land 
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Plate 1Much of the scrub land has been replaced by young rubber trees, teak and hardwood 

plantations. (Muyitkalay Village Tract) 16º 18' 28.25" N, 97º 32'13.82"E (23.4.16) 
 

 Mangrove forest thrives particularly on the coastal area around the township, along the 
tidal creeks and in the young alluvial flat of the south. Mangroves are sharply increased in the 
1990-2015 period. The increased area of mangrove forest in 25-year period was 2441.51 hectares 
with +1.43 per cent annual rate of change..  

 
Figure 13 Change Pattern of Mangrove Forest 

 
Plate 2 The alluvial flat formed by newly deposited sediments has become firm enough to be 

colonized by the mangrove species.(Sebalar Village Tract) 16º 16' 38.26"N, 97º 29' 

06.11" E  (23.4.2016)  
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Settlement areas includes town, villages and related infrastructures. Being unable to 
reclassified the remote sensing data received from satellite images, reclassification is based on 
the facts and information obtained from field surveys and data available from Department of 
Agricultural Land Management and Statistics. Settlement area of Chaungzon township is 
classified into four types as: (a) residential land (town and villages), (b) transportation land,             
(c) industrial land and (d) other areas.During the 25-year period, settlement area was increased by 
497.71 hectares with +1.66 per cent annual rate of change. 

 
Figure 14 Change Pattern of Settlement Area 

 
Plate 3 Due to the construction of the approach road for the new bridge across the Mawlamyine 

River, turning crop land into road land (Kawmupon Village Tracts) 16º 26' 39.81" N,  

97º 35'36.35" E (29.11.2016) 

Stream and Lake includes tidal streams, natural lakes, dug ponds and creeks. All the 
streams are affected by the tidal action. The next 15 years in 2015, the area further decreased to 
40.90 hectares (0.06%). Therefore, the decreased area of stream and lake during the study period 
was 6.85 hectares with -0.62 % annual rate of change. 

Some inland lakes and parts of the streams were filled with sediments, reducing the water 
body area. On the other hand, certain parts of crop land have changed into inland water bodies 
due to extraction of clay for making bricks and digging of fish ponds. 
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Figure 15 Change Pattern of Stream and Lake 

 
Plate  4 Crop land changed into water body area due to extraction of clay for making bricks and 

digging of fish ponds  (Muyitkalay Village Tract) 16º 17'23.08" N, 97º 32'24.91"E 
(23.4.2016) 

 

Generally the area of river and sea water has gradually declined from 1990 to 2015 in 
Chaungzon Township. Therefore, the decreased area of river and sea water in 25-year period was 
6973.34 hectares with an average decreased rate of -2.14%. River and sea water along the 
northwest, west and the south have changed into bare land and mangrove forest due to sediment 
deposition. 

 
Figure 16 Change Pattern of River and Sea 

Cultivable waste land in Chaungzon Township includes fallow ‘le’ land being inundated, 
water-logged lands, shallow depressions neartidal creeks and the lakes. The net increased area in 
the study period was 629.69 hectares with an average annual rate of change was +0.80%. 

 
Figure 17 Change Pattern of Cultivable Waste Land 
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Bare land remains as unused land by the local people.From 1990 to 2015, the decreased 
area of bare land was 499.49 hectares with - 0.25 % annual rate of change.Although bare land 
cannot be used now, it is likely to be changed into crop and or mangrove forest in the near future. 

 
Figure 18 Change Pattern of Bare Land 

The process of land use and land cover change is pervasive and continuous in responses 
to natural process and anthropogenic pressure. Such changes affect the ecosystems of the 
respective areas.  

 The problem of inventorying and classifying multiple-uses occurring on a single parcel of 
land will not be easily solved. Such use is observed in the upland area of the township. 

In Chaungzon Township, bank collapse is not uncommon along the northeastern and 
eastern coastal areas mainly due to bank erosion. Bank collapse turns some agriculture land and 
built-up areas into water bodies.According to image taken in 2015, most bare lands along western 
coast has changed into mangrove forest area. However, new bare land has emerged due to 
deposition process. The new bare lands are likely to become agriculture land in the near future. 

 
Plate 5 Settlement area changed  into water body under bank erosion  (Mayan Village) 

16º 19' 40.77"N, 97º 33' 55.83"E (27.4.2015) 
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Plate 6 The newly emerged bare land located at the extreme northwest of the township have 

been used as settlement area (Daye VillageTract) 16º 30' 30.03"N, 97 º29'45.82"E  
(29.11 2016)  

 
Plate 7  Newly deposited areas have been also used as crop land (Daye VillageTract)                        

16º 30'36.24"N, 97 º29'47.50"E (29.11 2016) 

Causes of Land Cover and Land Use Changes 

 The land cover and land use changes in Chaungzon Township are attributable to both 
natural processes and man-induced activities. The former includes coastal bank collapse, erosion 
and deposition. However, it is difficult to identify the exact extent of changes by such natural 
processes. Therefore, this study on land cover and land use changes and its impacts is based on 
the data and information acquired from field surveys, responses to questionnaires and interviews 
with the relevant locals. 
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   Natural Processes 

 Impacts 

Figure 19 Natural Processes and Impacts of Land Cover and Land Use Changes 
 

The bank erosion has affected mostly along the northeastern and eastern coasts of the 
island by the Thanlwin River. It is leant from field surveys that 11 out of 43 village tracts of the 
township witnessed bank erosion. Bank erosion and bank collapse took away farmland and parts 
of the residential areas.  

 
    Source: Land Cover Map 1990, 2000 and 2015 

Figure 20 Shoreline Changes in Chaungzon Township 
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The process of sediment deposition is more pronounced in the study area. The western 
and southern parts of the island are adjoined with the open sea and deposition process is 
pronounced by the work of wave action. Excepting the northeastern and eastern coastlines, the 
remaining parts the coastline have been changed notably by depositional process during the study 
period. 

Being an island township, the existing creeks are affected by tidal action, especially in the 
spring-tide period and inundation of ‘le’ (paddy) land usually occurs when the spring tide 
coincides with heavy rain. 

  

 

 

 

 Figure 21 (A), (B) and (C) show the Changes 
along the Western and Southern Coasts of the 
Study Area 

          Source: Land Use Map 1990, 2000 and 2015 

 

 

(A)                 (B)                  (C) 

 

 
 Human Activities 

 Impacts 

Figure 22 Human Activities and Impacts of Land Cover and Land Use Changes 
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 Human activities that affect the land cover and land use in Chaungzon Township are as 
follows:  

(a) Extraction of river sands and gravels and dredging 

(b) Extraction of hardwoods and firewood and the extension of rubber land 

(c) Extension of residential area 

(d) Reclamation of ‘le’ (paddy)land and 

(e) Other activities 

Impacts of Land Cover and Land Use Changes 

In Chaungzon Township, both bank erosion and deposition processes are dominant along 
the coastline. Bank collapse occurs due to erosion, resulting in shorter width in some places of 
the Main Island, but depositional landform characterized by mudflat and young alluvium are 
more pronounced, increasing the land area of the township. According to local records the 
extreme width of Belugyun was 16.49 km (10.25 miles) and the extreme length from north to 
south measured 31.38 km (19.5 miles). Based on the image of Google Earth in 2015, it had an 
extreme width of 18.63 km (11.58 miles) and an extreme length of 34.96 km (21.73 miles). 
Likewise, Hintharkyun has become more elongated in shape with greater length from north to 
south. Generally, the change in configuration of the eastern shoreline is less obvious on the map, 
but the western shoreline has greatly changed. The shape has notably extended towards the west 
and south. 
 Biological impact here means the impact of land cover and land use changes over the 
flora and fauna within the study area. During the past 25 years, the favorable habitats for wild 
animals have been cleaned for the cultivation of rubber and such undertaking sharply decreased 
the number of wildlife, destroying the richness of biodiversity. 

On the other hand, the natural processes in Chaungzon Township enhance the formation 
of habitats for aquatic animals and birds. Such natural enhancement is found in the coastal area. 
During the study periods, the sediments, essentially sand and mud have been widely deposited on 
the northwestern, western and southern coastal areas. Such deposition sets the stage for the 
growth of mangrove forest which is expanding rapidly. In such areas covered with newly 
deposited fertile sediments serve as the habitats for several mangrove species and increase the 
number different semi-marine fauna. 

Such changes have direct impact on settlement land, ‘le’ (paddy)cultivation and fishery 
both positively and negatively. 

The extension of settlement areas have been carried out in nearly all the village tracts. 
Among the 43 village tracts in Chaungzon Township 22 village tracts are fronted by coastline. 
The villages fronted by the river or sea witnessed serious bank erosion and bank collapse. 

Generally, the settlement area of the coastal region has witnessed either decrease or 
increase due to natural processes, while parts of garden land, fallow land and virgin and vacant 
land in the middle section of the township have been converted to settlement land. 

The main economic activity of Chaungzon Township is agriculture, particularly growing 
of monsoon paddy. In Chaungzon Township, the 3 wards of the town and all village tracts have 
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more or less ‘le’ (paddy) land.26 out of 43 village tracts have suffered the negative impact of the 
invasion of saline water, to some extent destroying the planted crop, paddy. 

Being located at the mouth of Thanlwin River both marine fishery and freshwater fishery 
can be carried out. Among the 43 village tracts fishing industry is carried out in 19 village tracts. 
Fishery has been sharply declining and at present it is not an important economic activity of these 
villages. The declining fishing activity is largely due to the emergence of new alluvial land which 
increases the distance between these villages and the sea, partly because of shallow tidal creeks. 

Prediction 

 Transitional probability matrix reveals the change potential of one type of land into 
another type. The rows in the matrix table represent the old land cover types and the columns the 
newer categories. The value matrix in the row mentioned in transitional probability matrix Table 
5.1 represent land cover types in 2015 and column refers to matrix value of land cover in 2030. 
Diagonal cell values indicate the land cover types that remain unchanged in the 2015-2030 
periods, and other cell values represent the land cover types that may change from one to another 
type. 

Table 10 Transitional Probability Matrix in Chaungzon Township (2015 to 2030) 

Year 2030 

20
15

 

L C V A AL BL WL WB BA Total 
VA 6354.61 4939.36 86.97 566.19 261.37 333.60 12542.10 
AL 266.26 28903.49 0.00 1277.00 18.56 115.22 30580.53 
BL 2379.13 1205.45 2401.19 993.33 861.95 22.25 7863.30 
WL 744.69 1999.96 133.20 473.67 87.43 29.98 3468.93 
WB 1521.05 53.25 2995.83 261.01 5051.03 7.93 9890.10 
BA 0.00 0.00 0.00 0.00 0.00 1468.57 1468.57 

Total 11265.74 37101.51 5617.19 3571.20 6280.34 1977.55 65813.53 
Source: Derived From Land Cover Change Matrix 

Table 11 Land Cover Areas and Change Per cent in Chaungzon Township for 2015 and 
2030 

No. Land Cover 
Types 

2015 2030 2015-2030 
Hectare % Hectare % Change % 

1 Vegetation Area 12542.1 19.06 11265.74 17.12 1.94 
2 Agriculture Land 30580.53 46.46 37101.51 56.37 -9.91 
3 Barren Land  7863.3 11.95 5617.19 8.54 3.41 
4 Wetland  3468.93 5.27 3571.20 5.43 -0.16 
5 Water Bodies  9890.1 15.03 6280.34 9.54 5.49 
6 Built-up Area 1468.57 2.23 1977.55 3.00 -0.77 

  Total 65813.53 100 65813.53 100.00   
Source: Derived From Land Cover Change Matrix 
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Conclusion 
This paper focuses on two aspects: investigation of the physical characteristics of land 

cover changes using satellite image classification; and questionnaires, interviews and field 
observations at the local level on the ground changes. Changes in land cover are quantified using 
satellite remote sensing imagery, however driving forces of the changes in land use are harder to 
measure through quantitative analysis such as physical experiment. The qualitative analysis helps 
not only at understanding changes on the ground, but also the possible reasons behind such 
changes. By combining quantitative and qualitative methods a more comprehensive 
understanding of changes at different spatial locations and temporal periods are gained. 

In Chaungzon Township, agriculture is the chief economic activity and nearly half the 
township area is agriculture land. Owing to bank erosion and invasion of saline seawater, 
thousand acres of ‘le’ (paddy)land are destroyed annually, causing economic hardship to the 
farmers of the coastal areas. Therefore, more embankments should be constructed and the 
existing ones should be strengthened. 

Although natural bank erosion process cannot be stopped, the authority concerned should 
take necessary measures to minimize the negative impact of the natural process.  

Some parts of the newly emerged land are not stable and liable to disappear. They should 
be somehow managed to become stable with relevant modern techniques. Usually, the newly 
emerged lands are used only for cultivation of crops. Instead, some parts of the land should be 
used for tourism sites for the local development. 

The coastline of the study area is constantly changing as a result of bank collapse and 
deposition of sediments. There has been no record of such changes. The responsible persons 
should record the changes to be able to carry out the best use of land along the coastal areas in 
the future. 

The agriculture land area has notably increased in the 25-year period. At the same time, 
some parts of agriculture land were taken away by the bank erosive action of the tidal waves and 
others converted to wetland due to invasion of saline seawater. 
During the study period, the change of barren land was most obvious. The colonization of 
mangroves over barren land resulted in the formation of the new vegetation area, and some parts 
have also changed to agriculture land and wetland. The newly emerged barren land plays an 
important role in the land cover and land use change and also change the natural ecosystem of the 
area. 

Generally the land cover and land use changes in the  25- years period were manifested  
by increase of land area in agriculture land, built-up area and wetland area, while that of water 
bodies, barren land and vegetation area have been decreasing. 

The presence of mangrove forests in the coastal area can prevent the invasion of tidal 
water into the ‘le’ (paddy)l and and villages and helps reduce the negative impact of tidal waves 
and strong surge. To effectively maintain the mangrove forests, the authority concerned strictly 
forbid the cutting of mangrove for firewood or agricultural implements. 

The coastal area has changed markedly due to the bank erosion of the Thanlwin River and 
the wave action of the Gulf of Mottama which have led serious bank collapse along the coast, 
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and the deposition of sediments has formed new alluvial plain particularly in the west and south. 
The deposition process outpaces erosion process, thus resulting in the increase of land area of the 
study area which can be considered as positive land cover changes. 
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jrefrmbmompum;&Sd tajympum;yHkpHrsm;avhvmcsuf 

(vlrIbmomaA') 

 

 

1/ avhvmrIe,fy,f owfrSwfjcif;        

2/ okawoejyK&mü toHk;jyKcJhonfh vlrIbmomaA'enf;emrsm;   

3/ jrefrmbmompum;&Sd tajympum;yHkpHrsm;\ okawoe&v'frsm;   

NcHKiHkoHk;oyfcsuf        

 ed*kH;  

usrf;udk;pm&if; 
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2-3? jrefrmbmompum;&Sd tajympum;yHkpHrsm;avhvmcsuf 

(vlrIbmomaA') 

tpD&ifcHpmtusOf; 

]]jrefrmbmompum;&Sd tajympum;yHkpHrsm;avhvmcsuf}} okawoeusrf;udk jyKpk&jcif;rSm 

jrefrmvlrsdK;wdkYonf vlrIe,fy,ftoD;oD;ü pum;udkrnfuJhodkYaomyHkpHjzifh ajymqdktoHk;jyK 

aeMuNyD; xdkuJhodkY ajymqdktoHk;jyKMujcif;jzifh ajymolESifhemolwdkY\ vlrIqufqHa&;? vlrI tqifh 

twef;udk rnfuJhodkYxif[yfaeaMumif;? jrefrmbmompum;ESifhjrefrmhvlUtzGJYtpnf;tMum; 

rnfuJhodkY tjyeftvSef tusdK;oufa&mufrIudk jzpfay:apaMumif;wdkYudk pepfwus avhvm 

azmfxkwf&efESifh jrefrmbmompum;zGYHNzdK;wdk;wufatmif aqmif&Guf&mü taxmuftul 

jzpfap&ef &nf&G,fjyKpkcJhygonf/ rsufarSmufacwftajympum;rsm;? jrefrmEdkifiHtwGif; xkwfa0 

jzefYcsdvsuf&Sdaom pme,fZif;rsm;? jrefrmEdkifiHtwGif; xkwfvTifhjyovsuf&Sdaom azsmfajza&; 

tpDtpOfrsm;udk tavhvmcHtjzpfowfrSwfNyD; acwfrDvlrIbmomaA'enf;em;rsm;jzifh avhvm 

okawoejyKcJhygonf/ xdkuJhodkY okawoejyK&mwGif nTef;ac:pum;yHkpHrsm;? pum; oauFw 

a&moHk;jcif;yHkpHrsm;? pum;vkyfaqmifcsufyHkpHrsm;ESifh pum;ajymyHkpHrsm;[lí ydkif;jcm;um avhvm 

qef;ppfcJhygonf/ tajympum;yHkpHrsm;udk ydkrdkay:vGifap&ef o½kyfazmfyHk rsm;? toHvdIif; 

½kyfyHkrsm;udk toHk;jyKcJhygonf/ ta&;twGufqdkif&mavhvmqef;ppfcsufrsm; udkvnf; toHk;jyK 

xm;ygonf/ tajympum;yHkpHrsm;onf vdif? touft&G,f? vlrI*kPf tqifhtwef;wdkYtay: 

tajccHí ajymqdkaeMuouJhodkY wpfOD;tay:wpfOD; tjyeftvSef av;pm;rI? *g&0w&m;xm;&SdrI? 

,Ofaus;ysLiSmrI? udk;uG,f,HkMunfrIESifh,Ofaus;rI "avhxHk;pHwdkY tay:tajccHívnf; 

ajymqdkaeMuaMumif; awGY&ygonf/ tzGifhpum;rS tqHk;owfpum;txd pum;ajymyHkpH 

(wpfenf;tm;jzifh) pum;ajymjzpfpOf(10)rsdK;udk azmfxkwfrSwfwrf;wifEdkif cJhygonf/ xdkYaMumifh 

þavhvmokawoejyKcsufrsm;onf jrefrmbmompum;avhvmrIESifh jrefrmbmompum;zGHUNzdK; 

wdk;wufa&;wdkYtwGuf rsm;pGmtaxmuftuljyKEdkifvdrfhrnf[k ,HkMunfygonf/ 

aomhcsufa0g[m&rsm;- vlrIbmomaA'? nTef;ac:pum;? pum;oauFwa&moHk;jcif;? 

pum;vkyfaqmifcsuf? pum;ajympdppfrI? 

 

ed'gef; 

bmompum;wGif ajymolESifhemolwdkY\vlrIp½dkufvu©Pmrsm;udk awGYjrifEdkifouJhodkY 

ajymolESifh emolwdkYtMum;&Sd vlrIqufqHa&;tajctae? vlrItqifhtwef;udkvnf; od&SdEdkifyg 

onf/ þ tpD&ifcHpmonf ]]jrefrmbmompum;&Sd tajympum;yHkpH}} rsm;udk vlrIbmomaA' 

½IaxmifhrS avhvmxm;csufusrf;tm; tpD&ifcHwifjyjcif; jzpfygonf/ usrf;jyKolonf 

vlrIbmomaA' ynm&yfudk 2007ckESpf? r[m0dZÆmwef;rSpwifíavhvmoif,lcJh&mrS pwif 

pdwf0ifpm;cJhygonf/ xdkYaMumifh yg&*lusrf;acgif;pOf wifoGif;&aomtcg vlrIbmomaA' 

ynm&yfjzifh okawoe jyKvkyf&ef pdwful;&NyD; wifoGif;cJhjcif;jzpfygonf/ 
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&nf&G,fcsuf 

vlrIbmomaA'\oabmrSm bmompum;ESifhvlUtzGJYtpnf;Mum;&Sd tjyeftvSef 

qufpyfrIudk avhvmaomynm&yfjzpfygonf/ jrefrmvlrsdK;wdkYonf vlrIe,fy,ftoD;oD;wGif 

pum;udk rnfuJhodkYaomyHkpHjzifh ajymqdktoHk;jyKaeMuNyD; xdkuJhodkY ajymqdktoHk;jyKMujcif;jzifh 

ajymolESifh emolwdkY\vlrIqufqHa&;? vlrItqifhtwef;udk rnfuJhodkYxif[yfaeaMumif;? 

jrefrmbmom pum;ESifh jrefrmhvlUtzGJYtpnf;tMum; rnfuJhodkY tjyeftvSef tusdK;oufa&mufrI 

jzpfay:ap aMumif;udk pepfwus avhvmazmfxkwf&efESifh jrefrmbmompum;zGYHNzdK;wdk;wufatmif 

aqmif&Guf &mwGif taxmuftuljzpfap&ef &nf&G,fjyKpkcJhygonf/ 

OD;wnfcsuf 

,aeYacwfwGif vlrIbmomaA'ynm&yfonf taMumif;t&m tvGefus,fjyefYNyD; vltrsm; 

pdwf0ifwpm;avhvmMuonfhynm&yfjzpfygonf/ vlwdkYonftrsdK;rsdK;aom vlrItquftpyf 

twGif; bmompum;udk uGJjym;pGmajymqdkvsuf&SdNyD; bmompum;onf vlrIqufqHa&;udk 

em;vnfoabmayguf&efulnDEdkifaMumif;od&SdvmMuonf/ vlwpfa,mufonf pum;ajymqdkonfh 

tcg rdom;pkudk ajymaompum;? olpdrf;wpf&Hudkajymaompum;? vkyfief;cGifwGif rdrd vkyfazmf 

udkifzufrsm;ESifh txufvlBuD;rsm;udk ajymaompum;wdkYowlnnf rnfodkYrQrDEdkifMuay/ xdkodkY 

uGJjym;aomvlrItajctaewGif bmompum;udk rwluGJjym;pGm toHk;jyKMujcif;onf vlrIbmom 

aA'avhvmrI\ OD;wnfcsufjzpfvmcJhygonf/ 

tajympum;yHkpHrsm;udk avhvm&mü jrefrmvlrsdK;wdkYonf vlrIe,fy,ftoD;oD;wGif pum;udk 

rnfuJhodkYaomyHkpHjzifhajymqdktoHk;jyKaeMuoenf;/ xdkuJhodkY ajymqdktoHk;jyKjcif;jzifh ajymolESifh 

emolwdkY\ vlrIqufqHa&;? vlrItqifhtwef;udk rnfuJhodkY xif[yfaeoenf;/ ajymolESifhemolwdkY 

rnfuJhodkYaomtusdK;oufa&mufrIudk jzpfay:apoenf;[laom tcsufrsm;onf jrefrmbmom 

pum;zGHYNzdK;a&;ESifh xdef;odrf;a&;wdkYtwGuf ta&;ygaom okawoejyóem jzpfvmygonf/ 

xdkjyóemudk OD;wnfazmfxkwfEdkif&eftwGuf okawoear;cGef;rsm; xkwfMunfhcJhygonf/ 

xdkokawoear;cGef;rsm;rSm- 

 (u) jrefrmvlrsdK;wdkYonf wpfOD;ESihfwpfOD;awGUqHkpOf rnfuJhodkYaomyHkpHjzifh nTef;ac: ajymqdk 

Muoenf;/ 

 (c) jrefrmbmompum;twGif; trsm;tjym;0ifa&mufvsuf&Sdaom t*Fvdyfbmom 

pum;rsm;udk rnfuJhodkYaomyHkpHjzifh xnfhoGif;toHk;jyKMuoenf;/ 

 (*) vlwpfOD;ESifhwpfOD; ajymqdkMuaom pum;rsm;onf ajymolu emoltay: 

rnfuJhodkYaom pum;vkyfaqmifcsufyHkpHrsm;udk jzpfay:apoenf;/ 

 (C) jrefrmvlrsdK;wdkYonf pum;ajymqdk&mwGif tzGifhpum;rS tqHk;owfpum;txd 

rnfuJhodkYaomyHkpHrsm;jzifh ajymqdkaeMuoenf;/  
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[lí jzpfygonf/ xdkokawoear;cGef;rsm;udk tajccHNyD; jrefrmbmompum;&Sd tajympum; 

yHkpHrsm;udk avhvmqef;ppf&ef qHk;jzwfcJhygonf/  

1/ avhvmrIe,fy,fowfrSwfjcif; 

1? 1/ toHk;cHtcsuftvufrsm; 

 tajympum;yHkpHrsm;twGuf vdktyfaomtoHk;cHtcsuftvufrsm;xkwf,lNyD; pepfwus 

avhvmokawoejyKEdkif&ef rsufarSmufacwfudk 2008 ckESpfrS 2017 ckESpftwGif; owfrSwfcJhygonf/ 

,cifu jrefrmbmompum;udk vlrIbmomaA'ynm&yfjzifh avhvmokawoejyK azmfxkwfcJh 

Muaomfvnf; jrefrmbmompum;&Sd tajympum;yHkpHwpfckvHk;udk ay:vGifatmif us,fus,f 

jyefYjyefY avhvmokawoejyKcJhjcif; r&Sdao;ay/ tajympum;yHkpHrsm;[kqdk&mwGif tajym[ef 

pum;ajyESifh pum;ajymESpfrsdK;pvHk;udk qdkvdkygonf/ tajym[efpum;ajyonf BudKwifpDpOf xm;NyD; 

0guszGJYxHk;pnf;urf;rsm;ESifhtnD pDpOfa&;om;xm;aom pum;ajyrsdK; jzpfygonf/ ]tif;? tJ? 

[dk'if;? 'geJU? atmf} ponfh rajyjypfaompum;rsm; rygay/ pum;ajymonf BudKwif pDpOfrxm;bJ 

yg;pyfxJu ½kwfw&ufajymvdkufaom pum;jzpfí ]tif;? tJ? [dk'if;? 'geJU? atmf} ponfh 

txpftaighrsm; yg0ifonfhpum;rsm;jzpfonf/ tavhvmcH tajym[efpum;ajyrsm;twGuf aeYpOf 

oHk;tajympum;rsm;? jrefrmEdkifiHtwGif;yHkESdyfxkwfa0vsuf&Sdaompmtkyf? pmapmifrsm;? pum;ajymrsm; 

twGuf jrefrmEdkifiHtwGif;xkwfvTifhjyovsuf&Sdaom azsmfajza&; 

tpDtpOfrsm;? owif;tpDtpOfrsm;? AGD'D,dkZmwfvrf;rsm;udk toHk;jyKxm;ygonf/  

1? 2/ toHk;jyKonfhbmomaA'e,fy,f 

bmompum;udk avhvmonfhtcg bmomaA'ESifh vlrIbmomaA'wdkYonf avhvm 

yHkavhvm enf;uGJjym;Muygonf/ bmomaA'onf bmompum;udk vlYtzGJYtpnf;twGif;rS 

cGJxkwfNyD; xdkbmompum; rnfuJhodkYzGJYpnf;wnfaqmufxm;onfudk avhvmjcif;jzpfonf/ 

vlrIbmomaA'onf vlYtzGJYtpnf;twGif;ü bmompum;udk rnfuJhodkY toHk;jyKNyD; 

bmompum;ESifh vlUtzGJUtpnf;Mum;&Sd tjyeftvSefqufpyfrI\ oGifjyifvu©Pmrsm;udk 

avhvmjcif;jzpfonf/ xdkYaMumifh jrefrmbmompum;&Sd tajympum;yHkpHrsm;udk azmfxkwf&eftwGuf 

bmomaA'\ ynm&yfcGJjzpfaom vlrIbmomaA'e,fy,fudk toHk;jyKxm;ygonf/ 

2/ okawoejyK&mü toHk;jyKcJhonfh vlrIbmomaA'enf;emrsm; 

rsufarSmufacwf jrefrmbmompum;&Sd tajympum;yHkpHrsm;udk avhvmEdkif&eftwGuf vlrI 

bmomaA'enf;emESifh oabmw&m;rsm;udktoHk;jyKcJhygonf/ jrefrmbmompum;udk avhvm 

jcif;jzpfí a&S;OD;pGm jrefrmbmompum;\ oabmobm0udk azmfxkwfcJhygonf/ xdkYaemuf 

usrf;wGif t"dutajccHrnfh vlrIbmomaA'enf;emrsm;udk owfrSwfavhvmcJhygonf/ 

2? 1/ awG;qcsufrsm; 

jrefrmbmompum;&Sd tajympum;yHkpHrsm;udk avhvmjcif;jzpfí OD;pGm jrefrmbmompum;\ 

oabmobm0udk azmfxkwf&efvdktyfrnf[k awG;qrdygonf/ xdkYaemuf okawoejyóem 
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twGuf t"dutajccHrnfh enf;emrsm;udk bmompdwfe,fy,frsm;tjzpf owfrSwfavhvm&ef 

vdktyfrnf[k awG;qrdonf/tajympum;yHkpHrsm;onf tvGefus,fjyefYí okawoe jyóemudk 

OD;wnfavhvmEdkif&ef okawoear;cGef;xkwfNyD; xdkokawoear;cGef;rsm;twGuf tajccH 

avhvmrnfh enf;emrsm;udkvnf; wifjy&efvdktyfrnf[k awG;qrdygonf/ 

jrefrmvlrsdK;wdkYonf wpfOD;ESifhwpfOD; awGYqHkpum;ajymqdk&mü rnfuJhodkYnTef;ac:ajymqdk 

Muonfudkod&SdEdkif&ef nTef;ac:pum;udk avhvm&efvdktyfrnf[k awG;qrdygonf/ nTef;ac: 

pum;rsm;udk pwifavhvm&jcif;rSm vlwpfOD;ESifhwpfOD;awGYqHkpOf nTef;ac:pum;jzifh tzGifhpum; 

ajymqdk&aomaMumifhjzpfygonf/ xdknTef;ac:pum;rsm;onf vlrIqufqHa&;e,fy,fwGif 

ta&;BuD;aom pum;ajymyHkpHwpfckjzpfrnf[k awG;xifcJhygonf/ 

jrefrmbmompum;twGif; trsm;tjym;0ifa&mufvsuf&Sdaom t*Fvdyfbmompum;udk 

rnfuJhodkY xnfhoGif;toHk;jyKMuonfudk od&SdEdkif&ef pum;oauFwa&moHk;jcif;udk avhvm&ef 

vdktyfrnf[k awG;qrdygonf/ xdkodkYa&moHk;yHkrsm;udk tajym[efpum;ajyjzifh a&;om;xm; 

aomtcsuftvufrsm;jzifh wifjyygu ydkrdkxda&mufrnf[kawG;qrdygonf/ xdkodkYa&moHk;jcif; 

onf jrefrmbmompum;zGHYNzdK;rItwGuf tusdK;^tjypfwdkYudk azmfxkwfEdkifvdrfhrnf[k xifygonf/ 

avvm&mwGif pum;vHk;tqifh? yk'ftqifhESifh 0guscGJtqifh[lí cGJjcm;azmfxkwfEdkif vdrfhrnf[kvnf; 

awG;qxm;ygonf/ 

wpfzef vlwpfOD;ESifhwpfOD;ajymqdkaompum;rsm;onf ajymoluemoltay: rnfuJhodkY 

vkyfaqmifcsufrsm;udk jzpfay:apaMumif;od&SdEdkif&ef pum;vkyfaqmifcsufudk avhvm&efvdktyf 

rnf[k awG;qrdygonf/ pum;ajymwpfcktwGif; pum;cGef;jzifhvkyfaqmif&mwGif trsdK;tpm; 

rnfrQyg0ifaMumif;ESifh ajymolESifhemolwdkY\ pum;vkyfaqmifcsufyHkpHudk o½kyfazmfyHkESifhwuG 

azmfxkwfvQif ydkrdk&Sif;vif;pGmwifjyEdkifrnf[kxifygonf/ pum;vkyfaqmifcsuf\ us,fjyefY 

eufeJUyHkESifh tusdK;aus;Zl;rsm;udk azmfxkwfEdkifvdrfhrnf[k awG;qcJhygonf/ 

xdkYaemuf jrefrmvlrsdK;wdkYonf pum;ajymqdk&mwGif tzGifhpum;rS tqHk;owfpum; txd 

rnfuJhodkYajymqdkMuonfudk od&SdEdkif&eftwGuf pum;ajymyHkpHrsm;udk azmfxkwf&efvdktyf 

rnfjzpfygonf/ ,cifu jrefrmbmompum;udk avhvm&mwGif acwfrDenf;ynm pufypönf;udk 

toHk;jyKNyD; avhvmrIrSm enf;yg;ygonf/ xdkYaMumifh wdwdusus avhvmrSwfwrf;wifEdkif&ef 

tavhvmcHrsm;udk acwfrDenf;ynmaqmhz0JESifh uGefysLwmenf;ynmaygif;pyfNyD; pepfwus 

avhvmvQif ydkrdkxda&mufaom okawoetajzxGufvmEdkifrnf[k awG;qarQmfrSef;cJhygonf/  

2? 2/ vkyfaqmifcsufrsm; 

jrefrmbmompum;\ oabmobm0udk ynm&Sifrsm;\t,ltqrsm;tay:tajccHNyD; 

OD;pGm qef;ppfcJhygonf/ okawoejyóemtwGuf enf;emrsm;udk bmompdwfe,fy,ftjzpf 

owfrSwfavhvm&ef vkyfaqmifcJhygonf/ xdkYaemuf okawoear;cGef;rsm;twGuf tajccH 

avhvmrnfh enf;emrsm;udkvnf; jrefrmbmompum;\ oabmobm0ESifhtnD azmfxkwfcJh 

ygonf/ 
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nTef;ac:pum;yHkpHrsm;udk azmfxkwf&mwGif nTef;ac:pum;
1
ESifh wdkuf½dkuftnTef;pum;

2
wdkY\ 

txl;jyKavhvmonfhe,fy,frsm; uGJjym;yHkudk qef;ppfcJhygonf/ nTef;ac:pum;onf 

vlrIqufqHa&;e,fy,fwGif ta&;BuD;yHkudkvnf; azmfxkwfcJhygonf/  

pum;oauFwa&moHk;jcif;yHkpHrsm;udk qef;ppf&mwGif pum;oauFwa&moHk;jcif;
3
 ESifh 

pum;oauFwul;ajymif;jcif;
4
 wdkY\ oabmobm0udk avhvmcJhygonf/ jrefrmbmom 

pum;twGif; t*Fvdyfpum;a&moHk;&mjcif;yHkpH(3)rsdK;udk azmfxkwfcJhygonf/ ydkrdk&Sif;vif;pGm 

em;vnfEdkif&ef EdkifiHjcm;bmompum;\ om"ursm;jzifhyg Edkif;,SOfavhvmcJhygonf/ pum; 

oauFwa&moHk;jcif;yHkpHrsm;wGif pum;vHk;tqifh? yk'ftqifhESifh 0guscGJtqifh[lí cGJjcm; azmfxkwfNyD; 

xl;jcm;csufrsm;udkvnf; azmfxkwfEdkifcJhygonf/ 

pum;vkyfaqmifcsuf
5

yHkpHrsm;udk avhvm&mwGif jrefrmbmompum;wGifawGY&aom 

pum;vkyfaqmifcsufyHkpHudk qef;ppfcJhygonf/ pum;cGef;rsm;
6
yHkpHudkvnf;aumif;?pum;ajym 

wpfcktwGif; pum;cGef;tm;jzifhvkyfaqmif&mwGif ajymolESifhemolwdkY\ pum;vkyfaqmifcsuf 

yHkpHudkvnf;aumif; azmfxkwfcJhygonf/ pum;vkyfaqmifcsufyHkpHrsm;udk okawoejyK&mü o'´gt& 

ajymol&nf&G,fonfh pum;vkyfaqmifcsufudk azmfjyEdkifcJhNyD; pum;vkyfaqmifcsuf\ 

us,fjyefYeufeJUyHkESifh tusdK;aus;Zl;rsm;udk azmfxkwfcJhygonf/ 

pum;ajym
7
yHkpHrsm;udk azmfxkwf&mwGif pum;ajympdppfrI

8
 oabmw&m;udk toHk;jyKNyD; 

tzGifhpum;
9
rS tqHk;owfpum;

10
txd ajymqdkyHkrsm;udkqef;ppfcJhygonf/ wdwdusus avhvm 

rSwfwrf;wifEdkif&ef tavhvmcH½kyfoHrsm;udk acwfrDenf;ynmaqmhz0JESifhuGefysLwmenf;ynm 

aygif;pyftoHk;jyKNyD; toHvIdif;½kyfyHkrsm;jzifhyg pepfwus avhvmokawoejyKcJhygonf/  

 tavhvmcH tajym[efpum;ajyrsm;twGuf yxrtqifhtaejzifh jrefrmEdkifiHtwGif; 

yHkESdyfxkwfa0vsuf&Sdaom pmtkyf? pmapmifrsm;udk pkaqmif;cJhygonf/ pum;ajymrsm;twGuf 

azsmfajza&;tpDtpOfrsm;? owif;tpDtpOfrsm;? AGD'D,dkZmwfvrf;rsm;ESifhtoHrSwfwrf;rsm;udk 

pkaqmif;cJhygonf/ 'kwd,tqifhtaejzifh xdkpkaqmif;xm;aom tcsuftvufrsm;udk cGJjcrf; 

pdwfjzmí oufqdkif&m vlrIbmomaA'\ ynmpdwfe,fy,frsm;jzifh okawoe jyKcJhygonf/ 

ynm&yfqdkif&moDtdk&Drsm;udk em;vnfatmif tBudrfBudrfzwf½IcJh&ygonf/ a0g[m&opfrsm; 

udkvnf; rdrdbmompum;ESifhqDavsmfatmifbmomjyefqdkcJhygonf/ ynm&Sifrsm;? 0ufAqdkuf 

1  address term 
2  deixis 
3  code-mixing 
4  code-switching 
5  speech act 
6  utterances 
7  conversation 
8  conversation ananysis 
9  opening sequence 
10 closing sequence 
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rsm;\ trnfwdkYudk How To Pronounce (https://www. howtopronounce.com)0ufAqdkufrS jrefrm 

tmvQmeJY&Gwf& vG,fulaom t*FvdyftoHxGufudk,lí teD;pyfqHk;wlatmif jrefrm tu©&mjzifh 

toHzvS,fxm;onf/ pum;ajymrsm;twGuf EdkifiHjcm;ynm&Sifrsm;\ pum;ajymudk pmom;tjzpf 

a&;ul;&mwGif toHk;jyKonfhoauFwtcsdKUudk tajccHNyD; pum;ajymrsm;udk pmom;rsm; tjzpf 

jyefvnful;,l wifjycJhygonf/ xdkodkY jyefvnful;,l&mwGif Sony \ Sound Forg Pro 10.0 toH 

wnf;jzwfonf Software udk toHk;jyKcJhygonf/ tajympum;rsm;udkom t"du avhvmjcif; 

jzpfaomfvnf; tajympum;ESifhtwlwGJzufaeaom trlt&mESifh oauFwwdkYudkvnf; t>rufrQ 

azmfxkwfcJhygonf/ ydkrdkay:vGifap&ef o½kyfazmfyHkrsm;? toHvdIif;½kyfyHkrsm;ESifh tjcm;bmom pum;rS 

om"ursm;jzifhyg okawoejyóemudk avhvmqef;ppfcJhygonf/ 

3/ jrefrmbmompum;&Sd tajympum;yHkpHrsm;\ okawoe&v'frsm; 

rsufarSmufacwf jrefrmbmompum;&Sd tajympum;yHkpHrsm;udkavhvm&mwGif nTef;ac: 

pum;yHkpH? pum;oauFwa&moHk;jcif;yHkpH? pum;vkyfaqmifcsufyHkpHESifh pum;ajymyHkpHwdkYudk 

tcef;rsm;cGJí vlrIbmomaA'½IaxmifhrS avhvmwifjycJhygonf/  

3? 1/ ñTef;ac:pum;yHkpHrsm; 

nTef;ac:pum;yHkpHrsm;wGif vlyk*¾dKvftrnfqdkif&m? "avhxHk;pHqdkif&m? bmoma&;qdkif&m? 

toufarG;0rf;ausmif;qdkif&m? aqGrsdK;awmfpyfrIqdkif&m? &if;ESD;uRrf;0ifrIqdkif&m? yk*¾vemrfpm; 

qdkif&m? trnfrac:onfh nTef;ac:pum;^oknnTef;ac:pum;qdkif&mESifh a,bk,snTef;ac: 

pum;qdkif&mwdkYudk azmfxkwfwifjyxm;ygonf/ 

 

3? 1? 1/ awGY&Sdcsufrsm; 

vlyk*¾dKvftrnfqdkif&m nTef;ac:jcif;wGif-  

(1) trnfwpfvHk;wnf;udk ydkif;jzwfnTef;ac:onfh tajympum;yHkpH 

(2) trnfESpfvHk;wGJESifhtxuf ydkif;jzwfnTef;ac:onfh tajympum;yHkpH 

(3) trnftjynfhtpHk
1

 udk nTef;ac:onfh tajympum;yHkpH 

(4) tzGJYtpnf;vdkuftrnfudk nTef;ac:onfh tajympum;yHkpH 

(5) trnfwpfvHk;wnf;udk ESpfxyfjyK
2

 nTef;ac:onfh tajympum;yHkpH 

(6) aemufquf
3

 ]BuD;? av;}xnfhí nTef;ac:onfh tajympum;yHkpH 

wdkYudk awGY&ygonf/ 

1  full name 
2  reduplication 
3  suffix 
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"avhxHk;pHqdkif&m nTef;ac:jcif;wGif- 

(1) "avhxHk;pHqdkif&m *kPfyk'foufoufudk nTef;ac:onfh tajympum;yHkpH 

 (2) "avhxHk;pHqdkif&m*kPfyk'fESifh trnfaygif;pyfnTef;ac:onfh tajympum;yHkpH 

wdkYudk awGY&ygonf/  

bmoma&;qdkif&m nTef;ac:jcif;wGif- 

 (u) bmoma&;qdkif&m *kPfyk'foufoufudk nTef;ac:onfh tajympum;yHkpH 

 (c ) bmoma&;qdkif&m*kPfyk'fESifh trnfaygif;pyfnTef;ac:onfh tajympum;yHkpH 

wdkYudk awGY&ygonf/ 

toufarG;0rf;ausmif;qdkif&m nTef;ac:jcif;wGif- 

(1) tvkyftudkifqdkif&m*kPfyk'foufoufudk nTef;ac:onfh tajympum;yHkpH 

(2) tvkyftudkifqdkif&m *kPfyk'fESifhtrnfaygif;pyfnTef;ac:onfh tajympum;yHkpH 

(3) &mxl;^tqifhqdkif&m *kPfyk'foufoufudk nTef;ac:onfhtajympum;yHkpH 

(4) &mxl;^tqifhqdkif&m *kPfyk'fESifhtrnfaygif;pyfnTef;ac:onfh tajympum;yHkpH 

wdkYudk awGY&ygonf/ 

aqGrsdK;awmfpyfrIqdkif&m nTef;ac:pum;wGif nTef;ac:oludkA[dkjyKí- 

 (1) nTef;ac:olESifhwdkuf½dkufaqGrsdK;awmfpyfrIqdkif&m nTef;ac:pum;yHkpH 

 (2) nTef;ac:olESifhMum;cHí aqGrsdK;awmfpyfrIqdkif&m nTef;ac:pum;yHkpH 

[lí avhvmawGY&Sd&ygonf/ 

 &if;ESD;uRrf;0ifrIqdkif&m nTef;ac:jcif;wGif- 

(1) trnfajymifrsm;
1

 udk nTef;ac:onfh tajympum;yHkpH 

(2) cspfpEdk;trnfrsm;
2
 udk nTef;ac:onfh tajympum;yHkpH 

(3) Aef;pum;trnfrsm;
3
 udk nTef;ac:onfh tajympum;yHkpH 

wdkYudk awGY&ygonf/ 

yk*¾vemrfpm;rsm;wGif tpOfvmo'´gt& ajymolemrfpm;? Mum;emolemrfpm;? tajymcH 

emrfpm;[lí 3 rsdK;&Sdygonf/ ,if;wdkYteuf Mum;emolemrfpm;onfomvQif nTef;ac:pum;ESifh 

1  nick names 
2  pen names 
3  slang  names 
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oufqdkifygonf/ jrefrmbmompum;wGif vlrIqufqHa&;t& Mum;emoludk nTef;ac:onfh 

emrfpm;rsm;vnf; uGJjym;ygonf/ vlyk*¾dKvfqdkif&m Mum;emolemrfpm;rsm;tjzpf ]rif;? eif? cifAsm;? 

nnf;? awmf? &Sif?oif? oif;('if;)? ol} wdkYudk awGY&ygonf/ 

trnfrac:onfhnTef;ac:pum;yHkpHonf ajymqdkoluemoludk rnfodkYnTef;ac:&rnfudk 

ra0cGJEdkifvQif trnfudkroHk;bJ EIwfcGef;qufpum;? avmu0wfpum;wdkYjzifhtpm;xdk; nTef;ac: 

jcif;jzpfonf/ t*Fvdyfbmompum;wGif 'excuse me,hello, how are you?' ponfhjzifh 

awGYEdkifygonf/ wpfcgwpf&H rdrdnTef;ac:rnfhol\ trnf? &mxl;*kPfyk'fudk odvQifaomf 

vnf;aumif;? rodvQifaomfvnf;aumif;? xdktrnf? &mxl;*kPfyk'fudk rnTef;ac:awmhbJ 

EIwfcGef;qufpum;? avmu0wfpum;jzifh pum;cGef;udkajymqdkwwfMuaMumif; awGY&ygonf/ 

a,bk,snTef;ac:pum;onf trnf\wm0efudk xrf;aqmifEdkifNyD; bmompum;wdkif; wGif 

tenf;ESifhtrsm;&Sdygonf/ t*Fvdyfbmompum;wGif rdbudk 'Hey Dad' (a[h taz) [k 

nTef;ac:vQif r½dkif;aomfvnf; jrefrmbmompum;wGif ]a[h taz}[k nTef;ac:vQif ½dkif;jy&m 

usygonf/ ,if;toHk;udk jrefrmwdkYu r,Ofaus;aompum;tjzpf rSwf,lxm;ygonf/ ]a[h} ESifh 

][dwf} onf toufBuD;ol? *kPfBuD;olwdkYu toufi,fol? vlrItqifhedrfholwdkYudk nTef;ac:vQif 

r½dkif;aomfvnf; toufi,fol? vlrItqifhedrfholwdkYu toufBuD;ol? *kPfBuD;olwdkYudk 

nTef;ac:vQif ½dkif;jy&musaMumif; awGY&ygonf/ 

 

 

3? 1? 2/ pdppfcsufrsm; 

jrefrmbmompum;wGif vlyk*¾dKvftrnfqdkif&m nTef;ac:pum;yHkpH 6 rsdK;udk azmfxkwf&&Sdyg 

onf/ trnfwpfvHk;wnf; ydkif;jzwfnTef;ac:jcif;onf cspfolorD;&nf;pm;rsm;tMum;wGif 

toHk;rsm;onf/ ,if;onf tMuifemcHpm;rIygaom nTef;ac:pum;rsm;om jzpfaejcif;rSmvnf; 

jrefrmnTef;ac:pum;\ xl;jcm;csufwpfckyifjzpfonf/ trnfESpfvHk;wGJESifhtxuf ydkif;jzwfnTef;ac: 

pum;yHkpHwGif toufBuD;olu toufi,folESifh &G,fwltcsif;csif;wGif vdifra&G;bJ nTef;ac: 

Edkifygonf/ trnftjynfhtpHk nTef;ac:jcif;yHkpHwGif nTef;ac:olESifh nTef;ac:cH&ol wdkYtMum; 

omrefqufqHa&;rsdK;[kqdkEdkifygonf/ tzGJUtpnf;tvdkuf nTef;ac:pum;yHkpHwGif tzGJYtvdkuf 

,SOfNydKifyGJrsm;? tcrf;tem;yGJrsm;wGifom vlyk*¾dKvftrnfrsm;udk,fpm; tzGJUtpnf;trnfudk 

nTef;ac:avh&SdMuygonf/ trnfwpfvHk;wnf;udk ESpfxyfjyKnTef;ac:pum;yHkpHESifh aemufquf ]BuD;? 

av;} xnfhí nTef;ac:pum;yHkpHwdkYwGif nTef;ac:olESifhnTef;ac:cH&oltMum; aEG;axG;aomqufqHrI 

oabmjzpfygonf/  

"avhxHk;pH*kPfyk'fqdkif&mwGif nTef;ac:pum;yHkpH 2 rsdK;udk azmfxkwf&&Sdygonf/  *kPfyk'fESifh 

trnfaygif;pyfnTef;ac:onfh tajympum;yHkpHrsm;wGif nTef;ac:pum;yHkpH 4 rsdK; &Sdygonf/ 

"avhxHk;pHqdkif&m*kPfyk'fESifhtrnf aygif;pyfnTef;ac:onfh tajympum;yHkpHrsm;wGif ]OD;^a':} 

*kPfyk'fESihftrnfwpfrsdK;rsdK; aygif;pyfnTef;ac:jcif;onf jrefrmh,Ofaus;rI"avhxHk;pHt& toufi,f 

olu touft&G,fBuD;ol vlBuD;ydkif;udk nTef;ac:jcif;jzpfygonf/ tcsdKUa'orsm;wGif trsdK;om; 
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rsm;udk ]i? zdk;? udk&if? armif&if} ponfjzifhvnf;aumif;? trsdK;orD;rsm;udk ]rd? r,f} ponfjzifh 

vnf;aumif; trnf\a&SUwGifwyfí nTef;ac:Muygonf/ xdkYaMumifh "avhxHk;pHqdkif&m nTef;ac: 

pum;yHkpHrsm;onf ajymolESifhemolwdkY\ vdif? touf t&G,f? vlrI*kPftqifh twef;udk vdkufNyD; 

trnfwpfrsdK;rsdK; aygif;pyfnTef;ac:Edkifygonf/  

bmoma&;qkdif&mwGifnTef;ac:pum;yHkpH 2 rsdK;udk azmfxkwf&&Sdygonf/ jrefrmwdkYonf 

oHCmawmfrsm;ESifhoDv&Sifrsm;udk jrifhjrwfaomyk*¾dKvfrsm;tjzpf ,Ofaus;onfh toHk;tEIef;wdkY jzifhom 

½dkaoav;pm;pGm nTef;ac:avh&Sdygonf/ bmoma&;yk*d¾Kvfrsm;uvnf; vlyk*d¾Kvfrsm;udk bmoma&; 

qdkif&mtoHk;rsm;jzifhom nTef;ac:Muygonf/ vlyk*¾dKvfrsm;onf bmoma&;yk*¾dKvfwdkYudk bGJUtrnf 

xuf bmoma&;*kPfyk'fudkom trsm;qHk;nTef;ac:Muygonf/ tcrf;tem;yGJrsm;wGifom bGJUtrnf 

ESifhbmoma&;qdkif&m*kPfyk'fudk aygif;pyfnTef;ac:avh&SdMuygonf/ bmoma&;qkdif&m nTef;ac: 

pum;yHkpHrsm;wGif ,Ofaus;aomyHkpHtjzpf nTef;ac:&mü pum;cGef; \ tqHk;wGif ]bk&m;} xnfhí 

wav;wpm; nTef;ac:Muygonf/  

toufarG;0rf;ausmif;qdkif&mwGif nTef;ac:pum;yHkpH 4 rsdK;udk azmfxkwf&&Sdygonf/ 

nTef;ac:&mwGif tvkyftudkif\aemufwGif ]q&m? orm;? onf(o,f)? &Sif} oifhawmf&m 

*kPfyk'fwpfrsdK;rsdK;jzifh aygif;pyfnTef;ac:ouJhodkY tvkyftudkif*kPfyk'fESifh trnfwpfrsdK;rsdK;udkvnf; 

aygif;pyfnTef;ac:Muonf/ &mxl;^tqifh&Sdaomolrsm;udkvnf; ,if;wdkY\&mxl;^tqifhtjyif 

trnfudkyg aygif;pyfnTef;ac:Muonf/ Xmeqdkif&m tBuD;tuJrsm;\ZeD;rsm;udk nTefac:&mü 

cifyGef;onf\ *kPfyk'fESifhtrnfudk ZeD;onf\ trnfa&SUwGifwyfum tcrf; tem;yGJrsm;wGif 

nTef;ac:avh&Sdygonf/ xdkYaMumifh toufarG;0rf;ausmif;qdkif&m nTef;ac: pum;yHkpHrsm;wGif 

*kPfyk'foufouf nTef;ac:jcif;udk toHk;rsm;NyD; *kPfyk'fESifhtrnf aygif;pyf nTef;ac:jcif;udk 

yHkpHwusnTef;ac:aomtcrf;tem;yGJrsm;wGifom toHk;jyKMuaMumif; avhvm od&Sd&ygonf/ 

aqGrsdK;awmfpyfrIqdkif&mnTef;ac:pum;yHkpHrsm;wGif aqGrsdK;awmfpyfrI 2 rsdK;udk azmfxkwf&&Sd 

ygonf/ rdbESpfyg;ESifhqdkifaom a0g[m&rsm;wGif tm;yg;w&nTef;ac:onfhyHkpHtjzpf ]BuD;} 

aemufqufxnfhNyD;nTef;ac:jcif;udk rsufarSmufacwf uav;i,frsm;\ nTef;ac:pum;wGif 

trsm;qHk;awGY&onf/ om;? orD;wdkYu rdbESpfyg;udk nTef;ac:&mwGif aqGrsdK;pyfa0g[m& *kPfyk'f 

oufoufudkom nTef;ac:Muaomfvnf; rdbESpfyg;u om;? orD;wdkYudk nTef;ac:&mwGif 

aqGrsdK;pyfa0g[m&tjyif trnfwpfrsdK;rsdK;jzifhvnf; aygif;pyfí nTef;ac:Muygonf/ ]bdk;bdk;? 

bGm;bGm;} [lí ESpfBudrfxyf nTef;ac:rIudk uav;i,frsm;\ nTef;ac:pum;wGif trsm;qHk; 

awGY&onf/ xl;jcm;csufrSm tbdk;ESifhtbGm; nTef;ac:pum;wdkYwGif ]BuD;} aemufqufxnfhNyD; 

]tbdk;BuD;? tbGm;BuD;} [k nTef;ac:vQif ½dkif;ysonfhpum;jzpfoGm;ygonf/ xdkYaMumifh aqGrsdK; 

awmfpyfrIqdkif&m nTef;ac:pum;yHkpHrsm;onf jrefrmvlrsdK;wdkY\ wpfOD;tay:wpfOD; tjyeftvSef 

av;pm;rI? *g&0w&m;xm;&SdrI? ,Ofaus;ysLiSmrIwdkYudk jyojcif;vnf; jzpfygonf/  

&if;ESD;uRrf;0ifrIqdkif&mwGif nTef;ac:pum;yHkpH 3 rsdK;udk azmfxkwf&&Sdygonf/ trnfajymif 

rsm;udk oli,fcsif;rsm;? tvGef&if;ESD;olrsm;Mum;wGif nTef;ac:MuNyD; cspfpEdk;trnfrsm;udk 

ZeD;armifESH? orD;&nf;pm;? rdbESifhom;orD;? oli,fcsif;rsm;tMum;wGif nTef;ac:Muonf/ 
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Aef;pum;trnfrsm;udk oli,fcsif;rsm;Mum;ü nTef;ac:jcif;jzifh tvGef&if;ESD;olrsm;tjzpf tuJcwf 

Edkifygonf/ xdkYaMumifh &if;ESD;uRrf;0ifrIqdkif&m nTef;ac:pum;yHkpHrsm;onf tvGef&if;ESD;olrsm; 

tMum;ü nTef;ac:Mujcif;jzpfygonf/ xdkodkY nTef;ac:Mujcif;rSm wpfOD;ESifhwpfOD; &if;ESD;uRrf;0ifol 

rsm;jzpfaMumif; jyo&mvnf;a&mufygonf/  

yk*¾vemrfpm;qdkif&mwGif nTef;ac:pum;yHkpH 9 rsdK;udk azmfxkwf&&Sdygonf/ ,if;wdkYteuf 

wpfrsdK;rsdK;udk nTef;ac:olESifhnTef;ac:cH&olwdkY\ vdif? touft&G,f? &if;ESD;rI? vlrItqifhwdkY 

tay:rlwnfNyD; oifhawmf&m emrfpm;wpfrsdK;rsdK;jzifh nTef;ac:avh&SdMuygonf/ xl;jcm;onfrSm 

t*Fvdyfbmompum;wGif rdbESpfyg;udk ]you} [k Mum;emol emrfpm;oHk;í nTef;ac:vQif 

r½dkif;aomfvnf; jrefrmbmompum;wGifrI rdbESpfyg;tjyif vlBuD;olrrsm;udk yk*¾vemrfpm; 

nTef;ac:pum;yHkpHwpfrsdK;rsdK;jzifh nTef;ac:vQif ½dkif;ysaomaMumifh rnTef;ac:oifhay/  

trnfrac:onfh nTef;ac:pum;yHkpHonf EIwfcGef;qufpum;? avmu0wfpum;wdkYjzifh 

pum;cGef;udk pwifjcif;jzpfonf/ xdkodkY pwifjcif;jzifh ajymolESifhemolwdkY\ vlrIqufqHa&;udk 

rxdcdkufEdkifay/ odkYaomf jrefrmvlrsdK;wdkY\ ,Ofaus;rI"avhxHk;pHt& touft&G,ftvdkuf 

*g&0xm;aom vlrsdK;rsm;jzpfí OD;t&G,f ]OD;}? ta':t&G,f ]ta':}? tpfudkt&G,f ]tpfudk}? 

tpfrt&G,f ]tpfr}? nDt&G,f ]nD}? nDrt&G,f ]nDr} ponfh aqGrsdK;pyfa0g[m& wpfrsdK;rsdK;jzifh 

nTef;ac:EdkifNyD; vlrIqufoG,fa&;vrf;aMumif;udk zGifhEdkifygonf/ 

a,bk,snTef;ac:pum;yHkpHrsm;wGif trsdK;om;wdkY\ a,bk,snTef;ac:pum; ]aumif} ESifh 

trsdK;orD;wdkY\ a,bk,snTef;ac:pum; ]aumifr} onf r,Ofaus;aom toHk;jzpfí ajymol 

ESifhemoltMum; r&if;ESD;vQifrnTef;ac:oifhay/ tcsdKUvnf;tmar!dwfjyKí ][dwf[dwf? a[ha[h? 

[Jh[Jh} ponfjzifh nTef;ac:wwfMuonf/ xdkYaMumifh a,bk,snTef;ac:pum;udk &G,fwltcsif;csif; 

ESifh toufBuD;? *kPfBuD;olwdkYu toufi,folwdkYudk nTef;ac:EdkifNyD; touf i,folwdkYu 

toufBuD;olwdkYudkjyefvnfnTef;ac:vQif ½dkif;ysonfhnTef;ac:pum; jzpfoGm;onf/ 

3? 2/ pum;oauFwa&moHk;jcif;yHkpHrsm; 

pum;oauFwa&moHk;jcif;yHkpHwGif- 

(1) xnfhoGif;jcif;
1
 

(2) wpfvSnfhpDjzpfay:jcif;
2
 

(3) oifhavsmfaoma0g[m&jyKjcif;^wlnDrIjyKjcif;
3
 

[líawGY&ygonf/ rdkufpuef\ wlnDrIjyKjcif;yHkpHonf pHpum;ESifha'od,pum;avhvmrIudk 

t"duxm; avhvmjcif;jzpfí xnf;oGif;jcif;ESifhwpfvSnfhpDjzpfay:jcif;udkom avhvmxm;yg onf/ 

rdrdusrf;onf a'od,pum;udkavhvmonfh usrf;r[kwfí pHpum;ESifha'od,pum; 

1  insertation 
2  alternation 
3  congruent lexicalization 
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avhvmrIrsm;udk csefvSyfcJhygonf/ xkdodkY avhvm&mwGif pum;oauFwa&moHk;jcif;yHkpHrsm;udk 

pum;vHk;tqifh? yk'ftqifhESifh 0guscGJtqifh[lí cGJjcm;NyD; azmfxkwfwifjyxm;ygonf/  

3? 2? 1/ awGY&Sdcsufrsm; 

xnfhoGif;jcif;yHkpHwGif- 

(1) pum;vHk;tqifhxnfhoGif;jcif;yHkpH 

(2) yk'ftqifhxnfhoGif;jcif;yHkpH 

(3) pum;vHk;tqifhESifh yk'ftqifh wGJzufxnfhoGif;jcif;yHkpH 

(4) 0guscGJtqifhxnfhoGif;jcif;yHkpHH 

(5) pum;vHk;tqifh? yk'ftqifhESifh 0guscGJtqifhwGJzufxnfhoGif;jcif;yHkpH 

wdkYudk awGY&ygonf/  

 pum;vHk;tqifh xnfhoGif;jcif;yHkpHwGif rl&if;pum;vHk;xnfhoGif;jcif;? twdkaumufpum;vHk; 

xnfhoGif;jcif;? twdkaumufESifhoD;jcm;pum;vHk;wGJzufxnfhoGif;jcif;? jrefrmbmomjyefESifhrl&if; 

pum;vHk;wGJzufxnfhoGif;jcif;? jrefrmbmomjyefESifhtwdkaumufpum;vHk; wGJzufxnfhoGif;jcif;? 

jrefrmtoHzvS,fjcif;ESifhrl&if;pum;vHk;wGJzufjcif;yHkpH[lí awGY&ygonf/ 

 yk'ftqifhxnfhoGif;jcif;yHkpHwGif rl&if;yk'fxnfhoGif;jcif;? twdkaumufESifh rl&if;yk'f wGJzuf 

xnfhoGif;jcif;? twdkaumufESifhoD;jcm;yk'f wGJzufxnfhoGif;jcif;? jrefrmbmomjyefESifh rl&if;yk'f 

wGJzufxnfhoGif;jcif;? jrefrmtoHzvS,fjcif;ESifhrl&if;yk'f wGJzufjcif;yHkpH[lí awGY&yg onf/ 

t*Fvdyfpum;vHk;tqifhESifhyk'ftqifh wGJzufxnfhoGif;jcif;yHkpHwGif pum;vHk;ESifhyk'fwGJzuf 

xnfhoGif;jcif;yHkpH? twdkaumuf? pum;vHk;ESifhyk'f wGJzufxnfhoGif;jcif;yHkpH[lí cGJjcm;avhvm 

awGY&Sd&ygonf/ 

0guscGJtqifhxnfhoGif;jcif;[kqdk&jcif;rSm t*Fvdyf0gus odkYr[kwf 0guscGJwdkYonf jrefrm 

0guszGJYpnf;yHktwGif; xnfhoGif;a&moHk;vdkufaomtcg 0guscGJtqifhae&mwGifom a&moHk;cH&jcif; 

jzpfygonf/ t*Fvdyf0guscGJtqifhxnfhoGif;jcif;yHkpHrsm;wGif t*Fvdyf0guscGJ wdkuf½dkuf xnfhoGif; 

jcif;yHkpH? jrefrmbmomjyefESifhrl&if;t*Fvdyf0guscGJwGJzufjcif;yHkpH[lí awGY&ygonf/ 

0guswpfaMumif;twGif; pum;vHk;tqifh? yk'ftqifhESifh0guscGJtqifhwdkUudkyg wGJzuf 

xnfhoGif;jcif;yHkpHwGif 0guswpfaMumif;twGif; pum;vHk;ESifh0guscGJ wGJzufxnfhoGif;jcif;yHkpH? 

yk'fESifh0guscGJwGJzufxnfhoGif;jcif;yHkpHESifhpum;vHk;? yk'fESifh0guscGJ wGJzufxnfhoGif;jcif;yHkpH[lí 

avhvmawGY&Sd&ygonf/ 

wpfvSnfhpDjzpfay:jcif;yHkpHrsm;wGif- 

(1) trSD0guscGJtqifh wpfvSnfhpDjzpfay:jcif;yHkpH 

(2) trSDcH0guscGJtqifh wpfvSnfhpDjzpfay:jcif;yHkpH 
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wdkYudkawGY&ygonf/ wpfvSnfhpDjzpfay:&mwGif 0guswpfaMumif;twGif; trSD0guscGJoufouf 

wpfvSnfhpDjzpfay:jcif;yHkpH? trSD0guscGJESifhjrefrmbmomjyefwGJzufí wpfvSnfhpDjzpfay:jcif;yHkpH[lí 

avhvmawGY&Sd&ygonf/  

3? 2? 2/ pdppfcsufrsm; 

jrefrmbmompum;wGif 0gustwGif;ü pum;vHk;tqifh pum;oauFwxnfhoGif; 

a&moHk;jcif; yHkpH 6 rsdK;udk azmfxkwf&ygonf/ rl&if;pum;vHk;xnfhoGif;jcif;onf jrefrmbmom 

pum;twGuf pum;vHk;vdktyfcsufudk t*Fvdyfpum;rS wdkuf½dkufa&moHk;jcif; jzpfygonf/ 

twdkaumuf pum;vHk;xnfhoGif;jcif;? twdkaumufESifh oD;jcm;pum;vHk; wGJzufxnfhoGif;jcif; 

yHkpHwdkYonf rl&if;t*Fvdyfpum;vHk;udk twdkaumufjyKí pum;vHk;topfzefwD;a&moHk;jcif; jzpfygonf/ 

xdkodkYzefwD;a&moHk;jcif;onf rl&if;pum;vHk;udk twdkaumufjyKum trnfemrrsm;taejzifh 

xnfhoGif;a&moHk;vdkufjcif;jzpfygonf/ xdkYjyif twdkaumufpum;vHk;ESifhjrefrmemrfpum;vHk;? 

twdkaumuf pum;vHk;ESifh t*FvdyfoD;jcm;pum;vHk;wdkYudk aygif;pyfxnfhoGif;a&moHk;vdkufaomtcg 

twdkaumufpum;vHk;rsm;onf emrftxl;jyKpum;vHk; jzpfoGm;ygonf/ ]]ARSA tMurf;zuform;? 

KNU OuúXapmbOD;BuD;? NLD tpdk;&? AFC Cup, HTC Smartphone}} paom om"ursm;wGif 

awGYEdkifygonf/ twdkaumufpum;vHk; wdkuf½dkufxnfhoGif;jcif;wGif rsm;aomtm;jzifh EdkifiHa&;qdkif&m? 

pD;yGm;a&;qdkif&mESifh enf;ynmqdkif&mtoHk;rsm;udk twdkaumufjyKa&moHk;avh&Sdonf/ jrefrm 

bmomjyefESifh twdkaumufpum;vHk; wGJzufxnfhoGif;jcif;yHkpHonf twdkaumufpum;vHk;rsm;udk 

trnfemrpum;vHk;tjzpf toHk;jyKa&moHk;xm;jcif; jzpfygonf/ jrefrmtoHzvS,f jcif;ESifhrl&if; 

pum;vHk; wGJzufxnfhoGif;jcif;yHkpHonf jrefrmbmompum;wGifr&Sdonfh a0g[m&rsm;udk 

toHzvS,facs;iSm;í arG;pm;pum;vHk;tjzpf toHk;jyKvdkufjcif;jzpfygonf/ pum;vHk;trsm;pkrSm 

toHk;jyKrI tom;rusao;í rl&if;pum;vHk;ESifhtoHzvS,fxm;aom pum;vHk;wdkYudk wGJzuf 

xnfhoGif;jcif;jzpfygonf/ tom;usNyD; toHk;wGifus,fvmonfESihftrQ jrefrmtu©&m zvS,f 

xm;aom pum;vHk;udkom arG;pm;pum;vHk;tjzpf toHk;jyKvmrnfjzpfygonf/ xl;jcm;csufrSm 

jrefrmbmompum;&Sd tajympum;yHkpHrsm;wGif pum;oauFwxnfhoGif;&mü t*Fvdyfpum;vHk;udk 

jrefrm0gus\ tqHk;owfae&müxm;NyD; 0gusudk tqHk;owfavhr&Sday/ pum;vHk;tqifhwGif 

jrefrmbmomjyefESifh rl&if;pum;vHk; wGJzufxnfhoGif;jcif;? jrefrmtoH zvS,fjcif;ESifh rl&if;pum;vHk; 

wGJzufxnfhoGif;jcif;yHkpHwdkYonf jrefrmbmompum;wGif a0g[m& opfjzpfay:wdk;wufrItwGuf 

tpjyKjcif; jzpfonf/ ,if;onf jrefrma0g[m& zGHYNzdK;wdk;wuf&ef taygif;vu©PmaqmifNyD; 

jrefrma0g[m&opfzGHYNzdK;&efrsm;pGmtaxmuftul jyKygonf/ 

yk'ftqifhwGif pum;oauFwxnfhoGif;a&moHk;jcif;yHkpH 5 rsdK;udk azmfxkwf&&Sdygonf/ 

rl&if;yk'fxnfhoGif;jcif;yHkpHonf jrefrmbmompum;\ a0g[m&vdktyfcsufrsm;udk t*Fvdyfyk'f 

rsm;jzifhwdkuf½dkufxnfhoGif;jcif;jzpfygonf/ twdkaumufESifhrl&if;yk'f wGJzufxnfhoGif;jcif;yHkpHonf 

twdkaumufpum;vHk;rsm;udk trnfemrrsm;tjzpf tpjyKzefwD;NyD; rl&if;t*Fvdyfyk'fESifh wGJzuf 

toHk;jyKxm;jcif; jzpfygonf/ twdkaumufESifhoD;jcm;pum;vHk; wGJzufxnfhoGif;jcif;ü 

twdkaumufpum;vHk;udk pum;vHk;topfzefwD;jcif;jzpfNyD; trnfemrtjzpf wGJzufa&moHk; 
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jcif;jzpfaMumif; awGY&ygonf/ jrefrmbmomjyefESifhrl&if;yk'f wGJzufxnfhoGif;jcif;yHkpHonf rl&if; 

t"dyÜm,fudk ydkrdkav;eufapvdkjcif;? bmomjyef tom;rusao;jcif;wdkYaMumifh wGJzuf a&moHk;jcif; 

jzpfaMumif; ,lq&ygonf/ toHzvS,fvdkufonfhpum;vHk; tom;usNyD; toHk;wGif us,fvmvQif 

jrefrmbmompum;zGHUNzdK;a&;ESifh pum;vHk;opfrsm;ay:aygufa&;wdkYtwGuf rsm;pGm taxmuftul 

jyKygonf/ xdkYaMumifh bmomjyefESifhrl&if;yk'f wGJzufxnfhoGif;jcif;? toHzvS,fjcif;ESifh 

rl&if;yk'fwGJzufxnfhoGif;jcif;yHkpHwdkYonf jrefrmbmompum;wGif a0g[m&opfjzpfay: wdk;wufrI 

twGuf tpjyKjcif;jzpfonf/ jrefrma0g[m& zGHYNzdK;wdk;wuf&eftwGuf taygif;vu©Pmaqmifaom 

yHkpHjzpfNyD; toHk;jyKrIrwGifus,fao;jcif;? tom;rusao;jcif;wdkYaMumifh wGJzufxnfhoGif;&jcif; 

jzpfygonf/ usefyHkpHrsm;onf jrefrma0g[m& zGYHNzdK;&eftwGuf tEkwfvu©PmaqmifaomyHkpHrsm; 

jzpfygonf/  

pum;vHk;ESifhyk'f wGJzufxnfhoGif;jcif;wGif yHkpH 2 rsdK;udk azmfxkwf&ygonf/ pum;vHk;ESifh 

yk'fwGJzufxnfhoGif;jcif;yHkpHrsm;wGif oauFw? jrefrmbmomjyefESifh jrefrmtoHzvS,fxm;aom 

pum;vHk;wdkYudkyg wGJzufí vdktyfovdk wpfNydKifeufwnf; a&moHk;Edkifygonf/ ,if;wdkYudkvnf; 

tjcm;bmompum;rsm;uJhodkY jrefrm0gus\ tqHk;owfae&müxm;NyD; 0gusudk tqHk;owf 

avhr&Sday/ xdkYaMumifh jrefrmbmompum;wGif pum;vHk;tqifhESifh yk'ftqifh pum;vHk;rsm;udk 

wGJzufí pum;oauFrsm;a&moHk;EdkifouJhodkY oauFw? twdkaumufpum;vHk;? jrefrmtu©&mjzifh 

toHzvS,faompum;vHk;? bmomjyefpum;vHk;wdkYESifhyg 0guswpfaMumif;twGif; wpfNydKifwnf; 

wGJzufxnfhoGif;í a&moHk;Edkifonf/ jrefrm0gustwGif; ]oauFw? twdkaumuf? pum;vHk;ESifhyk'f} 

wdkUudk wpfNydKifwnf; wdkuf½dkufxnfhoGif;a&moHk;jcif;onf jrefrma0g[m&opfzGHYNzdK;wdk;wuf&ef 

twGuf tEkwfvu©Pmaqmifaom xnfhoGif;jcif;yHkpHrsm; jzpfygonf/  

t*Fvdyf0guscGJtqifhxnfhoGif;jcif;wGif yHkpH 2 rsdK;udk azmfxkwf&&Sdygonf/ t*Fvdyf0guscGJ 

wdkuf½dkufxnfhoGif;jcif;yHkpHonf jrefrmbmompum;twGuf vdktyfaoma0g[m&rsm;udk rl&if; 

t*Fvdyf0gusrsm;rS 0guscGJtaejzifh jrefrm0gustwGif; wdkuf½dkufxnfhoGif;a&moHk;vdkufjcif; 

jzpfygonf/ jrefrmbmomjyefESifht*Fvdyf0guscGJ wGJzufxnfhoGif;jcif;yHkpHonf rl&if;t"dyÜm,f 

ydkrdkav;eufapvdkívnf;aumif;? bmomjyeft"dyÜm,f tom;rusao;ívnf;aumif; wGJzufa&m 

oHk;jcif;jzpfEdkifaMumifh ,lqrdygonf/ xdkYaMumifh 0guscGJ wdkuf½dkufxnfhoGif;jcif;yHkpHonf 

jrefrmbmompum;twGuf vdktyfaom taMumif;t&mrsm;udk jrefrm0gustwGif; t*Fvdyf 0guscGJ 

tqifhtaejzihf wdkuf½dkufxnfhoGif;a&moHk;vdkufjcif; jzpfEdkifygonf/ pum;oauFw xnfhoGif; 

toHk;jyKolrsm;\ jrefrmbmomjyeftm;enf;jcif;? BudK;pm;tm;xkwfrI tm;enf;jcif;aMumifh[k 

qdkEdkifygonf/ 0guscGJtqifh wdkuf½dkufa&moHk;jcif;onf jrefrmbmompum;zGHYNzdK;rI twGuf tEkwf 

vu©PmaqmifaomyHkpH jzpfygonf/ jrefrmbmomjyefESifhrl&if;0guscGJ wGJzuf xnfhoGif;jcif;onf 

rl&if;t"dyÜm,fudk ydkrdkav;eufapvdkívnf;aumif;? rl&if;toHk;tEIef;ESifh tuRrf;w0if&Sdapvdkí 

vnf;aumif;? bmomjyeft"dyÜm,f tom;rusao;ívnf;aumif; wGJzufa&moHk;jcif;jzpfaMumif; 

,lq&ygonf/ 
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pum;vHk;tqifh? yk'ftqifhESifh0guscGJtqifh wGJzufxnfhoGif;jcif;wGif yHkpH 3 rsdK;udk 

azmfxkwf&&Sdygonf/ jrefrmbmompum;wGif oauFw? twdkaumufpum;vHk;wdkYESifhyg 

wpfNydKifeufwnf; wGJzufxnfhoGif;í pum;oauFwa&moHk;Edkifygonf/ xdkYaMumifh jrefrmbmom 

pum;wGif pum;vHk;tqifh? yk'ftqifhESifh 0guscGJtqifh wGJzufí pum;oauFrsm; a&moHk;Edkif 

ouJhodkY oauFw? twdkaumufpum;vHk;ESifhyg wGJzufí 0guswpfaMumif;twGif; wGJzufa&moHk; 

Edkifygonf/ xdkodkY wGJzufxnfhoGif;&mwGif jrefrm0gusa&m zGJYpnf;wnfaqmufyHktwGif; 

tqHk;owfae&mrSvGJí jrefrm0guszGJYyHktwdkif; rnfonfhae&mwGifrqdk wGJzufxnfhoGif; 

a&moHk;Edkifygonf/  

0guscGJtqifh wpfvSnfhpDjzpfay:jcif;wGif yHkpH 2 rsdK;udk azmfxkwf&&Sdygonf/ t*Fvdyf0gus 

rsm;onf rdrdwdkYbmom oD;jcm;&yfwnfygu 0gusrsm;tjzpf &yfwnfEdkifaomfvnf; jrefrm 

0guszGJYpnf;wnfaqmufyHktwGif; wpfvSnfhpDa&moHk;vdkufaomtcg 0guscGJae&m? yk'fae&m wdkYwGif 

jrefrmo'́gwnfaqmufyHkESifh t*Fvdyfo'́gwnfaqmufyHkwdkY wpfvSnfhpDa&moHk;Edkifygonf/ xdk0guscGJ 

rsm;onf jrefrm0guszGJYpnf;wnfaqmufyHktwGif; trsm;tm;jzifh trSD0guscGJrsm;om toHk;rsm;yg 

onf/ jrefrm0gus zGJYpnf;wnfaqmufyHktwGif; t*FvdyftrSD0guscGJESifh trSDcH0guscGJ wdkYudk 

xnfhoGif;í jrefrmo'´gwnfaqmufyHkESifh t*Fvdyfo'´gwnfaqmufyHkwdkY wpfvSnfhpD a&moHk; 

EdkifaMumif;awGY&ygonf/ xl;jcm;csufrSm EdkifiHjcm;bmompum;rsm;wGif oufqdkif&m EdkifiHjcm; 

bmompum;rsm;\ 0guswnfaqmufyHkwGif t*Fvdyf0guscGJjzifh xnfhoGif;í 0gusudk tqHk;owf 

Edkifaomfvnf; jrefrmbmompum;wGifrI ]ygyJ? yJ? yg} ponfh jrefrmbmompum;\ 0gus 

tqHk;owf wpfckckjzpfom 0gusudk tqHk;owfavh &Sdygonf/ xdkYaMumifh wpfvSnfhpD jzpfay:jcif; 

yHkpHonf 0guscGJtqifhwGifjzpfNyD; bmomjyeftm;enf;jcif;aMumifh[k qdkEdkifygonf/ tjcm;wpfzuf 

wGif rdrdwdkY\ t*FvdyfpmwwfajrmufrI*kPfudk azmfjyvdkjcif;aMumifhvnf; jzpfEdkifonf/ rl&if; 

tmabmfESifh vGJrSm;wdrf;apmif;rIr&Sd&ef? rl&if;toHk;tEIef;ESifh tuRrf;w0if&Sdap&efwdkYtwGuf 

rl&if;t*Fvdyf0guscGJtwdkif; wdkuf½dkufxnfhoGif;jcif;jzpfEdkifaMumif; ,lq&ygonf/  

3? 3/ pum;vkyfaqmifcsufyHkpHrsm; 

pum;vkyfaqmifcsufrsm;udk azmfjy&mwGif aqmif&GufcsufjyBud,mrsm;
1
 jzifh azmfjyonfh 

enf;onf txif&Sm;qHk;enf; jzpfygonf/ pum;cGef;tm;jzifhvkyfaqmif&mwGif- 

(1)  pum;toHk;tEIef;
2

 

(2)  ajymol\qE´
3
 

(3)  ajympum;\oufa&mufrI
4
 

1  performative  verbs 
2  locution 
3  illocution 
4  perlocution 
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[lí awGY&ygonf/ pum;vkyfaqmifcsufyHkpHudk- 

(1)  qHk;jzwfrIqdkif&mrsm;
1

 

(2)  toHk;csrIqdkif&mrsm;
2

 

(3)  wm0ef,lrIqdkif&mrsm;
3

 

(4)  tjyKtrIqdkif&mrsm;
4

 

(5) &Sif;vif;wifjyrIqdkif&mrsm;
5

 

[lí avhvmxm;onf/  

2? 3? 1/ awGY&Sdcsufrsm; 

qHk;jzwfcsufqdkif&mrsm;wGif qHk;jzwfpum;
6
? xifjrifpum;

7
? cefYrSef;pum;

8
? wefzdk;jzwf 

pum;
9
 ponfwdkYESifhoufqdkifaMumif; awGY&ygonf/ qHk;jzwfcsufay;olonf tcGifhtPm&Sdolu 

ay;EdkifouJhodkU ajymolonf olYudk,folvnf; qHk;jzwfcsufcsEdkifygonf/ xdktajympum;wGif 

ajymolonf emoltm; wpfpHkwpfckudk rjzpfraejyKvkyf&ef oufa&mufrI jzpfay:aponf/ 

xifjrifpum;wGif ajymolonfemoludk wpfpHkwpfckjyKvkyf&ef oufa&mufrIr&SdbJ ajymolu 

ol\tjrifudk ajymjyjcif;om jzpfonf/ cefYrSef;pum;onf rSef;qrIrsm;omjzpfNyD; wdusrIr&Sday/ 

emoltay: ajymol\cefYrSef;rIudk ajymjyjcif;omjzpfonf/ wefzdk;jzwfpum;wGif ajymolonf 

wpfpHkwpfcktwGuf aiGaMu; odkYr[kwf vkyf&nfudkif&nfjzifh wefzdk;jzwfEdkifaMumif; awGY&onf/  

 toHk;csrIqdkif&mpum;rsm;wGif toHk;cspum;
10
? csdef;qdkpum;

11
? trdefYay;pum;

12
? owd 

ay;pum;
13
? wdkufwGef;pum;

14
ponfhjzifh vTrf;rdk;rIwpfckckudk toHk;csjcif;ESifh oufqdkifygonf/ 

toHk;csrIpum;wGif ajymolonf olwpfyg;udk rdrdtusdK;twGuf tcGifhta&;jzifh toHk;csjcif; 

jzpfygonf/ touft&G,ftqifhtwef;ra&G; toHk;csydkifcGifh&Sdygonf/ odkYaomf jrefrmhvlY 

1  verdictives 
2  exercitives 
3  commissives 
4  behabitives 
5  expositives 
6  verdict 
7  opinion 
8  estimation 
9  appraisal 
10 exercise 
11 appointment 
12 order 
13 warning 
14 urge 
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tzGJYtpnf;wGif wynfhjzpfoluq&mudkvnf;aumif;? &mxl;i,folu&mxl;BuD;oludk vnf;aumif;? 

toHk;csonfhtajympum;udk ajymqdkrIenf;ygonf/ taMumif;rSm jrefrmwdkYu r,Ofaus;onfh 

vkyf&yftjzpf ,lqMujcif;aMumifhjzpfygonf/ csdef;qdkpum;wGif ajymolonf taMumif;udpö 

wpfckckNyD;ajrmuf&eftwGuf tcsdef? ae&m ponfhjzifh wpfckckudk toHk;jyKí csdef;qdkjcif;jzpfonf/ 

xdktajympum;wGif ajymolESifhemolwdkY\&if;ESD;rI? ywfoufrI twdkif;twmudk tuJcwfEdkif 

ygonf/ trdefYay;pum;wGif ajymolonf emoludk vdkufemaqmif&Guf&ef trdefYay;Edkifaom 

tmPmESifht&Sdeft0gwdkYudk toHk;jyKjcif;jzpfonf/ owday;pum;wGif ajymolonf emol\tusdK;? 

rdrd\tusdK;udk a&SU&INyD; vTrf;rdk;rIwpfckckudk toHk;csum owday; ajymqdkEdkifonftjyif tcsdKU 

owday;pum;rsm;wGif cifrifrI? apwem? arwåmwdkY tay: tajccHívnf; ajymqdkjcif;jzpfygonf/ 

wdkufwGef;pum;wGif ajymolonf emol\ udk,fusdK; twGuf wpfpHkwpfckudkaqmif&Guf&ef 

t&Sdeft0gESifhtcGifhta&;udk toHk;csaomfvnf; tcsdKU wdkufwGef;pum;rsm;onf apwem? 

arwåmwdkYtay:wGifvnf; t&if;cHí wdkufwGef;ajymqdkjcif; jzpfaMumif; awGY&onf/  

 wm0ef,lrIqdkif&mpum;rsm;wGif wm0ef,lpum;
1
?  uwday;pum;

2
? tmrcHpum;

3
? 

tvkyfvufcHpum;
4
? oabmwlpum;

5
? axmufcHpum;

6
 ponfhwdkYESifh oufqdkifygonf/ 

wm0ef,lpum;wGif ajymolonf aqmif&Guf&eftrIudpörsm;udk udk,fwdkifwm0ef,l ajymqdkjcif; 

jzpfonf/ xdkpum;wGif ajymolonf emoltm; tnTef;cHtwGuf wm0ef,ljcif;jzifh ajymolESifh 

emolwdkY tjyeftvSefem;vnfrI &&Sdaponf/ uwday;pum;? tmrcHpum;wGif ajymolonf 

ESpfOD;pvHk;\ tusdK;twGuf odkYr[kwf olwpfyg;tusdK;twGuf wpfpHkwpfckudk uwday;jcif;? 

tmrcHay;jcif; jzpfygonf/ tvkyfvufcHpum;wGif ajymolonfwpfpHkwpfckudk wm0ef,lNyD; 

vufcHaqmif&Gufjcif;jzpfygonf/ axmufcHpum;wGif ajymolonf wpfpHkwpfcktwGuf bufvdkuf 

ajymjcif;jzpfonf/ oabmwlpum;wGif ajymolonf wpfpHkwpfck\ qE´twdkif;vdkufavsmjcif; 

jzpfonf/ ,if;odkY ajymqdkjcif;jzifh ESpfOD;pvHk;\ qufqHa&; wdk;wufaumif;rGefapNyD; vkyfief; 

tqifajyatmifjrifapEdkifaMumif; awGY&ygonf/ 

 tjyKtrlqdkif&mpum;rsm;wGif awmif;yefpum;
7
? *kPf,l0rf;ajrmufpum;

8
? 0rf;enf; 

pum;
9
? usdefqJpum;

10
? pdefac:pum;

11
 ponfwdkYESihf oufqdkifygonf/ awmif;yefpum;wGif 

ajymolonf tjypfrScGifhvTwf&ef? wpfpHkwpf&mjyKvkyfay;&efESifh wpfpHkwpf&mrjyKvkyf&ef awmif;yef 

1  commitment 
2  promise 
3  guarantee 
4  acceptance 
5  agreement 
6  espousal 
7  apology 
8  congratulation 
9  condolence 
10 curse 
11 challege 
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jcif;jzpfonf/ *kPf,l0rf;ajrmufpum;wGif ajymolonf wpfpHkwpfa,muftwGuf rdrd&ifwGif; 

cHpmrIudkajymjcif; jzpfonf/ 0rf;enf;pum;wGif ajymolonf rdrdudk,fwdkif odkYr[kwf wpfpHk 

wpfa,muftwGuf pdwfxdcdkuf&jcif;jzpfaMumif; awGY&onf/ xdkodkY ajymqdkjcif;jzifh vlrIa&; 

em;vnfaom? udk,fcsif;pmemwwfaom ajymol\ pdwfaeoabmxm;udk awGY&Sd&ygonf/ usdefqJ 

pum;wGif ajymolonf wpfpHkwpfa,mufudk ab;awGY&ef usdefqJjcif;jzpfNyD; pdefac: pum;wGif 

wpfpHkwpfa,mufudk ,SOfNydKif&efpdefac:jcif;jzpfaMumif; awGY&onf/ 

 &Sif;vif;wifjyrIqdkif&mpum;rsm;wGif &Sif;vif;wifjypum;
1
? jiif;qdkpum;

2
? 0efcHpum;

3
? 

trSefvufcHpum;
4
 ponfwdkYyg0ifNyD; tusdK;oifhtaMumif;oifh aqG;aEG;jcif; odkYr[kwf &Sif;jyjcif; 

jzpfonf/ &Sif;vif;wifjyjcif;wGif ajymolonf wpfpHkwpf&mudk taMumif;udpöwpfck twGuf 

tusdK;oifhtaMumif;oifhajymqdkjcif; jzpfygonf/ jiif;qdkpum;wGif ajymolonf wpfpHkwpfa,muf 

udk jzpf&yfwpfckESifhywfoufí jiif;qdkjcif; odkYr[kwf rdrdESifhroufqdkifaMumif; jyefvnf 

wkefYjyefajymjcif;jzpfonf/ 0efcHpum;wGif ajymolonf wpfpHkwpfa,mufudk rdrdvkyf&yfESifh 

ywfoufí [kwfrSefonf[k ajymjcif;jzpfaomfvnf; taMumif;jycsufay;um 0efcHonfhoabmudk 

awGY&Sd&ygonf/ trSefvufcHpum;wGif ajymolonf rdrdudk,fwdkif trSefudk vufcHaomfvnf; 

taMumif;jycsufay;um vufcHonfhoabmudk awGY&Sd&onf/  

2? 3? 2/ pdppfcsufrsm; 

 qHk;jzwfcsufqdkif&m pum;yHkpHwGif ajymoluemoludk wpfpHkwpfcktwGuf qHk;jzwfcsuf 

ay;jcif;? wef;zdk;owfrSwfjcif;? tjrifoabmxm;udkcsjyjcif;jzifh ajymol\&nf&G,fcsufudk 

NyD;ajrmufaponf/ xdkYjyif tcsdKUtajympum;rsm;onf emoludk rjzpfrae vdkufemvkyfaqmif&ef 

twGuf oufa&mufrIudk jzpfapaomfvnf; tcsdKUtajym pum;rsm;onf emoludk rjzpfrae 

vkyfaqmif&rnf[laom oabmrsdK;udk rawGY&ay/ emol\qE´tay:rlwnfNyD; oufa&mufrI 

jzpfay:apygonf/ wpfcsdKU tajympum;rsm;onf emolESifhtnTef;cHudkyg pum; wpfcGef;wnf;jzifh 

oufa&mufrIESpfrsdK;udk jzpfay:aponf/ xdkpum;vkyfaqmifcsufrsm;aMumifh ajymolESifhemol wdkY\ 

vkyfief;cGifA[kokwudk&&SdapNyD; vkyfief;aqmifwmrsm;yg NyD;ajrmufapaom tusdK;aus;Zl;udk 

&&Sdapygonf/ 

 toHk;csrIqdkif&mpum;yHkpHwGif ajymolutcGifhta&;udk rdrdtusdK;twGuf toHk;csjcif;? 

taMumif;udpöwpfckcktwGuf vdkufygvkyfaqmif&ef tcGifhtmPmudkoHk;jcif;? emol\tusdK;udk 

a&SU&INyD; wpfpHkwpfckaqmif&Guf&ef vTrf;rdk;rIwpfckck? t&Sdeft0gESifh cifrifrIapwemwdkYudk 

toHk;jyKjcif;jzifh ajymol\&nf&G,fcsufNyD;ajrmufatmif vkyfaqmifjcif;jzpfygonf/ xdkpum; 

aMumifh ajymol\qE´NyD;ajrmufapouJhodkY emolu vdkufemvkyfaqmifjcif;jzifh ESpfOD;ESpfzufpvHk; 

tjyeftvSef tusdK;aus;Zl;udk&&SdapNyD; vlrIqufqHa&;udk ydkrdkacsmarGUapEdkifonf/ 

1  exposition 
2  argument 
3  confession 
4  assumption 
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 wm0ef,lrIqdkif&mpum;yHkpHwGif ajymoluaqmif&Guf&efudpörsm;udk udk,fwdkifwm0ef,l jcif;? 

ajymolemol ESpfOD;pvHk;tusdK;twGuf wm0ef,ljcif;? tnTef;cHtusdK;twGuf wm0ef,l jcif;? 

wpfpHkwpfcktwGuf uwday;jcif;? tmrcHjcif;? axmufcHjcif;? oabmwljcif;wdkYudk awGY&onf/ 

,if;wGif ajymol\&nf&G,fcsuf qE´NyD;ajrmufatmif rdrdtusdK;omru olwpfyg;tusdK;udkyg 

vdkvdkvm;vm;aqmif&Gufygonf/ xdkpum;aMumifh ajymoluemoludk rdrdbufygatmifpnf;½Hk;EdkifNyD; 

vlrIqufqHa&;twGuf aumif;rGefaom tusdK;aus;Zl;udk&&Sdapygonf/ xdkYjyif olwpfyg;\ 

tusdK;udk vdkvm;jcif;jzifh vltrsm;\ tm;udk;,HkMunfrIudk &&Sdapygonf/ 

 tjyKtrlqdkif&mpum;yHkpHwGif ajymolurdrdudk tjypfrScGifhvTwf&ef? tvkyfudpöNyD;ajrmuf 

ap&efESifh raumif;rIudkrvkyf&ef awmif;yefjcif;? wpfpHkwpfa,mufESifh xyfwl0rf;ajrmuf 

0rf;omjcif;? pdwfxdcdkufjcif;? wpfpHkwpfa,mufudk ab;awGYapjcif;? pdefac:jcif;jzifh ajymol\ 

qE´udk xkwfazmfjcif;jzpfaMumif; awGY&ygonf/ ,if;wGif tcsdKU tajympum;rsm;onf tnTef;cH 

twGuf ajymol\cHpm;csufudk xkwfazmfaMumif;awGY&onf/ xdkpum;tjyKtrlrsm;aMumifh ajymol 

ESihfemolwdkY\ vlrIqufqHa&;acsmarGYapouJhodkY tcsdKUpum;tjyKtrlrsm;onf ajymolESifh 

emolwdkY\ qufqHa&;udk ysufjym;apygonf/ 

 &Sif;vif;wifjyrIqdkif&mpum;yHkpHwGif ajymoluwpfpHkwpfa,mufudk taMumif;udpö? 

tjzpftysuf? jyóemwpf&yfESifhywfoufNyD; tusdK;oifhtaMumif;oifh ajymqdkMuouJhodkY 

tcsdKUtajympum;rsm;onf taMumif;jycsufay;um ajymqdkjcif;vnf;jzpfonf/ xdkpum;rsm;aMumifh 

ajymolESifhemolwdkY\ tzktxpfjyóemrsm;udk ajyvnfrI&&SdapNyD; vlrIqufqHa&;rSm aumif;rGef 

Edkifapygonf/ ajymolESifhemolwdkY\ oHo,udkvnf; ajyaysmufapEdkifonf/ 

3? 4/ pum;ajymyHkpHrsm; 

 pum;ajymyHkpHrsm;udkazmfxkwf&mwGif tzGifhpum;? pum;tvSnfh,ljcif;? Mum;vyf? 

pum;xyfrI? tcsufjypum;? pum;twGJtzufpHkwGJ? ab;wdkufjzpfpOf? Mum;xdk;jzpfpOf? pum;jyif 

ajymjcif;ESifh tqHk;owfpum;[lí azmfxkwfxm;ygonf/ 

2? 4? 1/ awGY&Sdcsufrsm; 

 jrefrmbmompum;&Sd tzGifhpum;yHkpHrsm;wGif jrefrmvlrsdK;wdkYonf wpfOD;ESifhwpfOD;awGYqHkpOf 

tzGifhpum;rsm;udk EIwfcGef;qufpum;? qkawmif;pum;? BudKqdkpum;? 0rf;ajrmufpum;? 

avmu0wfpum; ponfwdkYjzifh ,Ofaus;ysLiSmpGm pwifajymqdkMuaMumif; awGY&ygonf/ 

txl;ojzifh tzGifhpum;yHkpHwGif ,aeYacwf toHk;wGifus,faeaom tzGifhpum;rSm ]]r*Fvmyg}} 

[laom EIwfcGef;qufpum; jzpfygonf/ ,if;udk tzGifhpum;tjzpf ae&mu@rsdK;pHkü wGifus,fpGm 

toHk;jyKvsuf&Sdygonf/ omref vlESpfOD;awGYqHkcsdef odkYr[kwf vlESpfOD; zkef;ajym csdefwdkYwGif 

]]r*Fvmyg}} [lonfh EIwfcGef;qufpum;udk tzGifhpum;tjzpf ajymqdkrIrSm enf;yg;ygonf/ 

odkYaomfvnf; tcrf;tem; tpDtpOfjzifh yHkpHwus wifquf&aom pum;ajymwdkYwGif ]]r*Fvmyg}} 

[laom EIwfcGef;qufpum;udk us,fus,fjyefYjyefY toHk;jyKajymqdkMuonf/ omreftm;jzifh 

yHkpHwusr[kwfaom awGYqHkrIrsm;wGif avmu0wfpum;udkom toHk;jyKajymqdkMuygonf/ 
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zkef;pum;ajymwGif trsm;tm;jzifh zkef;ac:olu tzGifhpum;udk tar;pum;ESifhpwifNyD; 

zkef;vufcHolu vufcHpum;wdkYjzifh pwifajymqdkMuaMumif; awGY&ygonf/ zkef;ac:olESifhzkef; 

vufcHolwdkY\&if;ESD;rI? olpdrf;qefrI? zkef;ac:ol\ zkef;eHygwfudk zkef;vufcHolurnfoljzpfaMumif; 

BudKwifod&Sdxm;rIwdkYtay:rlwnfNyD; trsdK;rsdK;uGJjym;pGm ajymqdkavh&SdMuaMumif; awGY&ygonf/ 

 pum;ajympdppfrIt& pum;tvSnfh,ljcif;wGif- 

(1) tvSnfhzGJYpnf;rIqdkif&m aygif;pyfrI
1
 

 (2) tvSnfhcGJa0rIqdkif&m aygif;pyfrI
2
 

wdkYudk awGY&ygonf/ pum;tvSnfh,ljcif;pepf\ tvSnfhzGJYpnf;rIqdkif&mESifh tvSnfhcGJa0rI 

qdkif&maygif;pyfrIwdkYwGif- 

 (u) vuf&Sdajymolonf aemufajymrnfholudk a&G;cs,fay;jcif;
3
 

 ( c) aemufajymrnfholu rdrdbmom a&G;cs,fajymqdkjcif;
4
 

 ( *) vuf&Sdajymolu qufvufajymqdkaejcif;
5
 

wdkYudk awGY&onf/  

 tvSnfhzGJpnf;rIqdkif&mESifh tvSnfhcGJa0rIqdkif&m enf;vrf;t& pum;tvSnfh,l&mwGif 

rwlnDonfhvkyfaqmifcsufrsm;aMumifh pum;wpfcGef;ESifhwpfcGef;Mum;wGif wdkawmif;aom 

Mum;vyfrsm;
6
 jzpfay:Edkifonf/ ajymqdkolESpfOD;Mum;wGif wdkawmif;aom Mum;vyfrsm;tjzpf 

tEkpdwfacwÅ&yfem;rIrsm;
7
? wdwfqdwfrIrsm;

8
 jzpfEdkifouJhodkY wpfOD;csif;pum;üvnf; tEkpdwf 

acwÅ&yfem;rIrsm;? wdwfqdwfrIrsm; awGY&onf/ 

 pum;ajymjzpfpOfwpfckwGif ajymqdkolESpfOD;Mum;ü rwlnDaom pum;vkyfaqmifrIrsm; 

aMumifh wdkawmif;aom pum;xyfrIrsm;
9
 jzpfEdkifygonf/ pum;tvSnfhajymif;,l&mü ajymol ESpfOD; 

pum;xyfrIjzpfyGm;EdkifNyD; xdkodkY pum;xyf&jcif;rSm wlaomtaMumif;t&mwpfcktay: pum;NydKifwl 

ajym&if; pum;xyfrI? rwlaomtaMumif;t&mwpfcktay: pum;vkajym&if; pum;xyfrI 

ESifha&SUajymol\pum;rS taMumif;t&mtcsdKUudk aemufajymolu pum;xyfum tvSnfh,lvdkuf 

ojzifh yl;aygif;aqmif&Gufaompum;xyfrI
10
 [lí 3 rsdK; awGY&ygonf/ 

1  turn-constructional component 
2  turn-allocational component 
3  current speaker selects next speaker 
4  next speaker self-selects 
5  current speaker continue 
6  gaps  
7  micropause 
8  silence 
9  overlaps 
10  cooperative overlapping 
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 pum;ajymwGif vltcsif;csif; tjyeftvSefqufqH&mü tqifajyacsmarGUap&efjyKvkyf& 

onfh t*Fgwpf&yfrSm tcsufjypum;rsm;
1
udk toHk;jyKMujcif;jzpfygonf/ ,if;udk tao;pm; 

wHkYjyefrIrsm;
2

 [kvnf;ac:onf/ t*Fvdyfpum;ajymwGif oh yes, yeah, ok, right, no ponfhjzifh 

awGYEdkifygonf/ jrefrmpum;ajymwGif pum;ajymaepOftwGif; wpfOD;u ]]atmf tif? tif; tif;? 

jzpfrSmaygh? 'gaygh? trf? [kwfvm;}} ponfhjzifh  toHk;jyKwHkYjyefMujcif;rsdK;jzpfaMumif; awGY&onf/ 

pum;wHkYvS,fajymqdkrIrsm;wGif ajymolESifhemolwdkY wpfvSnfhpD toHk;jyKajymqdk&aom pum;twGJ 

tzufpHkwGJrsm;
3
 &Sdygonf/ pum;twGJtzufpHkwGJrsm;rSm EIwfcGef;qufpum;ESifh jyefvnfEIwfcGef; 

qufpum;?  tar;pum;ESifhtajzpum;? awmif;qdkpum;ESifhvufcHpum;^ iif;y,fpum; 

ponfwdkYuJhodkYaom twGJvdkufjzpfaeaomyHkpHrsdK; jzpfygonf/ 

 pum;0dkif;wpfck\ ab;wdkufjzpfpOf
4
onf t"dutaMumif;t&m rqHk;rD xdktaMumif; 

t&mESifhqufpyfNyD; oG,f0dkufí0ifa&mufvmaom jzpfpOfrsdK;jzpfonf/ pum;0dkif;\ Mum;xdk; 

jzpfpOf
5
onf vuf&Sdpum;ajymwGif t"dutaMumif;t&m rNyD;qHk;rD xdktaMumif;t&mESifh 

rywfoufaom oD;jcm;jzpfpOfwpfckjzpfaMumif; awGY&onf/ 

 pum;jyifajymjcif;wGif- 

 (u) rdrdudk,fwdkifpum;jyifajymjcif;
6

 

 (c ) tjcm;olu pum;jyifajymjcif;
7

 

wdkYudk awGY&onf/ 

 tqHk;owfpum;
8
udk omrefawGYqHk&mwGif tjyeftvSefEIwfqufpum;jzifh tqHk;owf 

avh&Sdonf/ tqHk;owf&mü vlrItajctaetvdkuf tBudKtqHk;owfpum;rsm;
9

udk toHk;jyKNyD; 

tqifhqifh tqHk;owfavh&Sdonfudkvnf; awGY&ygonf/ t*Fvdyfpum;wGif tBudKtqHk;owf 

pum;taejzifh okay, all right, thank you, wdkYudk ajymqdkMuNyD; jrefrmwdkYuvnf; ]]tdkau? 

aumif;NyD? aus;Zl;yg}} [lí ajymqdkMuaMumif;vnf; awGY&onf/ 

3? 4? 2/ pdppfcsufrsm; 

 jrefrmhvlUtzGJYtpnf;wGif vlwpfOD;ESifhwpfOD; tzGifhpum;udk EIwfcGef;qufpum;jzifh pwif 

ajymqdkMujcif;rSm tjyeftvSefav;pm;aMumif;jyojcif;? wpfOD;tay:wpfOD; tav;xm;*½kjyK 

1  back channel 
2  minimal responses 
3  adjacency pairs 
4  side sequence 
5  Insertion sequence 
6  self-repair 
7  other-repair 
8  closing sequence 
9 pre-closings 
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aMumif;jyojcif;ESifh jrefrmwdkY\pdwf&if;udkjyojcif;vnf; jzpfygonf/ ,if;onf jrefrmvlrsdK;wdkY\ 

*kPf,lzG,f&maumif;jrwfaom tpOftvm ,Ofaus;rI"avhwpf&yfvnf;jzpfí xdkaumif;jrwfaom 

tpOftvmaumif;udk qufvufxdef;odrf;oifhygonf/ 

 pum;tvSnfh,ljcif;yHkpHrsm;wGif aygif;pyfrI 2ckjzifh yg0ifzGJUpnf;aeaMumif; azmfxkwf &&Sd 

ygonf/ xdkYjyif tajccHpnf;rsOf; 3 &yfpvHk;wGif Mum;vyfESifh yl;aygif;aqmif&Gufaom pum;xyfrI 

rsm; jzpfyGm;Edkifygonf/ pnf;rsOf;(c)wGifrI Mum;vyftjyif wpfcsdefwnf; wpfNydKifwnf; pum; 

xyfrIyg jzpfEdkifonf/ pnf;rsOf;(u)t& vuf&Sdajymolonf aemufajymrnfholudk a&G;cs,fay;&m 

wGif jrefrmwdkY\tpOftvm ,Ofaus;rIt& toufBuD;ol odkYr[kwf *kPfBuD;oludk t&ifOD;qHk; 

tvSnfhay;ajymqdkapygonf/ xdkodkY aemufajymrnfholudk a&G;cs,ftvSnfhay;&mwGif nTef;ac:jcif;? 

ar;cGef;ar;jcif;? awmif;qdkjcif;? EIwfcGef;qufpum; ajymqdkapjcif; ponfwdkYjzifh tvSnfhay;Mu 

ygonf/ pnf;rsOf;(c)t& aemufajymrnfholu rdrdbmoma&G;cs,fajymqdk&mwGif wpfOD;NyD;rSwpfOD; 

0ifa&mufajymqdkvQif wpfcsdefwnf; wpfNydKifwnf; pum;xyfrIudk a&Smif&Sm;Edkifonf/ aemufajym 

rnfholu vuf&Sdajymol\ pum;rqHk;rD twif;0ifajymvQif vuf&Sdajymolu olYpum;udk 

NyD;qHk;onftxd qkyfudkifxm;EdkifNyD; rdrdpum;qHk;rSajym&ef [efYwm;Edkifygonf/ pnf;rsOf;(*)t& 

vuf&Sdajymolu qufvufajymqdkae&mwGif BudKwifvrf;cif;onfhyHkpHESifh pum;qufrsm; toHk;jyK 

onfhyHkpH 2 rsdK;udk azmfxkwf&ygonf/ BudKwifvrf;cif;jcif;jzifh yg0if aqG;aEG;olwdkY\ odvdkpdwfudk 

ydkrdkjzpfay:apEdkifygonf/ xdkYjyif pum;qufrsm; toHk;jyKjcif;jzifh aemufvl0if rajymEdkif&ef 

pum;udk trQifrjywfatmif jyKvkyfxm;Edkifonf/ xdkodkY jyKvkyfjcif;jzifh vuf&Sdajymolonf 

olodaomtaMumif;t&mudk tcsdefawmfawmfMum tus,fw0ifh tvSnfh,lNyD; ajymqdkaernf[k 

usefvlrsm;uvnf; em;vnfoGm;aponfh tusdK;aus;Zl;udk &&SdapEdkifygonf/ xdkYaMumifh 

pum;tvSnfh,ljcif;yHkpHwGif vuf&Sdajymolonf aemufajymrnfholudk a&G;cs,fEdkif ouJhodkY 

aemufajymrnfholudk tvSnfhray;bJrdrdpum;udk qufvufajymqdkEdkifygonf/ aemufajymqdkrnfh 

olonf tvSnfhudkrdrdbmom tvSnfh0if,lajymqdkEdkifouJhodkY tjcm;olay;aom tvSnfhudkvnf; 

&,lEdkifygonf/  

Mum;vyfyHkpHrsm;wGif wdkawmif;aomMum;vyftjzpf tEkpdwfacwÅ&yfem;rIESifh wdwfqdwfrI  

2 rsdK;udk azmfxkwf&&Sdygonf/ ,if;wdkYonf trsm;tm;jzifh rDvDpuúefYrQom Mumjrifhonfh 

pum;ajymyHkpHwpfck jzpfygonf/ Mum;vyfrsm;onf vlwpfOD;csif;pD\ pum;wpfcGef;ESifh wpfcGef; 

Mum;umvwGifvnf;aumif;? ajymolESpfOD;Mum;&Sd yxrajymol\ pum;tqHk;ESifh 'kwd,ajymol\ 

pum;tp Mum;umvwdkYwGifvnf;aumif; jzpfyGm;ygonf/  xdkodkYjzpfyGm;&jcif;rSm yg0ifajymqdkol 

wdkY\ vlrItajctaetay:rlwnfí pum;vHk;a&G;cs,foHk;EIef;vdkrI? av;eufapvdkrI? pum;udk 

tjzwft&yfjzifhajymqdkrI? rodaomtaMumif;t&mtay: pOf;pm;aerI ponfwdkYaMumifh Mum;vyf 

rsm;jzpfyGm;&aMumif; azmfxkwf&&Sdygonf/ 

pum;xyfrIyHkpHrsm;wGif pum;tvSnfhtajymif;,l&mü pum;xyfrIyHkpH 3rsdK;udk azmfxkwf 

&&Sdygonf/ yl;aygif;aqmif&Gufaom pum;xyfjcif;wGif a&SUpum;cGef;ESifh aemufpum;cGef; wdkY\ 

csdwfqufrIudk tm;aumif;aponfhtjyif a&SUpum;cGef;udk axmufcHvufcHonfhoabmvnf; 
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aqmifygonf/ pum;xyfjcif;rsm;onf toufwl&G,fwlrsm;? &if;ESD;olwdkY\ pum;0dkif;wdkYwGif 

ydkrdkjzpfyGm;ygonf/ toufBuD;olESihfi,fol? &mxl;BuD;olESihfi,fol? vlrItqifhuGmjcm;olrsm; 

Mum;wGif wpfcsdefwnf;wpfNydKifwnf; pum;xyfrI tvGefenf;yg;ygonf/ taMumif;rSm 

jrefrmwdkYu toufBuD;ol? &mxl;BuD;ol? vlrItqifhjrifholrsm;udk pum;ajym&mü OD;pm;ay;wwfol 

rsm;jzpfjcif;aMumifh jzpfonf/ xdkYaMumifh vlBuD;olrrsm;ESifh pum;vkíajymqdkjcif;? pum;jzwfí 

0ifajymjcif;udk a&Smif&Sm;wwfMuygonf/  

pum;0dkif;wpfckwGif tcsufjypum;yHkpHrsm;onf r&Sdrjzpfvdktyfygonf/ a,bk,s tm;jzifh 

MunfhvQif trsdK;om;wdkYajymqdkaom pum;0dkif;xuf trsdK;orD;wdkY ajymqdkaom pum;0dkif;u 

tcsufjypum;rsm;udk ydkrdkwHkYjyef ajymqdkwwfMuygonf/ wpfOD;ajymonfhpum;udk wpfOD;u 

rnfodkYrQrwHkYjyefygu vuf&Sdajymaeol\pum;udk oabmrwlaMumif;? vufrcHaMumif;? 

pdwfr0ifpm;aMumif; ponfhoabmrsdK; oufa&mufoGm;Edkifonf/ xdkYaMumifh wpfOD;ajymonfhpum;udk 

wpfOD;u *½kwpdkufem;axmifaeaMumif; tcsufjyonfhpum;rsm;udk toHk;jyKí axmufyifhay;jcif;jzifh 

pum;ajymqdkrIvrf;aMumif;udk ydkrdkajzmifhjzL;um oGufvuf oGm;apEdkifonf/  

pum;twGJtzufpHkwGJyHkpHrsm;wGif jzpfpOfESpfckyg0ifaeNyD; 'kwd,pum;cGef;onf yxr 

pum;cGef;udk tpOftNrJjyefMum;onfh pum;ajymjzpfpOfrsm;jzpfaeonf/ xdkYjyif wpfOD;ESifhwpfOD; 

tjyeftvSef ajymqdkqufqH&aom avmu0wfpum;twGJtzuf pHkwGJyHkpHrsm;wGif vuf&Sd ajymol\ 

yxrpum;cGef;tay: aemufvlu 'kwd,pum;cGef;jzifh rwHkYjyefvQif ajymolu emoltay: 

oHo,0ifEdkifonf/ ]]rdrdpum;tay: rMum;csif[efaqmifwmvm;? rdrdudk rwlrwefovdk jyKrl 

wmvm;? rmeBuD;oGm;wmvm;? b0ifjrifhoGm;wmvm;}} ponfh t"dyÜm,ftrsdK;rsdK; aumufcsuf 

csoGm;EdkifNyD; ajymolESifhemolwdkY\ vlrIqufqHa&;rSmvnf; tzktxpf jzpfay:apEdkifygonf/  

ab;wdkufjzpfpOfyHkpHrsm;wGif vuf&Sdajymaeaom rlvtaMumif;t&mESifh qufpyfNyD; 

oG,f0dkufí 0ifa&mufvmaom tjcm;pum;ajymjzpfpOf jzpfonf/ ,if;udk yg0ifaqG;aEG; olrsm;u 

tcsdwftqufrdrd wHkYvS,fajymqdkjcif;jzifh pdkjynfaompum;0dkif;jzpfvmEdkifygonf/ yg0ifajymqdk 

Muonfh ab;wdkufjzpfpOftay:rlwnfNyD; yg0ifaqG;aEG;olrsm;ESifhy&dowfudk &,f&TifzG,f [mo 

&oudkyg ay;pGrf;apEkdifygonf/ 

Mum;xdk;jzpfpOfyHkpHonf rlvtaMumif;t&mESifh qufpyfrIr&SdbJ oD;jcm;0ifa&mufvm 

aomtjcm;taMumif;t&m jzpfygonf/ vuf&Sdpum;ajymjzpfpOfwGif tenf;i,f pdwftaESmifh 

t,Sufjzpfaomfvnf; rlvpum;ajymjzpfpOfudk ysuf,Gif;rIr&Sday/ Mum;xdk;jzpfpOfrsm;onfyHkpH 

wusowfrSwfNyD; tvSnfh,lajymqdkjcif;rsdK;r[kwfbJ oufqdkif&m pum;0dkif;rsm;tvdkuf 

yg0ifolwdkYMum;&Sd vlrIaemufcH tquftpyftay:rlwnfí vdktyfovdkpum;udk tvGwfoabm 

Mum;xdk;um xdef;nd§ajymqdk&ygonf/ 

pum;jyifajymjcif;wGif yHkpH 2 rsdK;azmfxkwf&&Sdygonf/ jrefrmhvlrI0ef;usifwGif rdrdudk,fwdkif 

pum;jyifajymjcif;rSm vuf&Sdajymolonf rdrdudk,fwdkiftpjyKaom pum;ESifhywfoufí rdrdbmom 

oifhavsmfaompum;vHk;udk a&G;cs,foHk;EIef;vdkjcif;? trSm;jyifvdkjcif;wdkYaMumifh jzpfygonf/ 
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tjcm;olu pum;jyifajymjcif;rSm vuf&Sdajymol\ pum;udkaemufvlu trSm;jyifvdkjcif;? vuf&Sd 

ajymol\t,ltqudk vufrcHbJ aemufvlu rdrd\t,ltqudk jyefvnfjyifqif ajymqdkvdkjcif; 

wdkYaMumifhjzpfygonf/ xdkYaMumifh rdrdudk,fwdkif pum;jyifajymjcif;onf pum;ajymjzpfpOfwGif 

tjcm;olrsm;twGuf tenf;i,fpdwftESmifht,Sufjzpfaomfvnf; rdrd\ trSm;udk tcsdefrD rdrd 

udk,fwdkifjyefvnfjyifqifjcif;? oifhavsmfvdkufzufaom pum;vHk;udk jyefvnfa&G;cs,fjcif;jzifh 

tjcm;olrsm;\txifao;rIudk a&Smif&Sm;Edkifonfh tusdK;aus;Zl;udk &&SdapEdkifygonf/ tjcm;olu 

pum;jyifajymjcif;onf t&ifajymoludk pdwftaESmifht,Suf jzpfay:Edkifojzifh tajctae 

ay:rlwnfNyD;wpfzufoludkiJhuGufum jyifqifoifhygonf/  

tqHk;owfpum;rsm;onf omreftm;jzifh tjyeftvSef cGJcGmEIwfqufpum;wdkYjzifhom 

tqHk;owfavh&Sdygonf/ xdkodkYtqHk;owf&mwGif taMumif;jycsufay;onfhyHkpHjzifh tBudK 

tqHk;owfpum; ajymqdkMuygonf/ yHkpHwuswifquf&aompum;ajymwdkYwGif trsm;tm;jzifh 

tBudKtqHk;owfpum;udk toHk;jyKNyD;tqifhqifhtqHk;owfavh&Sdygonf/ wpfcgwpf&H tqHk;owf 

pum;ESifhtwl vufjyEIwfqufjcif; trlt&mudkyg toHk;jyKwwfMuonf/ owif;tpDtpOf 

aMunm&mwGif tBudKtqHk;owfpum;ajymNyD; qkawmif;EIwfqufpum;jzifh tqHk;owf 

avh&Sdygonf/ w,fvDzkef;pum;ajymwGif ajymolESifhemolwdkY\ vlrItajctaetvdkuf tBudK 

tqHk;owfpum;ajymNyD;rS tqHk;owfpum;ajymqdkouJhodkY tqHk;owfpum;om wpfcgwnf; 

ajymqdkNyD; zkef;csEdkifouJhodkY tqHk;owf pum;rajymbJ ajymqdkaeaom taMumif;t&mudk 

oabmwlnDcsuf,lNyD; zkef;csEdkifygonf/ wpfcgwpf&H tBudKtqHk;owfpum;ajymqdkNyD;rS ajym&ef 

usefao;onfhpum;udk jyefvnfajymqdkEdkifonf/ xdkYaMumifh pum;ajymudk tqHk;owf&mwGif 

jrefrmvlrsdK;wdkYonf vlrItajctaetvdkuf? touft&G,ftvdkuf? vlrI*kPftqifh twef;tvdkuf? 

&if;ESD;rI twdkif;twmtvdkuf wpfOD;csif;trltusifhtvdkuf tqHk;owfpum;udk trsdK;rsdK; ajymqdk 

tqHk;owfavh&SdygMuonf/ 

 

NcHKiHkoHk;oyfcsuf 

rsufarSmufacwf jrefrmbmompum;&Sd tajympum;yHkpHrsm;udk vlrIbmomaA'½IaxmifhrS 

avhvmxm;ygonf/ jrefrmbmompum;&Sd nTef;ac:pum;yHkpHrsm;udk avhvmMunfhaomtcg 

nTef;ac:pum;yHkpH 9 rsdK;udk azmfxkwf&&Sdygonf/ jrefrmwdkYonf rdrdnTef;ac:rnfholudk pum;cGef; 

\tpESifh aemufqHk;wGifxm;í nTef;ac:Muygonf/ txl;ojzifh pum;cGef;\ tpwGifxm;í 

trsm;qHk; toHk;jyKnTef;ac:Muygonf/ wpfOD;ESihfwpfOD;awGUqHkpOf ajymolESifh emolwdkY\ vdif? 

touft&G,f? vlrIqufqHa&;tajctae? vlrItqifhtwef; ponf wdkYudkvdkufí nTef;ac: 

pum;yHkpH 9 rsdK;teuf wpfrsdK;rsdK;jzifh nTef;ac:aeMuaMumif; pdppfawGY&Sd&ygonf/ nTef;ac:cH&ol 

wpfOD;wnf;udk nTef;ac:olrsm;u yHkpHtrsdK;rsdK;jzifh nTef;ac:EdkifMujcif;rSmvnf; jrefrmvlrsdK;wdkY\ 

tawG;tjrif? A[kokwESifh pdwful;pdwfoef;aumif;rGefyHkwdkYudk azmfjyaeygonf/ jrefrmnTef;ac: 

pum;rsm;onf ajymolESifhemolwdkY\ vdiftvdkuf? touft&G,ftvdkuf? vlrI*kPftqifhtwef; 

uGm[rItvdkuf? toHk;jyKajymqdkonfh ae&mtvdkuf? wpfOD;csif;\ trltusifhESifhpdwfcHpm;rItvdkuf 
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nTef;ac:&jcif;jzpfí nTef;ac:pum;yHkpHrsm;uGJjym;&aMumif; awGY&Sd&onf/ wpfOD;ESifhwpfOD; nTef;ac: 

pum;udk rSefrSefuefuef nTef;ac:Edkifjcif;jzifh ajymolESifhemolwdkY\ vlrIqufqHa&;udk tqifajy 

acsmarGYapjcif;? nTef; ac:pum;uGJjym;rIrsm;udkod&Sdapjcif;? EdkifiHjcm;om;rsm;twGuf jrefrmwdkY\ 

nTef;ac:pum; a0g[m&rsm;udk od&Sdapjcif;jzifh ,if;wdkYu jrefrmvlrsdK;wdkYudk ydkifEdkifpGm nTef;ac:vm 

Edkifjcif; [laom tusdK;aus;Zl;rsm;udk&&Sdaponf/ xdkYaMumifh vlrIqufqHa&;e,fy,f wGif vlyk*¾dKvf 

wpfOD;ESifhwpfOD; awGUqHkpOf nTef;ac:pum;rsm;jzifh vlrIqufoG,fa&;vrf;aMumif;udk zGifh&ojzifh 

rdrdnTef;ac:rnfhol\ trnfomru touft&G,f? vlrI*kPftqifhtwef;ESifh trltusifh 

wdkYudkygod&Sdxm;&ef vdktyfygonf/ odkYrSom rSefrSefuefuefESifhacsacsiHiHnTef;ac:Edkifrnf jzpfygonf/ 

nTef;ac:pum; qDavsmfrIaMumifh qufqHa&;ajyvnfEdkifNyD; rqDavsmfrIaMumifh qufqHa&; 

rajyvnfrIrsm;vnf; &SdvmEdkifygonf/ odkYjzpf&m vlrIudpö&yfrsm;ESifh vkyfief;aqmifwmrsm; 

tqifajyap&eftwGuf nTef;ac:pum;yHkpHrsm;udk olae&mESifhol tH0ifatmif a&G;cs,fnTef;ac: 

wwf&ef tvGefta&;BuD;aMumif; oHk;oyf&ayonf/ 

 t*Fvdyfbmompum; oauFwa&moHk;jcif;yHkpHrsm;udk avhvmMunfhaomtcg xnfhoGif;jcif; 

yHkpHESifh wpfvSnfhpDjzpfay:jcif;yHkpH[lí 2 rsdK;udk azmfxkwf&ygonf/ xnfhoGif;jcif;yHkpHwGif pum; 

oauFw xnfhoGif;a&moHk;jcif;yHkpH 5 rsdK;&SdNyD; wpfvSnfhpDjzpfay:jcif;yHkpHwGif 0guscGJtqifh 

pum;oauFw wpfvSnfhpDjzpfay:jcif;yHkpH 2 rsdK;udk awGY&Sd&ygonf/ jrefrmbmompum;wGif 

pum;oauFw a&moHk;jcif;onf arG;pm;xm;NyD; tom;usaeaom t*Fvdyfpum;vHk;xuf 

a0g[m&topfrsm;udk ydkrdka&moHk;avh&SdaMumif; awGY&onf/ 

xnfhoGif;jcif;yHkpHwGif pum;vHk;tqifhxnfhoGif;jcif;udk trsm;qHk;awGY&onf/ yk'f 

tqifhxnfhoGif;jcif;udk 'kwd,trsm;qHk; awGY&onf/ pum;vHk;tqifhESifhyk'ftqifh wGJzuf 

xnfhoGif;jcif;udk wwd,trsm;qHk; awGY&onf/ 0guscGJtqifhxnfhoGif;jcif;ESifh pum;vHk; tqifh? 

yk'ftqifh? 0guscGJtqifh wGJzufxnfhoGif;jcif;wdkYrSm toHk;enf;aMumif; awGY&ygonf/ pum;vHk; 

tqifh a0g[m&rsm;udk trsm;qHk;a&moHk;Mujcif;rSm topfopfaom vlrIudpö&yfrsm;twGuf 

a0g[m&topfrsm; aeYpOfESifhtrQ jrefrmhvlrIe,fy,ftoD;oD;odkY trsm;tjym; 0ifa&mufvmjcif; 

aMumifh jzpfygonf/ pum;vHk;tqifh? yk'ftqifhESifh 0guscGJtqifh wdkuf½dkufxnfhoGif;jcif;? 

0guscGJtqifh wpfvSnfhpD wdkuf½dkufxnfhoGif;jcif;wdkYonf a0g[m&topf? taMumif;t&m 

topfjzpfí rl&if;t"dyÜm,fudk ydkrdkav;eufap&ef? rl&if;tac:ta0:ESifhtuRrf;w0if&Sdvmap&ef? 

rl&if;toHk;twdkif; wdkuf½dkufxnfhoGif;jcif;jzpfonf/ wpfvSnfhpD jzpfay:jcif;yHkpHü trSD0guscGJ 

tqifhESifh trSDcH0guscGJtqifh[lí awGY&onf/ odkYaomf wpfvSnfhpDjzpfay:jcif;yHkpHonf 

jrefrmbmompum;&Sd tajympum;yHkpHwGif toHk;enf;aMumif; awGY&ygonf/ taMumif;rSm 

0guscGJtqifh t*Fvdyf0gusrsm;onf pum;vHk;tqifhESifhyk'ftqifhavmuf jrefrmvlrIe,fy,f 

toD;oD;odkY 0ifa&mufrIenf;yg;jcif;aMumifh jzpfygonf/ rdkufpuef\oDtdk&Dt& xnfhoGif;jcif; 

yHkpHonf a0g[m&qdkif&m tqifhxnfhoGif;jcif;jzpfaomfvnf; jrefrmbmompum;wGif o'´gqdkif&m 

0guscGJzGJYpnf;yHktqifhtxd xnfhoGif;a&moHk;MuaMumif; awGY&ygonf/ ,aeYacwfwGif EdkifiHa&;? 

vlrIa&;? pD;yGm;a&;paom tajctaersm;aMumifh jrefrmhvlYtzGJYtpnf;wGif a0g[m&topfrsm; 
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0ifa&mufvsuf&Sdygonf/ xdka0g[m&rsm; jrefrmwdkYESifh ,Ofyg;rIr&Sdao;í jrefrmbmompum;wGif 

wenf;enf;jzifh xnfhoGif;toHk;jyKMu&mrS pum;oauFwa&moHk;jcif; jzpfvm&ygonf/ 

txl;ojzifh enf;ynmqdkif&m vlYtoHk;taqmifypönf; rsm;ESifhywfoufaom pum;oauFw 

a&moHk;jcif;rsm;udk rsufarSmufacwfwGif trsm;qHk;awGY&ygonf/  

xl;jcm;csufrSm EdkifiHjcm;bmompum;rsm;wGif ,if;wdkY\ 0guszGJYpnf;wnfaqmufyHktwGif; 

t*Fvdyfpum;vHk; odkYr[kwf yk'f odkYr[kwf 0guscGJ wpfckckudkxnfhoGif;í 0gusudk tqHk;owfEdkif 

ygonf/ jrefrmbmompum;wGifrI t*Fvdyfbmompum;wpfckckjzpf jrefrm0gusudk tqHk;owfavh 

r&SdbJ jrefrm0gustqHk;owf wpfckckjzifhom tqHk;owfavh&SdaMumif; awGY&ygonf/ taMumif;rSm 

jrefrm0guszGJYpnf;wnfaqmufyHkt& jrefrm0gus\oabmrSm 0gustqHk;owf pum;vHk; wpfckck 

jzifhom tqHk;owf&jcif;aMumifh jzpfygonf/ xdkYaMumifh jrefrmbmompum;&Sd tajym pum;yHkpHrsm;rS 

pum;oauFwa&moHk;jcif;yHkpHrsm;udk cGJjcrf;pdwfjzmí rSwfwrf;wifjcif;jzifh jrefrmbmompum;wGif 

a0g[m&topfrsm; 0ifa&mufwdk;yGm;vmyHkudk od&SdapEdkifjcif;? jrefrmbmom pum; avhvmolrsm;ESifh 

pdwf0ifpm;olrsm;twGuf taxmuftuljyKEdkifjcif;[laom tusdK;aus;Zl; rsm;&apygonf/ pum; 

oauFwa&moHk;jcif;udk vdkonfxufydkí trsm;tjym; toHk;jyKygu jrefrmhvlYtzGJYtpnf;wGif 

aemufvmaemufom;rsm;twGuf jrefrmbmompum;? jrefrma0g[m&rsm; &Sm;yg;vmEdkifonf/ 

xdkYaMumifh acwfynmwwfyk*¾dKvfrsm;u rdcifbmompum; qufvuf&Sifoef zGHYNzdK;wdk;wuf 

aeap&eftwGuf jrefrmbmompum;wGif r&Sdao;onfh a0g[m&toHk;tEIef;rsm;udk t*Fvdyfrl&if; 

toHk;twdkif; wdkuf½dkuftoHk;jyKrnfhtpm; jrefrmtu©&mjzifh toHzvS,fjcif;? jrefrmbmom 

jyefjcif;rsm;udk ,ckxufydkrdk BudK;yrf;tm;xkwfoifhygonf/ odkYrSom &Sifoefaeaom jrefrmbmom 

pum;tjzpf urÇmhtv,fwGif acwftqufqufwdkifatmif qufvuf&Sifoef zGHYNzdK;wdk;wufaernf 

jzpfygaMumif; oHk;oyf&ygonf/ 

 pum;vkyfaqmifcsufyHkpHrsm;udk avhvmMunfhaomtcg pum;vkyfaqmifcsufwpf&yfwGif 

wdkkuf½dkuf pum;vkyfaqmifcsufESifh oGif0dkufpum;vkyfaqmifcsuf[lí pum;vkyfaqmif csufyHkpH         

2 rsdK;udk awGY&ygonf/ xdkYjyif pum;vkyfaqmifcsufwpfckwGif trsdK;tpm; 3 rsdK;yg0ifonf/ pum; 

toHk;tEIef;onf jrefrmhvlYtzGJYtpnf;u owfrSwfxm;onfh t"dyÜm,f&Sdaom pum;cGef;rsm; 

jzpfygonf/ ajymolonf pum;cGef;wpfcGef;udk ajymqdk&mwGif &nf&G,fonfhqE´ tenf;qHk;wpfck 

yg&SdNyD; emolonf ajympum;ay:rlwnfí oufa&mufrIwpfckckudk vkyfaqmif&aMumif; 

pdppfawGY&Sd&ygonf/ pum;vkyfaqmifcsufyHkpHrsm;onf ajymol\qE´udk &nf&G,fajymqdkaomfvnf; 

emol\ vdif? touft&G,f? tvkyftudkif? vlrItqifhtwef; ponfwdkYudkvdkufNyD; pum;ajym 

qdk&mü olYae&mESifh oltH0ifatmif pum;vHk;rsm;udk a&G;cs,ftoHk;jyK ajymqdkMuaMumif; 

awGY&ygonf/ pum;vkyfaqmifcsufyHkpHrsm;onf ajymolESifhemolwdkY\ rNyD;jywfao;onfh vkyfief; 

aqmifwmrsm;udk NyD;jywfapjcif;? ajymol\qE´oabmxm;udk ol\tajympum;ü awGYjrifEdkifjcif;? 

ajymol? emolESifhtnTef;cH oHk;a,mufteuf wpfa,mufa,mufwdkY\ vkyfief;aqmifwmrsm; 

NyD;jywfapjcif;? tcsdKU tajympum;rsm;onf pum;wpfcGef;wnf;jzifh emolESifhtnTef;cHudk 

wpfNydKifeufwnf; oufa&mufrIESpfrsdK;jzpfay:apjcif;? jrefrmhvlYtzGJYtpnf;\ aeYpOf&ifqdkif 
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ae&aom vkyfief;aqmifwmrsm; NyD;jywfapjcif;[laom tusdK;aus;Zl;rsm;udk &&Sdapygonf/ 

xdkUaMumifh pum;vkyfaqmifcsufrsm;onf jrefrmvlrsdK;wdkY\ vlrIudpö&yfrsm; udkomru 

EdkifiHtwGuf udk,fpm;jyKajymqdk&onfh EdkifiHjcm;qufqHa&;ESifhqdkifaom pum;rsm;txdyg us,fjyefY 

eufeJYvsuf&Sdojzifh olae&mESifhol tH0ifatmifajymqdk&ayrnf/ odkYrSom atmifjrifaom 

vlrIqufqHa&;ESifhoHwrefqufqHa&;udkyg wnfaqmufEdkifrnfjzpfaMumif; oHk;oyf&ygonf/  

 pum;ajymyHkpHrsm;udk avhvmMunfhaomtcg jrefrmbmompum;wGif pum;ajymyHkpH 10 rsdK;udk 

azmfxkwfawGY&Sd&ygonf/a,bk,stm;jzifh pum;ajymjzpfpOfwpfckwGif pum;pwif&ef tzGifhpum; 

udk rnfuJhodkYpwifajymqdkMuyHk? pum;tay;t,ljyKvkyfí wpfOD;ESifhwpfOD; rnfuJhodkY xdef;odrf; 

ajymqdkMuyHkESifh tqHk;owfpum;udk rnfuJhodkYajymqdk tqHk;owfMuyHk [lí u@(3) &yfyg 

0ifaMumif; awGY&ygonf/ xdkYjyif pum;ajymyHkpHrsm;onf pum;ajym jzpfpOfwpfckwGif yg0ifajymqdk 

olrsm;u pum;tvSnfh,lí tjyeftvSef wHkYvS,fajymqdkMuonfhyHkpHrsm;vnf; jzpfMuygonf/ 

pum;ajymqdkjcif;onf yg0ifolrsm;tMum;wGif tjyeftvSef tay;t,l&SdrSom pdwf0ifpm;zG,f 

aumif;rnfjzpfí rdrdajymaom taMumif;t&mESifhywfoufí tjcm;ol\tjrifudkyg 0ifa&muf 

aqG;aEG;Edkifatmif tvSnfhay;oifhayonf/ vuf&Sdajymolu rdrdt,ltqcsnf; rajymbJ 

wpfzufvl\ pum;udkvnf; tvSnfhay;jcif;jzifh pdkjynfonfh pum;ajymjzpfpOfwpfck 

jzpfvmEdkifaMumif; pdppfawGY&Sd&ygonf/ 

 pum;ajymyHkpHrsm;onf jrefrmvlrsdK;wdkY\ wpfOD;tay:wpfOD; wav;wpm;qufqH wwfrI? 

*g&0w&m;? ed0gww&m;xm;&SdrI? ,Ofaus;ysLiSmrIwdkYonf xdktajympum;yHkpHrsm;wGif xif[yfae 

aMumif;vnf; awGY&Sd&ygonf/ þodkY avhvmjcif;jzifh jrefrmhvlYtzGJUtpnf;ü pum;udk 

rnfonfhtajctaewGif rnfuJhodkY ajymqdkMuyHkudk od&Sd&ygonf/ jrefrmwdkY\ tajympum;yHkpH 

rsm;udk cGJjcrf;pdwfjzmí rSwfwrf;wifjcif;jzifh bmompum;avhvmaeolrsm;twGuf taxmuftul 

jyKEdkifonfh tusdK;aus;Zl;udkyg &&SdapEdkifonf/ ,if;yHkpHrsm;onf vlwpfOD;ESifhwpfOD; pum;ajym 

qdk&mwGif tajccHusNyD; us,fjyefYeuf½Idif;um jrefrmvlrsdK;wdkY\ oGifjyifvu©Pmrsm;udk 

azmfjyEdkifaom pum;ajymyHkpHrsm;yif jzpfygonf/ xdkYaMumifh jrefrmh vlYtzGJYtpnf;ü vlrIqufqHa&; 

atmifjrifEdkifap&eftwGuf jrefrmbmompum;&Sd tajym pum;yHkpHrsm;\ tcef;u@onf 

vGefpGmyif ta&;ygvSaMumif; oHk;oyf&ayonf/ 

 tcsKyftm;jzifhqdk&vQif rsufarSmufacwf jrefrmbmompum;&Sd tajympum;yHkpHrsm; onf 

jrefrmvlrsdK;wdkY\ vdif? touft&G,f? vlrI*kPftqifhtwef;wdkYtay: tajccHí ajymqdkMuouJhodkY 

wpfOD;tay:wpfOD; tjyeftvSefav;pm;rI? *g&0w&m;xm;&SdrI? ,Ofaus;ysLiSmrI? udk;uG,f,HkMunfrI 

ESifh ,Ofaus;rI"avhxHk;pHwdkYtay:tajccHívnf; ajymqdkaeMuaMumif; pdppfawGY&Sd&ygonf/ 

xdkYaMumifh jrefrmhvlrIqufqHa&;e,fy,fwGif bmompum; taqmuftODESifh vlrItaqmuftOD 

wdkY\ tjyeftvSefqufpyfrI&SdyHk? tjyeftvSeftusdK;jyKyHkwdkYudk jrefrmbmompum;&Sd tajympum; 

yHkpHrsm;t& od&Sd&ygonf/ xdkYjyif tzGifhpum;rS tqHk;owfpum;txd pum;ajymyHkpH wpfenf; 

tm;jzifh pum;ajymjzpfpOf 10 rsdK; yg0ifzGJYpnf;vsuf&SdaMumif; azmfxkwfawGY&Sd&ygonf/ xdktajym 
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pum;yHkpHrsm;onf jrefrmvlrsdK;wdkYtwGuf tvGefxda&mufaom vlrIqufoG,fa&;yHkpHrsm;tjzpf 

jrefrmvlrsdK;wdkYudk tusdK;jyKvsuf&SdaeygaMumif; oHk;oyf&ayonf/ 

 

ed*Hk; 

jrefrmvlrsdK;wdkYonf aEG;axG;ysLiSmwwfaom vlrsdK;jzpfNyD; pum;ajymqdk&mwGif ,Ofaus; 

odrfarGUpGm ajymqdkqufqHwwfolrsm;vnf; jzpfMuygonf/ xdkjrefrmvlrsdK;wdkY\ tajympum;yHkpH 

rsm;udk avhvmazmfxkwf okawoejyKcGifh&onfhtwGuf tvGef0rf;ajrmufrdygonf/ usrf;udk 

acgif;pOftwnfjyKcJhonf 2014 ckESpfrS usrf;jyKpkNyD;pD;onfh 2018 ckESpftxd 4 ESpf wdkifatmif 

BudK;pm;tm;xkwf jyKpkcJh&ygonf/ usrf;jyKpk&mwGif taxmuftuljzpfap&ef jynfwGif;? jynfy 

wuúodkvfrsm;rS yg&*lbGJU,lusrf;rsm;udkvnf; avhvmzwf½IcJhygonf/ vdktyfaom oDtdk&Drsm;twGuf 

EdkifiHjcm;pmtkyf? pmwrf;rsm;udk tifwmeufay:wGif &SmazGpkaqmif;cJhNyD; xdkpmtkyf? pmwrf;rsm; 

udkem;vnfatmif tBudrfBudrfzwf½IcJhygonf/ xdkBudK;pm;rI\&v'ftjzpf ,ckusrf; ay:xGuf 

vmcJhjcif;jzpfygonf/ qufvufívnf; wdkif;&if;om;bmompum;rsm;\ tajym pum;yHkpHrsm; 

udkvnf; avhvmokawoejyKEdkifygao;onf/ jrefrmbmompum;udk avhvmaeMuaom 

EdkifiHjcm;om;rsm; twGufvnf; jrefrmvlrsdK;wdkY\ tajympum;yHkpHrsm;udkod&SdNyD; ,if;wdkYu 

jrefrmvlrsdK;wdkYESifhpum;ajymqdk&mwGif rSefuefpGm ajymqdkoHk;EIef;wwfvmaprnf jzpfygonf/ xdkYjyif 

jrefrmbmompum;avhvmrIESifh jrefrmbmompum;zGHUNzdK;wdk;wufa&;wdkYtwGuf taxmuftul 

jyKEdkifrnf[k ,HkMunfvsuf þtpD&ifcHpmudk ed*Hk;csKyfygonf/ 

 

usrf;udk;pm&if; 

jrefrmbmom 

udkav;? a'gufwm/ (2008)/ vlrIbmomaA' a0g[m&rsm;tzGifh/ &efukef? &efukefwuúodkvf?jrefrmpmXme/ 

cifrif? armif("EkjzL)/ (2004)/ jrefrmpum; jrefrmpm½kyfykHvTm ('k-Budrf)/ &efukef? "l0Hpmtkyfwdkuf/ 

cifrif? armif("EkjzL)/ (2010)/ vufawGYtw¦aA'ed'gef;/ &efukef? qef;oZifyHkESdyfwdkuf/ 

cifrif? armif("EkjzL)/ (2011)/ oufwHa&mifpkHbmompum;/ &efukef? okcyHkESdyfwkduf/ 

cifrif? armif("EkjzL)/ (2016)/ jrefrmpum;taMumif; waphwapmif;/ &efukef? cdkif&a0 yHkESdyfwkduf/ 

awZed,mbd0Ho? t&Sif/ (1348)/ pepfopfygVd o'́gusrf;/ rEÅav;? okc0wDpmyHkESdyfwdkuf/ 

xGeff;jrifh? OD;/ (2007)/ bmomaA' (w-Budrf)/ &efukef?  &mjynfhpmtkyfwdkuf/ 

azarmifwif? OD;/ (1958)/ bmomavmuusrf;/ &efukef? pmayAdrmefyHkESdyfwkduf/ 

jrefrmpmtzGJU/ (2008)/ jrefrmtbd"mef ('k-Budrf)/ &efukef? jrefrmpmtzGJY OD;pD;Xme/ 

a0a0wif? r/ (2014)/ yckuúLNrdKUe,fa'od,pum;rsm;avYvmcsuf/ jrefrmpmyg&*lbJGUusrf;?rEÅav;wuúodkvf/ 

aomif;vGif? q&m/ (1972)/ jrefrmtu©&maA'/ &efukef? a';vD;a*ZufyHkESdyfwkduf/ 
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oef;aqG? a':/ (1980)/ jrefrmbmompum; jrefrmausmufpm pmwrf;aqmif;yg;/ &efukef? bmomjyefESifh 

pmtkyfxkwfa0a&;Xme/ 

Mobmombd0Ho? t&Sif/ (2009)/ okawoeo½kyfjytbd"mef/ &efukef? zsmyHkwdkufopf? o&ufawm 

ausmif;wdkuf/ 

atmifjrifhOD;? a'gufwm/ (2003)/ vlrIbmomaA'rdwfquf/ &efukef? &efukefwuúodkvf?jrefrmpmXme/ 

atmifjrifhOD;? a'gufwm/ (2005)/ vlrIbmomaA'oabmw&m;/&efukef? &efukefwuúodkvf?jrefrmpmXme/ 

atmifjrifhOD;? a'gufwm/ (2010)/ bmompum;okawoe/ &efukef? "l0Hpmtkyfwdkuf/ 
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HYDROXYAPATITE AND HYDROXYAPATITE MAGNESIUM                
OXIDE NANOCOMPOSITES FROM WASTE COW BONE 

Cho Lwin Lwin Khine* 

Abstract 
Hydroxyapatite (HAp) materials are very popular for bone restoration. The applications of pure 
HAp are restricted to non load-bearing implants due to the poor mechanical properties of HAp. To 
improve the mechanical properties of HAp derived from cow bone, incorporation of magnesium 
oxide was conducted in this research. HAp was prepared by calcination of deproteinised cow bone 
waste using HCl and NaOH solutions. Effect of calcination temperature on the morphological, 
structural and thermal properties of HAp was investigated at different temperatures ranging from  
800°C to 1200 °C. The prepared HAp samples were characterized by XRD, TG-DTA, FT IR, SEM 
and EDXRF. In all HAp samples, HAp was the only crystalline phase indicated by X-ray 
diffraction analysis. Broad peaks were observed in X-ray diffractogram of uncalcined HAp. The 
well-resolved, sharp and intense peaks were noted after calcination. FT IR spectra of calcined HAp 
showed the absence of the absorption bands originated by the collagen (1634 cm-1 and 1548 cm-1) 
due to the removal of organic component in HAp. Carbonate peak around 871 cm-1 disappeared 
after calcination at 1000 °C to 1200 °C. SEM images showed the dense and packed structure for 
uncalcined HAp whereas porous structure for calcined HAp at  800 °C and 900 °C. At 1000 °C and 
1100 °C neck formation was observed. MgO nanoparticles was prepared by wet chemical method 
and a single phase of magnesium oxide with face-centered cubic structure and space group of 
Fm3m was observed from XRD analysis. Crystallite sizes of prepared magnesium oxide calcined at 
400 °C, 500 °C and 600 °C was found to be 13.79 nm, 21.28 nm and 21.71 nm respectively. At 
higher temperature, it was found to have greater tendency for agglomeration due to higher 
crystallinity. Crystal structures of all HAp-MgO nanocomposites and HAp were indexed as hexagonal 
with equal length of a and b and shorter length c. FT IR spectral data revealed the characteristics 
peaks of both HAp and MgO in the prepared nanocomposites. In the composites highest amount of 
CaO, P2O5 and MgO were observed with small amount of metal oxides. MgO percents increased in 
the composites with more addition of MgO. Hardness of HAp prepared from cow bone increased 
from 12 N to 19 N - 53 N after addition of MgO nanoparticles and it increased as the amount of 
MgO increased. HAp-10 % MgO nanocomposites calcined at 1100 °C was found to have the 
highest hardness value of 53 N. HAp and HAp-MgO nanocomposites showed mild antimicrobial 
activities on all tested microorganisms such as Bacillus subtilis, Staphylococcus aureus, 
Pseudomonas aeruginosa, Bacillus pumilus, Candida albicans and Escherichia coli. In vivo acute 
toxicity test on albino mice showed no mortality and no toxicity throughout the dosing schedule of 
14 days in all dose levels in all groups. HAp and HAp-MgO nanocomposites prepared at 1000 °C 
and 1100 °C showed no cytotoxic effect according to brine shrimp lethality bioassay. In vitro 
protein adsorption test and in vitro hemolysis test indicated that the prepared HAp and HAp-MgO 
nanocomposites were biocompatible. Orthopaedic application of HAp and HAp-MgO 
nanocomposites were conducted by in vivo study using Wistar rats. X-ray diagnosis showed that 
HAp-MgO nanocomposites were suitable for treatment of bone defect. In vitro study for repairing 
the non-living broken bones by HAp-MgO nanocomposites was also conducted using chicken 
femur bone and it was found that the composites could be used as bioglue. The present study shows 
that cow femur bone can be effectively utilized for the preparation of HAp-MgO nanocomposites 
as potential filler to bone defects. 
Keywords: cow bone, hydroxyapatite, HAp-MgO nanocomposites, acute toxicity test,   protein 

adsorption test, hemolysis test, orthopaedic application 
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Introduction 
Hydroxyapatite is a significant biomaterial in the health care industry. Its chemical and 

mineral phases are analogous to those of natural bone and hence, its usage in the field of dentistry 
and orthopaedics has been explored (Hornez et al., 2007). Properties like osteoconductivity and 
osteoinductivity enhance bone regeneration and make hydroxyapatite an important material in 
tissue engineering (Burg et al., 2000), and its biocompatibility leads to its use as bioactive 
coating over implants (Ye and Wang, 2007).However, the brittleness and poor performance of 
mechanical stability of pure hydroxyapatite limit its use for the regeneration of non-load-bearing 
bone defects and tissue engineering applications (Rajkumar et al., 2010). Composite biomaterials 
like metal and polymer matrix are used to improve the mechanical compatibility of nano 
hydroxyapatite. Generally, composite biomaterials are prepared by using biocompatible/ 
biodegradable and synthetic/natural polymers (Wang et al., 2007). Inorganic minerals such as 
hydroxyapatite, bioactive glasses metal oxides and carbon nanotube are incorporated into 
polymer matrixes to impart bioactivity (Dhanalakshmi et al., 2012). The addition of nanosized 
particles is desirable to develop composite with a good mechanical strength similar to the natural 
bone which contains mineral crystals at the nanometer scale and embedded in the collagen matrix 
(Joseph and Tanner, 2005).  

The natural-biological origin hydroxyapatite has several important advantages: worldwide 
availability in almost unlimited supply, very low cost of raw materials, utilization of very simple 
and inexpensive apparatus, rapid, uncomplicated and very efficient transformation from raw 
materials into hydroxyapatite. Therefore, it seems to be an alternative for numerous products 
based on synthetic hydroxyapatite.  

MgO is one of the most successful candidates of reinforcement oxides. The mechanical 
and biodegradable properties of MgO added composites and alloys are especially attractive for 
bone and teeth implant applications due to its excellent biocompatibility, high degradability, low 
weight and density similar to natural bones.  

This research is aimed to prepare and characterize HAp and HAp-MgO nanocomposites 
and to study their structural, morphological and thermal properties for biomedical application. To 
fulfill the aim the objectives include: 

To collect waste cow bone from Mingalar Taung Nyunt retail market, Yangon Region 
To prepare and characterize HAp from waste cow bone sample by XRD, TG-DTA, FT 

IR, SEM and EDXRF techniques 
To calcine HAp prepared from cow boneat 800 °C, 900°C, 1000°C, 1100 °C and 1200 °C 

and  to characterize the calcined samples by XRD, TG-DTA, FT IR, SEM and EDXRF 
techniques 

To synthesize MgO nanoparticles by wet chemical method and to characterize the 
prepared MgO by XRD, TG-DTA, FT IR and SEM techniques 

To prepare HAp-MgO nanocomposites with different weight ratios of MgO at different 
temperatures and to characterize the nanocomposites by XRD, TG-DTA,  FT IR, SEM and 
EDXRF techniques 

To investigate the physicochemical properties (pH, bulk density, porosity and hardness) 
for HAp and HAp-MgO nanocomposites 

To study the biocompatibility tests (protein adsorption and hemolysis) and toxicity tests 
(acute toxicity and cytotoxicity) 

To conduct the in vivo and in vitro biomedical application of prepared HAp and HAp-
MgO nanocomposites 
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Materials and Methods 
The experimental works were conducted at the Department of Chemistry, University of 

Yangon (UY). Hydroxyapatite (HAp) was prepared from readily affordable biowaste cow bone 
employing simple unit operations and acid-alkali processes.  

 

2.1       Sample Collection 

Cow bone samples were collected from Mingalar Taung Nyunt retail market in Yangon 
Region. 
 

2.2        Sample Preparation 

Distilled water washed raw cow bone sample (1kg) was crushed into splintered bone 
pieces. It was boiled in a steel pot immersed in 2L of hot distilled water contained in a steel pot 
for 4-5 hours. Boiling was repeated 3 more times. The boiled sample (800 g) was then pressure 
cooked in 2L of distilled water, under pressure of 5-7.5 psi. Pressure cooking was repeated          
3 more times with fresh distilled water. Washing, boiling and pressure cooking removed any 
adhering oil, fat, meaty things plus some contaminated dirt and microorganisms. Dried bone 
pieces were then treated with 1M HCl (2 L) in a glass tank for about 24 hours accompanied by 
occasional stirring.  After the acidified bone pieces were washed with distilled water to a nearly 
neutral state (pH 6.5-7.3) the bone pieces were then immersed in 2 L of 1M NaOH for about                
24 hours. The alkali treated bone pieces were repeatedly washed with distilled water to a neutral 
state. It was air dried and pulverized to a powder form (44 µm). The acid-alkali treatment 
removed any remaining tissue, fatty matter and making the splintered bones more porous and 
brittle. It aided the splintered bones to be ground to the powder form. The hydroxyapatite powder 
was calcined at 800 °C, 900 °C, 1000 °C,1100 °C and 1200 °C in a muffle furnace. 
 

2.3       Synthesis of Magnesium Oxide Nanoparticles 

Magnesium oxide nanoparticles were prepared by wet chemical method using magnesium 
nitrate hexahydrate and sodium hydroxide as precursors and soluble starch as stabilizing agent. 
Starch act as a stabilizing agent and also prevents the agglomeration of nanoparticles (Agrawal  
et al., 2015). Starch (0.1 %concentration) solution was prepared in 100 mL of distilled water and 
magnesium nitrate 0.4 mol was added to the above solution. Then the solution was kept under 
constant stirring using magnetic stirrer for complete dissolution of contents. After complete 
dissolution, 0.8 mol of sodium hydroxide solution was added in drops along the sides of the 
container under constant stirring for 2 hours and allowed to settle for 24 hours. The supernatant 
liquid was then discarded carefully and the remaining solution was centrifuged (3000 rpm at 
25°C) for 30 minutes. Centrifugate was washed three times using distilled water and ethanol to 
remove the by-products and the excessive starch that bound with the nanoparticles. The 
nanoparticles of magnesium hydroxide were dried in an oven at 100 °C for 4 hours and annealed 
in a muffle furnace at 600 °C for 4 hours to obtain magnesium oxide. During this process, 
conversion of magnesium hydroxide into magnesium oxide took place. 
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2.4       Synthesis of HAp-MgO Nanocomposites 

 MgO (5 g) was dispersed in 20 mL of distilled water with the help of a magnetic stirrer 
for 1 hour. The hydroxyapatite suspension was also prepared using the ratio of 1:1 for powder 
(100 g) and water (100 mL) by means of magnetic stirring for 1 hour to get homogeneity of the 
dispersion. In order to prepare HAp-MgO nanocomposites, the weight percentages (wt %) of            
5 and 10 were chosen. The prepared MgO suspension was poured into the HAp suspension and 
then was thoroughly mixed using stirrer at 80-90°C for 1 hour. The obtained suspension was 
cooled to room temperature for 12 hours. In addition, it was filtered using a funnel through filter 
paper. The residues were washed 2 to 3 times with distilled water. Then, it was transferred into 
porcelain basin and placed in an oven at 120 °C for 4 hours to obtain dried sample. Moreover, the 
resulting products were annealed at 1000°C and 1100°C for 4 hours. 
 

2.5       Characterization Techniques 

Phase analysis and purity of prepared magnesium oxide, hydroxyapatite and HAp-MgO 
nanocomposites obtained were investigated by X-ray analysis. X-ray diffraction patterns of the 
samples were recorded on X-ray diffractometer (Rigaku, Tokyo, Japan), using CuKα radiation 
(λ= 1.54 Å) at 40 kV and 40 mA. The diffraction angle ranged from 10o to 70o of 2θ.The 
crystallite size was calculated by Scherrer method. The crystallinity percent was obtained by 
dividing total area of crystalline peaks by total area of all peaks. 

TG-DTA (DTG-60H) Thermal Analyzer, Shimadzu, Japan was employed for investigation of the 
thermal property of prepared magnesium oxide and cow bone hydroxyapatite. The sample was 
scanned from 40°C to 600°C under nitrogen atmosphere with a flow rate of 50 mL min-1.  

Fourier transform infrared (FT IR) spectra of the samples was recorded on a FT IR 
spectrometer (FT IR-8400 SHIMADZU, Japan) in a range of wavenumber from 4000 to 440cm-1. 

The morphology of the samples were examined by scanning electron microscopy (JEOL-
JSM 5610 LV, Japan). 

Relative abundance of elements in hydroxyapatite was qualitatively determined by 
EDXRF analysis using EDX-702 spectrometer (Shimadzu Co.Ltd., Japan). 
 

2.6       Physicochemical Properties of HAp and HAp-MgONanocomposites 

pH values of HAp and HAp-MgO nanocomposites were determined by pH meter (Jenway 
4330, England) and the hardness of prepared HAp and HAp-MgO nanocomposites were 
determined by hardness tester (PHAMA Test, PTB 302). Bulk density and porosity of the 
samples were determined by tapping method and liquid displacement method respectively. 

 

2.7 In Vitro Investigation of Antimicrobial Activities of HAp and HAp-MgO 
Nanocomposites 

In vitro screening of antimicrobial activities of HAp and HAp-MgO nanocomposites were 
carried out against six kinds of bacteria by agar well diffusion method at Pharmaceutical 
Research Department (PRD), Ministry of Industry, Yangon, Myanmar. The microorganisms 
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selected were Bacillus subtilis (N.C.T.C-8236),Staphylococcus aureus (N.C.P.C-6371), 
Pseudomonas aeruginosa (6749),Bacillus pumilus (N.C.I.P-8982),Candida albicans and 
Escherichia coli (N.C.I.B-8134). 
 

2.8 In Vivo Acute Toxicity Test of HAp-MgO Nanocomposites 

Acute toxicity of HAp-MgO nanocomposites was tested according to the methods of 
OECD Guidelines for the Testing of Chemicals 423 at Laboratory Animal Services Division, 
Department of Medical Research (DMR), Yangon. 

According to the test description, total number of 54 adult albino mice, weighing  
(25-30g) were selected and divided into 9 groups. Each group contained six animals. They were 
fasted for 18 hours before giving the HAp-MgO nanocomposites. Groups (A 1 to D 2) mice were 
orally administered with HAp-MgO nanocomposites(2000 mg/kg dose and 5000 mg/kg dose). 
Group (E) mice performed as a control group and they were treated with clean water and normal 
animal food. All groups of mice were kept in the standard aluminium mouse cages and allowed 
to access food and water in the separate room at the room temperature of 26±1 ºC. After 
administration, mortality and behaviour changes were continuously observed. Then the animals 
were checked each 24 hours for fourteen days. The mortality during this period was noted (Nil or 
percent death). 

 

2.9      Cytotoxicity Test 

The brine shrimp (Artemiasalina, fairy shrimp or sea monkeys)was used in this study for 
cytotoxicity bioassay of the prepared HAp and HAp-MgO nanocomposites (Ali  
et al., 2013). The toxicity of samples were tested at various concentrations viz. 1,10, 100 and 
1000 µg/mL in artificial seawater. Ten nauplii were used in each test. Three replications were 
used for each concentration. A parallel series of tests with the standard potassium dichromate 
solution and caffeine were conducted. After 24 hours, the number of dead brine shrimps was 
counted and 50 % lethality dose (LD50) was calculated (Sahgal et al., 2010). 
 

2.10     Biocompatibility Tests 

2.10.1  In vitro protein adsorption test 

Protein adsorption test was conducted according to Mishra (2013) with some 
modifications. Adsorbate used was Bovine Serum Albumin (BSA) from Sigma. Firstly,1 mL 
each of HAp and HAp-MgO nanocomposites samples with concentrations of 10 mg/mL was 
added to 1mL of aqueous solution of BSA (1200 μg/mL) in respective  test tubes. The mixtures 
were then shaken and incubated at the physiological temperature (37oC) for 24 hours. After                
24 hours of incubation, the samples were centrifuged at 3000 rpm for 10 minutes. The 
supernatants were removed and the residual protein concentration was determined using Biuret 
assay at 550 nm (Holme and Peck, 1998). Sample solution (1 mL) and 4 mL of Biuret reagent 
were thoroughly mixed and kept at room temperature for 30 minutes. After that, the absorbance 
value was measured at 550 nm. Hence, by difference the residual protein amount from the total 
protein amount, the protein adsorbed (μg) was determined.  
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2.10.2  In vitro hemolysis test 

Hemolysis test was conducted according to Mishra (2013) with some modifications. 
Blood was collected from central ear artery of two white rabbits by needle. The rabbits were 
provided by Laboratory Animal Services, Department of Medical Research, Yangon. Trisodium 
citrate as anticoagulant was immediately added.The noncoagulant blood was diluted with normal 
saline(10 mL of normal saline per 8 mL of blood) and stored at 4 °C till use.Following this, 
thetest specimens (10 mg each) were placed in test tubes with phosphate buffered saline (1 mL 
each) and agitated and incubated for 24 hours at 37°Cbefore being exposed to blood. After that, 
0.5 mL of blood was added to each test tube and the volume made up to 10 mL with 
saline.Hydrochloric acid was used as positive  control and phosphate buffer saline (PBS) solution  
was used as negative control.The samples and controls were placed in contact with blood for            
1 hour in incubator at 37 °C. After centrifugation at 4000 rpm for 10 minutes,the absorbance of 
the supernatant was measured at 545 nm.The percentage of hemolysis was determined by the 
following formula. 

( )
( )

sample negative control

positive control negative control

Percent hemolysis
A  – A 

A
 

  – 
0

A
 1 0= ×  

 

2.11    In Vivo Test for Orthopaedic Application of HAp and HAp-MgO Nanocomposites 

HAp and HAp-MgO nanocomposites were conducted for orthopaedic application 
employing Wistar rats (male with 250-300 g body weight).The animals were obtained from 
Laboratory Animal Services Division, Department of Medical Research, Yangon. All of the rats 
were kept in standard rat cages.The animals were facilitated with standard environmental 
condition of photoperiod (12:12 hours dark: light cycle) and temperature (24 °C). They were 
provided with standard laboratory pellets and water was given adlibitum. Animals were divided 
into two individual groups in this experiment as follows: 

Group I, after surgery procedure, left side of skull defect was not filled any 
materials. Group I, after surgery procedure, right side of skull defect was filled with 
HAp. Group II, after surgery procedure, left side of skull defect was filled with 
HAp-5 % MgO nanocomposite(1100 ºC). Group II, after surgery procedure, right side of skull 
defect was filled with HAp-10 % MgO nanocomposite (1100 ºC). 

Wistar rats were injected with Ketamine hydrochloride (50 mg/kg) before the surgery. 
The dorsal area of each rats skull was shaved before the surgery, and the surgical field was 
prepared with septidine solution. A 3 cm midline scalp incision was made, and underlying 
musculature and periosteum were elevated, exposing the parietal bones. Identical 0.3 cm 
diameter (left side and right side) round bony defect was then created in the parietal bone using 
stainless steel hand drill carefully. Care was then taken to avoid injury to the dura or midsagittal 
sinus. The sample powder was taken in a watch glass and distilled water added drop wise till the 
powder got fully wet and got paste. The paste was molded in the skull bone cavity before 
suturing. Defects were gently packed with HAp paste for right side of test (I) animal and left side 
was left unfilled (control) and HAp-10 % MgO nanocomposite (1100 ºC) paste for right side of 
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test (II) animal and HAp-5 % MgO nanocomposite (1100 ºC) paste for left side of test (II) 
animal. External examination of the skull bone defects was conducted after 15 days and 30 days 
surgery by taking photos of the skull bone. Test animals of groups (I) and (II) were post-tested by 
X-ray radiography. The Wistar rats were observed (a) immediately on operation day (b) 15 days 
after surgery and (c) 30 days after surgery at Crown Veterinary Resources, Yankin Township, 
Yangon. Skull bone lesion samples were used for histological examination in Pathology 
Research Division, Department of Medical Research (Lower Myanmar). 
 

2.12 In Vitro Test for Orthopaedic Application of HAp-MgO Nanocomposites as Bone 
Glue 

Chicken femur bones were also used in vitro bone glue experiment. With a manual bone 
saw shaft, femur bones of some of the chicken were horizontally and completely cut and some 
were almost completely. Bone glue made of HAp-MgO nanocomposites and polyethylene glycol 
(1:1) were then applied to stick the broken dried chicken femur bones and kept for 24 hours. 

Results and Discussion 
3.1 Effect of Calcination on Colour Tone of Hydroxyapatite  

The observed colour toneof prepared hydroxyapatite was yellowish white. After 
calcination at 800°C, the colour tone has still tinged yellowish white. The yellowish colour or the 
tinge tone may be due to organic matrix (collagen). However, above  800°C that is from 900°C to 
the range of 1200°C the hydroxyapatite  was observed to be clear white (Venkatesan and Kim, 
2010). 

 

3.2       Characterization of Hydroxyapatite 
3.2.1    XRD analysis 
           Figure 3.1 presents the XRD analysis of HAp prepared from cow bone samples of 
uncalcined and calcined at 800 °C, 900 °C, 1000 °C, 1100 °C and1200 °C. XRD analysis of 
uncalcined HAp prepared from cow bone shows a broad peak pattern with poor crystalline 
intensity of HAp phase. From the results, not all the standard peaks were found because of the 
presence of organic compounds (collagen) which disperses the X-ray radiation. As the 
temperature increased from 800 °C to 1200 °C, sharp and narrow peaks with high intensity of 
crystalline pattern were observed as reported by Figueiredo et al. (2010). All the XRD peaks 
match with the standard peaks of pure hydroxyapatite and no impurity other than hydroxyapatite 
was detected. The results indicated that all organic substances were completely eliminated. It 
was confirmed by phase analysis by X-ray method which showed the formation of single phase 
of hydroxyapatite. The principal characteristics diffraction  peaks of HAp appeared at 2-Theta 
values of 31.848°, 32.060° and 32.908° which correspond to Miller indices of (211) (112) and 
(300) respectively. The well-resolved XRD of hydroxyapatite could be easily indexed on the 
basis of hexagonal crystal system with equal length of a and b axes and shorter length of c axis 
(Table 3.1). The crystallite size and percent crystallinity of hydroxyapatite are shown in Table 
3.2. As the temperature increased the crystallite size was found to become larger. This may be 
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due to the fact that particles coalesced at higher temperature. Furthermore it was found that 
crystallinity percent also increased as the calcination temperature increased. 
 

3.2.2    TG-DTA analysis  

Thermal analysis data of uncalcined hydroxyapatite prepared from cow bone are shown in 
Table 3.3. It was noted that the weight loss in the temperature range of 39.79 to 60 oC was 
1.22%due to evaporation of residual water. Within the temperature range of 60 to 288oC, the 
weight loss was 8.42% due to the combustion of organic residue. An exothermic peak was 
observed at 275.70 oC.A higher weight loss of35.51% was noted in the temperature range of           
288 to 436 oC. The weight loss was also due to combustion of organic residue. An exothermic 
peak was also observed at 387.84oC. Between the temperature range of 436 to 599.26 oC the 
prepared uncalcined hydroxyapatite was found to be thermally stable. 

TG-DTA thermogram of calcined samples show negligible weight loss with further 
increase of temperature (Table 3.4). It can be deduced that hydroxyapatite is thermally stable and 
this indicates that complete formation of hydroxyapatite crystals at 900 °C. 

                                 
(a)                                         (b) 

                                 
(b)                                        (d)  
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 (e)                                                                                 (f) 

Figure 3.1  X-ray diffractograms of  HAp(a) uncalcined and calcined at (b) 800 °C  (c) 900 °C 
(d) 1000 °C  (e) 1100 °C  and (f) 1200  °C 

Table 3.1   Peak Locations, Milller Indices and Lattice Constants of Hydroxyapatite 

No. HAp Samples 
Lattice Constants (Å) 

Crystal structure 
a=b c 

1. Uncalcined sample   9.3927 6.9403 Hexagonal structure 
2. Calcined sample (800 °C) 9.4058 6.8719 Hexagonal structure 
3. Calcined sample (900 °C) 9.4009 6.8757 Hexagonal structure 
4. Calcined sample (1000 °C) 9.4135 6.8769 Hexagonal structure 
5. Calcined sample (1100 °C) 9.4167 6.8970 Hexagonal structure 
6. Calcined sample (1200 °C) 9.4352 6.8839 Hexagonal structure 

Table 3.2 Average Crystallite Sizes and Crystallinity Percents of Hydroxyapatite 

No.  HAp Samples  Average crystallite size (nm) % Crystallinity 

1. Uncalcined sample   46.82 33.7 

2. Calcined sample (800 °C) 61.98 56.1 

3. Calcined sample (900 °C) 69.92 63.5 

4. Calcined sample (1000 °C) 71.81 64.6 

5. Calcined sample (1100 °C) 78.24 65.9 

6. Calcined sample (1200 °C) 78.30 66.4 
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Table 3.3  Thermal Analysis Data of Uncalcined Hydroxyapatite  

No. Temperature 
range (°C) 

Break in 
Temp (°C) 

Weight 
loss (%) 

Peak 
nature Remark 

1. 39.79-60 - 1.22 - Evaporation of 
residual water 

2. 60-288 275.70 8.42 Exothermic 
peak  

Combustion of 
organic residue  

3. 288-436 387.84 35.51 Exothermic 
peak  

Combustion of 
organic residue 

4. 436-599.26 - - - Thermally stable  
 

Table 3.4 Weight Loss of Hydroxyapatite by Thermal Analysis     

No.  HAp Samples  Weight loss (%) 

1.  Uncalcined sample  42.120 

2.  Calcined sample (800 °C) 1.578 

3.  Calcined sample (900  °C) 1.716 

4.  Calcined sample (1000  °C) 1.797 

5.  Calcined sample (1100  °C) 0.974 

6.  Calcined sample (1200  °C) 1.177 
 

3.2.3    FT IR analysis 

FT IR spectra of the cow bone samples before and after thermal treatment at 800°C,               
900 °C, 1000 °C, 1100°C and 1200 °C are shown in Table 3.5. Differences between the spectra 
of raw bones and calcined samples are due to changes in their chemical structure, occurred 
during the heating. This fact indicates the presence of the proteins and the organic phase in raw 
bone samples and their absences in heated samples. The characteristic peaks of hydroxyapatite at 
557, 600, 960 (shoulder), 1012 and 1030 (shoulder) cm-1 due to phosphate vibrations were 
observed. In addition, most bands of phosphate vibrations of hydroxyapatite have largely 
increased in intensity after calcination. Moreover, after calcination, absorption bands originated 
from  the collagen (C=O stretching vibration at 1634 cm-1, N–H in-plane bending at 1548 cm-1,   
C–H and N–H stretching modes in the 2800–3400 cm-1 region) disappear due to the removal of 
organic component from the bone samples. In the500-700 cm-1 region, there are now three bands 
in the spectra of the calcined samples (570,601,632 cm-1) whereas in the original sample only 
two are clearly discernible. The weak band observed in the spectra of calcined hydroxyapatite 
samples around 630 cm-1 could not be identified in the spectrum of the uncalcined sample. 
Carbonate peak around 871 cm-1 disappear after calcination at 1000 °C, 1100°C and 1200 °C. FT 
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IR spectra showed bands of small intensity at 1411cm-1 and 1413 cm-1due to lattice carbonate 
vibration. Disappearance of the doubly band was noticed after calcination at 1200°C. 

Table 3.5 FT IR Spectral Data of  HAp (Uncalcined and Calcined) Samples 

No. Raw Wavenumber (cm-1) Reported 
Values* Remark 

800  °C 900  °C 1000  °C 1100  °C 1200  °C 

1. 3392 3472 3443 3462 3471 3473 3100-3500 Vibration of 
OH 

2. 2820 - - - - - 2800-3400 CH stretching 

3. 1652 - - - - - 1653 
Amide I 

adsorption of 
collagen 

4. 1546 - - - - -  
NH plane 
bending 

5. 1467 1460 1456 1456 1454 - 
1400-1629 Carbonate 

groups 6. 1413 1411 1413 1411 1411 - 

7. 1172 1089 1089 1089 1091 1089 

1100-1200 Stretching 
Phosphate 

8. - - 1060 - 1060 - 

9. - 1045 1047 - - 1045 

10. 1031 1031 1033 1030 1033 1037 

11. 960 962 962 962 962 962 900-1200 Stretching 
Phosphate 

12. 871 873 877 - - - 871 Carbonate 
group 

13. - 632 632 632 632 632 

500-700 Bending 
Phosphate 14. 603 601 601 601 601 601 

15. 563 570 570 569 570 570 
* Nakamoto, 1970 
 

3.2.4 SEM analysis 

 From the microstructure observation using SEM, Figure 3.2 presents SEM images of 
uncalcined hydroxyapatite and calcined at different temperatures (800°C, 900°C, 1000°C, 
1100°C and 1200°C).Before calcination, hydroxyapatite crystals were embedded in organic 
materials. After heat treatment, elimination of collagen was observed. At higher temperature 
particles had begun to coalesce and contact areas between particles were  increased by neck 
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growth. At the temperatures of 1100°C and 1200°C, the SEM images show the densification of 
the sample. The same observation was also observed by Sriasiliza et al.(2009). 

 

   
(a) (b) (c) 

   
(d) (e) (f) 

Figure 3.2   SEM images of  HAp (a) uncalcined and calcined at (b) 800 °C (c) 900 °C (d) 
1000 °C  (e) 1100 °C  and (f) 1200  °C  

 

3.2.5    EDXRF analysis 

           EDXRF is an analytical technique used for elemental analysis or chemical composition of 
a sample. Table 3.6 represents the EDXRF spectra for hydroxyapatite at 800°C, 900 °C,                 
1000 °C, 1100 °C and 1200 °C, respectively. According to the chemical formula of hydroxyapatite, 
calcium and phosphorus, the most significant minerals of the bone, are noticeable in this 
analysis. It was observed that calcined cow bone contained Ca, P, Sr, Fe, K, Zr and Zn. Among 
these elements Ca was the highest. 
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Table 3.6 Relative Elemental Abundance of Hydroxyapatite 

HAp Samples  
Relative abundance (%) 

Ca P  Sr Zn Fe  K  Zr 

Uncalcined sample   70.379 29.480 0.105 0.036 - - - 

Calcined sample (800 °C) 83.752 14.643 0.236 0.112 1.257 - - 

Calcined sample (900 °C) 78.592 18.509 0.189 0.102 1.791 0.818 - 

Calcined sample (1000 °C) 80.921 18.184 0.113 0.059 0.048 0.675 - 

Calcined sample (1100 °C) 78.974 20.119 0.160 0.082 0.664 - - 

Calcined sample (1200 °C) 78.965 19.620 0.144 0.075 0.357 0.813 0.025 
 

3.3     Characterization of Magnesium Hydroxide and Magnesium Oxide 

3.3.1  XRD analysis 

XRD pattern of magnesium hydroxide depicts the eight well-defined diffraction peaks 
corresponding to (001), (100), (101), (102), (110), (111), (103) and (200) planes which are in 
agreement with the standard library data of magnesium hydroxide (Figure 3.3).  

The prepared magnesium oxide samples were subjected to XRD analysis and three well-
defined different peaks were observed in each diffractogram at Miller indices of (111), (220) and 
(200) (Figure 3.4). A single phase of magnesium oxide with space group of Fm3m was observed 
from XRD analysis. Since Miller indices appeared as all odd or all even the structure of 
magnesium oxide was found to be face-centered cubic structure (Table 3.7). 

Crystallite size of prepared magnesium hydroxide was found to be 22.33 nm and those of 
magnesium oxide were calculated as 13.79 nm, 21.28 nm and 21.71 nm, respectively, for 
samples obtained by calcination at 400 °C,500 °C and 600 °C (Table 3.8). The crystallite sizes of 
magnesium oxide calcined at 600 °C was found to be the highest. As the temperature increased, 
the crystallite size of magnesium oxide was found to increase. The same observation was 
reported by Tang et al., 2012. This phenomena can be explained as follows. Different size 
crystals have different surface energies. Crystal size is proportional to its surface energy, so the 
process of small crystals turning into large crystals happens automatically. The process proceeds 
very quickly especially at high temperature. With prolonged calcination time, the process will be 
achieved completely. The crystal size grows for long times at high calcination temperatures (Shi 
et al., 2012; Tang and Shi, 2008). Thus, large size nanoparticles can be obtained. 

Crystallinity of MgO also increased with increased in temperature showing that  
27.44 %, 48.17 % and 54.39 % for MgO calcined at 400 °C, 500 °C and 600 °C, respectively  
(Table 3.8). 
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Figure 3.3 X-ray diffractogram of magnesium 

hydroxide 
Figure 3.4 Comparison of X-ray 

diffractograms of magnesium 
oxide at 400, 500 and 600 °C 

 

Table 3.7  Phase Purity and the Crystallographic Structural Properties for Magnesium 
Oxide 

MgO 
(°C) 

Diffraction angle 
(2θ) degree  

Interplanar 
spacing (d) Å 

Miller Indices  
Phase Axial length 

(Å) h k l 
400  36.613 2.4523 1 1 1 MgO 4.2475 
 42.780 2.1120 2 0 0 MgO 4.2240 
 62.012 1.4953 2 2 0 MgO 4.2294 
500  36.828 2.4385 1 1 1 MgO 4.2236 
 42.793 2.1114 2 0 0 MgO 4.2238 
 62.081 1.4938 2 2 2 MgO 4.2252 
600  36.658 2.4494 1 1 1 MgO 4.2425 
 42.654 2.1179 2 0 0 MgO 4.2359 
  65.024 1.4951 2 2 2 MgO 4.2287 

Average Lattice Constants = a = b = c = 4.2337 Å (400 °C) 
Average Lattice Constants = a = b = c = 4.2239 Å (500 °C) 
Average Lattice Constants = a = b = c = 4.2357 Å (600 °C) 
Crystal system = cubic 
 

Table 3.8 Average Crystallite Sizes  and Crystallinity Percents of Magnesium Hydroxide 
and Magnesium Oxide 

No.  Samples  Average crystallite size (nm)  % Crystallinity 
1. Mg(OH)2 22.33 51.71 
2. MgO (400 °C) 13.79 27.44 
3. MgO (500°C) 21.28 48.17 
4. MgO (600 °C) 21.71 54.39 
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3.3.2    TG-DTA analysis 

Table 3.9 shows thermal analysis data of magnesium hydroxide. One decomposition step 
was observed in TG-DTA thermogram of magnesium hydroxide with a sharp endothermic peak 
appeared at 335.28 °C because of phase transition from magnesium hydroxide to magnesium 
oxide. Weight loss of conversion of magnesium hydroxide to magnesium oxide is due to the 
elimination of lattice water molecule. In the temperature range of 37.33 oC to 351oCweight loss 
was calculated to be 30.86 % which agreed with the theoretical weight loss of 31.03 %. 
According to TG-DTA analysis the decomposition temperature of Mg(OH)2 was 335.28 °C. 
After phase transition to magnesium oxide the weight loss was negligible and thermal stability of 
the product was observed. 

Moreover, thermal analysis data of magnesium oxide samples calcined at 400 oC,   500 oC 
and 600 oC are shown in Table 3.10. Two endothermic peaks appeared at 72.59 oC and 291.22 oC 
due to the loss of water absorbed on the surface. Similarly, a very small endothermic peak was 
observed in each thermogram of magnesium oxide samples calcined at 500 oC and 600 oC  
(282.57 oC  and 273.44 respectively) because of the loss of absorbed water. It was noted that the 
smallest weight loss of 0.868 % was observed for magnesium oxide calcined at 600 oC  
indicating having higher thermal stability. 

 

Table 3.9  Thermal Analysis Data of  Magnesium Hydroxide  

No. Temperature 
range (°C) 

Break in 
Temp (°C) 

Weight 
loss % 

Peak nature  Remark  

1. 37.33-351 335.28 30.86 Endothermic 
peak  

Phase transition from 
Mg(OH)2 to 
MgO(lattice 

water)(theoretical wt 
loss 31.03 %) 

2. 351-601.45 - 3.04  Thermally stable  
 

Table 3.10  Thermal Analysis Data of  Magnesium Oxide  

Magnesium 
oxide (°C)   

Temperature 
range (°C) 

Break in 
Temp (°C) 

Weight 
loss % Peak nature  Remark  

400 
38.72-180 72.59 11.94 Endothermic  Loss of absorbed 

water  
180-601.61 291.22 17.80 Endothermic  Loss of absorbed 

water 

500 39.81-600.54 282.57 12.781 Endothermic 
(very small) 

Loss of absorbed 
water 

600 38.09-601.35 273.44 0.868 Endothermic 
(very small) 

Loss of absorbed 
water 
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3.3.3    FT IR analysis 

FT IR spectrum of magnesium hydroxide showed stretching vibration of O-H in 
magnesium hydroxide appeared as a sharp peak at 3697 cm-1 and O-H stretching vibration of 
physically absorbed water at 3446 cm-1. O-H bending modes were observed between 1400 -     
1600 cm-1 and the peak at 441 cm-1is assigned to at Mg-O  vibration (Table 3.11). 

In  FT IR spectra of magnesium oxide samples calcined at 400 oC, 500 oC and 600 oC the 
intensitiy of the O-H stretching vibration appeared at 3697 cm-1decreased noticeably  showing 
that conversion of  hexagonal magnesium hydroxide to cubic magnesium oxide. Characteristic 
peaks of magnesium oxide  at 653 cm-1 and 474 cm-1 due to Mg-O vibration were seen on the 
spectra. 
 

Table 3.11 FT IR Spectral Data of Magnesium Hydroxide and Magnesium Oxide  

No. 
Wavenumber (cm

-1
) Reported 

values* 
(cm

-1
) 

Remark Mg (OH)2 
MgO (°C ) 

400  500  600  
1. 3697 3697 3697  3697 O-H stretching vibration of 

Mg(OH)2 
2. 3446 3441 3446 3443 3444 O-H stretching vibration of 

physically absorbed water 
molecules 

3. 1635 1612 1639 1635 1600-1400 O-H bending mode of 
vibration of  physically 

absorbed water molecules 
4. 1483 1445 1445 1444 

5.  653 653 653 680-450 Mg-O deformation vibration 
6. 441 474 441 474 

* Karthikeyan et al., 2016 

 

3.3.4    SEM analysis 

Figure 3.5 shows the SEM image of magnesium hydroxide. Aggregates of irregular 
shaped particles were observed. 

SEM images shown in Figures 3.5, 3.6, 3.7 and 3.8 depict the morphology of magnesium 
oxide nanoparticles as spherical granules with slight agglomeration. At 600 °C, the morphology 
was  more pronounced and some cubical shaped aggregated particles were observed. 
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Figure 3.5 SEM image of magnesium 

hydroxide (5500 X magnification) 
Figure 3.6  SEM image of magnesium oxide 

(400 °C) (5500 X magnification) 

  
Figure 3.7SEM image of magnesium oxide  

(500 °C) (5500 X magnification) 
Figure 3.8   SEM image of magnesium oxide  

(600 °C) (5500 X magnification) 
 

3.4      Characterization of HAp-MgO Nanocomposites 

3.4.1   XRD analysis 

HAp-MgO nanocomposites was prepared using HAp calcined at 900 oC and MgO 
obtained by heating Mg(OH)2 at 600 oC.Two different weight percentages of 5 % and 10 % 
magnesium oxide  were added into HAp sample in this study. 

HAp calcined at 900 oC showed well-resolved XRD pattern which could be easily 
indexed on the basis of hexagonal crystal system with equal length of a and b axes (9.4009 Å) 
and shorter length of c axis (6.8757 Å). When the prepared magnesium oxide sample obtained at 
600 oC was subjected to XRD analysis three well-defined diffraction peaks were observed at 
Miller indices of (111), (220) and (200). After incorporation of magnesium oxide to HAp, the 
XRD patterns of HAp-MgO nanocomposites showed two new peaks corresponding to 
magnesium oxide peaks at (200) and (220) in addition to HAp peaks  (Figure 3.9). 
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With increase in temperature the crystallite size of HAp-MgO nanocomposites were 
found to increase. However, the results were reversed as the amount of magnesium oxide was 
increased (Table 3.12). For HAp, the crystallite size was 69.92 nm. Crystallite sizes of HAp-
MgO nanocomposites were 32.17 nm and 37.87 nm for HAp-5 % MgO nanocomposites 
calcined at 1000 °C and 1100 °C, respectively. For HAp-10 % MgO nanocomposites the 
crystallite sizes were 31.46 nm and 36.70 nm, respectively for calcination temperature of              
1000 °C and 1100 °C.  

Crystal structures of HAp and all of the HAp-MgO nanocomposites were hexagonal.The 
lattice constants of HAp-MgO nanocomposites noticeably changed from those of HAp indicating 
the formation of composites. Among the HAp-MgO nanocomposites, the lattice constants 
changed slightly with change in temperature and amount of magnesium oxide. 

 
 

 

 
 

Table 3.12 Average Crystallite Sizes, Lattice Constants and Crystal Structures of HAp and 
HAp-MgO Nanocomposites 

No. Samples Average crystallite 
size (nm) 

Lattice constants (Å) Crystal 
structure a=b c 

1. HAp 69.92 9.4009 6.8757 Hexagonal 
2. HAp-5 % MgO 

nanocomposite  (1000 oC) 
32.17 9.5469 6.8434 Hexagonal 

3. HAp-5 % MgO 
nanocomposite  (1100 oC) 

37.87 9.5998 6.9544 Hexagonal 

4. HAp-10 % MgO 
nanocomposite  (1000 oC) 

31.46 9.5650 6.7985 Hexagonal 

5. HAp-10 % MgO 
nanocomposite  (1100 oC) 

36.70 9.5295 6.8878 Hexagonal 

 

(a) 

(b) 

(c) 

(d) 

Figure 3.9  X-ray diffractograms of HAp-MgO nanocomposites 

 (a) HAp-10 % MgO (1100 oC) (b) HAp-10 % MgO (1000 oC) 

 (c) HAp-5 % MgO (1100 oC)  (d) HAp-5 % MgO (1000 oC) 
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3.4.2    TG-DTA analysis 

TG-DTA thermal data of HAp-MgO nanocomposites at 1000 °C and 1100 °C are 
presented in Table 3.13. No inflection of TG curve with small weight loss was observed in each 
TG curve of HAp-MgO nanocomposites indicating the stability of the sample. 

3.4.3   FT IR analysis 
FT IR spectral data revealed the assignment of the vibration bands of HAp-MgO 

nanocomposites together with the characteristic peaks of both HAp and MgO (Table 3.14). The 
characteristic peaks of HAp in nanocomposites were observed between 700-500 cm-1 due to P-O 
bending vibration and between 1200-900 cm-1 due to P-O stretching vibration (Karthikeyan         
et al., 2016). Similarly, the characteristic peaks of MgO in HAp-MgO nanocomposites were 
observed at 474 cm-1 (Nakamoto, 1970). 

Table 3.13  Thermal Analysis Data of  HAp-MgO Nanocomposites 
Samples Temperature 

range (°C)  
Initial 

weight(mg) 
Final 

weight(mg)  
Weight 
loss (%)  

Remark  

HAp-5 % MgO 
nanocomposite (1000 °C) 

38.94-601.14 8.192 8.178 0.171 Thermally 
stable 

HAp-5 % MgO 
nanocomposite (1100 °C) 

39.32-601.59 9.586 9.526 0.626 Thermally 
stable 

HAp-10 % MgO 
nanocomposite (1000 °C) 

36.92-601.48 3.793 3.786 0.185 Thermally 
stable 

HAp-10 % MgO 
nanocomposite (1100 °C) 

39.38-601.78 7.959 7.863 1.206 Thermally 
stable 

 

 
Table 3.14  FT IR Spectral Data of HAp, MgO and HAp-MgO Nanocomposites 

No. 

Wavenumber (cm
-1

) Reported 
values 
(cm

-1
) 

Remark HAp  
(900°C) 

MgO 
(600°C) 

HAp-MgO Nanocomposites 
5  % 

(1000°C) 
5  % 

(1100°C) 
10  % 

(1000°C) 
10  %  

(1100°C) 

1. 3697  3570 3570 3510 3568 3500-3100* Vibration of  
O-H 

2. 3443 3440 3427 3419 3479 3443 3444** 
O-H stretching 

vibration of 
physically 

absorbed water 
molecules 

3. 1456  1460 1462 1460 1462 1629-1400* Carbonate group 4. 1413  1413 1413 1413 1413 
5. 1089  1091 1089 1091 1091 

1200-900* P-O stretching of 
phosphate 6. 1047  1047 1047 1047 1047 

7. 962  960 960 960 960 
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No. 

Wavenumber (cm
-1

) Reported 
values 
(cm

-1
) 

Remark HAp  
(900°C) 

MgO 
(600°C) 

HAp-MgO Nanocomposites 
5  % 

(1000°C) 
5  % 

(1100°C) 
10  % 

(1000°C) 
10  %  

(1100°C) 
8. 877      871* Carbonate group 
9. 

 
653 

    
650-450** Mg-O deformation 

vibration 
10. 632  632 632 632 634 

700-500* P-O bending of 
phosphate 11. 601  601 601 601 601 

12. 570  569 570 569 569 
13. 

 
474 472 474 474 474 650-450** Mg-O deformation 

vibration 
* Nakamoto, 1970          ** Karthikeyanet al., 2016 

 
3.4.4    SEM analysis  

Microscopic observations illustrated that the HAp-5 % MgO nanocomposite calcined at 
1000 °C showed elongated shape. As the concentration of MgO increased, irregular shape are 
observed. Increasing temperature to 1100 °C, the poorly connected particles tend to agglomerate.  

  
(a) (b) 

  
(c) (d) 

Figure 3.10 SEM images of HAp-5 % MgO nanocomposite at (a) 1000 °C (b) 1100 °C     and 
HAp-10 % MgO nanocomposite at (c) 1000 °C (d) 1100 °C 
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3.4.5    EDXRF analysis 

The relative abundance of elements in oxide form are given in Table 3.15.  Calcium oxide 
contents were in the range of 38.834 % to 44.242 % and found to be the highest in all 
nanocomposites.  The second highest P2O5 was in the range of  29.998 % to 35.253 %. 

 

Table 3.15 Relative Abundance of Elemental Oxide in HAp-MgO Nanocomposites  

Samples Relative abundance  of element (in terms of oxide %) 
CaO P2O5 MgO SiO2 Al2O3 SO3 K2O SrO TiO2 Fe2O3 ZnO Ag2O CuO BaO 

1 44.242 33.253 16.252 2.764 2.567 0.562 0.257 0.038 0.021 0.013 0.012 0.009 0.009 - 
2 42.985 35.223 16.274 2.514 2.113 0.534 0.274 0.036 0.019 0.011 0.006 - 0.013 - 
3 38.984 29.998 24.951 2.697 2.518 0.485 0.269 0.032 - 0.014 0.005 - 0.017 0.029 
4 38.834 31.200 23.871 2.658 2.400 0.731 0.215 0.031 - 0.010 0.004 0.009 0.007 0.030 

Sample 1 = HAp-5 % MgO nanocomposite (1000 °C) 
Sample 2 = HAp-5 % MgO nanocomposite (1100 °C) 
Sample 3 = HAp-10 % MgO nanocomposite (1000 °C) 
Sample 4 = HAp-10 % MgO nanocomposite(1100 °C) 

3.5  Physicochemical Properties of HAp and HAp-MgO Nanocomposites  

HAp calcined at 900 oC  was found to have pH value of 9.6 (Table 3.16). Addition of 
MgO nanoparticles in HAp  caused slight decrease in pH  values i.e., 9.3 for 5 % MgO 
(1000 oC), 9.5 each for 5 % MgO (1100 oC) and 10 % MgO (1000 oC)  and 9.4 for  10 % MgO 
(1100 oC).  All HAp-MgO nanocomposites samples and HAp sample were found to have alkaline 
in nature. 

Bulk density of HAp sample was 1.52 g mL-1 and it slightly decreased after incorporation 
with MgO in HAp-MgO nanocompositesin the range of 1.18 g mL-1 to 1.43 g mL-1. Among the 
HAp-MgO nanocomposites, it was observed that as the temperature increased the bulk density of 
the nanocomposites slightly increased.It is due to the effect of high temperature  and 
agglomeration at high content of reinforcement. However, as the amount of MgO increased from 
5 % to 10 % the bulk density was slightly decreased from 1.18 g mL-1 to 1.23 g mL-1respectively. 

Porosity of HAp increased from  28.31 % to 43.20 % - 48.90 %  in HAp-MgO 
nanocomposites. Among HAp-MgO nanocomposites, porosity increased with the addition of 
MgO increased. Furthermore, increasing the calcination temperature slightly decreased the 
porosity percent.It is because  at higher temperature most of the pores were shrunk. 

For bulk density and porosity determinations, the powdered samples were used. For 
hardness determination, the powdered samples were moulded into regular blocks and these 
blocks were used for determination. 

Hardness of HAp prepared from cow bone was found to be 12 N. Hardness increased as 
the amount of the addition of MgO increased in the range of 19 N to 53 N. HAp-10 % MgO at 
1100 oC was found to have the highest hardness value of 53 N. 



 
 

111 

Table  3.16 Physicochemical Properties of  HAp and HAp-MgO Nanocomposites 

No. 
 

HAp Sample 1 Sample 2 Sample 3 Sample 4 
1. pH 9.6 9.3 9.5 9.5 9.4 
2. Bulk density(g/mL) 1.52 1.36 1.43 1.18 1.23 
3. Porosity (%) 28.31 46.30 43.20 48.90 47.60 
  4. Hardness(N) 12 19 31 42 53 
Sample 1 = HAp-5  % MgO nanocomposite (1000 °C) 
Sample 2 = HAp-5  % MgO nanocomposite (1100 °C) 
Sample 3 = HAp-10  % MgO nanocomposite (1000 °C) 
Sample 4 = HAp-10  % MgO nanocomposite (1100 °C) 
 

3.6     Antimicrobial Activities of HAp and HAp-MgO Nanocomposites 

          Antimicrobial activities of HAp and HAp-MgO nanocomposites (5 % and 10 %) were 
investigated against six microorganisms. HAp and HAp-MgO nanocomposites (5 % and 10 %) 
only showed mild antimicrobial activities on all tested organisms such as Bacillus subtilis, 
Pseudomonas aeruginosa, Candida albicans, Escherichia coli, Staphylococcus aureus and 
Bacillus pumilus(Table 3.17). 

Table 3.17 Antimicrobial Activities of HAp and HAp-MgO Nanocomposites 

Samples 
Inhibition Zone Diameters (mm) 

B.  
subtilis 

S.  
aureus 

P. 
aeruginosa 

B. 
pumilus 

C. 
albicans 

E.  
coli 

HAp 12 
(+) 

12 
(+) 

12 
(+) 

12 
(+) 

12 
(+) 

12 
(+) 

HAp-5% MgO 
nanocomposite (1000 °C) 

13  
(+) 

13  
(+) 

12  
(+) 

12 
(+) 

13  
(+) 

13  
(+) 

HAp-5% MgO 
nanocomposite(1100 °C) 

13  
(+)  

13  
(+)  

12  
(+)  

13  
(+)  

13  
(+)  

13  
(+)  

HAp-10% MgO 
nanocomposite (1000°C) 

13 
(+)  

12  
(+)  

13  
(+)  

12  
(+)  

13  
(+)  

12  
(+)  

HAp-10% MgO 
nanocomposite (1100°C) 

13  
(+)  

12  
(+)  

13  
(+)  

13  
(+)  

13  
(+)  

13  
(+)  

Agar well – 10 mm  10 mm  ∼ 14 mm (+)  15 mm ∼ 19 mm (++)  20 mm above (+++) 
Control = distilled water  

3.7  Acute Toxicity of HAp-MgO Nanocomposites on Albino Mice Model 

Acute toxicity screening of HAp-MgO nanocomposite was done with the dosage of           
2000 mg/kg and 5000 mg/kg body weight in each group of albino mice. The condition of mice 
groups were recorded after fourteen days administration. No lethality of the mice was observed  
until 2 weeks with the maximum dose of  administration (Table 3.18). Each group of  animals 
was also observed still alive and did not show any visible symptoms of toxicity like restlessness, 
respiratory disorders, convulsion, aggressive activities, coma and death. Even with the dose up to 
2000 mg/kg and 5000 mg/kg body weight administration, there was no lethality at the day of 
fourteen. 
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Table 3.18  Acute Toxicity Study of HAp-MgO Nanocomposites on Albino Mice Model 

Groups Dose (mg/kg) No. of mice tested Observed periods (d) Death per test 
A 1 2000 6 14 0/6 
A 2 5000 6 14 0/6 
B 1 2000 6 14 0/6 
B 2 5000 6 14 0/6 
C 1 2000 6 14 0/6 
C 2 5000 6 14 0/6 
D 1 2000 6 14 0/6 
D 2 5000 6 14 0/6 
E 

(Control) 
- 6 14 0/6 

A 1, A 2  = HAp-5 % MgO nanocomposite (1000 °C)     C 1, C 2 = HAp-10 % MgO nanocomposite (1000 °C) 

B 1, B 2  = HAp-5 % MgO nanocomposite (1100 °C)    D 1, D 2 = HAp-10 % MgO nanocomposite (1100 °C) 

3.8     Cytotoxicity Test 

Brine shrimp cytotoxicity bioassay was used for the cytotoxicity test of HAp and  
HAp-MgO nanocomposites. Brine shrimp was used for this assay (Tawhawa, 2006). This was 
expressed in terms of mean ± SEM (standard error mean) and LD50 (50 % Lethality Dose).The data 
are described in Table 3.19.According to Meyer’s toxicity index, the sample with  
LD50<1000 μg/mL are considered as toxic, while the sample with LD 50> 1000 μg/mL are considered 
as non-toxic (Meyer et al., 1982). The prepared HAp and HAp-MgO nanocomposites were found 
to be noncytotoxic in the brine shrimp bioassay so they can be used as biomaterial. 

Table 3.19  Cytotoxicity of HAp and HAp-MgO Nanocomposites 

Samples 
Percentage of dead brine shrimp (Mean ± SEM) in various 

concentrations (µg/mL) LD50 
(µg / mL) 1 10 100 1000 

HAp 0 ± 0 0 ± 0 3.3 ± 1.90 6.7 ± 11.54 > 1000 
A 1 0 ± 0 0 ± 0 3.3 ± 1.90 3.3 ± 1.90 > 1000 
A 2 0 ± 0 0 ± 0 3.3 ± 1.90 3.3 ± 1.90 > 1000 
B 1 0 ± 0 0 ± 0 6.7 ± 11.54 6.7 ± 11.54 > 1000 
B 2 0 ± 0 0 ± 0 3.3 ± 1.90 6.7 ± 11.54 > 1000 

*Caffeine 0 ± 0 0 ± 0 9.58 ± 0.92 12.73 ± 4.10 > 1000 
*K

2
Cr

2
O

7
 48.63±19.19 73.13 ±4.08 74.67 ±11.8 100 ± 0 1.5 

*    =  used as cytotoxic standard 
A 1  =  HAp-5 % MgO nanocomposite(1000 °C) 
A 2 =  HAp-5 % MgO nanocomposite(1100 °C) 
B 1 =  HAp-10 % MgO nanocomposite(1000 °C) 
B 2  =  HAp-10 % MgO nanocomposite(1100 °C) 
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3.9      Biocompatibility Tests 

3.9.1   In vitro protein adsorption test 

             Cellular response on the implant after implantation depends on the initial amount of 
serum proteins that get adsorb to the implant. 

Among the HAp-MgO nanocomposites, protein adsorption capacity increased and found 
to be in the range of 72.07 µg/10 mg to 90.09 µg/10 mg (Table 3.20). It may be due to the 
decrease of the crystallite size and hence, increase of surface area of the nanocomposites. In other 
words protein adsorption increases with increase in surface area of the samples where the crystal 
size is small (Feng et al., 2002). 
 

3.9.2    In vitro hemolysis test 

The prepared composites were tested for hemolytic activity and the results obtained were 
quite satisfactory (Table 3.21). The results obtained clearly indicated that, with incorporation of 
MgO content, the extent of hemolysis slightly increased. The observed results may be attributed 
to the reason that, with the incorporation of MgO in the composite, the surface composition 
favorably changes, which increased the hemolytic property of the material. Among the 
composites the hemolysis percentages did not change appreciably.If hemolysis percentage is 
below 2% the material is considered non-hemolytic, between 2% and 5% slightly hemolytic, and 
above 5% it is considered hemolytic (Laranjeiraa et al., 2016). All the samples were found to 
have hemolysis percentages less than 5 %. Thus,  these samples exhibit good biocompatibility and 
may be suitable biomaterials for clinical implant purposes. 

Table 3.20  Protein Adsorption Capacities of HAp and HAp-MgOnanocomposites 

No. Samples Residual protein 
(µg/10 mg) 

Protein adsorption 
(µg/10 mg) 

Mean 
(µg/10 mg) 

1. HAp 1145.95 54.05 
54.05 ± 21.63   1167.57 32.43 

  1124.32 75.68 
     

2. HAp-5 % MgO 1124.32 75.68 
75. 68 ± 21.63  nanocomposite (1000 oC) 1145.95 54.05 

  1102.70 97.30 
     

3. HAp-5 % MgO 1102.70 97.30 
72. 07 ± 22.50  nanocomposite (1100 oC) 1145.95 54.05 

  1135.13 64.87 
     

4. HAp-10 % MgO 1091.89 108.11 
90.09 ± 16.52  nanocomposite (1000 oC) 1113.51 86.49 

  1124.32 75.67 
     

5. HAp-10 % MgO 1102.70 97.30 
82. 88 ± 16.53  nanocomposite (1100 oC) 1135.13 64.87 

  1113.51 86.49 
    *Initial protein in 1 mL sample = 1200 µg/10 mg 
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Table 3.21 Hemolysis Percentages of HAp and HAp-MgO Nanocomposites 

No. Samples Absorbance of test 
sample 

Hemolysis 
(%) 

Mean                  
(%) 

1. HAp 0.096 1.61  
  0.099 1.91 1.71 ±0.17 

  0.096 1.61  
2. HAp-5 % MgO 0.099 1.91  
 nanocomposite (1000 oC) 0.101 2.11 1.94 ±0.15 

  0.098 1.81  
3. HAp-5 % MgO 0.102 2.21  
 nanocomposite (1100 oC) 0.099 1.91 1.98 ±0.21 
  0.098 1.81  

4. HAp-10 % MgO 0.097 1.71  
 nanocomposite (1000 oC) 0.101 2.11 1.94 ±0.21 
  0.100 2.00  
5. HAp-10 % MgO 0.099 1.91  
 nanocomposite (1100 oC) 0.103 2.31 2.11 ±0.20 
  0.101 2.11  

*Absorbance of negative control  =  0.080 
  Absorbance of positive control  =  1.077 
 
3.10     In Vivo Orthopaedic Application of HAp and HAp-MgO Nanocomposites 

 HAp, HAp-5 % MgO (1100 oC) and HAp-10 % MgO (1100 oC) nanocomposites were 
separately applied as bone cement on skull bones of Wistar rats (Figure 3.11). The progress of 
these operation skull bone were recorded by the photos at specified time interval and the 
recorded photographs are shown in Figure 3.12. After 15 days, the hairs of the Wistar rats were 
started to grow and after 30 days it was found to be normal. 

The Wistar rats were radiographed on the operation day, after 15 days and 30 days of 
operation (Figure 3.13).Bone gap were found to be 0.28 cm  for control,  0.30 cm each for HAp  
and HAp-10 % MgO nanocomposite (1100 oC) and 0.32 cm for HAp-5 % MgO nanocomposite 
(1100 oC). After 15 days of operation, bone gap was found to decrease to  0.10 cm in control and 
0.08 cm in Wistar rat filled with HAp.This means that tiny bony defects were  still observed in 
these rats.  However, complete bone healing was observed for Wistar rats filled with 
nanocomposites.  The composites bridged the defects and new bonds were formed. After 30 days 
of operation the defects were completely filled in all Wistar rats whether unfilled or filled with 
HAp and HAp-MgO nanocomposites. It was found that application of HAp-MgO 
nanocomposites for bone defect enhanced bone healing effect compared to control and HAp 
only. Due to histological findings (Tables 3.22 and 3.23), HAp-10 % MgO nanocomposite 
(1100°C) group is the best in the good scoring within 30 days after application. 
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 Group I      Group II 

Operation day 
(Before filling) 

  
 (a) 

Filling  
(After surgery) 

  
 (b) 

Suturing and 
dressing 

(After filling) 

  
 (c) 

Figure 3.11 Surgical procedure (a) skin incision in the dorsal portion of skull bone with 
surgical knife (b) filling the skull bone cavity (c) closing with suturing cat gut 
continuously and dressing with septidine solution  
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Group I  

   
 (a) (b) (c) 

Group II 

   
 (a) (b) (c) 

Figure 3.12  External feature of the skull bone defect healing progressiveness of Wistar rats (a) 
Operation day (b) 15 days after surgery (c) 30 days after surgery 

 

 
Figure 3.13 Progressiveness of skull bone defect healing in X-ray view of  Wistar rats 

      (a) Operation day (b) 15 days after surgery(c) 30 days after surgery 
Composite I  = HAp-5 % MgO nanocomposite (1100 oC) 
Composite II = HAp-10 % MgO nanocomposite (1100 oC) 
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3.11     Histopathological Report of Skull Bone Healing of the Wistar Rats  

Histology features of bony healing (15 days after operation) are shown in Table 3. 22. 

Table 3.22  Histological Report of Bone Healing (15 Days after Operation) 

No. Slide Image Histology Description Bony Healing 
Results 

1. 

Control 

 

Histology of fracture skull bone 
revealed that connective tissue 
was occupied especially 
fibroblast and admixed with net 
work of delicate bone trabeculae 
lined with osteoblast and formed 
from inner surface of wall of 
skull bone. Blood clot remnants 
were observed. 

Score - 0  
Non-union of 
skull bone 

2. 

HAp 

 

Fracture site was filled with 
fibroblast and blood clots. Net 
work of delicate bone trabeculae 
lined with osteoblast and formed 
from inner surface of wall of 
skull bone. 

Score- 1 
Incomplete 
cartilage union 

3. 

Composite I 

 

Coagulum (blood clot) was 
reduced in size and observed 
woven bone formation 
composed of few osteoblast and 
increased amount of 
chondrocytes.  

Score- 2 
Complete with 
cartilage union 

4. 

Composite II 

 

A few coagulum was found and 
mixed with few fibroblast. 
Woven formation was noted and 
accompanied with increased 
osteoblast and chondrocytes. A 
fracture site was replaced by few 
amount of trabecular bone. 

Score -3 
Predorminantly 
cartilage with 
some trabecular 
bone 
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Histology features of bony healing (30 days after operation) are shown in Table 3.23. 

Table 3.23 Histological Report of Bone Healing (30 Days after Operation) 

No. Slide Image Histology Description Bony Healing 
Results 

1. Control 

 

New trabecular bone formation 
was started from fracture site and 
composed of osteoblast and 
increased amount of chondrocytes.  

Score - 3 
Predorminantly 
cartilage with 
some trabecular 
bone 

2. HAp 

 

Trabecular bone formation was 
well organized and absence of 
blood clots and fibroblast. 
Osteoblast was seen in inner layer 
of fracture bone. Chrondrocytes 
were filled in some trabecular bone 
areas. Incomplete bony union with 
intermediate ossification was 
observed. 

Score-4 
Equal amounts of 
cartilage and 
trabecular bone 

3. Composite I 

 

There was increased amount of 
osteocytes in centre area of bony 
fracture site. Chrondrocytes were 
filled in some trabecular bone 
areas. Incomplete bony union with 
late ossification was observed.  

Score-5 
Predorminantly  
trabecular bone 
with some 
cartilage 

4. Composite II 

 

There was complete new formation 
of trabecular bone in fracture site. 
Complete union of fracture area 
was observed in entire bony 
fracture site. 

Score-6 
Complete union 
of fractured bone 
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3.12     In Vitro Orthopaedic Application of HAp-MgO Nanocomposite as Bone Glue 

Since HAp-MgO nanocomposite has low adhesive property of non-living bone, addition 
of polyethylene glycol to HAp-MgO nanocomposite with ratio of 1:1 (w/w) was prepared and the 
paste was used as bone glue for the broken non-living chicken femur bone in this study. After 
application of the prepared bone glue on the intentionally broken femur bone, it was observed 
that HAp-MgO nanocomposite and polyethylene glycol  particles adhered to the bone. 

   

(a) (b) (c) 

Figure 3.14 HAp-10 % MgO nanocomposite (1100 °C) as bone glue for broken chicken femur 
bone  
(a) completely cut bone (broken straight across)  
(b) almost completely cut bone  
(c) connection of two pieces of bone  

 

Conclusion 

Hydroxyapatite was prepared from waste cow femur bone by calcination method.The 
morphological, structural and thermal properties of hydroxyapatite were compared to determine 
the effect of calcination temperature of hydroxyapatite. The results showed that the calcination 
temperature highly affects the morphological and structural properties of hydroxyapatite. Dense 
and compact hydroxyapatite was produced via calcination. Higher temperatures lead to higher 
percent crystallinity resulting with increased crystallite sizes. Complete formation of stable 
hydroxyapatite crystals occurred at 900°C. Decrease in MgO content caused the lower percent 
crystallinity and crystallite size. 

HAp-MgO nanocomposites were successfully prepared using natural HApin order to 
enhance the bioactivity of the HAp,to improve the mechanical properties and to increase its 
potential use as scaffold for bone tissue engineering application in this research. Increase in 
hardness was observed after incorporation with magnesium oxide.HAp and HAp-MgO 
nanocomposites have mild antimicrobial activities on six tested microorganisms. In vivo acute 
toxicity test revealed that no lethality of the albino mice was observed up to fourteen days 
administration. Brine shrimp cytotoxic assay showed that the HAp and its nanocomposites were 
noncytotoxic. Protein adsorption test and hemolysis test revealed that HAp and HAp-MgO 
nanocomposites were found to be biocompatible with living tissue. So, cow bone-derived HAp-
MgO nanocomposites would be useful for both in biomedical and environmentally friendly 
antimicrobial applications due to its biocompatibility, cytotoxicity and antimicrobial activity. 

X-ray examination showed that complete bone healing was observed for Wistar rats filled 
with nanocomposites after 15 days of surgery.HAp-MgO nanocomposites promoted the bone 
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healing activity of HAp. Although two composites were found to speed up the new bone 
formation histological evaluation indicated that HAp-10 % MgO nanocomposite    (1100 oC) 
showed a tendency towards better regeneration for bone formation after one month. In vitro study 
of HAp-MgO nanocomposites as bioglue showed a good adherence between the two non-living 
broken bones. Thus, the composites can be used as bioglue in museums for repairing the broken 
bones. These results indicate that the prepared HAp-MgO nanocomposites has demonstrated 
better osteoconductive and osteopromotive abilities with faster proliferation of new bone tissue 
formation than HAp. 
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IMPLEMENTATION OF ANALOG SIGNAL SYNTHESIZING         
SYSTEM TO GENERATE DIGITAL SOUND                                                        

OF MYANMAR GONG 
Thein Tun Oo* 

Abstract 
The purpose of this research work is to construct a digital system which generates the sound of         
C-note Myanmar gong. The system stores the predefined data code for generating the harmonics 
of proposed analog signal and composes these harmonics to reconstruct the sound of the gong. So 
this research work includes the digital signal processing techniques to create codes for pure 
sinusoidal signals in digital signal processor and arithmetical functioning to synthesize composite 
analog signal. The output signals are generated by using direct digital synthesis (DDS) method. 
DDS method produces a time varying signal in digital form and then performs as a digital to 
analog converter. Phase accumulator is used to sum phase angles for the sine look up table. The 
digital data are imported to the Dynamic Random Access Memory (1M x 16-bit DRAM) by using 
serial in parallel out register chip. The output data of DRAM is sent to digital to analog convertor 
(DAC), 16-bit R2R ladder network. The output signal of DAC passes through the active low pass 
filter to remove unwanted high frequency signals. The output signal of low pass filter is fed into 
the modulating circuit composing a voltage controlled amplifier (VCA) and an RC network so that 
the composite signal is modulated in exponentially decay form. Implementation of hardware 
portion includes the construction of control section using microcontroller, DAC section, external 
memory section, voltage controlled amplifier (VCA) and audio amplifier section. In order to get 
the standard quality of sound, 16-bit data processing is used. The constructed system can generate 
composite beat waveforms of C-note Myanmar Gong. The beat frequency of composite 
waveforms is 4 Hz and it is the sum of two sinusoids of adjustable amplitude and phase angle. The 
main component frequency of synthesized signal is 128 Hz which includes 372 sampling points 
and minor frequency is 124 Hz including 384 sampling points. The control program code is 
written using Assembly Language and it is converted to machine code (.HEX) by using MPLAB 
V8.50 software of Microchip Inc.    
Keywords: direct digital synthesis (DDS) method, dynamic random access    memory(DRAM), 

voltage controlled amplifier (VCA) 
 

Introduction 
Signal processing is a discipline concerned with the acquisition, representation, 

manipulation and transformation of signals required in a wide range of practical applications. 
Signals are processed for a variety of reasons, such as to remove unwanted noise, to correct 
distortion, to make them suitable for transmission or to extract certain meaningful information. 
This research work describes the approach to analyzing the frequency content of the sounds of 
Myanmar Gong. Fourier-based techniques are required analysis of a sound for frequency content 
and mathematical analysis for control parameters of the synthesizer. 

The Fourier Transform converts signals from a time domain to a frequency domain. It 
converts a signal into magnitudes and phases of the various sine and cosine frequencies making 
up the signal. To simplify the analysis and design of signal processing system it is necessary to 
represent signals by mathematical functions of one or more independent variables. We applied 
Fast Fourier Transform Function of digital oscilloscope to analyze the sound of Myanmar Gong. 

*Dr, Lecturer, Department of Physics, Kalay University 
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A digital signal has only a finite number of values and can change only in discrete steps. A 
digital signal can always provide any desired precision if a sufficient number of bits is provided 
for each value. Digital Signal Processing (DSP) is concerned with the representation of analog 
signals by sequences of numbers, the processing of these sequences by numerical computation 
techniques and the conversion of such sequences into analog signals. 

Memory stores binary data, data can be put into the memory and data can be taken out of 
the memory when needed. The write operation puts data into a specified address in the memory, 
and the read operation takes data out of a specified address in the memory. The addressing 
operation, which is part of both the write and the read operations, selects the specified memory 
address. Large systems use Dynamic RAM (DRAM) rather than Static RAM (SRAM) because of 
its lower cost per bit. DRAMs require more complex interface circuitry because of their 
multiplexed address bus and because of the need to refresh each memory cell periodically. 
DRAM chip is used in this research work and it is responsible for temporary storage of binary 
codes for output audio signal. The voltage controlled amplifier (VCA) is a four quadrant 
multiplier that allows a control voltage input to modify the amplitude of an input audio signal. 
Voltage controlled amplifier is widely used in audio systems for several purposes especially for 
modulation. In this research, VCA was designed to get exponential decay function. 

1.1 Direct Digital Synthesis (DDS) Technology 

DDS technique is rapidly gaining acceptance for solving frequency (or waveform) 
generation requirements in both communications and industrial applications because single-chip 
IC devices can generate programmable analog output waveforms simply and with high resolution 
and accuracy. DDS principle of operation can be easily understood with the Fig.1.1. Phase 
accumulator will take the frequency tuning word as input and converts into angular phase and 
then it is converted into the sine wave amplitudes. Algorithm and then it is converted to analog 
sine wave output by DAC converter. The output frequency mainly depends on the reference-
clock frequency and tuning word. The frequency tuning word is the main input to the phase 
accumulator. Phase accumulator is used to compute the phase (angle) address. 

Fo =
M × Fc

2N
 

Where: Fo is the output frequency of DDS, M is the frequency tuning word, Fc is the internal 
clock frequency and N is the length of the phase accumulator in bits. 

 
Figure 1.1Direct digital synthesis (DDS) architecture 
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1.2 Myanmar Traditional Musical Instruments and Gong (ေမာင္း) 

Myanmar traditional musical instruments can be classified into five groups. They are 
Kyey (ေၾကး) (metal instruments such as brass gong), Kyo (ၾကိဳး) (string instruments such as harps), 
Thaye (သားေရ) (instruments made of leather such as drums), Lei (ေလ) (wind instruments such as 
flutes) and Let Khoke (လက္ခုပ္) (percussion instruments used for timing such as bamboo 
clappers). Among them we analyze the sound of gong and then construct a digital system which 
generates the sound of Myanmar gong. There are different kinds of gong depending on their size 
(eg. Maung, Kyey Naung, Wa Maung, Teta Maung, etc.). 

International notes of music are Do (C), Re (D), Me (E), Fa (F), So (G), La (A) and Te 
(B). As for Myanmar gone, the method of naming is Ta Pauk (တစ္ေပါက္သ,ံ သံမွန္) (first note C), 
Khunhit Pauk (ခုနွစ္ေပါက္သ)ံ (seventh note D), Chauk Pauk (ေျခာက္ေပါက္သ)ံ, Nga Pauk (ငါးေပါက္သ)ံ, 
Lay Pauk(ေလးေပါက္သံ) (fourh note G), ThonePauk(သုံးေပါက္သံ) (third note A) and Ngha Pauk 
(ႏွစ္ေပါက္သံ) 

A gong is an East and South East Asian musical percussion instrument that takes the form 
of a flat, circular metal disc which is hit with a mallet. Suspended gongs are more or less flat, 
circular discs of metal suspended vertically by means of a cord passed through holes near to the 
top rim. Gongs are deliberately made to generate in addition a beat note in the range from about  
1 to 5 Hz. Photograph of front view and back view of the C-note Myanmar Gong (တစ္ေပါက္သံ) is 
shown in Fig.1.2. 

 

                                       
    (a)                 (b) 

Figure 1.2 Photograph of front view and back view of the C-note Myanmar Gong (တစ္ေပါက္သ)ံ 

1.3 Application Review 

DDS is a method of producing an analog waveform usually a sine wave by generating a 
time-varying signal in digital form and then performing a digital-to-analog conversion. Because 
operations within a DDS device are primarily digit, it can offer fast switching between output 
frequencies, fine frequency resolution, and operation over a broad spectrum of frequencies. With 
advances in design and process technology, today’s DDS devices are very compact and draw 
little power. Fig.1.3 shows the photograph of LeCroy wave station 2052, 50 MHz arbitrary 
waveforms generator. This instrument is manufactured by Teledyne LeCroy instruments Ltd, 
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USA. LeCroy 2052 generator can generate a wide variety of waveforms between 1 µHz and            
50 MHz with 14-bit resolution, up to 500 MS/s (mega-samples per second). 

                      
Figure1.3 Photograph of arbitrary waveforms generator, LeCroy wave station 2052 

 

Block Diagram of the Whole System 
The proposed system consists of seven main units. They are user interface input unit, 

main control unit, random access memory unit, display unit, digital to analog converter unit, 
voltage controlled amplifier unit and audio amplifier unit. The block diagram of the system is 
described in Fig.2.1. The main control unit is responsible for generating the digital data, process 
control for other units and detecting the status of adjustable potentiometers. Display unit show 
input data, variable amplitude or phase angle. The sinusoidal waves are synthesized by using 
predefined binary codes and those codes are permanently stored in read only memory (ROM) of 
main control device, PIC16F887. The binary codes those are embedded in ROM of 
microcontroller and are transferred into external memory, DRAM, before they are fed to DAC in 
order to get faster access time of processing. So the output binary codes for DAC come from 
DRAM under the control of microcontroller. The DAC unit will convert binary codes coming 
from DRAM to the composite analog signal passing through the low pass filter. The gain of the 
VCA unit is controlled by the sum of the input signal control voltages and negative bias voltage 
of JFET. These provide all of the amplitude modulation (AM) capacity. The audio power 
amplifier unit is included as the final unit of the system such that the output signal strength is 
adequate to drive a speaker. 
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Figure 2.1 Block diagram of the whole system 
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2.1 Timing Diagram of Dynamic RAM (HYB5118165) 

The timing diagram of DRAM for read cycle is shown in Fig.2.2(a). The falling edges of 
RAS����� and CAS����� strobe the address bits into the row and column latches, respectively. These must 
be separated by at least tRAS (RAS����� to column address delay). As with other memories, multiple 
access times are specified, and the time to valid data out will depend on which is the critical path 
tOEA (OE���� access time). There are two access times, tRAS and tCAS, for access time from valid row 
address and valid column address, respectivel. The read cycle time, tRC, is typically much larger 
than the access time due to the required precharge time tRP. 

Write timing diagram is similar. If the write command pulse width tWP, WE����� is asserted on 
the falling edge of CAS�����, data is written from valid data IN instead of being read to data OUT. 
Most timing parameters are identical to the read cycle. tRAS and tCAS are minimum pulse widths 
that also apply to the read cycle but were left out of that diagram for clarity. The timing diagram 
of DRAM for write cycle is shown in Fig.2.2(b). 
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(a)                                                  (b) 

Figure 2.2 Timing diagram of DRAM (a) for read cycle and(b) write cycle 

2.2 Active Low-Pass Filter 

A filter is a circuit that passes certain frequencies and attenuates or rejects all other 
frequencies. The passband of a filter is the region of frequencies that are allowed to pass through 
the filter with minimum attenuation (usually defined as less than -3dB of attenuation). The 
critical frequency, fc, (also called the cutoff frequency) defines the end of the passband and is 
normally specified at the point where the response drops -3dB (70.7%) from the passband 
response. A low-pass filter is one that passes frequencies from dc to fc and significantly 
attenuates all other frequencies.  

Filters that used op-amp as the active element provide several advantages over passive 
filters (R, L, and C elements only). The op-amp provides gain, so that the signal is not attenuates 
as it passes through the filter. The high input impedance of the op-amp prevents excessive 
loading of the driving source and the low output impedance of the op-amp prevents the filter 
from being affected by the load that it is driving.  
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Fig.2.3 shows the response curve of active low pass filter with  –20dB/decade cutoff 
frequency. The critical frequency of the single pole is fc = 1

2πRC
 .The Sallen-Key is one of the 

most common configurations for a second-order (two-pole) filter. There are two low-pass RC 
networks that provide a roll-off of -40dB/decade above the critical frequency. One RC network 
consists of RA and CA and the second network consists of RB and CB. A unique feature is the 
capacitor CA that provides feedback for shaping the response near the edge of the passband. The 
critical frequency for the second order Sallen-Key filter is  

 fc =
1

2𝜋�RARBCACB
 

The component values can be made equal so that RA = RB = R andCA = CB = C. in this 
case, the expression for the critical frequency simplifies tofc = 1

2πRC
 . Second order of active low-

pass filter is shown in Fig.2.4. 
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Figure 2.3 Response curve of single-pole active low-pass filter  
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Figure 2.4 Circuit diagram of second order active low-pass filter 

2.3 Voltage Controlled Amplifier (VCA) 

A simple linear voltage controlled amplifier is constructed with one op-amp and two 
JFETs as shown Fig.2.5. VCA employs an operational amplifier with negative feedback for 
setting the gain (Av). JFETs act as linear resistors over a very small range of drain-to-source 
voltages. VCA takes in one control input and one signal input. The voltage controlled amplifier is 
used in combination with envelope generators to give notes a realistic time response. 

A VCA may be referred to as being two quadrants or four quadrants in operation. In a two 
quadrant VCA, if the control voltage input drops to less than or equal to zero, the VCA produces 
no output. In a four quadrant VCA, once the control voltage drops below zero, the output gain 
rises according to the absolute value of the control voltage but the output is inverted in phase 
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from the input. A four quadrant VCA is used to produce amplitude modulation and ring 
modulation effects. 
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Figure 2.5 Circuit diagram of voltage controlled amplifier  

 

Electronic Circuits of Constructed System 
The main sections of constructed system are user interface section, data processing 

section, 16-bit R2R DAC section and voltage controlled amplifier section.  

 

3.1 User Interface Section 

In this section, a push switch and three potentiometers are used as the user interface parts 
for microcontroller. RB2 of microcontroller is assigned for output signal. When the “Operate” 
switch at RB2 is pressed, stored data is taken out from DRAM to generate the composite signal. 
The setting value can be manually changed by using potentiometers and analog voltages are 
detected at AN9 (RB3), AN11 (RB4) and AN13 (RB5) of the microcontroller. The input analog 
voltages are converted to digital data by means of built in 10-bit ADC of microcontroller and 
results are used as settings for output composite signal. The system can be reset using “Reset” 
switch button which is installed at RB7 of microcontroller. 

A 20-character 4-line LCD module is used as the manual setting display device. The 
display section will show variable input data of amplitude, phase angle of minor frequency and 
initial phase angle of first beat. LCD shows “Write” while the digital data from microcontroller 
is writing to DRAM. When the write process is finished, LCD will show “Ready”. The higher 
four data bus lines of LCD are connected to PORD (RD4 to RD7) for four bits interface method. 
The two control lines of LCD (RS and E) are controlled by RD2 and RD3 of microcontroller. 
The circuit diagram of the user interface section with display is shown in Fig.3.1. 

3.2 Data Processing Section 

The data processing section is the heart of the system and it uses PIC16F887 
microcontroller, serial to parallel IC (74HC595) and DRAM. This section is responsible for 
digital data generating, process control for other sections and accepting the user interface input 
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switch status. In this work, the two sine waves are stored using predefined digital codes. Those 
codes are permanently stored in microcontroller. The microcontroller generates those codes after 
it is powered on and sends to the serial to parallel converter IC. 

The 8-bit data is sent in a serial format of MSB first. The serial data input (DS) and shift 
register clock input (SHCP) are controlled by the RA0 and RA1 of the microcontroller, 
respectively. The 8-bit data is shifted on the positive-going transitions of the shift register clock 
input (SHCP). The data in each register is transferred to the storage register on a positive-going 
transition of the storage register clock input (STCP). If both clocks are connected together, the 
shift register will always be one clock pulse ahead of the storage register. Two chips are used for 
16-bit data storage because each chip can handle 8-bit data. The data output of 74HC595 is put to 
the DRAM’s for temporary storage. In order to form 16-bit digital data for digital to analog 
(DAC) section, control data originates from a microcontroller. Data is transferred between the 
PIC and the DRAM via serial to parallel IC, in conjunction with a clock signal.  

RE1 and RA4 of microcontroller is controlled DRAMs row address strobe (RAS�����) and 
column address strobe (CAS�����). Microcontroller is put row address on the bus and activates the 
DRAM’s row address strobe (RAS�����), then put the column address onto the bus and activate the 
column address strobe (CAS�����). The (RAS�����) and (CAS�����) lines play an important role in the refresh 
process. DRAM requires refresh every 16 milliseconds. A total of 10 bits are required for address 
lines and two ports are used for addresses. Portc (RC0 to RC7) is assigned for lower 8 bits of 
address and portd (RD0 to RD1) is used for higher 2 bits. Circuit diagram of data processing 
section is shown in Fig.3.2. 
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Figure 3.1 The circuit diagram of the user interface section with display 



 
 
132 

PI
C

 1
6F

88
7

74
H

C
59

5
74

H
C

59
5

H
Y

B
51

18
16

5B
SJ

I/O16
I/O15
I/O14

I/O12
I/O11
I/O10
I/O9
I/O8
I/O7

I/O5
I/O4
I/O3
I/O2

I/O13

I/O1

I/O6

OE

WE

RAS

UCAS
LCAS

A9
A8
A7
A6
A5
A4
A3
A2
A1
A0RC0

RC1
RC2
RC3
RC4
RC5
RC6
RC7
RD0
RD1

RE0
RE1
RE2
RA4

VSS

VDD

VCC

Gnd

VCC

Q0
Q1
Q2
Q3
Q4
Q5
Q6
Q7

Q0
Q1
Q2
Q3
Q4
Q5
Q6
Q7

DS

OE

SHCP
RA0

RA1
RA3

RA2

DS

STCP

SHCP
STCP
OE

VCC

+ 5V

To
 th

e 
da

ta
 li

ne
s o

f R
2R

5K
5K

OSC1

OSC2

33 pF

33 pF

20 MHz

Gnd

Gnd

+ 5V

+ 5V

MR

MR

 
Figure 3.2.The circuit diagram of data processing section 

 

3.3 16-bit R2R DAC Section 

A 16-bit R2R ladder network is constructed by using 5 kΩ and 10 kΩ resistors (of 
precision 1%). Since digital devices such as microcontroller and DRAM can generate only digital 
data, an R2R ladder network is used to convert the analog signal using an op amp output. The 
output lines of DRAMs are connected to CD4050 buffer ICs. The function of buffer is to ensure 
the output level of dynamic RAM preventing from loading by DAC unit. The output lines of 
buffer IC are connected to input points of 16-bit R2R ladder network. The circuit diagram of           
16-bit R-2R DAC is shown in Fig.3.3.  

The output voltage of R2R ladder network is fed to the active low-pass filter. Low pass 
filter will pass frequencies from DC up through the cutoff frequency (fc = 23.4 kHz) with no 
attenuation. If the input signal frequency is greater than cutoff frequency the circuit will attenuate 
the signal with -40dB/decade roll-off. Resistor R3 (2 kΩ) is included in the feedback loop to 
compensate for the effects of bias currents flowing through R1 (1 kΩ) and R2 (1 kΩ).  
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Figure 3.3 Circuit diagram of 16-bit R2R DAC section 

 

3.4  Voltage Controlled Amplifier Section 

The voltage controlled amplifier (VCA) is constructed using one op amp and two                  
n-channel JFETs. The linear gain element in the VCA is a JFET operated in its linear region, its 
drain to source voltage should not exceed threshold negative voltage for the n-channel JFET. The 
output signal of low pass filter is fed into the non-inverting terminal and inverting terminal of the 
op-amp by using coupling capacitor and via resistors. The precession potentiometer (10 kΩ) 
which is installed at non-inverting input of op-amp is important for the operation of the circuit. It 
balances the differential input for common mode rejection action when the input control voltage 
of JFET is zero. 

The negative gate voltage for n-channel JFET is provided from RC network and it 
exponentially changes from negative saturation voltage to zero volts. The rate of exponential 
decay function of RC network can be manually adjusted by means of potentiometer installed at 
front panel and the potentiometer is labeled as “Sustain”. LF353 op-amp which acts as a 
comparator with hysteresis is used to determine whether the voltage of RC network is lower than 
the reference voltage or not. The output of comparator is connected RB1 of the microcontroller 
and if the RB1 becomes high, the microcontroller will stop generating the beat signal. Circuit 
diagram of the voltage controlled amplifier section is shown in Fig.3.4.Also the complete circuit 
diagram of the constructed system is shown Fig.3.5. 
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Figure 3.4 Circuit diagram of the voltage controlled amplifier section 
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Figure 3.5 Complete circuit diagram of the constructed system 

 

3.5 Control Program 

The operation of the system is controlled by the main control unit which is the 
microcontroller based embedded system. The program code of analog signal synthesizing system 
is written with Assembly Language and the program code is converted to machine code (.HEX) 
by using MPLAB V8.5 software of Microchip Inc. In this section, algorithms of the control 
programs are presented using flowcharts. The process of function is described in flowcharts 
shown in Fig.3.6. 
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The control programs includes the LCD subroutines, calculation subroutine of each beat 
signal, lookup tables for data values of sinusoids, DRAM access for composite signal subroutine 
and composite signal data output subroutine of DRAM access. Some processes, which require 
routing the variable data, are assembled in macros. At the beginning of the program, the variables 
are initialized and located in RAM and the constants for I/O port interfacing with external 
devices are defined. LCD module is initialized for data communication in 4-bit mode. In order to 
send the command to the LCD, three different control signals are needed for LCD. The 10-bit 
ADC module is configured for corresponding analog input pins RB3, RB4 and RB5 for the 
function of manual adjusting the amplitude, phase and beat phase values. The beat frequency of 
composite signal is 4 Hz which is difference of major frequency 128 Hz and minor frequency 
124 Hz. Microcontroller does not support negative output voltage and also the DAC section is a 
unipolar type, we have to compensate the negative value of sine function. 

The beat frequency can be calculated by using equation (3.1). 

 fb = f2 − f1 (3.1) 

The time period of the beat is inversely proportional to the beat frequency and can also be 
calculated by using equation (3.2). 

   Tb =  1
fb

= 1
f2− f1

     (3.2) 

The data values of sampling points ( Xn ) is calculated by using equation (3.3). 

Xn =  (A1D1+A2D2 )
(200)

    (3.3) 

Where, A1 and A2 are amplitudes of sinusoids and A2 can be manually adjusted by means of 
potentiometer. D1 and D2 are data values of sampling points. 



 
 
136 

 
Figure 3.6 The flowchart of main function 

 

Results  
A digital system, which can generate the sound of Myanmar gong, is constructed in this 

research work. The system is designed for production of analog signal using digital data. The 
preliminary step of processing is to store the predefined data code for generating the harmonics 
of referred analog signal and then to construct the sound of gong. So this research work includes 
the studying on digital signal processing techniques as well as arithmetical functioning to 
synthesize composite analog signal.  

The system is separated into three main boards: digital data processing board, voltage 
controlled amplifier (VCA) board and audio amplifier board. In the digital data processing unit, 
DDS method is used to generate the corresponding digital codes for proposed analog signal. The 
digital codes are stored in a DRAM and then outputted with constant sampling rate. The 
DRAM’s digital signal output is converted to an analog sinusoidal signal by a DAC. The stair-
case steps seen at the DAC output are filtered by a low pass filter to provide a clean sinusoidal 
wave output. The output signal of the low pass filter is fed to input of the voltage controlled 
amplifier (VCA) which is used in exponential modulator circuit. The final output composite 
signal is amplified to get adequate signal level for speaker. The VCA is designed for reliable 
performance for required exponential decay gain control, low distortion and low dc bias 
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modulation. This part controls gain by converting an input signal to a logged voltage, adding a 
RC network control voltage, and re-converting the summed voltage back to a signal output.  

The photograph of digital data processing circuit boards of constructed system is shown 
in Fig.4.1. The photograph of voltage controlled amplifier circuit is shown in Fig.4.2. The front 
view and back side view photographs of the constructed system are described in Fig.4.3 (a) and 
Fig.4.3 (b) respectively. 

 

 
Figure 4.1 Photograph of digital data processing circuit 

 

 
Figure 4.2 Photograph of voltage controlled amplifier (VCA) circuit 
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Figure 4.3 (a)Photograph of the left side front view of the system 

 

 
Figure 4.3(b) Photograph of the right side front view of the system 

 

4.1 Generating the Digitized Composite Waveform 

The proposed signal is generated by using direct digital synthesis (DDS) method under 
the control of microcontroller. In DDS method, a time varying signal is produced in digital form 
and the phase accumulator is used to add the phase angle for data fetching from the sine lookup 
table. The digital data are imported to the Dynamic Random Access Memory by using serial in 
parallel out IC. After that, output data from DRAM is fed to a digital to analog converter and 
then to fourth order active low-pass filter. The demonstration of step by step signal processing 
and synthesizing in our system is depicted in Fig.4.4.  

The final output is smoothened analog signal which is the composition of two sinusoids 
of different frequencies, amplitude and phases. The waveform of gong sound which is used as the 
reference signal is taken from Mandalay National High School of Arts (မႏၲေလးပန္တ်ာေက်ာင္း) by 
using digital oscilloscope (DS1102E), microphone and personal computer. The oscilloscope 
snap-shot of sample sound is depicted in Fig.4.5. This composite waveform contains eleven beats 
and the signal is found to be decayed exponentially. Also the FFT spectrum of sample sound is 
described in Fig.4.6 and two peaks show the beat frequency.  

The composite signal is synthesized using two sinusoids and the corresponding 
predefined binary codes are embedded in ROM of main control device in the form of lookup 

Operate Switch 

LCD  
 

Signal Select 

Volume Control 

Sustain Control 

Parameters Adjust 



 
 

139 

tables. The number of sampling points in each sinusoid differs from another according to their 
frequencies. The predefined codes for the component frequencies of composite signal are used in 
arithmetic process to form the beat and then they are transferred into external memory, DRAM, 
in order to apply as sampling points. In this step, the data is not directly transferred to DAC 
section and DRAM is used for temporarily storage because data accessing via DRAM is fast so 
that the optimum sampling rate can be obtained. The DRAM chip used in this system can store 
the 1048576 words in16-bit format and data size is organized in 20-bit wide address bus, 10 rows 
and 10 columns.  

nsample index
Ts Ts Ts

1/Fout1/Fout 1/Fout

n t

 
Figure 4.4 Demonstration of data flow in DDS method (a) phase accumulator output (b) phase 

to amplitude converter output (c) DAC output and (d) filter output 

 
Figure 4.5 Oscilloscope snap-shot of referred waveform of gong 

 

 
Figure 4.6 FFT spectrum of sample waveform of gong 

128 Hz 124 Hz 
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 The main component frequency is 128 Hz which includes 372 sampling points and 
minor frequency 124 Hz includes 384 sampling points. The time interval between two 
successive sampling points (sampling time) is 21 µs and so sampling frequency is 47.61905 kHz. 
Thus we can analytically obtain the frequencies of components in output waveform using above 
parameters such that the period of main component frequency is 7812 µs resulting the frequency 
value 128.0082 Hz. For the minor component, the period is 8064 µs and the frequency is 
124.0079 Hz. By interference, the resultant composite signal has beat frequency 4 Hz and it is 
rounded value using 128 Hz and 124 Hz. In analytical point of view, the total number of 
sampling points in a beat is 11904 and it is obtained by using the parameters of two component 
frequencies. Since the sampling time is 21 µs, the period of beat signal is 249984 µs which 
resulting the beat frequency 4.0002 Hz. 

4.2 Exponential Decay of Beat Signal 

The main purpose of the VCA is to provide amplitude control function and exponentially 
decayed beats are formed by means of VCA in this system. The VCA in this system is a two 
quadrant multiplier that allows the negative gate voltage of JFET controls the overall gain of 
VCA. The negative gate voltage of JFET is obtained from RC network and it exponentially 
decays after triggering. The prolongation time of output signal depends on the RC time constant 
and it can be adjusted by varying the resistance in our system.  

In the user interface section of system, the potentiometer for “Sustain” is used to set 
prolongation time of output signal. This is an important feature to adjust the sustain level because 
it allows the user to create more realistic sound sample of Myanmar Gong. The oscilloscopes 
snapshots of decay waveform are shown in Fig.4.7 through Fig.4.9 for different sustain levels. 
The digitally synthesized beats are continuously generated from digital data processing section 
during the decay function is in active and they are stopped when the output signal becomes fade 
out. The maximum and minimum sustain levels causes 29 beats and 5 beats in output signal 
respectively. 

 
Figure 4.7 Oscilloscope snap-shot of output signal with minimum sustain level 
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Figure 4.8 Oscilloscope snap-shot of output signal with moderate sustain level 

 

 
Figure 4.9 Oscilloscope snap-shot of output signal with maximum sustain level 

 

4.3 Discussions 

The proposed system has been implemented and the system can generate sound of 
Myanmar Gong. The performance characteristic of the system is analyzed. The important parts 
hardware section and control program are also described. In this system, the composition of two 
sinusoids to form the beats is accomplished by means of digital data processing and the 
exponential function is integrated with an analog circuit. This is because of limitation of memory 
space of microcontroller and also to save the initialization time of system. 

In the previously discussed version of this system, the decay function is tested with linear 
function and the output signal is synthesized in digital processes fully. The weakness of that 
version is that the system needed too long time (about 7 minutes) for calculation to get a 
complete group of beats as in sound of gong. That processing time is requirement to store the 
sampling point data of 11 beats in DRAM. The oscilloscope snapshot of linearly decayed signal 
is described in Fig.4.10 and it can be compared with present signal (with exponential decay 
function) in Fig.4.11. 

The output signal is analyzed with FFT function of digital oscilloscope. The FFT 
spectrum of generated waveform is described in Fig.4.12 for decayed beats and in Fig.4.13 for 
pure beats. The pure beats are generated from the digital section and they are fed to VCA section 
for decay process. In both Fig.4.12 and Fig.4.13, the two significant peaks show the component 
frequencies and also the beat frequency can be obtained.  

Without Exponential 
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With Exponential 
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The LCD module shows the status of system such as component frequencies, relative 
amplitudes, phase angles and operation condition. While the system is at the state of data 
processing according to input setting, the word “Write” will be displayed at LCD and it will take 
a time for 17 s. If the system finishes data processing, it is ready to generate the output signal and 
the word “Ready” will be displayed as shown in Fig.4.14. Also the different waveforms for 
different input settings are described in Fig.4.15 through Fig.4.17 comparing with LCD and 
oscilloscope snapshots.  

 
Figure 4.10 Oscilloscope snapshot of linearly decayed output signal (previous version without 

VCA) 

 
Figure 4.11 Oscilloscope snapshot of exponentially decayed output signal (using VCA for decay 

function) 

 
Figure 4.12 Decayed beats and FFT spectrum 

128 
 

124 
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Figure 4.13 Pure beats and FFT spectrum 

  
 (a) (b) 

Figure4.14 The photographs of the LCD display for (a) user input data writing to DRAM 
(b) ready state to generate output signal 

 
 (a) (b) 

Figure 4.15 The photographs of (a) LCD display and (b) oscilloscope waveform of  
composite signal for A1=100, A2=30, Ө1=0°, Ө2=90°, and Өb=90° 

 

 
 (a) (b) 

Figure 4.16 The photographs of (a) LCD display and (b) oscilloscope waveform of  composite 
signal for A1=100, A2=50, Ө1=0°, Ө2=90°, and Өb=180° 
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 (a) (b) 

Figure 4.17 The photographs of (a) LCD display and (b) oscilloscope waveform of composite 
signal for A1=100, A2=70, Ө1=0°, Ө2=90°, and Өb=90° 

 

Conclusion 
In this research work, a digital system which generates the sound of C-note Myanmar 

gong has been constructed. The reference sound of Myanmar Gong is obtained from Mandalay 
National High School of Arts (မႏၲေလးပန္တ်ာေက်ာင္း). The output signal of system is the 
exponentially decayed 4 Hz beats. The main component frequency of synthesized signal is 128 
Hz and minor frequency is 124 Hz. Some parameters of output signal such as prolongation, 
relative amplitude of minor sinusoid, phase of minor sinusoid and initial phase of output beat 
signal can be manually adjusted. The implemented system can be used to generate the sample 
sound of gong for various conditions of composition. Based on this system, further research 
works can be conducted for other different music notes of gongs. The present system is expected 
to be a useful framework for future researchers in the field of digital synthesizing the sound of 
Myanmar musical instruments. 
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APPLICABILITY OF FISH SCALE BASED BIOMATERIALS                             

IN HARD TISSUE IMPLANTATION 
Lai Lai Aye* 

Abstract 
Optimum temperature to extract fish (Notopterus notopterus) scales for hydroxyapatite (HAp) 
without other impurities was 800°C. XRD, FTIR and SEM analyses showed that these HAp were 
nano-sized porous particles. Purity was confirmed by TGA, protein content and Ca/P ratios, and 
pore %was calculated by image J software. EDX was used to analyse the concentration of 
elements in the F.S.HAp. Toxic heavy metals detected at ppb level by AAS were much lower than 
that of maximum permitted level of International/National Standards for heavy metals in food. 
Albino mices given F.S.HAp showed no toxic symptoms up to fourteen days after administration. 
The hardness value, 274 (HV) of F.S.HAp-GIC compound solid structure (3:1:8), was greater than 
that of  pure GIC compound and F.S.HAp-ZPC compound. This value is very near to that of 
human hard tissues and the studied F.S.HAp-GIC compound may be suitable as a substitute in 
hard tissue engineering. The 75.8 nm crystals and 151.6 nm-265.4 nm particles of F.S.HAp may 
not be able to diffuse naturally into the tooth enamel which has pores of smaller in size. The 
F.S.HAp-GIC compound (3:1:8) was found to be firmly attached to the tooth defect areas. This 
compound was also successfully used to substitute in defective skull bone in Wistar rat. 
Histological evidences showed this compound coalesced into natural skull bone tissue and they 
coexisted well after substitution. 
Keywords: hydroxyapatite; XRD; SEM; EDX; AAS; F.S.HAp-GIC 

Introduction 
Unprecedented expansion of human populations causes increased consumption of aquatic 

fauna which have many proven health benefit. As a consequence, fishery by-products are subject 
to strict environmental regulations due to limited land and increased environmental concerns 
such as ground water contamination and foul odor. Nevertheless these biowastes are not always 
considered as a mainproblem in human welfare because many potential values contained in these 
biowastes. As most of these biowastes are rich source of calcium, the extracted biomaterials may 
be applied in reconstruction of human hard tissues(teeth and skeletons). Therefore many 
researchers are trying to produce biomaterials from various biowastes such as egg shells and its 
membrane, fish collagen and fish oil, corals, snail and oyster shells, vertebrate bones, shrimp and 
crab exoskeletons. One of the aquatic biowastes, fish scales are biocomposite of highly ordered 
type I collagen fibers and hydroxyapatite {Ca10(PO4)6(OH)2}. Moreover, hydroxyapatite is 
always considered as a basic structural compound of tooth and skeletal tissues, and the 
biomaterial extracted from fish scales may fulfill the mineral requirement of tooth and skeletal 
tissues. At the same time there has been a growing interest in natural ingredients which are 
readily available from animal by-products rather than using synthetic chemicals to fulfill the 
needs of human beings. HAp is most important to synthesize nano-composites in order to have 
good biocompatibility, high bioactivity and great bonding properties. HAp promotes faster bone 
regeneration, and direct bonding to regenerated bones without intermediate connective tissue 
(Palanivelu, 2013). Due to the properties of hydroxyapatite it has widely been used in biomedical 
and dental practices due to its similarity to main mineral components of hard tissues of human 
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body. Therefore HAp biomaterials from different biowastes can widely be used in human body 
for tissue repair and substitution still expand to date. 

 In bone defect reconstruction caused by a benign tumor or trauma, use of autologous and 
allograft bone has been popularly used in clinics. However use of autologous bone is known to 
result in secondary trauma and allograft bone induces immune repulsion. In addition, since bone 
grafts are avascular and are dependent on diffusion, the use of autologous and allograft bones are 
limited by the size of the defect and viability of the host vascular bed. It was reported that graft in 
large defects were resorbed by the body before the completion of osteogenesis. To solve these 
problems, many researches have focused on the use of artificial bone-like materials such as bone 
cement and bioglass. However as some cements are prepared in the operation room, they are 
therefore susceptible to infection (Oh et al., 2006). In an attempt to solve some of the problems 
associated with the use of autologous bone, allograft and bone cement, the advent of tissue 
engineering has become a major area of medical research as the search continue to develop better 
materials to replace lost or missing tissue from the human body (Oh et al., 2006). For 
reconstruction of local bone defect, usually an autogenous bone graft is used; particulate 
cancellous bone and marrow grafting especially give superior results, because the transplanted 
cells are capable of forming new bone. There are some disadvantages, however, in the use of 
autogenous bone grafts, such as (i) the limitation in the amount of available bone for 
transplantation, (ii) the difficulty in forming a desired shape, and (iii) the requirement for a 
second surgical procedure with its associated risks. Recently, many kinds of synthetic materials 
have been developed for use as a bone substitute. Hydroxyapatite, in particular, is considered to 
be one of the best bioactive ceramics for a bone substitute because of its superior 
osteoconductivity (Asahina et al., 1997). Because of the constant and increasing demand for 
reconstruction of hard tissues in the treatment of bone defect, autologous bone graft options have 
been designed. Though the most widely used are allografts and xenografts, synthetic alternative 
known as bone substitutes are currently being developed. Ideally, these substitutes must be 
biocompatible and possess a structure similar to bone, easy to use and affordable. It is reasonable 
to believe that combination of the materials will provide better results than the autologous bone 
graft (Sesman et al., 2013).In conjunction with glass ionomer cement, nano-HAp extracted from 
fish scales can be used in field of restorative dentistry and bony substitution as a bioceramic 
material. 

 

Aim and Objectives of the Study 
 The aim of this study is an attempt to provide a production of HAp from the fish scales 
and to determine the applicability of this HAp as substitution of bony defect. 

 The objectives of the present study were 

 (1)to extract hydroxyapatite (HAp) from scales of the fish (N. notopterus) 

 (2) to determine the particle size of F.S.HAp 

 (3) to formulate HAp-GIC compound and determine its hardness and pore diameter and  

 (4) to assess the feasibility of HAp-GIC as a substitute for bone defects by test on Wistar 
rat skull bone. 
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Materials and Methods 
3.1 Study area and study sites 

  Fish scales were collected from Mingaladon market. Extracted teeth and GC Glass 
Ionomer was bought from dental pharmacy, University of Dental Medicine, Yangon. 
Characterization of fish scales hydroxyapatite (F.S.HAp)was done at Universities' Research 
Centre at Yangon University, National Laboratory, Department of Research and Innovation, and 
Customer Support Analytical laboratory atAmtt Company, Yangon. Animal study was carried 
out at Animal Services Division, Department of Medical Research. Repair of tooth defect area 
was carried out at the Department of Zoology, University of Dental Medicine, Yangon. 
Substitution of bone defect with F.S.HAp-GIC solid structure was done at the Animal Services 
Division, Department of Medical Research, Yangon. Microscopic study was carried out at the 
Department of Pathology, University of Medicine-1, Yangon.  
 

3.2 Study period  

 This study was conducted from December, 2014 to May, 2018.   
  

3.3 Materials  

 The following materials were used in this study.  

 - Fish (Notopterus notopterus) scales 

 - 1N HCl  

 - 1N NaOH   

 - Microwave-oven (800 watts) 

 - Balance  

 - Muffle furnace 

 - X-ray Diffractometer 

 - Scanning Electron Microscope (SEM) 

 - Energy Dispersive X-ray Diffractometer (EDX-720, Shimadzu, Japan) 

 - Atomic Absorption Spectrophotometer (AA-6300), Shimadzu, Japan 

 - Spectrophotometer (UV-1800), Shimadzu, Japan 

 - Female Albino mice(foracute toxicity test ) 

 - Male Wistar rat (for skull bone reconstruction ) 

 - Glass Ionomer, Fuji I (GC, Japan) 

 - Ketamin 

 - Xyla 

 - Surgical instruments 

 - Bone driller 

 - Betadine   
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3.4 Methods 

3.4.1 Fish scale collection and nutrition test 

Notopterus notopterus fish scales were collected from Mingaladon Market in Yangon 
Region. Peeled fish skins were bought from fish sellers. The scales were removed from the fish 
skins and washed repeatedly with tap water up to get externally cleaned fish scales. And then the 
scales were filtered with plastic sieve to remove debris. Components in the raw fish scales were 
examined by nutrition package test at FIDSL in UMFCCI. 

 

3.4.2 Fish scale treatment  

 Fish scales were initially deproteinized with 1(N) HCl (Analytical grade, 35%) 
solution(2:1, v/w, water HCl/fish scales) for 24 hours at room temperature. After that they were 
filtered and washed thoroughly several times with distilled water. Next, remaining proteins of 
fish scales were treated with 1(N) NaOH solution. The filtered fish scales were washed 
thoroughly with distilled water(Plate 3.2) and dried in microwave-oven for several hours to reach 
the state of brownish coloured brittle scales. 
 

3.4.3 Synthesis of biomaterial powders from fish scales 

 Fish scale sample batches (Plate 3.2) were heated separately in the Muffle furnace at 
different temperatures i.e-600°C, 700°C, 800°C, 900°C and 1000°C respectively to obtain the 
powder (Plate 3.3). 
 

3.4.4 Extraction of fish scales biomaterials 

 Fish (Notopterus notopterus) scales biomaterials were extracted using  procedure shown 
in Fig. 3.1. 
 

3.4.5 Powder characterization 

 All powders of different temperatures were confirmed as hydroxyapatite by XRD 
analysis. Purity of F.S.HAp was confirmed by protein content and Ca/P ratio. Toxic heavy metal 
content was examined by EDX and AAS. Ca/P ratios (weight ratio and mole ratio) of F.S.HAp 
were calculated at customer support analytical laboratory, Amtt company and matched with that 
of enamel and dentine. Particle sizes were determined through Scanning Electron Microscope at 
National Laboratory. Pore %in the F.S.HAp was calculated by Image J software. 

 Effect of thermal treatment on physical appearance, ash yield % and protein content of all 
powders were observed in the range of temperature between 600°C-1000°C. Protein content in 
each sample was examined by titration method at FIDSL in UMFCCI.  

 Ca/P weight ratios and molar ratio of fish scales HAp were calculated at Laboratory 
Services, Amtt Company.  

Presence of HAp in N.notopterus fish scales powders at different temperatures are 
confirmed by X-ray diffraction study results. For tissue engineering work, particle size was 
important to penetrate into the host tissue. The crystallite size of HAp of different powders were 
calculated by Scherrer’s equation (Mondal and Mondal, 2012). 
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Crystallite Size =   
0.9λ
βCosθ

 

 Measurements of particle size and pore diameter were done by scanning electron 
microscope at the National Laboratory of the Department of Research and Innovation. Pore % in 
the HAp is very important for tissue engineering work. Pore size in the HAp extracted from 
N.notopterus scales was measured by image J software. 
  

3.4.6 Toxicity Assessment 

 The presence of elements in F.S.HAp, mineral analysis was carried out by EDX. And 
then the elements of toxic heavy metals like arsenic, cadmium, lead and mercury that could not 
be detected by EDX analysis was analyzed by AAS at the Fish Inspection and Quality Control 
Division, Department of Fisheries, Yangon. 

 Acute toxicity of single dose of HAp extracts of fish (N.notopterus) scales was evaluated 
by the methods of OECD Guidelines for the Testing of Chemicals 425. According to the test 
description, total number of 12 adult female albino mices, weighting (25-30g) were selected and 
divided into two groups. Each group contained six animals (plate 3.4). They were fasted for            
18 hrs before giving the extracts. Group (1) mices were orally administrated with fish scale’s 
HAp extract 60mg (2000 mg/kg dose) (Plate 3.5).Group (2) mices performed as a control group 
and they were treated with clean water and normal animal food. All groups of mice were kept in 
the two mouse cages in the separate room at the room temperature of 26 ± 1ºC. After 
administration of extracts on each group of animals were observed for the first 6 hrs 
continuously for mortality and behavior changes. Then the animals were checked at every 24 hrs 
for fourteen days. The mortality during this period was noted. 

 

3.4.7 Formation of Glass Ionomer Cement, F.S.HAp-ZPC and F.S.HAp-GIC  compound 

To make a block of pure GC Glass Ionomer Cement (Plate 3.6), as described in direction 
for use, two drops of GI liquid was added to one scoop of Glass Ionomer powder at ratio of 1:2. 
The following steps were done: 

 1.  To make a block of GIC, as described in direction for use, two drops of Glass 
Ionomer liquid was added to one scoop of GI powder (1 : 2). 

 2. And then to make a block of F.S.HAp.-ZnO-Glass Ionomer liquid (F.S.HAp-ZPC) 
and F.S.HAp.-Glass Ionomer powder-Glass Ionomer liquid (F.S.HAp-GIC), two 
drops of GI liquid was added to one scoop of F.S.HAp-ZnO mixture in different 
ratios and F.S.HAp-GI powder mixture in different ratios respectively. 

 3. Powder and liquid of each sample were mixed thoroughly in porcelain basin with 
glass paddle to get in the form of paste. 

 4. Each paste was put into the disc shaped plastic container (13mm in diameter x 5mm 
in depth) and pressed with glass plate (Plate 3.7). 

 5. Each sample gradually changes into hardened cake within 2 days (Plate 3.8). 

 Procedure for formation of F.S.HAp-ZPC/F.S.HAp-GIC was shown in Fig. 3.2.In order 
to determine which ratio is suitable for appropriate hardness of teeth and skeleton, seven kinds 
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composites were tested at different ratios (Table 3.1). Hardness of all samples was measured by 
Mitutoyo Micro-hardness Testing Machine at Weapon Industry in Meikhtila. 
 

3.4.8 Hardness measuring of the samples                                            

 Before application, the hardness of the composites in different ratios were measured by 
Vickers hardness measurement at Military Weapon Industry at Meikhtila(Plate 3.9). 

To improve mechanical property of F.S.HAp composite, instead of being only used GIC, 
a number of efforts was done by adding the GI liquid into F.S.HAp.-ZnO mixture and F.S.HAp.        
-GC powder mixture. These composite were made in different ratios (3:1:8, 3:2:10, 3:3:12 
respectively) (Table 3.1). Hardness of GIC and F.S.HAp.-ZPC compound were found to be 
identical. So the improvement on hardness property was not significant. But incorporation of 
F.S.HAp.-GIC compound gave increment in hardness of 50HV compared to the GIC, F.S.HAp.         
-ZPC compound. 
   

3.4.9 SEM analysis of F.S.HAp-GIC  

 SEM analysis of the composite sample was done at National Laboratory, the Department 
of Research and Innovation (Plate 3.10). 
 

3.4.10 Repair of tooth defect area 

Nano-sized biomaterials from N. notopterus were able to pass through into dentine which 
has micro-sized pores. But they can not pass through into enamel surface because it is composed 
of angstrom-sized pores. As it is impossible to replace solid tooth structure in damage area by 
using F.S.HAp. only, it is necessary to use cement for reconstruction of damaged tooth. Among 
various dental adhesives, due to outstanding properties of GC Glass Ionomer (Japan), it was 
selected to use in repair of enamel defect area. In order to overcome the problem of particle size 
difference in repair of tooth defect area, liquid of glass ionomer was added to fish scale 
hydroxyapatite-ZnO (3:1) and fish scale hydroxyapatite-Glass Powder (3:1) mixture. 
Incorporation of fish scales HAp into Glass Ionomer was selected to repair the tooth defect area 
of extracted teeth (Plate 3.11). Eight drops of liquid of Glass Ionomer was added into the mixture 
of fish scale HAp-Glass Powder (3:1) (Fig. 3.3). 

 

3.4.11 Substitution of F.S.HAp-GIC (F.S.HAp:GI powder: GI liquid=3:1:8) in skull bone 
defect of Wistar rat 

   Male Wistar rat was selected just to endure the severity of a surgical trauma. The rat was 
fasted for 18hours up to morning of operation day. At 9:30 am of operation day, the fasted rat 
was given intra-peritoneal injection of a mixture of Ketamin (0.6 cc) and Xyla (0.4 cc) (Plate 
3.13 A). Five minutes after injection, under the influence of anaethesia, it reached to the state of 
unconsciousness. The rat was placed onto the operation table and cut the hairs on the head with 
scissor (Plate 3.13 B). Incised the scalp down to the parietal bone.A hole was made on the right 
side of exposed skull surface (parietal area) with bone driller (Plate 3.13 C). The hole was about 
3mm in diameter and 1 mm in depth (Plate 3.13 D).This bone defect was immediately filled with 
freshly prepared F.S.HAp-GIC (Plate 3.13 E). After the filling of the defect, the scalp was 
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sutured back with cat-gut (Plate 3.13 F) and Betadine was applied onto the suture to prevent 
infection (Plate 3.13 G).  

   About one hour after operation, the rat regained consciousness. It was treated everyday 
with clean drinking water and normal animal food, and kept in the mouse cage (Plate 3.14). The 
condition of rat was observed and recorded every day (Plate 3.15 A, B and C). One and half 
month after operation, skull X-ray was taken at Crown Diagnosis Center in Yangon (Plate 3.16). 
Four months after operation, the sutured skin was reopened and the filled up area was observed 
(Plate 3.17 A and B). Subsequently the rat was sacrificed for histological study and the rat head 
was preserved in 10% formalin. And then the portion of skull bone including normal skull bone 
tissue was cut out with a bone cutter and soaked in 10% formalin (Plate 3.18). After two days, 
the cut tissue(4 micron in thickness) was prepared for microscopic study and it was stained with 
H and E method. With the help of compound microscope (Olympus, Japan), histopathological 
study was carried out at the Pathology Department, University of Medicine-1, Yangon. 

 

   
 Plate 3.1Notopterusnotopterus(Pallus,1769) Plate 3.2N. notopterusscales 
 

Fish scales are washed thoroughly with tap water 

Cleaned fish scales are soaked in 1N HCl solution for 24 hours (Deproteinization) 

Wash thoroughly several times with distilled water 

Soak again in 1N NaOH solution for 24 hours (Deproteinization) 

Filter and wash thoroughly with distilled water 

Dry in microwave-oven (800 watts) 

Deproteinized, and dried fish scales are heated at different temperatures in Muffle furnace 

Fish scale biomaterials powders of different temperatures(600°C, 700°C, 800°C, 900°C, 1000°C) 

Figure3.1Flow chart for extraction of biomaterials from fish scales 

 

 
Plate 3.3 Physical appearance of biomaterial powders prepared from scales of N. notopterus at 

different temperatures 
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Plate 3.4 Mices utilized in the cage           Plate 3.5  Administration of fish scale HAp with 

water to albino mice (60mg/25-30g) 
 

 
Plate 3.6  GC Glass Ionomer pack(Japan) 

 

GI liquid 

Drops into 

Mixture of F.S.HAp.-ZnO/GI powder 

Stirs with small glass paddle 

Paste of F.S.HAp.-ZnO/Glass Ionomer Cement (F.S.HAp-ZPC/F.S.HAp-GIC) 

Adds into 

Disc shaped plastic container (13 mm in diameter and 5 mm in depth) 

Press with glass plate for two days 

F.S.HAp.-ZnO/Glass powder-Glass Ionomer Cement Composite 

Figure 3.2 Flow chart showing steps in formation of F.S.HAp.-ZPC and F.S.HAp-GIC 
compound 

 

                 
Plate3.7  Disc shaped plastic container   Plate3.8  F.S.HAp.-GIcompound 
  (13mm in diameter and 5mm in depth)     (13mm in diameter and 5mm in depth) 
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Table 3.1 The ratios of seven kinds of sample prepared 

F.S.HAp-Glass Ionomer 
Powder-Glass Ionomer 
liquid compound ratios 

F.S.HAp-ZnO-Glass 
Ionomer  liquid 

compound  ratios 

GIC ratio 
(Glass Ionomer powder-Glass 

Ionomer liquid) 
3 : 1 : 8 3 : 1 : 8 1 : 2 (as direction for use) 
3 : 2 : 10 3 : 2 : 10  
3 : 3 : 12 3 : 3 : 12  

 

 
Plate 3.9 Hardness measuring of F.S.HAp-GIC compound with Mitutoyo Micro-hardness testing 

machine (Vickers  hardness tester) 

 
Plate 3.10 Particle size and pore diameter measurement of F.S.HAp-GIC by SEM 

Extracted tooth 

Treated with 10% formalin for 1 day 

Clean with purified water 

Fill up freshly prepared fish scale HAp-GI Powder-GI liquid (3:1:8) in tooth defect area 

Figure 3.3 Flow chart showing procedure for repair of tooth defect area with F.S.HAp-GIC 
compound 

                  
Plate 3.11 Extracted tooth with cavity Plate 3.12 Chemicals, reagents, kits and apparatuses  

utilized in the animal study 
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A. Injection of anaesthesia into Wistar rat       B. Preparation for operation on the Wistar rat  

   
   C. Drilling the skull bone                      D. Bone defect made in skull 

 

 

 

  

E. Filling of F.S.HAp-GIC 

 

 

 

 

 

 F. Suturing the scalp after operation           G. Application of Betadine onto the wound  
 

Plate  3.13 Steps in operation to create skull bone defect in the Wistar rat 

 
Plate 3.14 Daily treatment on Wistar rat with normal animal food and purify drinking water 
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A.Second week after operation    B.3rd week after operation  C.4th week after operation 

Plate 3.15 Condition of the Wistar rat after operation 

 
Plate 3.16 Takingskull X-ray of Wistar rat (One and half month after operation) 

 

                                           
                       A. Live specimen                         B. Preserved specimen 

Plate 3.17  Re-examination of the scalp by exposing the skull bone defect area (after four 
months) 

 
Plate 3.18  The portion of the skull bone showing successfully substituted F.S.HAp-GIC in the 

bone defect of Wistar rat 
 

Normal bone 

 

F.S.HAp-GIC  
compound in skull bone 

F.S.HAp-GIC 
compound in skull 

bone 
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Results 
 Moisture, ash, protein, crude fiber, ether extract, carbohydrate and energy value were 
detected in raw fish scales. 
 

4.1 Thermal analysis for purity of F.S.HAp powder 

 The colour of raw fish scale was observed as white which gradually changed into grey, 
white, white and white tint with light blue green respectively at up series of temperatures            
(Table 4.1).Different colors observed below 800˚C indicate the association of organic matrix in 
the fish scales. The colors become white and white tint with blue green with the use of increasing 
temperatures. It is evidence of removal of organic portion from fish scales at different 
temperatures. Among various samples, no significant weight loss was observed in N. notopterus 
scale powder but weight loss was 1.1% at 800ºC(Table 4.1).This indicates that N. notopterus 
scale powder at 800˚C lacks organic moieties and water, and further confirms that it has a very 
low concentration of impurities. 

 
Figure 4.1 TGA pattern of N. notopterus scale biomaterial powder  (NP3 800˚C) 

 

4.2 F.S.HAp powder characterization 

4.2.1 Physical appearance, protein content and ash yield % 

Protein content was not observed in the powder at 800˚C.  Ash yield % of N.notopterus 
scale powder was about 44.8%. Pure hydroxyapatite without protein chosen for present study 
was shown in table 4.1.N.notopterus scale HAp, lacking protein with properties of white color 
when heated at 800˚C, was selected to use in substitution of hard tissues in teeth and skeleton. 

 

4.2.2 Ca/P weight ratio  

 Ca/P weight ratio of fish scale F.S.HAp powder was calculated at the Laboratory Services 
of Amtt Company. Ca/P weight ratio of fish scale hydroxyapatite 

is 1.94 which is identical to those of enamel, dentine and tuna bone (Table 4.2).   
 

4.2.3 Ca/P mole ratio  

 To confirm purity of fish scale HAp, Ca/P mole ratio of F.S.HAp was also calculated at 
the Laboratory Services, Amtt Company. Ca/P mole ratio of 1.63 in fish scale hydroxyapatite is 
found within the range of hydroxyapatite (Table 4.3). 
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Table 4.1 Physical appearance, protein content and ash yield % of N. notopterus scale 
biomaterial powders after heating 

 

 

 

 

 

 

 

 

 

Table4.2  Ca/P weight ratio of enamel, dentine, tuna bone and F.S.HAp 

Source HwaYen liu et al.(2013) Venkatesan et al.(2010) this study 

Sample Enamel Dentine Tuna bone N.notopterus 
(F.S.HAp) 

Ca/Pratio 1.94-1.83 1.91-1.78 1.94 1.94 
 

Table 4.3  Ca/P mole ratio of hydroxyapatite references and F.S.HAp 

Source 

Hydroxyapatite 
(Berzina-Simdina 
and Borodajenko, 

2012) 

Hydroxyapatite with 
calcium deficient(Berzina-
Simdina and Borodajenko, 

2012) 

N.notopterus   
scale(F.S.HAp) 

 

Ca/Pratio 1.67 1.5-1.67 1.63 
 

4.2.4 X-ray diffraction analysis  

The presence of HAp was confirmed by a strong characteristic peak of 100% intensity for 
HAp was obtained at 2θ value of 31.808° corresponding to 211 hkl (Table 4.4 and Table 4.5).  

4.2.5 Calculation of crystallite size 

 For tissue engineering work, particle size is important to penetrate into the host tissue. 
According to X.R.D results, the biomaterial powders extracted from fish scales were proved to be 
HAp. Average crystallite size of N.notopterus scale powder at 800 °C was calculated by 
Scherrer’s equation (Mondal and Mondal, 2012).  The required data were taken from XRD 
results. The F.S.HA pcrystallite size was calculated to be75.8nm.Calculation of crystallite sizes 
of F.S.HAp (800 °C) at different hkls were shown in table 4.6. 

Crystallite Size D(Å) = 
0.9 λ
βCos θ

 

 

Temp.(˚C) 
N. notopterus F.S.HAp Properties 

Color Protein% Ash% 

Raw white 53.76 0.0000 

600 grey 2.30 45.5768 

700 white 0.34 45.0099 

800 white 0.00 44.8409 

900 white tint with blue green 0.00 44.7351 

1000 white tint with blue green 0.00 44.3015 
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0.9λ  =  0.9× 1.54056 = 1.386504 Å  

β  =  FWHM (°) 

Cosθ  =  Cos{2 θ/2  ×π( 3.142)/180} 

For 211 hkl   

 0.9λ = 0.9 × 1.54056  = 1.386504 Å  

  β(FWHM) = 0.109 = 0.001902 radians 

  θ = 2 θ/2 = 31.808/2= 15.904 

  Cosθ = 0.277577 = 0.961722 radians 

 βCosθ  = 0.001902 x0.961722 = 0.001829 radians 

Crystallite size D (Å) at 800°C = 
0.001829
1.386504

 = 758 Å 

Crystallite size D at  800°C = 75.8 nm 

 

Table 4.4  XRD analysis of fish scale biomaterial powder (F.S.HAp) heated at 800°C 

Sr. 
No. 2-Theta d(Å) Height Height 

% Phase ID d(Å) I% (hkl) 2-Theta Delta 

1. 25.919 3.4347 13 31.0 Hydroxyapatite 3.4395 35.3 (002) 25.882 -0.037 

2. 31.808 2.8110 42 100.0 Hydroxyapatite 2.8147 100 (211) 31.765 -0.043 

3. 32.220 2.7759 19 45.2 Hydroxyapatite 2.7781 52 (112) 32.194 -0.026 

4. 32.976 2.7140 23 54.8 Hydroxyapatite 2.7205 60.9 (300) 32.896 -0.080 

5. 34.089 2.6279 14 33.3 Hydroxyapatite 2.6299 20.8 (202) 34.062 -0.027 

6 46.727 1.9424 12 28.6 Hydroxyapatite 1.9437 28.1 (222) 46.693 -0.034 

 

Table 4.5 Comparison of XRD data for in I%, 2θ value, hkl of F.S.HAp and references  

Samples Markovic 
(2004) 

XRD                 
JPCDS-09-0432 

Tuna bone                   
(Venkatesan, 2010) 

N.notopterus(800°C)                             
F.S.HAp (This study) 

hkl 211 211 211 211 

I% 100 100 100 100 

2θvalue 31.77 31.77 31.91 31.808 
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Table 4.6 Calculation of crystallite size of F.S.HAp (800 ºC) at different hkls 

 

 

 

 

 

 

 

 

 

 

4.2.6 Functional groups study 

Presence of the functional groups in N.notopterus scale powder proved the powder was 
HAp. Functional groups of the scale powder at 800 ºC were as follows:  

-3
 4 PO  : 570.95cm-1, 601.81cm-1, 962.51cm-1, 1037.74cm1 ,1089.82cm-1  

OH-       :   632.67cm-1, 3504.77cm-1 
-2

3 CO  :   1413.87cm-1, 1462.09cm-1 

 The most characteristic chemical groups in the FTIR spectrum of synthesized HAp are
-3
 4 PO ,OH-, -2

3 CO , as well as -2
 4 HPO , that characterize HAp. OH- ions prove presence of HAp. 

(Berzina-Simdina, and Borodajenko, 2012). Functional groups of fish scale powder at 800°C 
were also found to be very close to those of HAp references. Except HPO4

2- functional group, 

wave numbers of all functional groups ( -3
 4 PO , -2

3 CO , and OH-) of the studied fish scale powder 
at 800˚C are very close to those of standard spectrum. By matching with spectrums of standard 
HAp and animal hard tissues, functional groups of biomaterial powders at 800˚C extracted from 
fish scales are chemically proved to be hydroxyapatite.  

 

4.2.7 Study of F.S.HAp particle size by SEM analysis 

 Table 4.7 shows particle sizes gradually increased with the rise of temperature up to 
900°C, but at 1000°C some particles broke up into smaller size. But the particle sizes of powders 
at different temperatures were found to be nano-sized (Plate 4.1, 4.2, 4.3, 4.4 and 4.5). All 
hexagonal shaped particles were fragile in texture. The particle size of the fish scale powder at 
800°C (lacking fish protein) ranges from 151.6 nm to 265.4 nm (Plate 4.1). 
 

4.2.8  Pore % of the F.S.HAp.  

  Pore % in the HAp is very important for tissue engineering work. Pore sizes in the HAp 
extracted from fish scales were measured by image J software. Pore %  was found to be 15.86% 
at 800˚C (Table 4.8).  

hkl 2 θ 
θ β(FWHM) λ Crystallite Size 

Degree Radian Cos Degree Radian λ 0.9 λ Å nm 

211 31.808 15.904 0.277577 0.961722 0.109 0.001902 1.54056 1.386504 757.8227 75.8 

300 32.976 16.488 0.287770 0.958879 0.131 0.002286 1.54056 1.386504 632.4243 63.2 

002 25.919 12.9595 0.226186 0.974529 0.058 0.001012 1.54056 1.386504 1405.4684 140.5 

112 32.22 16.11 0.281173 0.960731 0.118 0.002059 1.54056 1.386504 700.7451 70.0 

222 46.727 23.3635 0.407770 0.918007 0.115 0.002007 1.54056 1.386504 752.4882 75.2 

202 34.089 17.0445 0.297483 0.956077 0.104 0.001815 1.54056 1.386504 798.9459 79.9 
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Plate 4.1 SEM image of N.notopterus scale biomaterial powder (800˚C) showing particle sizes 

 

Table 4.7 Particle size range of the fish scale biomaterial powders at different temperatures 

Temperature(°C) Particle size 
600 45.45 nm to 219.7 nm 
700 73.4 nm to 333.6 nm 
800 151.6 nm to265.4 nm 
900 303.3 nm to 925 nm 
1000 128.9 nm to746.1 nm 

 

Table 4.8 Pore % of F.S.HAp 

N.notopterus scale HAp Pore % 

Total Area 41448400.44 nm2 15.86 

Pore Area 6575553 nm2 

 

4.3 Toxicity assessment of F.S.HAp 

4.3.1 Mineral analysis 

 Toxic heavy metals like mercury, arsenic, lead and cadmium were not detected by EDX 
in the fish scale powders at high ppm level (Table 4.9). Therefore, application of fish scale HAp 
in hard tissue engineering, it seems to be non-toxic to host tissue. 

In addition the concentrations of toxic heavy metals mercury, arsenic, lead and cadmium 
were detected in the F.S.HAp powders by AAS methods at ppb level(Table 4.10).But the 
concentrations were much lower than the maximum permitted concentrations of International/ 
National Standards for Heavy Metals in food. 

4.3.2 Acute toxicity test of the F.S.HAp on albino mice model  

Acute toxicity screening of HAp extracted from N.notopterus’s scales extracts was done 
with the dosage of 2000 mg/kg in 6 albino mices of group (1), and group (2) was kept as a 
control group. The conditions of all mices were recorded during and after fourteen days 
administration. During these period, both groups were treated with normal animal food and 
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purified drinking water. The results show no lethality of the mice was observed up to fourteen 
days after administration. Each group of animals were also observed to be still alive and did not 
show any visible sign and symptoms of toxicity like restlessness, respiratory disorders, 
convulsion, aggressive activities, coma and death. There is no lethality up to the last day of the 
fourteen day period (Table 4.11). 
 

4.4 Evaluation of hardness of GIC, F.S.HAp-ZPC and F.S.HAp-GIC by Vickers 
hardness tester 

 Hardness of all samples were measured by Micro Vickers Hardness Tester (Mitutoyo 
Microhardness Testing Machine). Table 4.13 shows the hardness value of GIC and F.S.HAp-
ZPC were 222 HV and 224-226 HV respectively. Incorporation of Glass Powder and Glass 
Ionomer Cement into F.S.HAp revealed increase in hardness of 50 HV more harder than GIC and 
F.S.HAp-ZPC. Among the samples of F.S.HAp-GIC, the powder of F.S.HAp, powder and liquid 
of GIC ratio at 3:1:8 showed the most hardest value of 274 (HV). So this ratio is selected to use 
in present study (Table 4.12 and Table 4.13). 
 

4.5 SEM analysis of F.S.HAp-GIC compound (F.S.HAp reinforced GIC) 

4.5.1 Measurement of pore diameters in F.S.HAp-GIC 

 With Scanning Electron Microscope, pore diameter in the FS HAp-GIC was found within 
the range of 26 nm – 1402 nm. Majority of pores in the composite were nano-sized (Plate 4.2). 

 

Table 4.9 Mineral analysis of N.notopterus scale biomaterialpowder(EDX analysis) 

Analyte Mineral (%/ ppm) 
Ca 7.084% (70840 ppm) 
P 4.411% (44110 ppm) 
K 0.254% (2540 ppm) 
Sr 0.012% (120 ppm) 
Fe 0.004% (40 ppm) 
Zn 0.006% (60 ppm) 
Mn 0.003% (30 ppm) 

 

Table 4.10 Heavy metals analysis of N.notopterus scale powder (AAS method) 

Metals Detected concentration of 
Heavy Metals in Fish Scales 

HAp 

International/National 
standards for heavy metals in 

food (Choi,YY., 2011) 
Arsenic( Al2O3) 41 ppb 1400 ppb 
Cadmium(Cd) 17 ppb 2000 ppb 
Lead(Pb) 100 ppb 6000 ppb 
Mercury(Hg) 35 ppb 500 ppb 
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Table 4.11 Acute toxicity test of HAp extract of N.notopterus scales on albino mice model 
after two weeks administration 

No Group Extract administration Dosage No. of death 
at day fourteen 

% of deathat 
day fourteen 

1 Group1 Hap extract of N.notopterus 
scales with water 

2000 
mg/kg Nil 0 % 

2 Group2 No administration  Nil Nil 0% 
 

Table 4.12Hardness measurement by Vickers hardness tester 

Kind of Sample Ratio Hardness(HV) 
Pure GC Glass Ionomer ( Powder : Liquid) 1 : 2 222 (average) 
F.S.HAp-ZnO-Glass Ionomer Cement Composite 3 : 1 : 8 224 (average) 

3 : 2 : 10 226 (average) 
3 : 3 : 12 225 (average) 

F.S.HAp-Glass Powder-Glass Ionomer Cement 
Composite 

3 : 1 : 8 272 (average) 
3 : 2 : 10 261 (average) 
3 : 3 : 12 268 (average) 

Chun, JK.,Choi, HH., and Lee, JY. (2014) Enamel 274.8 
Dentine 65.6 

 

Table4.13  Hardness measurement of three samples of F.S.HAp-GIC compound(3:1:8) 

Kind of Sample Ratio Hardness(HV) Average Hardness(HV) 

F.S.HAp-Glass 
Powder-Glass Ionomer 
Cement Composite 

 

3 : 1 : 8 

274  

272 270 

273 
 

 

 
Plate 4.2  SEM image showing pore diameter measurement of F.S.HAp-GIC 
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4.6 In vitro substitution of F.S.HAp-GIC in tooth defect area  

Enamel itself is mainly composed of 20-40 nm sized HAp particles and without supplying 
of blood vessels and nerves, it is a structure made of non-living minerals. Once eroded the 
enamel, there is no regeneration of HAp in the enamel defect area. If the particle size of F.S.HAp 
can diffuse into enamel defect area, F.S.HAp can supply directly into the defect organ. However, 
F.S.HAp cannot diffuse into enamel defect area because of differences in particle size of 
F.S.HAp and enamel pores. Moreover, F.S.HAp cannot adhere to tooth structure alone. So to 
retain the F.S.HAp into enamel surface, it is necessary to add adhesive material into F.S.HAp. 
Because of outstanding properties of GC Glass Ionomer, it is popularly used in daily clinical 
practice. In the present study, for adhesion, F.S.HAp:GIPowder:GI liquid ratio of 3:1:8 was used 
for filling tooth and bone. Having no interference from the time of commencement of filling up 
to the present time, the substituted HAp-GI powder-GI liquid composite was still attached to the 
area of filling in the defect area (Plate 4.3 A, B and C). 

 

   

  

A. Tooth before filling  B. Tooth after filling       C. Binding of vertically divided tooth 

     

Plate 4.3 Extracted tooth before and after filling and binding with F.S.HAp-GIC 

 

4.7 In vivo bservation of F.S.HAp-GI powder-GI liquid (3:1:8) substituted in skull bone 
defect of Wistar rat  

   Even though the rat suffered from severity of the surgical trauma, it was healthy, actively 
moving, eating well everyday and growing normally during the whole observation period of four 
months. One and half month after operation, X-ray was taken. The opaque image of the filled up 
area at the right side of parietal bone was seen in X-ray (Plate 4.4).Four months after operation, 
the sutured skin was reopened and the filled up area of bone defect was observed. The 
substitution was still present intact at the right side of skull at the bone defect area (Plate 4.5).The 
rat was subsequently sacrificed for histopathological study of the skull bone where F.S.HAp-GIC 
was substituted on the right side of the parietal bone of the skull in the defect area. Aggregates of 
particles could be easily seen with the naked eye (Plate 4.6 and 4.7).Under the view of compound 
microscope, the aggregate of HAp composite was surrounded by connective tissue with giant 
(inflammatory) cells in inflammatory reaction areas. A significant finding is that the microscopic 
study shows the coexistence of F.S.HAp-GIC and normal bone tissue in the rat skull bone. The 
composite was coalesced in natural bone tissue. A view at magnification of 100× shows that 
there was direct contact between the F.S.HAp-GIC and normal bone tissue (Plate 4.8).As normal 
bone tissue, osteocytes and Haversian systems were observed in the skull bone without 
substitution of F.S.HAp-GIC compound. There is no inflammatory cells in this tissue (Plate 4.9).  
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Plate 4.4 Radiographic image of Wistar rat skull bone (one and half month after substitution) 

 
Plate 4.5 Substituted F.S.HAp-GIC compound in bone defect (four months after operation) 

 

                                                 
Plate 4.6 F.S.HAp-GIC compound in situ          Plate 4.7 The portion of the skullbonein 
 Wistar rat skull bone    showing substituted F.S.HAp- 
     GIC in the bone defect area 
 

                                             
Plate 4.8 Microscopic image of F.S.HAp-GIC Plate 4.9  Microscopic image of in bone defect 

area(100×)  normal bone (100×) 

 

Filled up area of 
bone defect 

Normal bone 

 

F.S.HAp-GIC compound  
in skull bone defect 
 

F.S.HAp-GIC compound  
in skull bone defect 

Opaque image of 
bone defect 
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Discussion 
Sadat (2009) stated that hydroxyapatite had been used widely in biomedical and dental 

applications due to its similarity to main mineral components of natural hard tissues of human 
body such as bone, dental enamel and dentin, and due to its biocompatibility, bioactivity and low 
solubility in moist medias. Biocompatibility means that the substituted biomaterial must have 
nano-sized particles, porosity and no toxic effect on the host tissues. The properties of having 
nano-sized particles and 16% porosity in the present substituted F.S.HAp and its non-toxic effect 
on the albino mice indicate that the F.S.HAp from N. notopterus is suitable for tissue engineering 
application. 

 Heating the fish scale samples at 800°C is to detach all the unwanted organic matters 
mainly proteins. In coral and tuna bone, nearly no weight loss was detected at 900°C. It can be 
assumed that the optimum temperatures for different sources of biomaterials depend on the 
amount of proportion of organic materials contained in the samples. White color appearance of 
the fish scale HAp with more ash yield and lacking protein was suitable for hard tissue repair. 

 All fish scale powders obtained after heating at different temperatures were proved to be 
hydroxyapatite (HAp) by X-ray diffraction data. Presence of HAp in biomaterial isolated from 
tuna bone was confirmed by a strong diffraction peak at 2θ value of 31.91° (211 hkl), and from 
egg shell at 31.77° (211 hkl) (Mondal and Mondal, 2012). In this study presence of HAp in fish 
scale powders was confirmed by a strong X-ray diffraction peak at 2θ value of 31.808° (211 hkl). 
XRD data of this study also proved that the fish scale powder heated at 800°C was 
hydroxyapatite. 

   Ca/P weight ratio and mole ratio in the fish scale hydroxyapatite (F.S.HAp),were 1.94 for 
Ca/P weight ratio which was identical to that of tuna bone and enamel and Ca/P mole ratio 1.63 
was very near to that of standard hydroxyapatite.   

 Therefore results of the present study revealed that the fish scale HAp extracted and 
heated to 800°C was chemically hydroxyapatite. 

  The extremely pure HAp powder is very expensive and needs high quality precursors. In 
the present work, the purity of the fish scale powder obtained was assessed by protein content 
and Ca/P weight ratio and mole ratio. Apart from this, the HAp powder must be biocompatible 
for hard tissue engineering application for which a highly porous nanocrystal structure is a 
perquisite to ensure that the biological environment is conductive for cell attachment, 
proliferation, tissue ingrowth, and adequate nutrient flow (Venkatesan and Kim, 2010). SEM 
analysis revealed that the nano-sized HAp having porosity could be produced from N.notopterus 
scales at different temperatures (600°C, 700°C, 800°C, 900°C and 1000°C respectively). As the 
data shows, particle sizes of the F.S.HAp become gradually increased with the rise of 
temperature at and above800°C. But all were found to be porous and nanometer in size. It could 
be assumed that the porous nano-sized F.S.HAp biomaterial from N. notopterus may be inline 
with the perquisite for hard tissue engineering applications. In the aspect of damaged tooth repair, 
nano-sized HAp biomaterials from N.notopetrus scales were able to pass through into dentine 
which has micro-sized pores. But they cannot pass through into enamel surface because it it 
composed of angstrom-sized pores. As it is impossible to replace solid tooth structure in damage 
area by using F.S.HAp only, it is necessary to use cement for reconstruction of damaged tooth. 
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Among various dental adhesives, due to outstanding properties of GC Glass Ionomer (Japan), it 
was selected to use in repair of enamel defect area. 

Toxicity testing, known as safety assessment, was conducted to determine the degree to 
which a substance can damage tissues of living or     non-living organisms. In vitro and in vivo 
experiments were conducted to determine the safe dose of exposure on albino mice before a first 
in-man study. In the present study, test for toxicity was done on albino micebut, no clinically 
harmful effects were found. Signs and symptoms of toxicity like restlessness, respiratory 
disorders, convulsion, gastro-intestinal problems, aggressive activities, coma and death were not 
observed up to fourteen days of fish scales HAp administration. Showing no signs and symptoms 
of toxicity means the F.S.HAp tested might be suitable for hard tissue engineering application.  
As N. notopterus is globally recognized as non toxic aquatic fauna and its derivative, (HAp) is 
also a non toxic biomaterial. In addition Glass powder and Glass Ionomer Cement are currently 
used in daily clinical practice and dental therapy. Due to the properties of F.S.HAp and GC glass 
Ionomer described above, the composite applied in the present work is non toxic to human 
beings. Therefore, application of N. notopterus powder in hard tissue engineering is possible 
without harming to host tissues. 

According to Venkatesan and Kim(2010), suitable pore diameters in the substituted tissue 
are very important for nutrient flow and cell to cell connection. In present study, to achieve 
retention of F.S.HAp in bone structure, the N. notopterus F.S.HAp was mixed with GIC which 
has adhesive property for chemical adhesion to bone structure. In this research work, in repairing 
the bone defect, the nano-sized F.S.HAp crystallites and particles may enter into bone tissue in a 
certain period of time. But to get a functional status of the solid structure organ like tooth and 
bone in a very short period of time, the help of the  GICis absolutely necessary. 

Rahman (2013) stated that adding of glass ionomer cement into hydroxyapatite-silica 
nanopowder composite makes enhancement of hardness. So many efforts were done in order to 
increase hardness. In this study, to perform hardness test, different cements with different ratios 
were combined with the F.S.HAp. Hardness tests were done on GIC, F.S.HAp-ZPC and 
F.S.HAp-GIC. Among them, F.S.HAp-GIC combination showed highest physical properties like 
low fracture strength, increase fracture toughness and increase wear resistance compared to GIC 
and F.S.HAp-ZPC. The highest hardness value of 274 HV was obtained by mixing F.S.HAp 
powder and GI powder at 3:1 into liquid of GIat  8 (3:1:8 ratio).        

   Pore diameters in the F.S.HAp-GIC composite ranges from 26 nm – 1402 nm. Majority 
of pores in the composite was nano-sized. Mour et al.(2010) stated that minimal pore diameter 
necessary for bone ingrowth was considered to be approximately 100 µm. The minimum pore 
size required to generate mineralized bone is generally considered to be 100 µm due to cell size, 
migration requirement and nutrient transport. Large pores (100-150µm  and 150-200µm) showed 
substantial bone ingrowth. Small pores (75-100µm) resulted in ingrowth of unmineralized 
osteoid tissue. Smaller pores (10-44 and 44-75 µm) were penetrated only by fibrous tissue.  

 The diameter of the smallest capillary is 3 to 4 µm (Capillaries, https://www.histology. 
leeds.ac.uk>capill.). Based on the record stated above, for reconstruction of hard tissues (teeth 
and bone), it is impossible to get nutrient supplementation by capillaries into the substituted 
F.S.HAp-GIC of the present study. It is seemed to be difference in diameter of pore and capillary 
may lead to a barrier for nutrient supplementation and cell to cell connection into the substituted 
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tissue. So there is a very little chance of capillary penetration into defect area with use of 
F.S.HAp-GIC. 

  When macrophages derived from monocytes reached into bone tissues, they are called 
osteoclasts. Their alternative name is multinucleate giant cells (inflammatory cells). Monocytes 
are motile and phagocytic and migrate into the tissues where they develop further into various 
types of macrophages such as tissue macrophages, Kupffer cells and osteoclasts. Macrophages 
may survive for months (Edwards, 1995). Four months after substitution in the present study, 
inflammatory cells were still present in the histological preparations of the skull bone tissue. It 
was likely to be an immunologic response. It is noteworthy that this response obviously did not 
prevent reconstruction of the damaged bone tissue with F.S.HAp in the present work.  

 This research is an attempt to produce mass HAp from the N. notopterus fish scales, 
which is a new product from this experimental research, with particular attention to use 
commonly in restorative dentistry and reparation of bone defects. This process of extracting 
F.S.HAp from fish scales also helps as a way in environmental sanitation and waste material 
recycling. 

 F.S.HAp of the present work is therefore, considered a promising additive for GIC used 
as restorative materials in tooth repair and bone grafting. Within limitation of this study, nano-
F.S.HAp-GIC complex compound gave promising results which could lead to increase in 
scientific research on the subject. Further researches are necessary for more application of 
calcium based materials, which are optimized by specifying their geometry, dimension, density, 
pore size, mechanical strength, purity and chemical phase.  

 The materials in current use for reconstruction of bone and teeth are mostly metals(gold, 
steel, platinum, titanium), plastic (polyethylene, polytetrafluoethylene) and ceramics. Instead of 
using these expensive ready made synthetic substitutes, it is a better alternative way of using 
affordable biomaterials in bone and teeth reconstruction. There are many advantages of using fish 
scales HAp-GIC in reconstruction of bone and teeth. It can be used to give easy to be moulded to 
desired shape, easily available and may be cheaper than the materials already in use in clinical 
practice. It can be used as restorative material in dentistry and restoration of bone defect area 
which are in non-load bearing regions like skull bone, maxillofacial, cleft palate, vertebrae 
deformity, ribs and digits. 

This preliminary pilot study showed that the implantation of fish scale HAp, with the aid 
of GC Glass Ionomer, induced successful reconstruction of hard tissues. It is very much hopeful 
that the mass production of HAp from N.notopterus scales may fulfill the need of HAp materials 
for hard tissue engineering in our country. Moreover, F.S.HAp can be produced easily and it can 
be reinforced in GIC manufacturally or by user easily. 

This study revealed that the potential use of nano-sized F.S.HAp in natural bone healing 
process is believed to penetrate into the pores of dentine tissue and bone tissue. 

 

Conclusion 
Fish scales, once thought to be a waste in fishing industry and fishery market, and a 

nuisance to the environment and human beings, are now can be regarded as an environmentally 
friendly and cost effective source of an invaluable biomaterial known as hydroxyapatite 
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(HAp).This HAp which has been extracted from the N.notopterus scales may be a new 
biomaterial for future hard tissue engineering technology as it can be applied as an alternative 
source in reconstruction of hard tissues, (human as well as animals), needing not to regard race 
and religion of the recipients. 

Summary 

1. XRD analysis confirms that the HAp biomaterials could be extracted from fish                             
(N. notopterus) scales at different temperatures.  

2. According to FESEM data, nano-sized hydroxyapatite biomaterial powders could be 
produced from the fish scales.  

3. The extracted F.S.Hap are free from toxic heavy metals like mercury, lead, arsenic and 
cadmium at ppm level. Moreover even at ppb level, the heavy metal concentrations were 
much lower than the maximum permitted levels of international standards.  

4. The average hardness of the F.S.HAp.-Glass powder-GIc composite at the ratio of 3:1:8 was 
found to be 272 HV . 

5. The most hardest value of  274 HV was found at the sample at 3 : 1 : 8 ratio. 
6. To get a functional status of hard tissues in a short period of time, F.S.HAp alone is of no use 

and the help of the cement is necessary.    
7. Histological evidence suggests that this F.S.HAp-GIC composite coalesced successfully in 

natural bone tissue indicating the fish scale’s HAp-GIC compound tested is suitable for use in 
bone tissue engineering.  

 

Cost Estimation for the Research 

• Necessary materials buying    - 530000Ks 

• Productionof fish scale biomaterial   -  140000Ks 

• Characterization of fish scale biomaterial  - 299000Ks 

• Experiments      - 69000Ks 

• Transport      - 300000Ks 
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PROCESS DEVELOPMENT ON THE PRODUCTION OF 
DRY CAT FOOD FROM FISH FACTORY WASTES 

Kyaing Thuzar Mon* 

 Abstract  
Presently, most of the dry cat food is imported from other countries namely Thailand and 
Malaysia. In the present work dry cat food was prepared using low grade fish to produce a value 
added product. Pyi-taw-thar and Nga-khaung-pwa were collected as low grade fish from Ngwe Pin 
Laefish factory, Hlaingthayar Township, Yangon Region. Nutritive values of both fish were 
determined, indicating protein content and moisture content were nearly the same. Therefore 1:1 
ratio of both fish was used to prepare fish powder. Hot air oven was used for drying the 
ingredients. Dry cat food was prepared from fish by mixing with each cereal namely wheat, corn 
or soybean and undergone steaming and extruding.  The respective conditions were investigated 
for varying ingredient compositions and steaming time. The results showed thatthe optimum 
parameters were 3:7 ratio of fish powder and wheat flour with steaming time of 25 min., 1:1 ratio 
of fish powder and corn flour with steaming time of 25 min. and 2:8 ratio of fish powder and 
soybean with steaming time of 20 min.. The optimum dry cat food (fish and cereal) was selected 
based on the comparison of nutritive value of each of dry cat food. Fish and soybean formula was 
chosen due to the highest protein content and metabolizable energy.  

Vegetables namely pumpkin and carrot were also mixed to the optimum dry cat food (fish and 
soybean) by formulating. The protein content, moisture content, metabolizable energy, cost and 
cat feeding of different dry cat food were compared and the dry cat food (fish, soybean, pumpkin) 
was chosen as the suitable sample. The microbiological investigation was also carried out on the 
optimum dry cat food (fish and soybean) and dry cat food (fish, soybean and pumpkin) and 
Salmonella was not detected. Dry cat food was also prepared with Kyaung-yo-thay leaves powder 
using the formulae. The moisture content and cat feeding of dry cat food was studied it was found 
that 15 % of Kyaung-yo-thay leaves powder was the acceptable value according to the highest 
consumption. To develop the production of dry cat food with low cost technology and to reduce 
the expenditure of electricity, direct solar cabinet dryer was constructed and used instead of hot air 
oven. It was found that the protein content of fish powder with solar dryer was slightly higher than 
that of fish powder with hot air oven. 

Keywords: Dry cat food, fish, cereals, moisture content, protein content,  

  

Introduction 
The term "dry pet food" means a pet food having less than 15% moisture. Typically, dry 

pet food is produced as kibbles. The term "kibbles" refers to particulate pieces formed by either a 
pelleting or extrusion process. The pieces can vary in size and shape, depending on the process or 
the equipment (Ruaud, Guiller and Levesque, 2011). 

 Commercial cat foods are formulated as dry, semimoist, and canned. These products 
differ in water content, protein level, caloric density, palatability, and digestibility. Proteins, fats 
and carbohydrates are the three major groups of nutrients in any cat food. Protein is essential for 
cat’s growth, where it is required to maintain the total structure of this animal, which comprises 
of muscle, bone, ligaments and tendons. They also differ in composition. i.e. ingredients and 
chemical analysis. Dry foods have a long shelf-life because of their low moisture content. Dry 
foods for cats are usually in the form of extruded products. There are several types of cat food 
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which are graded based on their ingredients and nutritive values especially the protein 
content(Rivera, 1998). 

 Raw ingredients commonly used in the cat food manufacturing are derived from various 
sources such as meat, meat byproducts, fish, poultry, vegetables, vegetables byproducts, cereals, 
fruits, and bones (Amir and Mona, 2013). 

 Cereals provide an important source of energy, a proportion of protein and other nutrients 
including thiamine and niacin. Although cats have no absolute dietary requirement for 
carbohydrates, they present an excellent energy source in an easily digestible form. Good sources 
of carbohydrates in pet foods are usually cereal based such as corn (maize), rice, wheat, barley or 
sorghum (Pet Food Manufacturers Association, 2010). 

 Although vegetables are tertiary ingredients in commercially available cat food, they can 
provide some benefits including: they are a relatively low calorie source of fibre and vitamins, 
they are a natural way to add sweetness to the food and they are a healthy, whole food source of 
vitamins and minerals (Fact Sheets,2014). 

 Herbs and botanicals are used in cat foods to provide flavor or to have a medicinal effect 
on the body. Kyaung-yo-thay (or) Kyaung-say-pin is one of the well-known Myanmar medicinal 
plants used for bronchodilating and mucolytic activities (Myint, Myint and Myint, 2005). 

 Different drying methods (sun and oven) have different effects on nutrient composition of 
fish. Solar drying is very simple and low-cost technology. Solar drying saves energy, time, 
occupies less area, improves product quality, makes the process more efficient and protects the 
environments (Hii, Jangam, Ong, and Mujumdar, 2012). 

Objectives of the Study 
 The main objective of this research work was to perform process development on the 
production of dry cat food from the rejected fish species of factory. 

 The specific objectives of this study were: 

 to produce dry cat food pellets prepared from fish mixed with brown rice using hydraulic 
press 

 to modify extruded dry cat food from fish and cereals namely wheat, soybean and corn 
using an extruder 

 to develop extruded dry cat food from fish incorporated with soybean, vegetables namely 
carrot and pumpkin, and medicinal plant 

 to investigate the effect of hot air oven drying and solar drying on nutritional value of fish 
powder and dry cat food 

 to evaluate the physico-chemical properties and the cat feeding of dry cat food by varying 
the ingredients composition 

 to determine the water activity, size stability and safety of microorganisms of dry cat food 

 to provide the import substitution of dry cat food  
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Materials and Methods 
3.1  Materials 

 Torpedo scad (Pyi-taw-thar) and White mouth croaker (Nga-poke-thin (a) Nga-khaung-
pwa) were collected as rejected fish from Ngwe Pin Lae Fish Factory, Ngwe Pin Lae Marine 
Industrial Zone, Hlaingthayar Township, Yangon Region. Brown rice was purchased from Ocean 
Supermarket, Mayangone Township, Yangon Region and Soybean were purchased from 
Nyaungpinlay Market, Lanmadaw Township, Yangon Region, and then both were milled at 21st 
Street, Latha Township. Wheat powder and table salt were also purchased from Ocean 
Supermarket, Mayangone Township, Yangon Region. Corn flour was purchased from Orange 
Supermarket, Kyeemyindaing Township, Yangon Region.Citric acid (Analar grade, BDH) was 
purchased from Academy Chemical Shop, 28th Street, Pabedan Township, Yangon Region. 
Pumpkin and Carrot were purchased from Ahlone Market, Ahlone Township, Yangon Region. 
Kyaung-say-pin (a) Kyaung-yo-thay plant was purchased from Pyay Township, Bago Region.  
 

3.2   Methods 

3.2.1 Determination of Physico-chemical Characteristics of Fish (Pyi-taw-thar and              
Nga-khaung-pwa) 

Pyi-taw-thar fish and Nga-khaung-pwa fish were cleaned with water and the head and tail 
of fish were cut. All the flesh of fish was removed from the bone and ground. The ground sample 
of each king of fish was used for the determination of physico-chemical characteristics such as 
moisture content, ash content, protein content, crude fibre content, crude fat content, 
carbohydrate, energy value and salt content. 

 

3.3 Preparation of Ingredients of Dry Cat Food 

3.3.1 Preparation of Fish Powder Using Hot Air Oven Drying 

The (1:1) ratio of Pyi-taw-thar and Nga-khaung-pwa fish was cut into 1cm to 2 cm length. 
The fish was dried in a hot air oven at 60˚C by varying the drying time (1hr - 12 hr). After that 
the dried fish meal was ground into powder using grinder. Finally, the powder was sieved with 
mesh no. 14 screen. 

 

3.3.2 Preparation of Vegetable Powders 

3.3.2.1 Preparation of Pumpkin Powder 

First of all, the seeds of pumpkin were scooped out, and the skin was scraped off. Then 
pumpkin was sliced into 1/8 in. thick and 1 in. long and blanched with water for 1 min.  Next, the 
blanched slices were cooled immediately in ice water for the same amount of time as blanching 
to prevent further cooking. Then, the cooled slices were spread on the trays and dried at 60 ̊ C in 
a hot air oven for11 hr. Finally, the dried pumpkins were cooled at room temperature and ground 
into powder using a grinder. 

3.3.2.2 Preparation of Carrot Powder  

 First of all, the carrots were washed. Then, the carrots were sliced into about 1/8 in. thick 
and were blanched with water for 4 min.. Next, the blanched slices were cooled immediately in 
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ice water for the same amount of time as blanching to prevent further cooking. After that, the 
carrots were spread on the trays and dried at 60 ̊ C in a hot air oven for 12 hr. Finally, the dried 
carrots were cooled at room temperature and ground into powder using a grinder. 
 

3.3.3 Preparation of Kyaung-yo-thay Leaves Powder 

Kyaung-yo-thay leaves were left to dry at room temperature (28-32 ̊ C) for 10 days. Next, 
the dried leaves were chopped into smaller pieces and then ground into powder. Then, the 
powder was sieved with mesh no. 20 screen.  

 

3.4 Analysis of Fish Powder, Pumpkin Powder and Carrot Powder 

The nutritional value of each powder such as moisture content, ash content, protein 
content, crude fibre content, crude fat content, carbohydrate and energy value, and bulk density, 
tapped density, compressibility index and flow character were determined. 

 

3.5 Phytochemical Analysis and Physical Properties of Kyaung-yo-thay Leaves Powder 

Phytochemical analysis of Kyaung-yo-thay leaves powder were conducted at the 
Laboratory of Medicinal Plant, Pharmaceutical and Food Research Department, Ministry of 
Industry, Insein Township and physical properties such as moisture content, bulk density, tapped 
density compressibility index and flow character of Kyaung-yo-thay leaves powder was 
determined. 

 

3.6 Preparation of Dry Cat Food (Fish and Cereals) 

3.6.1 Preparation of Dry Cat Food (Fish and Wheat) 

3.6.1.1 Effect of Steaming Time on the Characteristics of Dry Cat Food (Fish and 
 Wheat) 

 Dry ingredients such as 50 g of fish powder and 50 g of wheat powder were mixed 
together in a steel tray. Then 1 g of salt and 0.5 g of citric acid were added into the mixture and 
mixed thoroughly. And the mixture was pre-steamed at 90-95˚C for 20 min. to gelatinize the 
starch. The mixture was thoroughly mixed with 50 ml. of distilled water to form a moist mixture 
for cooking. The moist mixture was cooked with steam at 90-95˚C by varying the steaming time 
10 min., 15 min., 20 min., 25 min., 30 min. and 35 min. respectively. After that the cooked 
mixture was dried in a hot air oven at 60˚C for 3 hr. The dried mixture was ground into powder 
and screened with sieve(-30+40). The moisture content, pH and yield percent were determined.  
 

3.6.1.2 Effect of Ingredients Composition Ratio on the Characteristics of Dry Cat Food 
(Fish and Wheat) 

 In order to get the proper ratio for the preparation of wheat mixed dry cat food, fish 
powder and wheat powder were firstly mixed together in a steel tray by varying the weight ratio 
of 10:90, 20:80, 30:70, 40:60, 50:50, 60:40 and 70:30. Then 1 g of salt and 0.5 g of citric acid 
were added into the mixture and mixed thoroughly. After that the mixture was pre-steamed at  
90-95˚C for 20 min. to gelatinize the starch and it was thoroughly mixed with 50 ml. of distilled 
water to form a moist mixture for cooking. The moist mixture was then cooked with steam at         
90-95˚C at the suitable steaming time of 25 min.. The cooked mixture was extruded by using a 
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meat grinder/extruder. Finally the extrudates were dried at 60˚C for 3.5 hr to dry the cat food. 
The protein value, moisture content, ash content, pH, yield percent and the cat feeding of wheat 
mixed dry cat food were determined. From these results, the most suitable sample was selected 
and the nutritive value of HFW3 was investigated.  
 

3.6.2 Preparation of Dry Cat Food (Fish and Corn) 

3.6.2.1 Effect of Steaming Time on the Characteristics of Dry Cat Food (Fish and Corn) 

 Dry ingredients such as 50 g of fish powder and 50 g of corn flour were mixed together in 
a steel tray. The same procedure was carried out as described in Section (3.6.1.1).The moisture 
content, pH and yield percent were determined. From these results, the suitable steaming time 
was 25 min. for the preparation of dry cat food (fish and corn).  
 

3.6.2.2 Effect of Ingredients Composition Ratio on the Characteristics of Dry Cat Food 
(Fish and Corn) 

 In order to get the proper ratio for the preparation of corn mixed dry cat food, the same 
procedure was carried out as described in Section (3.6.1.2). The protein value, moisture content, 
ash content, pH, yield percent and the cat feeding of corn mixed dry cat food were determined. 
The most suitable sample was selected and the nutritive value of it was investigated.  
 

3.6.3 Preparation of Dry Cat Food (Fish and Soybean) 

3.6.3.1 Effect of Steaming Time on the Characteristics of Dry Cat Food (Fish and 
 Soybean) 

 Dry ingredients such as 50 g of fish powder and 50 g of soybean flour were mixed 
together in a steel tray. The same procedure was carried out as described in Section (3.6.1.1).The 
moisture content, pH and yield percent were determined. 
 

3.6.3.2 Effect of Ingredients Composition Ratio on the Characteristics of Dry Cat Food 
 (Fish and Soybean) 

 In order to get a proper ratio for the preparation of soybean mixed dry cat food, the same 
procedure was carried out as described in Section (3.6.1.2). The protein value, moisture content, 
ash content, pH, yield percent and the cat feeding of soybean mixed dry cat food were 
determined to choose the most suitable sample.  
 

3.7 Preparation of Dry Cat Food (Fish, Soybean and Vegetables)  

3.7.1 Preparation of Dry Cat Food (Fish, Soybean and Pumpkin) 

3.7.1.1 Effect of Different Ingredients Composition on the Characteristics of Dry Cat Food 
 (Fish, Soybean and Pumpkin)  

 Pumpkin mixed dry cat food was prepared by using the different ingredients composition 
of fish powder, soybean flour and pumpkin powder and the samples are shown in Table (4.18). 
According to the formulae, the ingredients were blended manually. The prepared mixture was 
pre-steamed at 90-95˚C for 20 min. to gelatinize the starch and it was thoroughly mixed with          
50 ml. of distilled water to form a moist mixture for cooking. The moist mixture was then cooked 
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with steam at 90-95˚C with the suitable steaming time of 20 min. selected for soybean mixed dry 
cat food. After the cooked mixture was extruded by using an extruder, the extrudates were dried 
at 60˚C for 3.5 hr and cut into 1.5 to 2.5 cm in length. The protein value, moisture content, pH 
and cat feeding of pumpkin mixed dry cat food were analyzed. From these results, the most 
suitable sample was selected and the nutritive value of it was determined.  
 

3.7.2 Preparation of Dry Cat Food (Fish, Soybean and Carrot) 

3.7.2.1 Effect of Different Ingredients Composition on the Characteristics of Dry Cat  Food 
(Fish, Soybean and Carrot)  

 Carrot mixed dry cat food was prepared by using the different ingredients composition of 
fish powder, soybean flour and carrot. The preparation of dry cat food (fish, soybean and carrot) 
was carried out as mentioned in Section 3.7.1.1. The protein value, moisture content, pH and the 
cat feeding of carrot mixed dry cat food were analyzed. From these results, the most suitable 
sample was selected and the nutritive value of it was determined.  
 

3.8 Preparation of Dry Cat Food (Fish, Soybean and Kyaung-yo-thay Leaves) 

3.8.1 Effect of Ingredients Composition Ratio on the Moisture Content and Cat 
 Feeding of Dry Cat Food (Fish, Soybean and Kyaung-yo-thay Leaves)  

 Kyaung-say-pin (a) Kyaung-yo-thay leaves powder mixed extruded dry cat food was 
prepared by using the ratio of fish powder, soybean flour and Kyaung-yo-thay leaves powder. 
The preparation of dry cat food (fish, soybean and pumpkin) was carried out as mentioned in 
Section 3.7.1.1. The moisture content and the cat feeding of Kyaung-yo-thay leaves powder 
mixed extruded dry cat food were analyzed.  
 

3.9 Characteristics of Dry Cat Food 

The nutritional value of dry cat food such as moisture content, ash content, protein 
content, crude fibre content, crude fat content, carbohydrate and energy value, and pH, 
metabolizable energy, Salmonella, water activity, size stability and cat feeding were determined.  

 

3.10 Determination of Feline Body Mass Index of Experimental Cats 

Feline Body Mass Index is a simple measure of body fat content in cats. FBMI 

= ΙΜ−
ΙΜ−








L
9156.0

L
7062.0

cagerib

 

 where,   LIM = Lower Hind limb Measurement (cm) 

   rib cage   = rib cage Measurement (cm)  

 (The world’s leading authority on pet care and nutrition, 2003) 
 

3.11 Efficiency of Direct Solar Cabinet Dryer 

 The drying rate and the system drying efficiency were determined. 
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3.12 Preparation of Fish Powder Using Direct Solar Cabinet Dryer 

The 1:1 ratio of Torpedo scad (Pyi-taw-thar) and White mouth croaker (Nga-khaung-
pwa) fish was cut into 1cm to 2 cm length and the cut fish was dried in a direct cabinet solar 
dryer at 50-64˚C for 4 hr. Afterwards, the dried fish was ground by using a meat grinder. And the 
ground meal was again dried by using a direct cabinet solar dryer for 2 hr in order to dehydrate. 
Finally, the dried ground meal was again ground by using a grinder.  

 

3.13 Physico-chemical Characteristics of Prepared Fish Powder Using Direct Solar 
Cabinet Dryer 

 The physico-chemical characteristics of fish powder prepared fish powder using direct 
solar cabinet dryer were determined as mentioned in Section 3.4. 
 

3.14 Preparation of Dry Cat Food Using Solar Drying (Fish and Soybean) 

First of all,fish powder, soybean flour, citric acid and salt were thoroughly mixed and the 
mixture was pre-steamed at 90-95°C for 20 min. to gelatinize the starch. Then the mixture was 
thoroughly mixed with 50 ml. of distilled water. After that, the moist mixture was cooked with 
steam at 90-95°C for 20 min.. Next, the cooked mixture was extruded by using an extruder, dried 
using solar dryer at 58-70°C by varying the drying time 2 hr, 2.5 hr, 3 hr and 3.5 hr respectively 
and cut into 1.5 to 2.5 cm in length. Finally, the dry cat food was stored in air tight container. The 
moisture content, protein content and pH of the samples were investigated. From these results, 
the suitable dry cat food was selected and the nutritive value of it was determined.  

 

3.15 Physico-chemical Characteristics of Dry Cat Food Prepared with Solar Drying (Fish 
and Soybean) 

 The physico-chemical characteristics of dry cat food such as moisture content, ash 
content, protein content, crude fibre content, crude fat content, carbohydrate and energy value, 
and pH, metabolizable energy, water activity, size stability and cat feeding were determined. 

 

3.16 Statistical Analysis 

t-test was applied for different drying methods on the protein value of dry cat food (fish and 
soybean) in the present study. 
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Figure 3.1  Direct Solar Cabinet Dryer 

Ai = Air Inlet, Ao= Air Outlet, G  = Glass Cover 

P  = Plastic Coated Metal Trays, W = Wood, S  = Plastic Sheet as Reflector and Insulator 
 

Results and Discussion 
 Fish is a food excellent nutritional value, providing high quality protein and a wide 
variety of vitamins and minerals, including vitamins A and D, phosphorus, magnesium, selenium 
and iodine in marine fish. Fish factory (Ngwe Pin Lae) in Yangon Region, Myanmar exported 
high quality fish and distributed the rejected low grade fish to local markets with a cheaper cost. 
Rejected marine fish was mostly purchased by the cat owners to feed the cats in markets. 
Therefore, Torpedo scad (Pyi-taw-thar) and White mouth croaker (Nga-khaung-pwa) collected 
from Ngwe Pin Lae fish factory were used as the principal constituent in the preparation of dry 
cat food. 

 Experiments were conducted to evaluate the physico-chemical characteristics of each raw 
fish and the data are shown in Table (4.1). It was found that protein value and moisture value of 
both fish were nearly the same. The salt content was also nearly the same.The ingredients used in 
the production of dry cat food are usually powder form and therefore 1:1 ratio of both fish were 
firstly converted into fish powder by drying in hot air oven. 

 The investigated nutritive value of prepared fish powder was compared with the prepared 
fish powder from tuna trimmings and the results are shown in Table (4.2). It was found that the 
moisture content and ash content were markedly higher than that of Tuna trimmings, however, 
the protein content was found slightly lower. 

 In the preparation of dry cat food (fish and cereal), the cereals used were wheat, corn and 
soybean. In the preparation of dry cat food from fish and wheat, pre-steaming method of 
ingredients was used to gelatinize the starch before mixing with distilled water. The effect of 
steaming time on physico-chemical characteristics of dry cat food (fish and wheat) was studied 
and shown in Table (4.3). The samples were coded as sample WST1 to WST6. Although the 
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yield percent of WST1 to WST5 were the same, the attractable fishy smell was observed in WST4 

to WST6. Among them, WST6 showed the lowest yield percent. Therefore WST4 was selected as 
the suitable condition based on the odour, moisture content and short steaming time. Table (4.4) 
shows the effect of ingredient composition ratio on physico-chemical characteristics and cat 
feeding of extruded dry cat food. Extruded dry cat food was prepared with the suitable steaming 
time of 25 min. and the samples were coded as HFW1 to HFW7. The moisture content of HFW1 
to HFW7 was within the range of literature value and the ash content of HFW1 to HFW7 depends 
on the amount of mineral matter contained in the fish flour. Among the different composition 
ratio, HFW3 was selected as the suitable sample because of low moisture content, high yield 
percent and economic point of view. On the study of cat feeding of dry cat food, it was found that 
all the samples were consumed by the domestic cat. Although HFW5 with the ratio of 50 g : 50 g 
had the highest consumption of cat, based on the content of fish, the ratio used in HFW3 was 
chosen as the optimum ratio based on the economic point of view. In this research work, the 
preparation of dry cat food was also prepared by mixing fish with corn and soybean. The 
preparation method was the same as wheat. The optimum steaming time used for corn and 
soybean was found 25 min. and 20 min. respectively. Table (4.5) and (4.7) pointed out the 
comparison of steaming time for corn and soybean. 

 The physico-chemical analysis data obtained in Table (4.6) and (4.8) represented the 
value obtained for corn and soybean. The effect of ingredients composition ratio on cat feeding 
of dry cat food (fish/corn) and (fish/soybean) were also tasted with the domestic cat. It was found 
that all the samples were consumed by the domestic cat and HFC5 and HFS2 were found the 
highest consumption. Among them, HFC5 was chosen as the most suitable sample based on the 
moisture content and protein content for dry cat food ingredients of corn.HFS2 was also chosen 
as the most suitable sample based on the moisture content and protein content, nutrition of fish 
and economic point of view for dry cat food ingredients of soybean. 

 Table (4.9) pointed out the comparison of the nutritive value of dry cat food containing 
fish mixed with wheat, corn and soybean. It was obvious that the physico-chemical analysis of 
fish mixed with soybean, HFS2 showed the most suitable sample for preparation of dry cat food 
based on the highest protein content and metabolizable energy. 

 Table (4.10) pointed out the physical properties of pumpkin and carrot powder. It was 
found that both pumpkin and carrot powder showed the range of good flow character.In Table 
(4.11), the comparison of the nutritive values of pumpkin and carrot powder was done and it was 
found that the protein content of carrot powder was higher than that of pumpkin powder. For the 
preparation of two types of dry cat food (fish, soybean, pumpkin) and (fish, soybean, carrot), the 
determination of the composition based on 100 g of dry cat food containing the fixed amount of 
fish and different ratio of pumpkin powder and carrot powder were done (Table 4.12 and Table 
4.14). Based on the protein content and cat feeding results, HFSP2 (Table 4.13) and HFSC2 
(Table 4.15) were chosen as the suitable composition. In both Tables, although HFSP1 and 
HFSC1 showed the higher protein content than HFSP2 and HFSC2, HFSP2 and HFSC2 were 
chosen as the optimum ratio because the protein content difference is not too much but the 
intension was more vitamin content contained in pumpkin and carrot to fulfill the nutrient of dry 
cat food. 

 Table (4.16) pointed out that the dry cat food prepared with the mixture of fish, soybean 
and pumpkin was better than fish, soybean and carrot after comparing the value of protein and 
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metabolizable energy value. After measuring the microbial investigation of the optimum cereal 
mixed dry cat food and vegetable mixed dry cat food, it was found that both samples were free of 
Salmonella. 

 The phytochemical analysis of Kyaung-yo-thay leaves powderexhibited the presenceof 
alkaloid, carbohydrate, glycoside, phenol,α-amino acid, trace of saponin, starch and tannins 
(Table 4.17). According to the literature, tannins protect heart diseases and cancer and they can 
disable bacteria in the mouth. 

 Table (4.18) shows the physical properties of Kyaung-yo-thay leaves powder. Cats 
usually consume Kyaung-yo-thay plants under the abnormal condition of health. In this study the 
acceptable mixing ratio of Kyaung-yo-thay leaves powder to dry cat food, the effect of Kyaung-
yo-thay leaves powder on the moisture content and cat feeding of dry cat food was studied and 
the results were shown in Table (4.19). HFSK3 was selected as the most suitable ratio because 
Table (4.19) pointed out that HFSK3 possessed low moisture content, highest consumption and 
acceptable taste for cat. 

 Effect of different ingredients on water activity and size stability of the most suitable dry 
cat food using hot air oven drying was studied and shown in Table (4.20). According to this 
Table, the water activity of HFS2 and HFSP3 were the lowest among the other samples and the 
water activity of all the samples was around the value of 0.3. Bacteria, molds and yeast require 
water for growth and every microorganism has a minimum water activity below aw =0.61 it does 
not grow. Bacteria will grow at about aw =0.85 and mold and yeast about aw =0.61 according to 
the literature. Size stability of dry cat food was determined by using drop test. In terms of drop 
test, the size stability of kibble made from fish and brown rice was the least because the kibble 
was made by pelleting the dry powder with hydraulic press and it could be easily broken into 
powder. Since the other kibbles were made by extruding and drying, these samples were not 
easily breakable. 

 Table (4.21) shows the determination of feline body mass index (FBMI) of experimental 
cats. From these results, the weight of C1 (domestic cat) and C3 were the same; however, the 
FBMI of C1 was greater than the FBMI of C3. According to literature, all the cats tested were 
under the condition of normal weight and the daily consumption of cats except C4 was 80 g/day 
and that of C4 was 60 g/day.  

 The hot air oven dried kibbles with different ingredients and recipes were fed 
simultaneously to the neighbour's cats in the evening and the results are shown in Table (4.22). It 
was evident that only HFSK3 (Fish, Soybean and Kyaung-yo-thay) and HFSC

2
 (Fish, Soybean 

and Carrot) were consumed by C2 although C3 and C4 consumed all the dry cat food. Although 
all of the recipies of dry cat food were consumed by the cats, dry cat food prepared with Kyaung-
yo-thay leaves was found to be lowest consumption of all cats. This is because of the odour of 
Kyaung-yo-thay leaves. 

 To develop the manufacturing of dry cat food with low cost technology, direct solar 
cabinet dryer was used to dry the ingredients and cat food. The drying rate of fish was 
determined by using direct solar cabinet dryer in November and December and the results are 
shown in Table (4.23). It was observed that after the fish had dried for 10 hr, 380.5g of total 
moisture was reduced. The drying rate was markedly decreased at drying time of 2 hr. Then 
beyond drying time of 2 hr the drying rate was gradually decreased.  
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 System drying efficiency of direct solar cabinet dryer was determined in November and 
December and the results are shown in Table (4.24). It was noted that drying efficiency in 
December was better than that in November and the drying time of December was shorter than 
November. 

 Table (4.25) shows the physical properties of prepared fish powder by using solar dryer. 
It was found that the flow character of fish powder was within the excellent range according to 
the literature range of compressibility index (1-10). The effect of different drying methods on 
nutritive value of the prepared fish powder is shown in Table (4.26). It was observed that the 
protein content of prepared fish powder with solar dryer was slightly higher than that of fish 
powder with hot air oven. In addition, the moisture content, ash content, crude fiber and crude fat 
content of prepared fish powder with solar dryer were lower than that of fish powder with hot air 
oven.  

 Among the prepared dry cat food with hot air oven, dry cat food prepared from fish and 
soybean was chosen as the suitable sample based on the nutritive value. To compare the function 
of different drying methods from the points of nutritive value and cost estimation, solar dryer was 
also used for the preparation of dry cat food by using the optimum ingredients composition of dry 
cat food with hot air oven. Table (4.27) shows the effect of solar drying time on the 
characteristics of dry cat food (fish and soybean). According to this Table, the least solar drying 
time of 2 hr was selected for the preparation of dry cat food because all of the variables of the 
moisture content, protein content and water activity differences were very closer and all of the 
values were under allowable limit. Low value of moisture content gave low value of water 
activity and bacteria cannot grow at this condition. However, overheating adversely affects the 
nutritive value of dried products. The size stability percent of all the dry cat food was nearly the 
same (96 %) because their moisture content was around the value of 3%.  

 The effect of different drying methods on nutritive valueof prepared dry cat food was 
evaluated and presented in Table (4.28).It was evident that the protein content and metabolizable 
energy of dry cat food using solar drying were significantly higher and the crude fat and crude 
fiber content were also slightly higher than that of dry cat food using hot air oven. In addition, the 
cost of prepared dry cat food with solar drying was lower than the cost of dry cat food with hot 
air oven. Moreover, t-test was used for different drying methods on the protein value. The 
calculation is shown in appendices. According to this results, t0 =-10.41<-2.306 means the two 
drying methods are different.  

 The comparison of cat feeding of dry cat food using solar drying and commercial dry cat 
food were conducted and the results are shown in Table (4.29). The home cat was simultaneously 
fed with prepared samples and commercial dry cat food (MeO). From these results, it was found 
that, prepared samples was consumed first because of the fishy smell of dry cat food was stronger 
than MeO. However, MeO was fully consumed because of the smooth appearance, crispy, meat 
flavor coating and meat broth as the wet ingredient. 
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Table 4.1  Physico-chemical Characteristics of Raw Fish for the Preparation of Dry Cat 
Food 

Sr.No. Value of Sample Pyi-taw-thar Nga-khaung-pwa 
1 Moisture Content (% w/w) 73.06 74.16 
2 Ash (% w/w) 5.35 3.63 
3 Protein (% w/w) 19.03 17.81 
4 Crude Fat (% w/w) 0  0.2 
5 Crude Fibre (% w/w) 1.04 3.34 
6 Carbohydrates 1.52 0.86 
7 Energy Value (kcal/100 g) 82.2 76.48 
8 Salt (% w/w) 0.04 0.03 

 

Table 4.2 The Nutritive Value of Prepared Fish Powder  

Sr.No. Value of Sample Fish Powder 
Literature Value 

(Prepared fish powder 
from Tuna Trimmings)  

1 Moisture Content (% w/w) 11.37±0.2 4.8  
2 Ash (% w/w) 9.51±0.1 3.4 
3 Protein  (% w/w)  72.33 80.71 
4 Crude Fat  (% w/w) 0.09 - 
5 Crude Fibre (% w/w) 4.08 5.7 
6 Carbohydrates 2.31 5.39 
7 Energy Value (kcal/100 g) 299.37 344.4 

 

Table 4.3 Effect of Steaming Time on the Characteristics of Dry Cat Food (Fish andWheat) 
 Weight of Fish Powder = 50 g  Weight of Citric Acid = 0.5 g 
 Weight of Wheat Flour = 50 g  Weight of Salt    = 1 g 

 Volume of Distilled Water= 50 ml Steaming Temperature= 90-93°C 
 Drying Temperature= 60°C for 3 hr 

Sr. 
No. 

Sample Steaming 
Time (min.) 

Moisture 
Content (% w/w) 

pH Yield 
(%) 

Observations 

1 WST1 10 5.75±0.25 6 93.5 Relatively weak fishy smell, 
brown colour 

2 WST2 15 6.55±0.25 6 93.5 Moderately strong fishy smell, 
brown colour 

3 WST3 20 7.5±0.3 6 93.5 Moderately strong fishy smell, 
brown colour 

4 WST4   25* 8.25±0.25 6 93.5 Attractable fishy smell, 
brown colour 

5 WST5 30 8.88±0.2  6 93.5 Attractable fishy smell, 
brown colour 

6 WST6 35 11.5±0.1  6 88.1 Attractable fishy smell, 
brown colour 

* Most suitable condition 
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Table 4.4  Effect of Ingredients Composition Ratio on the Characteristics and CatFeeding of 
Extruded Dry Cat Food (Fish and Wheat) 

Volume of Distilled Water = 50 ml 
Weight of Citric Acid  = 0.5 g 
Weight of Salt   = 1 g 
Steaming Temperature  = 90-93˚C for 25 min. 
Drying Temperature  = 60˚C for 3.5 hr 

Sr.N
o. Sample 

Weight of fish 
powder to wheat 
flour based 100 g 

Moisture 
Content 
(% w/w) 

Ash 

(% w/w) 
Protein 

(% w/w) pH Yield 
(%) 

Cat 
Feeding 

(%) 
1 HFW

1
 10:90 9.85±0.15  12.5±0.5  ND 6  89  28.1 

2 HFW
2
 20:80 9.6±0.3 12.5±0.5  24.65 6  89  69.5 

3  HFW
3

*  30:70  9.6±0.3 13.5±0.5  33.16 6  94  76.6 
4  HFW

4
 40:60 9.9±0.1  14.5±0.3  34.27 6  94  64.2 

5  HFW
5
 50:50 9.8±0.1  14.5±0.5   39.47 6  94  100 

6 HFW
6
 60:40 9.65±0.05  15.5±0.5   48.28 6  89  83.7 

7 HFW
7
 70:30 9.45±0.35  15.8±0.2   53.15 6 89  68.4 

*Most suitable sample  

 

Table 4.5 Effect of Steaming Time on the Characteristics of Dry Cat Food (Fish and Corn) 

Weight of Fish Powder = 50 g Weight of Citric Acid   = 0.5 g 
Weight of Corn Flour = 50 g Weight of Salt   = 1 g 
Volume of Distilled Water    = 50 ml Steaming Temperature = 90-93˚C 
Drying Temperature= 60˚C for 3 hr 

Sr.No. Sample Steaming 
Time (min.) 

Moisture Content 
(% w/w) pH Yield 

(%) Observations 

1 CST1 10 10.2±0.2 5.8 84  Relatively weak fishy smell, 
brown colour 

2 CST2 15 10.5±0.1 5.8 91  Moderately strong fishy smell, 
brown colour 

3  CST3 20 10.3±0.2 5.9 91  Moderately strong fishy smell, 
brown colour 

4  CST4   25* 10.4±0.1 5.9 93  Attractable fishy smell, brown 
colour 

5  CST5 30 11.8±0.4 6.1 94  Attractable fishy smell, brown 
colour 

6 CST6 35 12.3±0.9 6.1 89  Attractable fishy smell, brown 
colour 

* Most suitable condition 
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Table 4.6  Effect of Ingredients Composition Ratio on the Characteristics and Cat Feeding 
of Extruded Dry Cat Food (Fish and Corn) 

Volume of Distilled Water = 50 ml 
Weight of Citric Acid  = 0.5 g 
Weight of Salt   = 1 g 
Steaming Temperature  = 90-93˚C for 25 min. 
Drying Temperature  = 60˚C for 3.5 hr 

Sr.
No. Sample 

Weight of fish 
powder to Corn 

flour based 100 g 

Moisture 
Content 
(% w/w) 

Ash 
(% w/w) 

Protein 

(% w/w) pH Yield 
(%) 

Cat 
Feeding 

(%) 
1 HFC

1
 10:90 9.1±0.1 9±0.1  ND 6 95 57 

2 HFC
2
 20:80 9.6±0.1 10±0.1  12.46  6 95 98 

3  HFC
3
 30:70 9.8±0.2 11.3±0.1  18.93 6 94 94 

4  HFC
4
 40:60 9.3±0.2  12.3±0.1  28.23 6 90 93 

5  HFC5
*  50:50  9.4± 0.1 12.7±0.1 33.88 6 90 100 

ND = Not determined 
* Most suitable sample  

Table 4.7 Effect of Steaming Time on the Characteristics of Dry Cat Food (Fish and 
Soybean) 

Weight of Fish Powder = 50 g Weight of Citric Acid    = 0.5 g 
Weight of Soybean Flour = 50 g Weight of Salt  = 1 g 
Volume of Distilled Water = 50 ml  
Steaming Temperature  = 90-93˚C 
Drying Temperature = 60˚C for 3 hr 

Sr.No. Sampl
e 

Steaming Time 
(min.) 

Moisture 
Content (% w/w) pH Yield 

(%) Observations 

1 SST1 10 7.5±0.15 6 91  Relatively weak fishy 
smell, brown colour 

2 SST 2 15 7.8±0.1  6 91  Moderately strong fishy 
smell, brown colour 

3  SST 3  20* 7.9±0.1 6 95  Attractable fishy smell, 
brown colour 

4  SST 4 25 8.1±0.13 6 93  Attractable fishy smell, 
brown colour 

5  SST 5 30 8.3±0.15 6 93  Attractable fishy smell, 
brown colour 

6 SST6 35 7.6±0.1 6 93 Attractable fishy smell, 
brown colour 

* Most suitable condition 
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Table 4.8 Effect of Ingredients Composition Ratio on the Characteristics and Cat Feeding of 
Extruded Dry Cat Food (Fish and Soybean) 

Volume of Distilled Water    = 50 ml 
Weight of Citric Acid  = 0.5 g 
Weight of Salt    = 1 g 
Steaming Temperature   = 90-93˚C for 20 min. 
Drying Temperature  = 60˚C for 3.5 hr 

Sr.
No. Sample 

Weight of fish 
powder to 

Soybean flour 
based 100 g 

Moisture 
Conten 

(% w/w) 

Ash 

(% w/w) 
Protein 

(% w/w) pH Yield 
(%) 

Cat 
Feeding 

(%) 

1 HFS1 10:90 8.8±0.8  14±0.1  38.18  6 90 92 

2 HFS2
*  20:80  10± 0.05 13± 0.1 41.50  6 92 94 

3  HFS3 30:70 10.2±0.02  13±0.1  45.51  6 92 54 
4  HFS4 40:60 10.9±0.05 12±0.07  47.33  6 93 54 
5  HFS5 50:50 9.8±0.2 11±0.05  51.01  6 93 89 

ND = Not determined 
* Most suitable sample 

Table  4.9 Comparison of the Nutritive Value of Suitable Dry Cat Food (Fish and Cereals) 

Sr.No. Value of Sample 
Fish  + Wheat 

(HFW3)  
Fish  +Corn  

(HFC5)  
Fish + Soybean 

(HFS2)  
30 g : 70 g 50 g : 50 g 20 g : 80 g 

1  Moisture(% w/w) 96± 0.3 9.4±0.1 10± 0.05 
2  Ash(% w/w)  13.5±0.5 12.7±0.1 13± 0.1 
3  Protein(% w/w)  33.16 33.88  41.50  
4  Crude Fat  (% w/w)  1.3  3.15  14.89  
5  Crude Fibre(% w/w) 0.35 0.17 3.13 
6  Carbohydrates  37.69 34.4 15.98 
7  Energy Value(kcal/100g)  295.1  301.47  363.93  
8  pH 6.0  5.9  6.0  

9 Metabolizable Energy 
(ME) (kcal/kg)  2590.3 2657.6 3277.5 

 

Table 4.10 Physical Properties of Pumpkin and Carrot Powder 

Sr. No.  Properties of Sample  Pumpkin Powder Carrot Powder 

1 Bulk Density (g/ml)  0.56 0.59 

2 Tapped Density (g/ml) 0.63 0.67 

3 Compressibility Index (%) 11.1 12 

4 Flow Character Good Good 
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Table 4.11 Nutritive Value of Pumpkin and Carrot Powder 

Sr.No. Value of Sample Pumpkin Powder Carrot Powder 
1  Moisture Content (% w/w) 2.59±0.13 7.20±0.04 
2  Ash(% w/w)  6.99±0.7 9.79±0.74 
3  Protein(% w/w)  6.78 12.70 
4  Crude Fat  (% w/w)  8.62 10.98 
5  Crude Fibre(% w/w) 1.62 2.48 
6  Carbohydrate  (% w/w) 72.57 53.06 
7  Energy Value (kcal/100g)  394.98 361.86 

 

Table 4.12 Different Ingredients Composition Ratios of Dry Cat Food Using Hot Air Oven 
(Fish, Soybean and Pumpkin) 

Sr. 
No. Sample 

Weight of Ingredients Based on100 g Citric 
Acid 
(g) 

Salt 
(g) 

Distilled 
Water 
(ml) 

Fish Powder 
(g)  

Soybean 
Flour (g)  

Pumpkin 
Powder (g) 

1 HFSP
1 
 30  67  3  0.5  1  50  

2 HFSP
 2
 30  64  6  0.5  1  50  

3 HFSP
 3
 30  61  9  0.5  1  50  

4 HFSP
 4
 30  58  12  0.5  1  50  

5 HFSP
 5
 30  55  15  0.5  1  50  

 
Table 4.13 Effect of Different Ingredients Composition Ratios on the Characteristics and 

Cat Feeding of Dry Cat Food (Fish, Soybean and Pumpkin) 
 Pre-steaming Time = 20 min.  
 Steaming Time  = 20 min.   
 Steaming Temperature = 90-93˚C 
 Drying Temperature = 60˚C for 3.5 hr  
 Feeding Time   = 30 min. 

Sr. 
No. 

Sample Moisture Content          
(% w/w) 

Protein 
(% w/w) 

pH Cat Feeding (%) 

1  HFSP
1
 7.24±0.4 43.31  5.9  75.1  

2 HFSP2
* 7.6±0.05  43.11  5.9  78.9  

3 HFSP
3 
 8.1± 0.6 41.64  5.9  56.6 

4 HFSP
 4
 8.2±0.2  40.22  5.7  57.3  

5 HFSP
 5
 12.58±0.5  37.21  5.5  95.5  

* Most suitable sample 
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Table 4.14 Different Ingredients Composition Ratios of Dry Cat Food Using Hot Air 
Oven (Fish, Soybean and Carrot) 

Sr. 
No. 

Sample Weight of Ingredients Based on100 g Citric 
Acid 
(g) 

Salt 
(g) 

Distilled 
Water (ml) Fish 

Powder (g)  
Soybean 
Flour (g)  

Carrot 
Powder (g) 

1 HFSC
1 
 30  67  3  0.5  1  50  

2 HFSC
 2
 30  64  6  0.5  1  50  

3 HFSC
 3
 30  61  9  0.5  1  50  

4 HFSC
 4
 30  58  12  0.5  1  50  

5 HFSC
 5
 30  55  15  0.5  1  50  

 

Table 4.15 Effect of Different Ingredients Composition Ratios on the Characteristics and 
Cat Feeding of Dry Cat Food (Fish, Soybean and Carrot) 

 Pre-steaming Time = 20 min.  
 Steaming Time  = 20 min   
 Steaming Temperature = 90-93˚C 
 Drying Temperature = 60˚C for 3.5 hr  
 Feeding Time   = 30 min. 

Sr.No. Sample Moisture Content  
(% w/w) Protein(%w/w) pH Cat Feeding 

(%) 
1   HFSC

 1 
 10.2±0.08  42.77  5.8  77.2  

2   HFSC
2

* 11.71±0.07  41.84  5.8  78.1  
3 HFSC

3
 11.8±0.36  41.78  5.7  65.3  

4 HFSC
4
 12.62±0.6 39.71  5.7  69.0  

5 HFSC
5
 13.19±0.5  38.98  5.6  96.5  

* Most suitable sample 

 

Table 4.16 Comparison of the Physico-chemical Characteristics of the Dry Cat Food 
(Fish, Soybean and Vegetables)  

Sr.No. Value of Sample HFSP2
* HFSC2 

1  Moisture(% w/w) 7.6±0.05 10.2±0.08 
2  Ash(% w/w)  11.6±0.9 12.09±0.7 
3  Protein(% w/w)  43.11 41.84  
4  Crude Fat(% w/w)  12.92 11.76 
5  Crude Fibr (% w/w) 3.45 3.21 
6  Carbohydrates      17.68 18.51 
7  Energy Value (kcal/100g)  359.44 347.24 
8  pH 5.9  5.8  
9 Metabolizable Energy (ME) (kcal/kg) 3225.85 3111.85 

* Most suitable sample 
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Table 4.17 Phytochemical Properties of Acalypha indica Linn. (Kyaung-yo-thay) Leaves 
Powder 

Sr.No. Type of 
compound Extract Reagent used  Observations Inference 

1 Alkaloid 1% HCl Hager's reagent  Yellow precipitate + 

2 Carbohydrate H
2
O 10% α-naphthol and 

H
2
SO

4
(Conc:) Red ring + 

3 Glycoside H
2
O 10% Lead acetate solution White precipitate + 

4 Phenol  H
2
O 5% FeCl

3
 solution Brownish black 

precipitate + 

5 α-amino acid H
2
O Ninhydrin reagent Purple colour + 

6 Saponin H
2
O No reagent used Persistent foam Trace 

7 Starch H
2
O Iodine solution Bluish brown 

precipitate + 

8 Tannin H
2
O 1% Gelatin and  

10% NaCl solution Precipitate + 

(+) = presence (-) = absence  

 

Table 4.18 Physical Properties of Acalypha indica Linn. (Kyaung-yo-thay) Leaves Powder 
Weight of Leaves = 230 g  
Drying Temperature = Room Temperature (28-32 ̊C) for 10 days     

 Weight of Leaves Powder = 36.35 g 
Dryness Test  = Crispy 
Initial Colour  = Light Green 
Final Colour  = Dark Green    

Sr. No. Properties of Sample Kyaung-yo-thay Leaves Powder 

2  Moisture Content    (% w/w)  15.13±0.03 

3  Bulk Density (g/ml)  0.15 

4 Tapped Density (g/ml) 0.16  

5 Compressibility Index (%) 8 

6 Flow Character Excellent  
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Table 4.19 Effect of Ingredients Composition Ratio on the Characteristics and Cat Feeding of 
Dry Cat Food (Fish, Soybean and Kyaung-yo-thay Leaves) 

 Volume of Distilled Water = 50 ml 
Weight of Citric Acid  = 0.5 g 
Weight of Salt   = 1 g 

 Pre-steaming Time  = 20 min.   
 Steaming Temperature  = 90-93˚C for 20 min.  
 Drying Temperature  = 60˚C for 3.5 hr  
 Feeding Time   = 30 min. 
 Experimental Cat  = Domestic Cat 

Sr. 
No. Sample Composition Moisture Content 

(% w/w) 
Cat Feeding 

(%) 
1 HFSK

1
 30 F:65 S:5 K 8.3±0.2 99.2  

2 HFSK
 2
 30 F:60 S:10 K 7.9±0.1 98.5  

3  HFSK
3

* 30 F:55 S:15 K 7.54±0.15 99.4  
3 HFSK

 4
 30 F:50 S:20 K 7.2±0.1 96.7  

* Most suitable sample 
F = Fish powder 
S = Soybean flour 
K = Kyaung-yo-thay leaves powder 

 

Table 4.20 Effect of Different Ingredients and Recipes on Water Activity, Size Stability of 
the Most Suitable Dry Cat Food Using Hot Air Oven Drying 

Sr.No. Sample  Water Activity  Size Stability Percent (Drop Test)  
1  HFB

2 
 0.32  62  

2  HFW
3
 0.32  95 

3  HFC
5
 0.31  98 

4  HFS
2
 0.30  98 

5  HFSP
2
 0.30  99 

6  HFSC
2
 0.36  98 

7  HFSK3 0.37  99 
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Table 4.21 The Feline Body Mass Index (FBMI) of Experimental Cats 

Sr.
No. Cats  Gender  Age  

(yr) 
Weight of 
Cat (lb) 

Rib 
Cage 
(cm) 

Lower Hind limb 
Measurement 

(cm) 

Feline Body Mass  
Index 

(Percentage Body 
Fat) 

1  C
1
 Male 4 15 43 20 24.66 

2   C
2
 Female 6 14 41 22 17.38 

3   C
3
 Male 7 15 44 22 22.02 

4   C
4
 Male 1  10  26  14  10.92  

C1= Ahlone Township 
C2= Kyeemyindaing Township 
C3= North Dagon Township 
C4= Kamaryut Township 

 

Table 4.22 Effect of Different Ingredients and Recipes on Neighbour's Cats Feeding of the 
Most Suitable Dry Cat Food Using Hot Air Oven Drying 

 Weight of Kibbles = 10 g  
 Feeding Time  = 1hr  
 Feeding Period  = Evening  

Sr.
No. Sample  Cat Feeding (%) 

C2 C3 C4 
1  HFB

2
 0  100  100  

2  HFW
3
 0 100 100  

3  HFC
5
 0 100 100  

4  HFS
2
 0 100 100  

5  HFSP
2
 0 100 75  

6  HFSC
2
 62 100 100  

7  HFSK3 35 32 11  
C2  = Kyeemyindaing Township 
C3 = North Dagon Township 
C4 = Kamaryut Township 
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Table 4.23 Effect of Drying Time on the Drying Rate of Raw Fish Using Direct Solar 
Cabinet Dryer (November and December, 2018)    

 Initial Weight  = 500 g 
 Drying temperature = 40-60˚C 
 Length of fish  = (1-2) cm 

Sr.
No. 

Drying 
Time 
(hr) 

November December 

Weight of 
Sample 

(g) 

Moisture 
Content 
(% w/w) 

(Wet Basis)  

Drying Rate 
(g/hr sq.cm) 

Weight of 
Sample(g) 

Moisture 
Content 
(% w/w)  

(Wet Basis)  

Drying Rate 
(g/hr sq.cm) 

2 1 396.45  20.71  0.052  396.94  20.61  0.052  
3 2 384.33  2.42  0.029  314.47  16.49  0.047  
4 3 369.30  3.01  0.022  259.63  10.97  0.040  
5 4 289.35  15.99  0.026  201.20  11.69  0.038  
6 5 243.63  9.14  0.026  160.28  8.18  0.034  
7 6 202.08  8.17 0.025  135.31  4.99  0.030  
8 7 189.4  2.54  0.023  123.59  2.34  0.027  
9 8 136.2  10.64  0.023  115.43  1.63 0.024  
10 9 130.9  1.06  0.021  - - - 
11 10 119.5  2.28 0.019  - - - 

 
 

Table 4.24 System Drying Efficiency of Direct Solar Cabinet Dryer during Drying of 
Fish 

Sr.No.  Drying Period  System Drying Efficiency (%)  

1 November      9  

2 December  14   

 

 
Figure 4.1 Drying Curve during Drying of Fish in November and December 
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Figure 4.2 Drying Rate Curve during Drying of Fish in November 

 

 
Figure 4.3 Drying Rate Curve during Drying of Fish in December 

 

Table 4.25 Physical Properties of Prepared Fish Powder Using Solar Drying 
 Drying time = 6 hr 

 

 

 

 

 

 

 

 

Sr.No. Properties of Sample  Fish Powder 
1 Moisture Content    (% w/w)  9.12±0.02  
2 Bulk Density (g/ml)  0.40 
3 Tapped Density (g/ml) 0.43  
4 Compressibility Index (%) 8 
5 Flow Character Excellent 
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Table 4.26 Effect of Different Drying Methods on Nutritive Value of Fish Powder   
 Solar drying time  = 6 hr 
 Hot air oven drying time = 6.5 hr 

 

Table 4.27 Effect of Solar Drying Time on the Characteristics of Dry Cat Food (Fish and 
Soybean) 

 Weight of fish powder  = 20 g Weight of salt  = 1g  
 Weight of soybean flour = 80 g  Volume of distilled water = 50 ml  
 Weight of citric acid = 0.5g   Steaming temperature = 90-93˚C 
 Drying temperature = 58-70˚C  

Sr. 
No. Sample Drying  

Time (hr) 
Moisture Content 

(%w/w) pH Water 
Activity 

Protein Value 
(% w/w) 

Size 
Stability(%) 

1  SFS
1 
 2* 3.68±0.1  6.4  0.38±0.1  47.44  96.8  

2  SFS
 2 

 2.5  3.50±0.1  6.4 0.36±0.1 48.32  96.5  
3  SFS

 3
 3  3.33±0.2  6.4 0.32±0.2 48.87  96.4  

4 SFS
 4 

 3.5  3.11±0.1  6.4 0.31±0.1 45.86  96.2  
*Most suitable sample  
SFS= Prepared dry cat food with solar drying (Fish and Soybean) 
 
Table 4.28 Effect of Different Drying Methods on Nutritive Value of Dry Cat Food (Fish 

and Soybean)  

 

 

 

Sr.No. Value of Sample Solar Drying Hot Air Oven Drying 
1 Moisture Content (%  w/w) 9.12±0.02  11.37±0.2 
2 Ash (%  w/w) 8.7±0.07 9.51±0.1 
3 Protein  (%  w/w) 72.48 72.33 
4 Crude Fat  (%  w/w) 0.06 0.09 
5 Crude Fibre (%  w/w) 3.20 4.08 
6 Carbohydrates 6.35 2.31 
7 Energy Value (kcal/100 g) 315.86 299.37 

Sr. No. Value of Sample Solar Drying Hot Air Oven Drying 
1 Moisture Content  (%  w/w) 30.3.68±0.1 33  10± 0.05 
2 Ash(%  w/w)  10.81± 0.19 13± 0.1 
3 Protein  (%  w/w) 47.44 41.50  
4 Crude Fat (%  w/w) 15.20 14.89  
5 Crude Fibre  (%  w/w) 3.92 3.13 
6 Carbohydrates 18.95 15.98 
7 Energy Value (kcal/100 g) 402.36 363.93  
8 Metabolizable Energy (ME)(kcal/kg) 3615.65 3277.5 
9 Estimated Cost (kyat) (400 g/bag) 1036 1175 
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Table 4.29 Comparison of Cat Feeding of Dry Cat Food Using Solar Drying and Imported 
Dry Cat Food (MeO) 

 

            
 

 

 

           
 

 

 

 

Sr. 
No. Parameters 

Morning Afternoon Evening 
Prepared Dry 

Cat Food MeO Prepared Dry 
Cat Food MeO Prepared Dry 

Cat Food MeO 

1 Choice of Dry Cat 
Food Second First  First  Second  First  Second  

2 Feeding (g) 20  30  29  30  21.5  30  
3 Percent Feeding 66.7  100  99  100  71.7  100  

Figure (4.4) Dry Cat Food  
       (Fish and Wheat) 
        Using Hot Air Oven  

Figure (4.5) Dry Cat Food  
     (Fish and Corn)  
     Using Hot Air Oven 

Figure (4.7) Dry Cat Food 
(Fish, Soybean andPumpkin) 
Using Hot Air Oven 

Figure (4.6) Dry Cat Food  
     (Fish and Soybean)   
                  Using Hot Air Oven 

Figure (4.8) Dry Cat Food 
(Fish and Soybean and Carrot) 
Using Hot Air Oven 

Figure (4.9) Dry Cat Food (Fish, 
Soybean and Kyaung-yo-thay 
Leaves) Using Hot Air Oven  
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Figure  4.10 Dry Cat Food (Fish and Soybean) Using Solar Drying 

 

Conclusion 
The aim of this research was to investigate the process development on the production 

of dry cat food based on fish factory wastes, low grade fish for factory, by converting to 
acceptable products for cat consumption and import substitution. This research gave practically 
how various low grade fish resources could be processed to high grade protein fish powder and 
dry cat food.  

In Myanmar, the cat owners usually feed home-made diets. Dry cat food of the present 
invention is under the form of kibbles that are crunchy, crispy pieces. Hence, dry cat food was 
intended to produce from fish by incorporating cereals such as wheat, corn and soybean. The 
protein content of dry cat food was 33.16 % from fish and wheat, 33.88% from fish and corn, 
41.5 % from fish and soybean. It can be concluded that soybean was the suitable cereal for the 
preparation of dry cat food because it gave the highest protein content.  

A study was also conducted to the production of dry cat food by mixing pumpkin or 
carrot with the optimum dry cat food (fish and soybean). Pumpkin and carrot are mostly used as 
ingredients in imported dry cat food and they provide essential phytonutrients, antioxidants and 
enzymes plus natural vitamins, minerals and fibres that promote health and wellness.The result of 
this study showed that a combination of pumpkin or carrot gave not only the attractive colour to 
the cat owners but also natural vitamins to the cats. Although both pumpkin and carrot gave the 
best results, the final conclusion was the selection of 30:61:9 of fish, soybean and pumpkin as the 
optimum due to the moisture content, protein content and metabolizable energy. As the product 
safety, Salmonella was not also detected in prepared dry cat food and so dry cat food could be 
assumed to be of acceptable quality. 

  This study also revealed the feasibility of using solar drying instead of hot air oven to 
produce dry cat food with the acceptable quality based on the nutritive value and economic point 
of view and to support the import substitution. It was observed that the nutritive value of dry cat 
food using solar dryer was markedly higher than using hot air oven. The conclusion was that dry 
cat food could be produced by using direct solar cabinet dryer as constructed in this research 
work in some areas of country where solar radiation is abundantly available. 
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Hypothetical Process Design 
 

 
Schematic Diagram for the Production of Dry Cat Food (Fish and Wheat)/(Fish and Corn)/(Fish 

and Soybean) Using Hot Oven Air 

 

 
Schematic Diagram for the Production of Dry Cat Food (Fish, Soybean and Pumpkin)/ (Fish, 

Soybean and Carrot)/ (Fish, Soybean and Kyaung-yo-thay Leaves) Using Hot Air Oven 

 

 

Mixer Mixer

Pre-steaming

Distilled Water 
Storage

Mixing
Steaming

Extruder
CoolingPackaging

Mixing

Salt StorageCA StorageWF/CF/SF 
StorageFP Storage

Hot Air Oven 
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Schematic Diagram for the Production of Dry Cat Food (Fish and Soybean) Using Solar Dryer 

Estimated Cost for Production of Dry Cat Food 
 

Manufacturing cost for one bag (400 g) of Dry Cat Food (Fish and Soybean)  

Using Hot Air Oven  = K 1175/bag 

Manufacturing cost for one bag (400 g) of Dry Cat Food (Fish, Soybean and  

Pumpkin) Using Hot Air Oven  = K 1452/bag 

Manufacturing cost for one bag (400 g) of Dry Cat Food (Fish, Soybean and  

Carrot) Using Hot Air Oven  = K 1562/bag 

Manufacturing cost for one bag (400 g) of Dry Cat Food (Fish and Soybean)  

Using Solar Dryer  =K 1036/bag 

t-Test of Hypothesis 
If one –sided alternative hypothesis, H1=μ1<μ2 ,  Ho: μ1= μ2 
If t0< (-tα, n1+n2-2) Reject Ho. 
Problem: Protein constant in dry cat food (fish and soybean) 

Hot Air Oven Drying Solar Drying 
41.50 47.46 
41.09 47.44 
41.14 48.32 
41.26 48.87 
42.64 45.86 

       1Χ = 41.526 %    2Χ = 47.59% 

S1
2 = 0.413     S2

2 = 1.302 

S1 = 0.643      S2  = 1.141  

To test the hypothesis  

    α=0.05 

    V=n-2=10-2=8 

Mixer Mixer

Pre-steaming

Distilled Water 
Storage

Mixing
Steaming

ExtruderCoolingPackaging

Mixing

Salt StorageCA StorageSF StorageFP Storage

Solar Drying

FP=Fish Powder
SF=Soybean Flour
CA=Citric Acid
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From t table, tα=2.306 

  
( ) ( )
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1_+1_

=
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2
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        =
( ) ( )

2_5+5
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  Sp =0.92 

t0= =
1
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1
_

21
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nn
S

yy

p 5
1

+
5
1

92.0

59.47_53.41
= -10.41 

If t0=-10.41<-2.306, reject Ho and conclude that the mean protein value of dry cat food of the 
two drying methods are different. 

(Montgomery, 2001) 
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AN ASSESSMENT OF REASONING SKILLS ENHANCING                 
PROBLEM SOLVING ABILITY AMONG STUDENT TEACHERS              

FROM UNIVERSITIES OF EDUCATION IN MYANMAR 
 

Yar Zar Chit* 

Abstract 
The main aim of this study was to assess reasoning skills enhancing problem solving ability 
among student teachers from universities of education in Myanmar. A total of 1626 student 
teachers from Yangon University of Education, Sagaing University of Education and University 
for the Development of National Races of the Union participated in this study.  In this study, 
sequential explanatory research design was chiefly used. To achieve the main goal, a reasoning 
skill test and a problem solving ability test were firstly developed by using Item Response Theory 
(IRT) and Classical Test Theory (CTT).  Based on the tests, findings from field testing revealed 
that the student teachers had higher reasoning skills and higher problem solving ability. Moreover, 
although there were no significant gender differences in reasoning skill, it was found that male 
students’ problem solving ability was significantly higher than females. In reasoning skill, the 
student teachers in University 1 got the highest mean score and those in University 3 got the 
lowest mean score among three universities. Concerning with problem solving ability, student 
teachers in university 1 and university 2 were significantly higher than those of university 3. As 
predicted, each component of reasoning skill was positively and moderately correlated with 
problem solving ability. Similarly, the result showed that the reasoning skills accounted for 
approximately 28.6% of the variance of problem solving ability. The results of the regression 
advocated that four reasoning skills included in the reasoning skill test are best predictors and can 
enhance the problem solving ability of student teachers. Finally, an intervention practice was 
conducted to improve student teachers’ reasoning skills and to confirm the predictive validity of 
the reasoning skill test based on the quantitative results. The intervention protocol was based on 
Tim van Gelder’s (2000) argument mapping technique. The results pointed that the reasoning 
skills of student teachers after intervention were significantly higher than before intervention. 
Therefore, this study highlighted the fact that reasoning skills can well enhance problem solving 
ability of student teachers and that their reasoning skills can be trained by using argument 
mapping technique based practice. 

Introduction 
  In the living world, a chief characteristic which can distinguish human beings from other 
species including the higher animals is cognitive ability. It includes thinking, reasoning, problem 
solving and other aspects based on human brain functions. The challenges and problems faced by 
the individual, or by society, in general, are solved through serious efforts involving thinking and 
reasoning. The powers of thinking and reasoning may thus be considered to be the essential tools 
for the welfare and meaningful existence of the individual as well as society. 

  Moreover, Prof. Dr. Khin Zaw (1994) remarked that man’s history on this planet earth is 
one of the change and achievement. From the cave to cosmos: emerging from the brutish 
existence of pre-man, he has managed in the span of some hundreds of generations to gain the 
present range of mastery of nature. He is now living in a world of fantastic scientific and 
technology achievements ranging from those which contribute to the maximum welfare and 
pleasure of man to those which are capable of his complete annihilation. This event is the best 
example of human’s cognitive or reasoning ability. 
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  Moreover, Prof. Dr. Khin Zaw (2001) pointed the fact that man has reason and 
imagination leading not only to the necessity for having a sense of his own identity, but also for 
orienting himself in the world intellectually. Additionally, he differentiated reason from 
intelligence. Reason is man’s faculty for grasping the world by thought, in contradiction to 
intelligence, which is man’s ability to manipulate the world with the help of thought. Reason is 
man’s instrument for arriving at the truth; but intelligence is his instrument for manipulating the 
world more successfully; the former is essentially human, the latter belongs to the animal part of 
man. Therefore, human reasoning skill and problem solving ability are essential in daily life and 
they are interdependent like the head and tail of a coin. 

  At the present time, in the modern technological world, communications are 
sophisticated, and people have a variety of information to stimulate and inform their thinking. 
However, it is not just right information that is distributed in society. False and misleading 
information is also spread out to people too. People have to be able to analyze, discriminate and 
make good decisions on the basis of sound reasons. Education therefore has a crucial role to play 
in developing that ability. 

  Consequently, the teachers’ tasks are getting more and more complex because of the 
technically, economically, socially, and politically changing world. Teachers have to face with 
increasing challenges (new ways of technology, motivation, team work, differentiation, 
classroom management, assessment connection with parents). Nearly every class has students 
facing integration problems, students who are under-motivated, aggressive or have other 
behavioural problem or students who have learning problems. For this reason, it is important that 
student teachers who will take responsibility for national education should have the problem 
solving ability about the issues. 

  As indicated above it can be argued that reasoning skills for problem solving ability have 
become more important for teachers and student teachers in the modern world because there is 
too much information, and too many choices that come into human’s minds. Those who have 
made the right decisions or act in a more reasonable way are likely to have less of a problem. 
Moreover, reasoning skills become more important for more practical reasons because many 
organizations (both government and non government) test the candidates’ reasoning skills before 
employing them in their particular association. 

  Accordingly, these facts become the reasons for the researcher to investigate the 
reasoning skills that can enhance problem solving abilities among Myanmar student teachers and 
explore the relationship between these skills and abilities. The researcher hopes that the results 
from this study will be able to contribute as the background factors in creating effective teaching 
learning environment especially in teacher education.  

Aim of the Study. The primary aim of this study is to investigate the reasoning skills that can 
enhance problem solving ability among student teachers from Universities of Education in 
Myanmar. The specific objectives can be expressed in detail as follows. 

1. To develop a reasoning skill test by using Item Response Theory (IRT) and a problem 
solving ability test by using Classical Test Theory (CTT) 

2. To examine the reasoning skills and problem solving ability of student teachers 
3. To compare the student teachers’ reasoning skills by gender and university 
4. To compare the student teachers’ problem solving abilities by gender and university 
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5. To explore the relationship between reasoning skills and problem solving ability 
6. To find out the extent to which reasoning skills can predict problem solving ability 
7. To improve student teachers’ reasoning skills by using an intervention practice 
8. To confirm the predictive validity of the reasoning skill test on problem solving ability  

 

Review of Related Literature 
As the theoretical framework for reasoning skill, this study was based on Evans and 

Over’s Dual-Process theory. 

Evans and Over’s Dual-Process Theory. Evans’s (1989) heuristic–analytic theory provided the 
foundations for Evans and Over’s (1996) current dual-process theory. Evans (1984) proposed 
that heuristic processes are preconscious, and their function is to select representations relevant to 
a particular problem space. Analytic processes are conscious, which means broadly that they are 
a type of deliberate, explicit thinking. 

 This theory divided reasoning into two systems. System 1, implicit or tacit process, which 
is essentially pragmatic, is based on prior experiences, beliefs, and background knowledge and 
achieves goals reliably and efficiently without necessarily accompanying awareness. System 2 is 
explicit, intentional, sequential, controllable, and makes high demands of working memory. 
System 2 does not typically operate according to normative logical conventions, but it is capable 
of achieving solutions to logical problems as well as a range of problem types. 

 On the other hand, reasoning involves both conscious (or explicit) and unconscious (or 
tacit) processes. For example, inductive reasoning largely depends on the retrieval and 
unconscious evaluation of world knowledge, whereas deductive reasoning depends on rule-based 
or conscious formal procedures. 

In fact, reasoning refers to the process of drawing conclusions or inferences from 
information. Reasoning always requires going beyond the information that is given (Bruner, 
1957). In logic, an inference is called deductive if the truth of the initial information (or premises) 
guarantees the truth of the conclusion. The inference is called inductive if the truth of the 
premises makes the conclusion probable but not certain. Many researchers have found that 
performance on deductive and inductive tests is strongly related (Wilhelm, 2005). Although there 
are several kinds of inductive reasoning, this research will focus on analogical and numerical 
reasoning. 

Analogical Reasoning. The ability to reason analogically involves the ability to make judgments 
or predictions about unfamiliar problems on the basis of perceived similarities and relationships 
with familiar problems. This form of inferential reasoning also serves a variety of different 
functions ranging from drawing people's attention to already known relations to the 
reorganization and development of existing knowledge (Deloache, Miller, &Pierroutsakos, 
1998). 

Numerical Reasoning. It includes the ability to solve problems and arrive at answers, i.e., 
solution in a logical way and making generalization (Fatima, 2008). Numerical reasoning is 
about using numerical data to make reasoned decisions and solve problem. It relies on the ability 
to recognize how to go about solving a numerical problem, understanding the relationships 
between numbers, prior to completing the mathematical calculation required (Savill, 2011). 
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  Like inductive reasoning, there are several kinds in deductive reasoning. However, this 
research will focus on analytical and abstract reasoning. 

Analytical Reasoning. Analytic reasoning represents judgments made upon statements that are 
based on the virtue of the statement's own content. Analytical skill is the ability to visualize, 
articulate, conceptualize or solve both complex and uncomplicated problems by making 
decisions that are sensible given the available information. Such skills include demonstration of 
the ability to apply logical thinking to breaking complex problems into their component parts 
(Kant-Studien, 1987). 

Abstract Reasoning. Abstract Reasoning is also known as fluid intelligence (Cattell, 1963) or 
analytic intelligence. Fluid intelligence is reasoning ability in its most abstract and purest form. It 
is the ability to analyze novel problems, identify the patterns and relationships that underpin 
these problems and extrapolate from this using logic (Carpenter, Just, and Shell, 1990). 

 To reveal the student teachers’ problem solving abilities in this research, Mac Lellan, 
Langley and Walker’s (2012) generative theory of problem solving was based. 

Generative Theory of Problem Solving. The assumptions of generative theory of problem 
solving include: 

 The primary mental structure in problem solving is the problem, which includes a state 
description and a goal description. 

 A problem solution consists of a problem P; an applied intention or operator instance I; a 
right sub-problem, which is a sub-problem that has the same goals as P, but has a state that 
results from the application of I to P; a down sub-problem, which is a sub-problem that 
shares P’s state but has preconditions corresponding to I’s preconditions; and the solution 
to P’s sub-problems. In the terminal case, a problem solution can also be a problem P that 
is marked as done. 

 Problems and their (attempted) solutions reside in a working memory that changes over 
the course of problem solving, whereas operators and strategic knowledge reside in a long-
term memory that changes gradually if at all. 

 The problem-solving process operates in cycles that involve five stages: problem selection, 
termination checking, intention generation, failure checking, and intention application. 
Each stage involves changes to the problem structures in working memory. 

 Alternative problem-solving strategies result from variations on these five processing 
stages, with their settings being entirely independent of each other. 

  Although the first three assumptions specify important commitments about representation 
and organization, the final two tenets are the most interesting and important. The postulation of 
five stages that take on orthogonal settings provides the generative power to explain the great 
variety of possible problem-solving strategies. Thus, problem solvers should consider each stage 
and its possible settings in more detail. 
  

Method 
Sampling. Sample chosen for the present study consisted of 1626 student teachers from first year 
to fifth year: male (n=746) and female (n=880) in 2017-2018 Academic Year. The participants 
for the study were chosen from Universities of Education in Myanmar: Yangon University of 
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Education, Sagaing University of Education and University for the Development of National 
Races of the Union (Sagaing). A stratified random sampling technique was used. 

Research Method. Sequential explanatory design from quantitative and qualitative mixed 
method approaches was taken as the primary design of this study. In the first part of this study, 
survey method was used. As the second part, an intervention based analysis based on the 
experimental method was also used. 

Pilot Testing on Reasoning Skill Test and Problem Solving Ability Test. There were four 
subtests in reasoning skill test and each subtest comprised of 23 items. The test items were 
multiple-choice items. The test was administered to a sample of 220 student teachers (from first 
year to fifth year) in Sagaing University of Education. According to data analysis of non-
speediness of the test, it could be confirmed that all tasks of the tests in current study were non-
speeded. After carrying out the item analysis based on an IRT parameter estimation procedure 
with two parameter logistic model (2 PLM), 14 items which are very easy or very difficult were 
removed from the original 92 items. Moreover, other 15 items were selected to be improved and 
reused. Therefore, the number of test items for the field testing becomes 78 items. 

 There were three subtests in problem solving ability test. They are logical puzzles, 
mathematical puzzles and classroom problems. Each subtest has 5 items. All items were open-
ended types and the response for each item will be scored from 0 to 4. After carrying out the item 
analysis procedure based on Classical Test Theory (CTT) for essay tests, all items were selected 
to be reused in the field testing. 

Intervention Protocol. After testing the reasoning skills and problem solving ability of student 
teachers, Prof. Tim van Gelder’s (2000) argument mapping technique was used to improve the 
reasoning skill of student teachers. There were six lessons in this protocol: (1) making your core 
argument, (2) countering objections, (3) making your CASE, (4) defending your assumptions,  
(5) finding your hidden vulnerabilities and (6) presenting with impact. 

Data Collection Procedure. Participants had to complete Reasoning Skill Test and Problem 
Solving Ability Test during 2 hours. After administering the test, data analysis for test 
development was conducted. Then, based on the reasoning skill levels of student teachers, 60 
participants who got the low, moderate and high reasoning skill were trained with an intervention 
practice during three weeks. After that, their reasoning skills were tested again to assure the 
predictive validity of the test and how the reasoning skills can be improved. 

Data Analysis and Findings 
Developing Reasoning Skill Test. As the first part of the data analysis, a reasoning skill test 
development was conducted. The data analysis procedure followed the data analysis process of 
Hambleton et al. (1991) and Kolen and Brennan (2004).  

Confirmatory Factor Analysis. Confirmatory factor analysis was used to establish the four 
factors structure of the reasoning skills test: analogical, numerical, analytical and abstract 
reasoning. In this study, the Kaiser-Meyer-Olkin measure of sampling adequacy was 0.856 that is 
indicating sufficient items for each factor. Then, Bartlett’s Test of Sphericity was significant           
(p< .001) which means that the variables are highly correlated enough to provide a reasonable 
basic for factor analysis.  
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 After conducting the principal axis factor analysis, 31 items of 78 items were eliminated 
because they had low or no loadings with any other factors. By taking out 31 items, the 
communalities were all above 0.2 and it indicated that the relation between each item and other 
items is satisfactory. Given these overall indicators, factor analysis was conducted with 47 items. 

Checking for Non-speediness of the Test. According to the non-speeded (power) test method 
(Gulliksen, 1950), the variance ratios of the four sub tests were nearly zero: 0.001 for analogical, 
0.009 for numerical, 0.005 for analytical and 0.003 for abstract reasoning. Therefore, it could be 
confirmed that all tasks of the tests in current study were non-speeded. 

Checking the Assumption of Unidimensionality. To investigate the assumption of 
unidimentionality, a principal factor analysis was conducted. The values of eigenvalue 1, 2, 3, 4, 
5, 6, 7 were 5.489, 1.499, 1.266, 1.149, 0.919, 0.825 and so on, and thus eigenvalue 1 was larger 
enough than other eigenvalues to determine that the test data satisfy the assumption of 
unidimensionality.  

Checking the Conformity of Model and Test Data. Figure 1 clearly shows expected and 
observed test score distributions for two parameter model. It indicates that actual observed data 
score distribution is fairly close to theoretical distribution. Therefore, it is concluded that model-
data fit is adequate enough to apply IRT model for this test. 

 
Figure 1 Frequency Distributions of Expected and Observed Scores 

 

Estimation of Item and Ability Parameters. In order to obtain the information which items are 
appropriate for student teachers, an IRT parameter estimation procedure was carried out with two 
parameter logistic model (2 PLM) by utilizing BILOG-MG 3 software (Zimowski, Muraki, 
Mislevy & Bock, 2003). As the items were calibrated with 2 PLM, the characteristics of the 
items can be described by item difficulty (b) and item discrimination (a).  

For item difficulty (b), easier items have lower (negative) difficulty indices and harder 
items have higher (positive) indices. The items with the difficulty b values within -3 to +3 were 
expected to be selected (Aye Aye Myint, 1997). In this study, all items have b values within the 
range of -3 to +3 and so they are selected as good items. 

 On the other hand, a higher value of item discrimination (a) indicates that the item 
discriminates between high and low proficiency examinees better. Since there are no items which 
have more than 2 (a value), all items can be acceptable. 
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Test Information Function. Based on the results of the parameter estimates of the test, test 
information curve (TIC) was also plotted. Figure 2 illustrates TIC of the 47-item test. SE is the 
standard error of estimation. The empirical reliability of the test was 0.902.  

By looking at Figure 2, it is visually clear that the test is discriminating well among 
examinees with the range of ability level from -2.5 to +0.4 in the test. The maximum amount of 
information was I (𝜃) = 13.5 at 𝜃 = -1.15. These test items will be most suitable for student-
teachers whose reasoning ability (𝜃) range is from -2.5 to +0.4. Therefore, it was judged that this 
test only can provide information well for student teachers with lower reasoning ability; however 
it may not provide enough information to assess student teachers with high and average 
reasoning skills. 

 
Figure 2 Test Information Curve for the Test with 47 items 

Developing an Optimal Reasoning Skills Test. Since the present 47-item reasoning test is 
relatively easy, it is identified as an item pool and then an optimal reasoning skills test would be 
constructed by selecting some experimental items from that pool again. To construct 
systematically, a procedure to build test to meet any desired set of test specification outlined by 
Lord (1977) was followed.  

 According to Lord (1977), selecting and calculating the test items were continued again 
and again until the test information function approximates the target information function to a 
satisfactory degree. 

 Therefore, among 47 test items, 8 items from each subtest were selected to construct a 
new test. In Figure 3, a test information curve for an optimal reasoning skills test can be seen. It 
is visually clear that the test is discriminating well among examinees with the range of ability 
level from -1.9 to +1.2 in the test. The maximum amount of information was I (𝜃) = 5.4 at          
𝜃 = -0.12. Moreover, its empirical reliability is 0.85. Therefore, it can be judged that this optimal 
test can provide information well for student teachers with normal reasoning ability. 

0
0.2
0.4
0.6
0.8
1
1.2

0

5

10

15

-3 -2 -1 0 1 2 3
St

an
da

rd
 E

rr
or

 

In
fo

rm
at

io
n 

Ability θ 

TIC
SE



 
 

213 

 
Figure 3 Test Information Curve for the Optimal Test with 32 items 

 Therefore, the format and content specification of the optimal reasoning skill test become 
as follows: 

Table 1 Table of Content Specification for Optimal Reasoning Skills Test 

No. Names of Subtests Tasks  
(Amount of Items) 

Total 
Amount 
of Items 

Time 
Limit 

(minute) 
1. Analogical Reasoning Word (4), Figure (4) 8 3 

2. Numerical Reasoning 
Word Problems (4), 
Data Interpretation (2), 
Mathematical Puzzles (2) 

8 10 

3. Analytical Reasoning Seating Arrangement (4),  
Combination (3), Ranking (1) 8 10 

4. Abstract Reasoning 
Figure Addition/Subtraction (2),  
Distribution of three values (3),  
Distribution of two values (3) 

8 7 

Total 32 30 
 

Developing Problem Solving Ability Test. This development followed the data analysis 
procedure of Hambleton, Swaminathan & Rogers (1991). Moreover, item analysis procedure for 
essay tests based on Classical Test Theory was used.  

Confirmatory Factor Analysis. Confirmatory factor analysis was used to establish the three 
factors structure of the problem solving ability test: logical puzzles, mathematical puzzles and 
classroom problems. In this study, the Kaiser-Meyer-Olkin measure of sampling adequacy was 
0.725 and Bartlett’s Test of Sphericity was significant (p< .001). 

Throughout the principal axis factor analysis, items with initial values of less than 0.2 and 
those without loadings were decided to be discarded. However, there were no items to be 
eliminated because they all had loadings with respective factor. Given these overall indicators, 
factor analysis was conducted with 15 items. After rotation, the first factor accounted for 8.18% 
of the variance, the second factor accounted for 5.39% of the variance and the third factor 
accounted for 3.54% of the variance.  
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Checking for Non-speediness of the Test. After the preliminary testing, the non-speediness of 
the test was investigated by the non-speeded (power) test method (Gulliksen, 1950). According 
to the results, the variance ratios of the three sub tests were close to zero. Therefore, it could be 
confirmed that all tasks of the sub tests in current study were non-speeded. 

Item Analysis of Field Test Data. In order to obtain the information which items are appropriate 
for student teachers, an item analysis procedure for essay test items was carried out with 
difficulty index (P-value) and discrimination index (D). 

 Index of difficulty (P) can range from 0% (for a very difficult item) to 100% (for a very 
easy one). Therefore, moderate level of P is 50% (Technical Bulletin of University of Lowa, n.d, 
cited in Faradillah, 2012). Since P values of all problem solving ability test items were around 
50%, exactly between 40% and 60%, they can be used confidently. Moreover, for classes larger 
than 30 students, 0.3 should be used as a desirable standard for index of discrimination (D) 
(Technical Bulletin of University of Lowa, n.d, cited in Faradillah, 2012). Since D values of the 
current test items were above 0.3, these items can be regarded as discriminating items. Therefore, 
based on the item analysis results, all items were selected to be reused in field testing. The 
reliability of the test was 0.78. Therefore, it has high reliability.  

 The format and content specification of the optimal reasoning skill test are as follows: 

Table 2 Content Specifications of Problem Solving Ability Test 

No. Names of Tasks Amount of Items Time Limit (minute) Marks 
1. Logical Puzzles 5 15 20 
2. Mathematical Puzzles 5 15 20 
3. Classroom Problems 5 10 20 

Total 15 40 60 
 

Data Analysis and Findings for Reasoning Skills. To explore the reasoning skills of student 
teachers, descriptive statistics, mean comparisons by gender and by university were executed. 

Descriptive Statistics for Student Teachers’ Reasoning Skills. Table 3 showed that student 
teachers’ analytical reasoning was the highest skill (𝑋�=4.97) and the lowest skill was abstract 
reasoning (𝑋�=3.58) among four skills. As described in literature review section, reasoning skills 
were categorized into two main kinds: inductive and deductive reasoning. At present, according 
to mean scores, it was found that their inductive reasoning was higher than deductive reasoning.  

Next, the sample mean score of the total reasoning skill (17.41) is above the theoretical 
mean score (16). Therefore, it can be concluded that they have healthier reasoning skills 
concerned with the problems they faced.  
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Table 3  Descriptive Statistics for Student Teachers’ Reasoning Skills 

Reasoning Skills Minimum Maximum Mean Std. Deviation 
Inductive Reasoning 1 16 8.87 2.96 

Analogical 0 8 4.75 1.73 
Numerical 0 8 4.12 1.89 

Deductive Reasoning 0 16 8.54 3.33 
Analytical 0 8 4.97 2.12 
Abstract 0 8 3.58 1.93 

Total Reasoning 3 30 17.41 5.25 
 

Comparisons of Student Teachers’ Reasoning Skills by Gender. According to independent 
samples t test results, there were no statistically significant differences in reasoning skills by 
gender except inductive reasoning. In inductive reasoning skill, male student teachers’ mean 
score was significantly higher than females (p< .001 level).  

Table 4  Independent Samples t Test Results of Reasoning Skill by Gender 

Reasoning Gender Mean Std. 
Deviation 

Mean 
Difference t df p 

Inductive 
Male 9.18 2.91 

0.568* 3.874 1624 0.000 
Female 8.61 2.97 

Deductive 
Male 8.40 3.30 

-0.269 -1.625 1624 0.104 
Female 8.67 3.34 

Total 
Male 17.58 5.10 

0.299 1.144 1624 0.253 
Female 17.28 5.38 

       Note. * The mean difference is significant at the 0.001 level. 

Comparison of Student Teachers’ Reasoning Skills by University. ANOVA result showed 
that there were significant differences in reasoning skills among universities (p< .001 level)          
(see Table 5). To obtain more detailed information, Post-Hoc test was executed by Games-
Howell method. 

Table 5   ANOVA Result of Reasoning Skills by University 

 Sum of 
Squares df Mean Square F p 

Between Groups 9210.933 2 4605.466 209.919 .000 
Within Groups 35607.341 1623 21.939   

Total 44818.273 1625    
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According to Table 6, it became apparent that the reasoning skills of the student teachers 
in university 1 were significantly higher than those of others (p< .001 level). Moreover, the 
reasoning skills of student teachers in university 3 were significantly lower than those of others 
(p< .001 level). To confirm these results, a qualitative study was performed and will be described 
in the next section.  

Table 6 Post-Hoc Test Result of Student Teachers’ Reasoning Skills Across University by 
Games-Howell Method 

(I) University (J) University Mean Difference (I-J) Std. Error p 

University 1 
University 2 2.238* .286 .000 
University 3 5.724* .276 .000 

University 3 
University 1 -5.724* .276 .000 
University 2 -3.486* .290 .000 

Note. * The mean difference is significant at the 0.001 level. 

Data Analysis and Findings for Problem Solving Ability. To explore the problem solving 
ability of student teachers, descriptive statistics, mean comparisons by gender and mean 
comparisons by university were executed. 

Descriptive Statistics for Student Teachers’ Problem Solving Ability. Table 7 showed that 
student teachers’ logical problem solving ability was the highest ability among three abilities 
(𝑋�=11.16). Besides, the sample mean score of the total problem solving ability (30.4) is above 
the theoretical mean score (30). Therefore, it can be concluded that they have better ability to 
solve several problems they faced.  

Table 7  Descriptive Statistics for Student Teachers’ Problem Solving Ability 

Problem Solving Ability Minimum Maximum Mean Std. Deviation 

Logical Problems 0 20 11.16 5.07 

Mathematical Problems 0 20 9.27 4.49 

Classroom Problems 0 18 9.97 3.92 

Total 3 51 30.4 9.68 

 

Comparisons of Student Teachers’ Problem Solving Ability by Gender. It was found that 
there were statistically significant differences in problem solving abilities by gender. 
Specifically, all the scores on logical mathematical and total problem solving abilities were 
significantly higher in favour of male student teachers. However, females’ classroom problem 
solving ability was higher than males’ (p< .001 level).  
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Table 8 Independent Samples t Test Results of Problem Solving Ability by Gender 

 Gender Mean Std. 
Deviation 

Mean 
Difference t df p 

Logical 
Male 9.95 4.96 

2.06** 8.32 1624 0.000 
Female 7.89 4.97 

Mathematical 
Male 7.65 4.31 

0.60* 2.68 1624 0.007 
Female 7.05 4.62 

Classroom 
Problem 

Male 7.39 4.02 
-0.93** -4.80 1624 0.000 

Female 8.32 3.78 
Total Problem 

Solving 
Ability 

Male 24.98 9.16 
1.72** 3.59 1624 0.000 

Female 23.26 10.05 
      Note. **p< 0.001,   *p< .01. 
 

Comparison of Student Teachers’ Problem Solving Ability by University. According to 
Table 9, ANOVA result showed that there were significant differences in reasoning skills among 
universities  (p< .001 level). To obtain more detailed information, Post-Hoc test was executed by 
Tukey HSD method. 

Table 9  ANOVA Result of Problem Solving Ability by University 

 Sum of 
Squares df Mean Square F p 

Between Groups 33259.147 2 16629.574 226.635 .000 

Within Groups 119089.300 1623 73.376   

Total 152348.448 1625    

According to Table 10, it became obvious that the problem solving ability of the student 
teachers in University 1 and University 2 were significantly higher than that of University                
3 (p< .001 level). Based on these results, qualitative study was performed and described in the 
next section.  

Table 10 Post-Hoc Test Result of Student Teachers’ Problem Solving Ability Across 
University by Tukey HSD Method 

(I) University (J) University Mean Difference 
(I-J) Std. Error p 

University 1 
University 2 -.397 .530 .734 
University 3 9.228* .517 .000 

University 2 
University 1 .397 .530 .734 
University 3 9.626* .516 .000 

Note. * The mean difference is significant at the 0.001 level. 
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Relationship Between Reasoning Skills and Problem Solving Ability. To inspect the 
relationship between reasoning skill and problem solving ability, correlation coefficients and 
regression analysis for predictor variables was explored. 

Correlation Analysis Between Reasoning Skills and Problem Solving Ability of Student 
Teachers. According to Table 11, the components of reasoning skill and the components of 
problem solving ability are positively correlated (p< .01 level). Each component of reasoning 
skill is moderately correlated with problem solving ability. Similarly, total reasoning skill is 
moderately correlated with total problem solving ability.  

Table 11  Inter-correlation among Components of Reasoning Skill and Problem Solving 
Ability 

Variables Logical Mathematical Classroom Problem Solving Ability 
Analogical .286** .216** .083** .283** 
Numerical .436** .367** .107** .442** 
Analytical .312** .369** .160** .399** 
Abstract .203** .319** .115** .301** 
Reasoning .452** .469** .173** .524** 

Note. ** Correlation is significant at 0.01 level. 
 

Regression Analysis for Reasoning Skills as Predictors of Problem Solving Ability. To 
measure the influence of reasoning skills on problem solving ability, regression analysis was 
continued. A four-step hierarchical multiple regression analysis was used to assess how much 
additional variance in problem solving ability can be explained by incrementally adding predictor 
variables to the equation. Before this analysis was performed, the independent variables were 
examined for collinearity. According to results, the collinearity tolerances of all independent 
variables are greater than 0.714, (1-R2). This indicated that the estimated 𝛽s are well established 
in the regression model. In step 1, problem solving ability was the dependent variable and 
analogical reasoning was independent variable. Then, numerical reasoning was additionally 
entered into step 2 equation. The process was repeated at step 3 with analytical reasoning and at 
step 4 with abstract reasoning. 

In Table 12, the results revealed that analogical reasoning was able to account for merely 
8 % of the variance in problem solving ability. However, combination of analogical and 
numerical reasoning was able to account for 21.5% of the variance in problem solving ability. 
Then, the combination of analogical, numerical and analytical reasoning was able to account for 
27.6% of the variance. Finally, the combination of four reasoning: analogical, numerical, 
analytical and abstract reasoning was able to account for 28.6% of the variance in problem 
solving ability. Therefore, the adjusted R-square increased from 0.08 to 0.286 with the addition 
of subsequent sets of variables. The multiple adjusted R-square (0.286) means that the total 
contribution by the combined set of reasoning skills accounted for approximately 28.6% of the 
variance of problem solving ability.  

At step 4, the 𝛽 results pointed out that analogical reasoning (𝛽 = 0.113, p< .001), 
numerical reasoning (𝛽 = 0.291, p< .001), analytical reasoning (𝛽 = 0.236, p< .001) and abstract 
reasoning (𝛽 = 0.112, p< .001) were positive and significant predictors of student teachers’ 
problem solving ability. Therefore, it can be concluded that these four reasoning skills can 
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enhance the problem solving ability of student teachers. By applying regression analysis, the 
resultant model of reasoning skill for problem solving ability can be defined as in the following 
equation in which PSA represents problem solving ability and X represents respective score of 
reasoning skills. 

PSA = 7.564 + 0.633 Xanalogical+ 1.489 Xnumerical + 1.074 Xanalytical + 0.563 Xabstract 
 

Table 12  Standardized Regression Coefficients from Hierarchical Multiple Regression 
Analysis of Reasoning Skills for Problem Solving Ability 

Predictors Step 1 Step 2 Step 3 Step 4 
1. Analogical .283** .152** .121** .113** (0.633) 
2. Numerical  .391** .310** .291** (1.489) 
3. Analytical   .266** .236** (1.074) 
4. Abstract    .112** (0.563) 

R2 .080 .216 .278 .288 
Adjusted R2 .080 .215 .276 .286 

F value 
F(1, 1624)= 

141.523 
(p< .001) 

F(2, 1623)= 
223.624 
(p< .001) 

F(3, 1622)= 
207.817 
(p< .001) 

F(4, 1621)= 
164.066 

     (p< .001) 
   Note. **p< .001. Numbers in parentheses of step 4 column are unstandardized beta coefficients (B). 

Then and there, in order to find out the best reasoning predictors for each problem solving 
ability, multiple linear regression analysis was conducted. The results and standardized beta 
coefficients are described in Table 13. The R2 values suggested that 23.5% of the variability in 
logical problem solving, 22.7% of the variability in mathematical problem solving and 13.3% of 
the variability in classroom problem solving can be explained by the four reasoning skills. 

Specifically, the results of the regression advocated that among the four reasoning skills, 
analogical, numerical and analytical reasoning skills can significantly predict logical problem 
solving ability. However, it was found that all reasoning skills are the best predictors for 
mathematical problem solving ability and only analytical reasoning skill is the best predictor for 
classroom problems. 

Table 13  Standardized Regression Coefficients for Four Reasoning Skills on Each Type of 
Problem Solving Ability 

Predictors 
Problem Solving Ability 

Logical Mathematical Classroom Problems 
1. Analogical .136** .016* .033 
2. Numerical .328** .223** .039 
3. Analytical .161** .221** .120** 
4. Abstract .025 .165** .055 

Adjusted R2 .235 .227 .133 

F value 
F(4, 1621)= 

126.082 
(p< .001) 

F(4, 1621)                      
= 120.565 
(p< .001) 

F(4, 1621)                           
= 13.619 
(p< .001) 

Note. *p< .01, **p< .001. 
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Intervention Based Analysis and Results 
Based on the quantitative data results, an intervention practice was conducted to improve 

student teachers’ reasoning skills and to confirm the predictive validity of the reasoning skill test 
based on the quantitative results.  

Participants: There were 30 participants from university 1 (highest reasoning) and University 3 
(lowest reasoning) respectively and totally 60 participants in this practice. The participants for 
this study are specifically described in Table 14 by stratum.  

Table 14 Number of Participants from Selected Universities of Education 

University Reasoning Groups 
Gender 

Total 
Male Female 

University 1 

High  5 5 10 
Moderate 5 5 10 

Low 5 5 10 
Total 15 15 30 

University 3 

High 5 5 10 
Moderate 5 5 10 

Low 5 5 10 
Total 15 15 30 

Total 30 30 60 

Research Method. As the research method, one group pretest-posttest experimental design was 
used.  

Intervention Protocol. For intervention, a protocol is based on a technique for improving 
reasoning skills called argument mapping by Tim van Gelder (2000). The basic idea of the 
technique is that the participants create diagrams showing the parts of their reasoning, and how 
these diagrams are logically related. Myanmar contexts which may be familiar with them were 
supplemented to the lessons to be convenient for all Myanmar student teachers. Each lesson was 
managed with two parts: first 30-minute section was for lecture and second 30-minute section 
was for practicum. This intervention protocol comprised of six lessons and six periods were 
taken to practice.  

Reasoning Skill Test for Posttest. To construct a posttest, 50% (16 items) of posttest items were 
taken from the pretest items as the common items and 50% of them were from the field testing 
results. Based on the item parameter estimates, a test information curve for reasoning skill 
posttest was drawn as in Figure 4. It is visually clear that the test is discriminating well among 
examinees with the range of ability level from   -1.8 to +0.9 in the test. The maximum amount of 
information was I (𝜃) = 4.9 at 𝜃 = -0.35. Moreover, its empirical reliability is 0.83. Therefore, it 
can be judged that this posttest is similar to the pretest (see Figure 4) and can provide information 
well for student teachers with normal reasoning ability. Hence, the format and content 
specifications of the posttest were also similar to the pretest. 

 

 



 
 

221 

 

               
Figure 4 Comparison of Test Information Curves for the Reasoning Skill Pretest and 

Posttest  

Problem Solving Ability Test for Posttest. In this study, problem solving ability pretest was an 
essay type and posttest was decided to be administered after 7 months of the pretest.  Therefore, 
the problem solving ability pretest was used again for posttest.  

Comparisons of Reasoning Skills Before and After Intervention. According to paired samples 
t test result, it can be perceived that their reasoning skills after intervention are significantly 
higher than before intervention (p< .001 level). Moreover, the same results were also found in 
both University 1 and University 3. Therefore, it can be concluded that Argument Mapping 
Technique intervention practice could well increase the student teachers’ reasoning skills. 
 

Table 15 Paired Samples t Test Results of Reasoning Skills before and After Intervention 

University Intervention Mean Std. 
Deviation 

Mean 
Difference t df p 

University 1 
Before 17.30 7.77 

-2.93* -8.04 29 0.000 
After 20.23 7.36 

University 3 
Before 15.30 7.64 

-2.63* -7.18 29 0.000 
After 17.93 7.22 

Total 
Before 16.30 7.71 

-2.78* -10.82 59 0.000 
After 19.08 7.32 

       Note. * The mean difference is significant at the 0.001 level. 
 

Comparisons of Problem Solving Ability Before and After Intervention. According to paired 
samples t test result, it can be perceived that their problem solving ability after intervention are 
significantly higher than before intervention (p< .001 level). Moreover, the same results were 
also found in both University 1 and University 3. This may be due to the any effect of 
intervention and reasoning skills improvement.  

 

 

Pretest Posttest 
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Table 16 Paired Samples t Test Results of Problem Solving Ability Before and After 
Intervention 

University Intervention Mean Std. 
Deviation 

Mean 
Difference t df p 

University 1 
Before 25.07 9.37 

-1.27 -2.63* 29 0.014 
After 26.33 9.63 

University 3 
Before 23.27 9.96 

-2.67 -7.48** 29 0.000 
After 25.93 9.93 

Total 
Before 24.17 9.63 

-1.97 -6.33** 59 0.000 
After 26.13 9.41 

      Note. ** The mean difference is significant at the 0.001 level. 
   * The mean difference is significant at the 0.05 level. 

Regression Analysis for Reasoning Skills as Predictor of Problem Solving Ability. The result 
revealed that the model significantly explained the problem solving ability, F(1, 58)=102.931,   
p< .001. The R value (0.562) showed the significant positive correlation between reasoning skill 
and problem solving ability. Moreover, the adjusted R2 (0.311) indicated that the reasoning skills 
contributed 31.1% variance to problem solving ability. Therefore, it can be reasonably seen that 
these results are closely fitting with the pretest results. Therefore, it can be concluded that 
Myanmar student teachers’ reasoning skills can enhance and predict their problem solving 
abilities.  

Table 17  Regression Analysis for Reasoning Skills as Predictor of Problem Solving Ability 

Predictor B 𝛽 t R R2 Adj R2 F 
Constant 6.514       

Reasoning Skills 1.028 0.562 10.156** 0.562 0.342 0.311 102.931** 
   Note. **p< .001. 

Conclusion, Discussion and Recommendation 
Confucius, a prominent Chinese philosopher, said that learning without thoughts is labor 

lost, thought without learning is perilous. This highlights the point that no one can learn without 
reasoning and thinking well. In this new millennium, the world is changing rapidly in science and 
technology and the changes have the greatest influence on economic, educational, environmental, 
cultural and social trends of the future. Consequently, these effects also fall on youths’ thoughts 
and actions. They need to think correctly and to do properly. Reasoning skills have become more 
important in the modern world because there is too much information, and too many choices that 
come into human’s minds. How can the new generation be educated to overcome the above 
mentioned challenges? Therefore, the tasks of teachers in the 21st century are not as straight 
forward as in the 20th century. They need to solve many problems and challenges reasonably 
inside and outside the classroom. 

According to this study, it is obvious that reasoning skills were necessary for student 
teachers in solving many problems. The student teachers were better in inductive reasoning rather 
than deductive reasoning such as analytical and abstract skills. As mentioned above, a deductive 
reasoning is aimed to test the theory whilst an inductive reasoning is concerned with the 
generation of new theory emerging from the data. It is impossible for a teacher to possess only 
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creation skill about new things. They should have to reason and critique a problem. This is also a 
caution for the teacher educators to train their trainees in order to gain both inductive and 
deductive reasoning. 

The foremost responsibility would be the universities. After the students have selected to 
attend the respective university, they will study about specific knowledge which is expected to 
use for working in the future. Normally the Universities of Education teaches them academic and 
teacher education knowledge because this is their main duty. In the meantime, the challenges of 
the modern era would like the graduated students to have some other skills to work such as 
reasoning skills and problem solving ability.  

Future professionals are no longer to satisfy with their own expertise only, however they 
need to constantly study, learn, review, analyze, and classify the thinking ability to fit the needs 
of society in the future world. For that reason, the Universities of Education should consider their 
teaching techniques on how to improve the students’ working skills. They should also consider 
whether the assessment methods reflect sufficiently an emphasis on reasoning skill and problem 
solving ability. Then only, the student teachers would have confidence to face many inside and 
outside the classroom problems when they become teachers. 

In order to fulfill the goal of teacher education programs and improve students' reasoning 
skill and problem solving ability, this study finally offers the following recommendations based 
on research findings and literature reviews: 

 The aims of learning and teaching may need to be revised to improve the skills which are 
necessary for working after graduation. 

 The curriculum contents and implementation of the courses need to foster students' in-
depth understanding of subject knowledge, analyses of theoretical background, and higher 
order cognitive competencies. This emphasis of teaching strategy and curriculum 
materials can enhance teacher educators' and student teachers' recognition concerning 
"Thinking is learning". 

 Teaching methods need to be revised to increase the reasoning skills, and problem solving 
ability. 

 The culture of teaching and learning in the classroom should provide more opportunities 
for student teachers to discuss and give the reason to their teachers. 

 Teacher educators should discuss and guide occasionally their trainees about how to solve 
classroom problems and how to reason methodically a problem. 

 Assessment methods need to be examined to determine whether there is sufficient 
emphasis on reasoning and problem solving. 

 Student teachers should be sporadically provided with the skills test, such as, reasoning 
skills test, problem solving ability test and so on, so that they know their levels of these 
skills since the beginning of their university life and it will help them to improve their 
working skills by practice. 

 To improve the student teachers’ reasoning skills, the teacher educators should use any 
practice like argument mapping technique performed in this study. 

 A series of campus symposia for public discussions on academic issues and social events 
might assist students to visualize the functions of reasoning skills and create beneficial 
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campus environment facilitating reasoning skills development. Additionally, these 
symposia can also evoke the interactive atmosphere between teachers and students for 
insightful and multifarious thinking. 

 The internet technology must benefit and facilitate knowledge production and 
distribution; universities are certainly the center to the development of reasoning skills. 
The internet, therefore, can be utilized in universities for students to reach the social 
issues and understand multifarious viewpoints. 

To sum up, since education is to prepare citizens with reasoning skills and to create more 
rational society or culture, it is hoped that the contributions of this study can not only provide 
insight to know about reasoning skill and problem solving ability but also be a support for 
upgrading teacher education in Myanmar. 
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THE INCIDENCE OF NON-TARIFF MEASURES ON MARKET                
ACCESS FOR MYANMAR FISHERY EXPORTS 

 
Zin Zin Naing* 

Abstract 
This study assesses the incidence of non-tariff measures, which are standards on fish safety and 
quality that is originally regulated by trading partner countries and to be complied by exporting 
countries. The study identifies types of non-tariff measures in fishery products exports, and 
examines the effects of most frequently applied non-tariff measures on fishery exports and prices 
received by exporter of fishery products.  The methods used for the research include descriptive 
and quantitative on secondary and primary data. The study is carried out using panel data 
estimation technique in an augmented gravity model. Random effects model with generalized least 
squares (GLS) regression fits in this study.  The empirical study found that Sanitary and phyto-
sanitary (SPS) measures are most regulated measures by all importing countries. Myanmar fishery 
exports are determined by the GDP of importing countries in a sense that economically larger 
trading partner countries tend to demand more for Myanmar fishery products. It is also found that 
the more the countries are located farther, the larger will be imported from partner countries. Total 
fish export value is not affected by any NTM including SPS measure, while EU-approval of SPS 
is important factor to determine the fish export to the world market. In addition, colonial ties 
between Myanmar and trading partners are also important in fish trade. At firm level behaviour, 
adjacency is quite important. Prices of fish are determined by EU-approval and the number of SPS 
measures to be complied with by fish exporters. The sector needs to upgrade and diversify its fish 
exports primarily by meeting international food safety and sanitary standards. 
Keywords: Non-Tariff Measures, Market Access, Sanitary and phyto-sanitary (SPS) measures 

 

Introduction 
Within the frame of economic integration, common challenges to countries when traded 

is to comply with trade-regulations of the importing countries as sometimes it could reduce the 
competitiveness of their exports in the international market. Those trade-related regulations are 
recognized as non-tariff measures and sometimes interchangeably described as non-tariff 
barriers. The non-tariff measures (NTMs) are non -price instruments of trade policy measures 
that are used to regulate the flow of trade in trading countries. They are of particular concern to 
exporters and importers in developing countries. As tariffs tend to disrupt supply chains, 
especially when they are levied on raw materials and intermediate inputs, non-tariff measures can 
become as non-tariff barriers (NTBs) to trade once they are a major impediment to international 
trade and prevent market access. Kareem (2012) proved that tariffs are a measure of market 
access conditions, and it can be translated that an increase in the rate of preferential tariffs will 
lead to a rise in the level of importation of its trading partner country. Oppositely, if a government 
decided to raise revenue and/ or protect its economy through imposition of higher tariffs on 
imported products, it would lead to a reduction in imports. The non-tariff measures, NTMS, are 
another measure of market access condition. This means that whenever there is an increase in the 
incidence of NTMs in economies of trading partners, there will be reduction in imports from 
those trading partners due to the fact that most of these imported products may not be able to pass 
the test of these incidences of NTMs. Therefore, it is to be better able to understand the needs for 
export development and diversification to tap the potential of the fishery sector.  Since fishery 
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exports are subject to the quality management throughout the catching place to the mouth of 
consumers, it first involves the awareness and recognition in the investment in sanitary and 
phyto-sanitary (SPS) requirements, then application of good practices which is to be done by the 
application of suitable regulations called non-tariff measures. In this regard, well-defined 
structure of institutions plays important role to ensure the legal mandate for the export promotion 
of a certain export item, that is fishery exports in this study. It should therefore be examined 
carefully whether the compliance of standards on fish safety and quality that is originally 
regulated as non-tariff measures of trading partner countries turns to become the non-tariff trade 
barriers that have adverse effect on the international trade sector of Myanmar.      

 

Objectives of the Study 
The objective of the study is to identify types of non-tariff measures in fishery products 

exports, and to analyse the effect of most frequently applied non-tariff measure on fishery in 
terms of total fish exports of Myanmar and prices received by exporters of fishery products.   

 

Method of the Study 
The methods used for the research include descriptive and quantitative on secondary and 

primary data. The descriptive part include the discussions on trade policy measure, especially 
regarded as non-tariff measures regulated domestically and in trading partner countries.  Non-
tariff measures in different trading countries are essentially obtained from the secondary sources 
such as the departmental records of Department of Fishery, Ministry of Agriculture Livestock 
and Irrigation, Customs Department, Ministry of Planning and Finance, and the database of WTO 
information system and World Integrated Trade Solution (WITS).  For the primary source of 
information, interviews with key informant persons and questionnaire surveys are carried out in 
control samples.  The research is focused more on case qualitative analyses, although some 
quantitative analysis is conducted to back up qualitative findings.  The objective is to turn the 
abstract model, i.e., gravity model, into a practical tool for the fish export sector of Myanmar. 

 

Non-tariff Measures in Myanmar 
Many regulations related to NTMs in Myanmar are ratifications to the international 

conventions.  A lenient regulatory environment with less bureaucracy and less cost of compliance 
is the desirable path in the political arena for Myanmar and for the world. However, consumers 
everywhere are increasingly demanding food safety; they consider it as the role of governments to 
ensure that food supply chains are safe. In a world of open trade, so many countries have resorted 
to heavy regulation of foodstuffs and agricultural products. These types of measures on such 
products ensure that food security and food safety are ensured. Like in many countries, TBT and 
SPS measures play a significant role in the incidence of NTMs in Myanmar. 
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Source: Compiled from the available NTM data of Myanmar from UNCTAD I-TIP 

Figure 1 Incidence of NTM by Product Group 

The pattern prevails the relatively moderate use of NTMs, as no sector has more than a 
third of its tariff lines covered by measures according to the data.  There are multiple NTMs on 
several products. Most of the product groups have total NTMs exceeding their total number of 
tariff lines. This indicates that some of the products within that group are subject to more than 
one NTM, compared or relative to the number of tariff lines in each product. As Ando and 
Obashi observed in 2010, Myanmar was found to cover all product lines with one or other types 
of NTMs. Compared to the previous study on Myanmar’s NTMs (Ando and Obashi, 2010), it is 
observed from this study that finance control measures, such as multiple exchange rates and 
quantity control measures like quotas linked with export performance and quotas for sensitive 
product categories no longer exist in Myanmar’s NTMs. Instead, technical measures such as 
marking, labelling, and packaging requirements have become important in Myanmar’s NTM 
composition.  An examination done by Cadot and Ing (2015) on the frequency of NTMs by type 
in Myanmar suggests that TBT measures is the most frequent measures, followed by SPS and 
safeguard measures, according to the data in 2014. 

 

Empirical Study using Gravity model for Fish Export of Myanmar 
This section attempts to find out the major determining factors of Myanmar fishery trade 

using panel data estimation technique in a generalized gravity model. In fact, the gravity model is 
a tool of the applied international trade literature, for example, of Anderson and Van Wincoop 
(2003), Chaney (2008) and Helpman et al. (2008).  

Regarding NTMs, there is a multiplicity of efforts to gather information according to 
needs. Broadly, there are two families of databases: Private-sector surveys and official data.  
Private-sector surveys provide subjective measurement of the effect of NTMs on market access 
and the cost of doing business as perceived by exporters or importers. Their value is that they 
reflect what is happening on the ground, including not just the regulations on the books, but 



 
 

231 

how they are administered. However, surveys should be interpreted carefully. They do not 
always have rigorous sampling frames and thus may not be representative. This can be a 
problem when some segments of the private sector—say, large firms or particular industries—
have strategic reasons to portray regulations either favorably or unfavorably. Respondents can 
also be imperfectly informed; for instance, producers are sometimes told by intermediaries 
that their products fail to comply with some new regulation just to convince them to accept 
lower prices. In estimation, the gravity model takes the log-form as follows.   

                      ln Xij,t= ß0+ ß 1ln (Yi)+ ß2ln(Yj) + ß 3 ln(tij) + eij,  

Apart from the GDPs of countries, proxies for trade costs(tij) can be Distance between capital of 
home and trading each partner, Adjacency and Colonial links between the home country and 
trading partner countries.  Empirical equation for the gravity model in the study is as follows. 

ln Xfobij,t=  ß0+ ß 1ln (gdpimporteri,t)+ ß2ln (gdphomej,t) + ß3ln (producej,t) 

+  ß4ln(distanceij)+ ß5contigij+ß5comcolij + eij,t 

Variables Description of Variables 
lnXfobij,t The logrithm of nominal bilateral fishery export flows from exporter 

(home country) i to importer j at time t, where the value of fishery 
export is in US$ at f.o.b price. 

ß0 A constant term, whose structural interpretation is as world output 
ln (gdpimporteri,t) The logarithm of GDP of importing country at time t 
ln (gdphomej,t) The logarithm of total production of exporting country (Myanmar) at 

time t 
ln (producej,t) The logarithm of GDP of exporting country (Myanmar) at time t 
ln(distanceij) The logarithm of bilateral distance between trading partners iand j 
contigij An indicator variable capturing the presence of contiguous borders 

between trading partners i and j , yes=1 
comcolij An indicator for the presence of colonial ties between countries i and        

j , yes = 1 
 

Source of Data  

 

 

 

 

 

 

 

 

 

 

Variables Source of data  Measure 
Xfobij,t Customs Department and Central 

Statistical Organization 
US dollar 

producej,t Department of Fishery, MoALI US dollar 
gdpimporteri,t  

 
 WITS of World Trade Organization 
 

US dollar 
gdphomej,t US dollar 
distanceij Miles between capital cities 
contigij If  yes = 1, otherwise, 0. 
comcolij If  yes = 1, otherwise, 0. 
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Hypothesis and Expectations of Variables 

Dependent 
Variable lnXfobij,t 

Expected sign of coefficient 

ß0 Positive 
ln (gdpimporteri,t) Both positive and negative can be expected. 

Positive if the GDP in the importing country increases, imports 
increase as well, showing the tendency of trade with larger 
economies. 
Negative if the country is at the self-sufficiency. More GDP supports 
more for domestic production, leading to a decrease in imports. 

ln (gdphomej,t) 

ln (producej,t) Positive, assuming that consumption of types of the fishery products 
exported remains unchanged. 

ln(distanceij) Negative sign  
contigij Positive  
comcolij Both positive and negative can be expected. 

Positive if being a colony of same country, or common colony, 
influences on bilateral trade relations. 
Negative if the situation of common colony is no longer affective. 

 

Descriptive Statistics  

Variable No. of 
Observations Mean Minimum maximum 

Xfob 324 7094950 0 2.20e+08 
distcap 324 7361.46 288 16807.73 
gdpimporter 324 1.25e+12 9.77e+9 1.86e+13 
gdphome 324 6.14e+10 5,97e+10 6.54e+10 

 

Methodology 
Techniques used to analyse panel data are fixed effects and random effects.  Before 

estimating fixed effects and random effect model, the estimation starts with Ordinary Least 
Square method.The panel data of 54 importing countries for years between 2011/2012 and 
2016/2017 are used. When observations are repeated per individual, there can be a problem that 
the observations are not independent, but, on the other hand, there can be an advantage that the 
repetition gets better parameter estimates. When the observations are pooled and used OLS, the 
estimates can be biased. The study employs a fixed and random effects model to verify the 
estimation of gravity equation. 
 

 

 

 

 

 

 



 
 

233 

Fixed Effects model estimation with OLS method 

Variable Coef. Std.Err t P>|t| [95% Conf. Interval] 
ln(gdpimporter) -0.1108672    0.2172819     -0.51    0.610     -0.5394475     0.3177131 

ln(gdphome) -6.293543    11.87264     -0.53    0.597     -29.71188     17.12479 
lndistcap -1.372238    .3162739     -4.34    0.000     -1.996076    -.7483994 

contig -1.399784    .6500755     -2.15    0.033     -2.682034    -.1175353 
comcol 2.463912    .6340124      3.89    0.000      1.213347     3.714477 

      _cons 183.6232    294.6676      0.62    0.534     -397.5975     764.8439 
Number of 

obsProb> F 
R-squared 

Adj R-squared                          

252 
18.14 
0.8507 
0.8038 

     

 

All OLS estimates other than lndistcapandcomcolare not statistically significant, Then, 
for the better estimation, fixed effect model is repeated using generalized least squares (GLS) 
regression. 

Fixed-effects (within) regression                                        

Variable Coef. Std.Err t P>|t| [95% Conf. Interval] 
Ln(gdpimporter) -0.1108672 0.2172819 -0.51 0.610 -0.5395 0.3177 

    Ln(gdphome) -6.293543    11.87264     -0.53    0.597     -29.712    17.1248 

lndistcap           0  
(omitted) 

     

contig          0  
(omitted) 

     

comcol          0  
(omitted) 

     

      _cons 173.0553    294.6628 0.59    0.558     -408.16 754.2664 
sigma_u 2.1504534      
sigma_e 0.95495553      

rho 0.83528255   (fraction of variance due to u_i)  
Number of obs 

Number of groups  
F(7,191) 
Prob> F                       

R-sq:  within  
Between 

overall          

252 
54 
1.27 
0.2697 
0.0443   
0.0482 
0.0265 

 

Source: Estimation result. 

Heteroscedeasticity test confirms as follows: - 

F test that all 0=iµ ;     F(53, 191) =    17.06             Prob> F = 0.0000 

 Then, the variation across trading partners is assumed to be random and uncorrelated with 
dependent variable (Xfob) or independent variables (gdpimporter, gdphome, distance) included in 
the model. 
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Random-effects Model Estimation using a panel data 

Random-effects GLS regression                          Number of obs   =  252 
 R-sq:  within   = 0.0265                                          

 between  = 0.4099                                                                      
 overall  = 0.2916                                                                      
 Prob> chi2       = 0.0000 
   (Std. Err. adjusted for 54 clusters in pairid)  

lXfob Coef Robust 
Std. Err z P>|z| [95% Conf. Interval] 

lgdpimporter 0.3803646 0.1392842 2.73 0.006 0.1073726 0.6533566 
lgdphome -6.481532 1.669257 -3.88 0.000 -9.753217 -3.209848 

ldistcap -0.9900287 0.366634 -2.70 0.007 -1.708618 -0.2714393 
contig -0.2040099 1.1355 -0.18 0.857 -2.429549 2.021529 

comcol 0.8106135 0.6511278 1.24 0.213 -0.4655735 2.086801 
           _cons 173.0073 43.11273 4.01 0.000 88.50795 257.5067 

sigma_u 1.4066414      
sigma_e 0.95495553      

rho 0.68451312   (fraction of variance due to u_i) 
Source: Estimation result. 
 

Testing for random effects: Breusch-Pagan Lagrange multiplier (LM) 

Breusch and Pagan Lagrangian multiplier test for random effects is resulted as follows. 

 Variable sd = sqrt(Var) 
lnXfob 4.647893 2.155897 

e 0.9119401 0.9549555 
u 1.97864 1.406641 

        Test:   Var(u) = 0 
2

)01(
χ     =   259.24 

Prob> 2χ =   0.0000 
 

Here, the null hypothesis that variances across countries equals zero is rejected. That is 
evidence of significance differences across countries (i.e panel effects exist.). The random effects 
model is appropriate and random effects estimation is suggested.  Since serial correlation tests 
are supposed to apply to macro panels with long time series over 20-30 years, it is not a problem 
in this micro panels with 6 years. 
 

Augmented Gravity Model estimation with NTM variable 

 The OLS estimation confirms the gravity model with panel effects, i.e, random effects 
and fixed effects, and, particularly random effects existed. Then, the estimation process is 
proceed with different estimating methods applied in the gravity model.  Total NTM counts and 
SPS counts of each importing countries are also included in the random effects estimation and 
check the significance of NTM variables on fishery exports. Total fish production is also 
included in the estimation. 
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Table 1 Results of Random Effects and Fixed Effects

lXfob Random effects Fixed effects

ln(gdpimporter) 0.226 0.183
(0.000) (0.008)

ln(gdphome) -19.176 -19.781
(0.000) (0.414)

lndiscap -0.606 -0.459
(0.021) (0.266)

lnSPS 0.281 0.387
(0.053) -0.266

lnNTM 0.438 omitted
(0.027)

lproduce -1.590 -1.59086
(0.010) (0.111)

comcol 1.827 2.298
(0.000) (0.023)

contig -0.2092021 -0.232
(0.613) (0.693)

Number of obs      256 256
R-sq:  within  0.1106 0.1137

          between 0.3896 0.2884
           overall 0.266 0.2187
Wald chi2(13)         1610.48

Prob> chi2 0.000
F (12,214) 2.29

Prob>F 0.0093

GLS regression

 
                    Source: Estimation Results. 

 In random effects estimation using GLS regression, standard errors are adjusted for              
30 clusters in the group variable.  Random effects estimators give better results. Then Breusch 
and Pagan Lagrangian multiplier test for random effects against fixed effects is carried out. Test 
approves that Random effect model is significant. Total NTM counts and SPS counts are not 
significant to determine the fish export at the country level. Firms with EU-approved certificates 
are also used as a proxy for the SPS compliance of exporting fishery firms. 

For Omitted Variable, Ramsey RESET test for random effects estimates is carried out. 
The estimation by random effects models passed the misspecification test. Random effects 
estimators can then explain the incidence of non-tariff measures on fishery exports. Again, firm 
level estimation using the data collected from fishery processing and exporting firms is 
proceeded to verify the result. 
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Table.2   Random Effects and Fixed Effects  at firm level
lfirmX Random effects Fixed effects

lgdpimporter 0.242 1.137
(0.077) (0.495)

lgdphome 7.780 8.490
(0.088) (0.195)

ldiscap 0.245 Omitted
(0.496)

lSPS 0.015 Omitted
(0.960)

EU-approved -1.519 Omitted
(0.001)

comcol 0.077 Omitted
(0.874)

contig -1.343 Omitted
(0.027)

Number of obs      101 101
R-sq:  within  0.167 0.175
          between 0.216 0.017
           overall 0.233 0.2187
Wald chi2(8)         30.72
Prob> chi2 0.000
F (3,38) 2.29
Prob>F 0.061

GLS regression

 
 Source: Estimation Results. 

The panel data of firms exporting to 21 countries for year 2014-2015 and 2015-2016 are 
studied using a fixed and random effects model to verify the estimation of gravity equation.  The 
estimation at firm level applies the firm specific variables such as the dummy variable for firms 
which hold EU-approval and the variable for the number of SPS measures regulated on the firms’ 
fishery products by respected importing countries.  

Signs of estimates of the random effects models are as expected. The coefficient of the 
GDP of importing countries, the distance between two countries, colonial ties and the count of 
SPS are not significant to determine the export value of fishery products, while contingency with 
trading partner seems to be significant at any significant level larger than conventional levels. 
Interestingly, dummy variable for EU approval is significant and it has negative effects on the 
export value of firms.  

The model specification is confirmed between random effects and fixed effects by 
Hausman test as follows. 

    Test:  Ho:  difference in coefficients not systematic 
 chi2(3) = (b-B)'[(V_b-V_B)^(-1)](b-B) 
      =   2.56 
                 Prob>chi2 =      0.4645 
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 If this is < 0.05 (i.e. significant at 5 % level) use fixed effects.  Since this is not < 0.05, 
fixed effects cannot be used and random effects model is confirmed. 

Table 3 Estimation ofNTM on Price of Fishery Export 

lP OLS estimates 
lX -0.050 
  (0.010) 

lSPS 0.180 
  (0.003) 

lEu-dummy -0.478 
  (0.000) 

contig -0.216 
  (0.507) 

comcol 0.056 
  (0.303) 

No. of observations 1352 
R-squared 0.767 

Source: Estimation result 

 The effect of NTM can be estimated with the responsiveness of a variable under 
consideration with respect to the incidence of particular NTM. OLS estimators of the log-log 
function gives such responsiveness. In OLS estimation, X denotes the fish export, which has the 
negative sign, expressing the fact that the more can be exported, the less will be the prices 
received by the exporters of fishery products. Coefficient of the log of value of fish export 
represent "the responsiveness of fishery products' price" with respect to the world demand for 
Myanmar fishery products . Negative coefficient means that, with same volume of export, 
percentage change in prices of fishery products will move in the opposite direction with the 
percentage change in the export level. The variables SPS and EU-dummy are significant at any 
level, saying that number of SPS measures on fishery products regulated by importing countries 
and being an EU-approved firm is significant in pricing of fishery exports. 
 

Interpretation of results 
It is to draw from this study that random effects model with Generalize Least Squares 

method is suggested in forcasting the export of fishery products. As variables are expressed in 
natural logarithms, coefficients obtained from linear estimation can be read directly as 
elasticities.  Size of importing countries measured by GDP is statistically significant at any level 
to determine the export value of fish firms, and positively affected.  Size of Myanmar economy is 
also statistically significant at any level, with negative sign, showing Myanmar economy is 
relatively small in fish trade.Negative value of elasticity in the variable distance shows the 
inverse relationship between the distance and export values, describing more fish trade with 
farther countries, with a significant level larger than 20%.  The dummy variable for contingency 
supports this finding.  Total number of NTM is not statistically siginificant at all while the 
number of SPS on fishery products are also not significant at any conventional level of 
significant.  For the fishery export sector as a whole or at the country level, colonial ties with 
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trading partner for fishery products is statistically significant, while contingency or adjacency 
with trading partner countries is not statistically significant at all. Given the existence of SPS 
requirement and particularly the compliance with EU-standards of sanitary and phyto-saintary 
requirements. The estimation for the country as a whole implies Myanmar would do better if the 
trading countries which have ever been sharing the same historic ties such asIndia, Malaysia, and 
EU countries as well as Japan.  At firm level, however, colonial ties is not statistically significant, 
but nearness with trading partners is quite significant at the significant level greater than any 
conventional level, i.e. greater than 20%. Myanmar fishery products trading companies would do 
more with neighbours of the countries such as China and Thailand. In addition, firm level 
estimation suggests the statistical significance of holding EU-approval by fishery cold-storage 
and exporting firms, apart from the insignificance of other varaibles. Again, the importance of 
EU-approval and the number of SPS on fishery firms are supported by the estimation results of 
pricing in which log of SPS and EU-dummy variable is statistically significant. 
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Managemen
t Studies  

Dr Moe Moe Khaing 
Associate Professor 
Monywa University of 
Econnomics 

41 11 On Some Socio-Economic and Demographic 
Aspects of Maternal Health Care Utilization in 
Myanmar 

Statistics Dr Aye Thida  
Associate Professor 
Yangon University of 
Economics 

42 12 Student Perception on Performance of Monywa 
University of Economics (Graduate Tracer Study) 

Statistics Dr Win Kyaw Kyaw Moe 
Lecturer 
Monywa University of 
Economics 

43 1 An Analytical Study of Social Intelligence and Job 
Performance of Teacher Educators  

Educational 
Psychology 

Dr Su Myat Aye 
Assistant Lecturer 
Yangon University of 
Education 

44 2 An Assessment of Reasoning Skills Enhancing 
Problem Solving Ability Among Student Teachers 
from Universities of Education in Myanmar* 

Educational 
Psychology 

Dr Yar Zar Chit 
Assistant Lecturer 
Sagaing University of 
Education 

45 1 An Analytical Study of Principals' Knowledge 
Management Practices for Reengineering Primary 
Teachers' Teaching Performances  

Education 
Theory 

Dr Nu Nu Htwe 
Assistant Lecturer 
Yangon University of 
Education 

46 2 An Analytical Study of Factors Affecting Primary 
School Teachers' Knowledge and Practices for 
Promoting Students' Creative Thinking Skills  

Education 
Theory 

Dr Thwe Thwe Aung 
Assistant Lecturer 
Yangon University of 
Education 

 

*qk&okawoevkyfief;tpD&ifcHpmjzpfygonf/ 
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jrefrmEdkifiH 0dZÆmESifhodyÜHynm&SiftzGJUqk 

 (c) *kPfjyKvTmrSwfwrf; (0dZÆmynm&yf) 

  *kPfjyKvTmrSwfwrf; (odyÜHynm&yf) 

  *kPfjyKvTmrSwfwrf; (vlrIa&;ynm&yf) 
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aemufqufwGJ3(c) 
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aemufqufwGJ3(c) 
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aemufqufwGJ3(c) 
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]jrefrmEdkifiH 0dZÆmESifhodyÜHynm&SiftzGJUqk}  &&Sdol  

yk*¾dKvfrsm;\udk,fa&;tusOf; 

 

 

 

a'gufwm jrjzLrdk;\ udk,fa&;rSwfwrf; 

 

 

 

 

 

 

a'gufwm jrjzLrdk;udk 1979 ckeSpf? atmufwdkbmv(5) &ufaeYwGif arG;zGm;cJhygonf/ 

a'gufwmjrjzLrdk;onf 2002ckeSpfwGif &efukefta0;oifwuúodkvfrS 0dZÆmbGJY(ordkif;)? 2006 ckESpf 

wGif &efukefta&SUydkif;wuúodkvfrS r[m0dZÆmbGJU(ordkif;)udk&&SdcJhjyD;? 2018ckESpfwGif &efukef 

wuúodkvfrS yg&*lbGJU(PhD. History)udk qGwfcl;&&SdcJhygonf/  

 a'gufwmjrjzLrdk;onf ykodrfwuúodkvf ( ordkif; )XmewGif 2009ckESpfü enf;jytjzpf pwif 

wm0efxrf;aqmifcJhjyD;? 2011ckESpfrS ,aeYtxd &efukefedkifiHjcm;bmomwuúodkvf  (ordkif;) Xme 

wGif vufaxmufuxdutjzpf wm0efxrf;aqmifvsuf&Sdygonf/ 

,ck  EdkifiHjcm;bmomwuúodkvfwGif   jrefrmhordkif;?   jrefrmh,Ofaus;rIqdkif&mordkif;eSihf 

acwfjydKif Oa&my ordkif;wdkYudk oifMum;jyoaeol wpfOD;jzpfygonf/ a'gufwmjrjzLrdk;onf jrefrmh 

vlrIa&;ordkif; ESihfywfoufí txl;pdwfyg0ifpm;pGm avhvmolwpfOD;jzpfygonf/    

 a'gufwmjrjzLrdk;onf 2014ckeSpf? &efukefEdkifiHjcm;bmomwuúodkvf \ okawoe *sme,f 

wGif “A Study of the Use of Royal Crafts in the Reign of Bagan, Innwa-Hanthawaddy and 

Taungoo Period”eSihf 2017 ckeSpf &efukefEdkifiHjcm;bmomwuúodkvf\ okawoe*sme,fwGif 

“Historical Perspective on Maha Dhammayanthi Eindawyar Zedi” [lí okawoepmwrf; 

(2)apmif a&;om;cJhygonf/ 

  

aemufqufwGJ (*-1) 
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a'gufwm cifwdk;wdk;vGif\ udk,fa&;tusOf; 

 

 

 

 

 

 

 

a'gufwm cifwdk;wdk;vGiffonf tzOD;cifaxGG;? trda':jrpdef wdkUrS 1970ckeSpf {jyDv(1)&uf 

aeYwGif? armfvjrdKifjrdKUwGif arG;zGm;ygonf/ Arm^u&if wdkif;&if;olwpfOD; jzpfjyD; Ak'©bmomudk 

udk;uÜ,fygonf/ trsdK;om;rSwfyHkwiftrSwfrSm 10^rvr(Edkif) 016336 jzpfygonf/ 1975 ckESpf 

rS 1983ckeSpftxd t.v.u(7) armfvjrdKifjrdKUü vnf;aumif;? 1984 ckESpfrS 1985 ckESpftxd 

t.x.u(3) armfvjrdKifjrdKU üvnf;aumif; ynmoifMum;cJhygonf/ yx0D0if bmom&yfjzifh 0dZÆm 

*kPfxl;bGJYudk 1994ckESpfwGif vnf;aumif;? r[m0dZÆmbGJYudk 1997 ckESpf wGifvnf;aumif;? 

armfvjrdKifwuúodkvfrS &½SdcJhygonf/ yg&*lbGJYudk yx0D0ifbmom&yfjzifh 2018 ckESpfwGif 

&efukefwuúodkvffrS &½SdcJhygonf/ 

armfvjrdKifwuúodkvf yx0D0ifXmewGif enf;jy &mxl;jzifh 1995 ckESpff rS 2003 ckESpff 

txdvnf;aumif;? vufaxmufuxdu&mxl;jzifh 2003 ckESpff rS 2010 ckESpff txdvnf;aumif;? 

uxdu &mxl;jzifh 2010ckESpff rS 2013 ckESpff txdvnf;aumif; wm0efxrf;aqmifcJYygonf/              

2013 ckESpff rS 2014 ckESpftxd uxdu&mxl;jzifh &efukefwuúodkvffüvnf;aumif;? 2014 ckESpff rS 

2017 ckESpftxd armfvjrdKifwuúodkvfü vnf;aumif;? 2017 ckESpff rS 2018 ckESpftxd 

jrdwfwuúodkvfü vnf;aumif; wm0efxrf;aqmifcJhygonf/ 2018 ckSESpff 'DZifbmvrSpí,aeYtxd 

bm;tHwuúodkvf? yx0D0ifXmewGif? uxdu&mxl;jzifh wm0efxrf;aqmifvQuf½Sdygonf/ 

 

 

aemufqufwGJ (*-2) 
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a'gufwm pdkif;armifarmifjrifh\ udk,fa&;tusOf; 

 

 

 

 

 

 
 

 a'gufwm pdkif;armifarmifjrifhudk 1982 ckESpfwGif rGefjynfe,f? aygifNrdKUü arG;zGm;cJhygonf/ 

rdbrsm;rSm OD;pdk;jrifh ESifh a':MunfMunf wdkYjzpfNyD; arG;csif; nDtpfudk 5 a,muf teuf 

'kwd,ajrmufom; jzpfygonf/ 

 1999 ckESpfwGif tajccHynm txufwef;tqifhudk txu-rkwårrS atmifjrifcJhygonf/ 

2000 jynfhESpfwGif ppfwuúodkvf trSwfpOf(45) Adkvfavmif;oifwef;odkY wufa&mufcJhNyD;              

2003 ckESpfwGif 0dZÆmbGJY(jrefrmpm)udk &&SdcJhygonf/ 2009 ckESpfwGif r[m0dZÆmbGJY(jrefrmpm)udk 

&efukefwuúodkvfrS txl;atmifjzifh atmifjrifcJhNyD; q&m aZmf*sDqk (jrefrmpmxl;cRefqk)udk 

&&SdcJhygonf/ 2012 ckESpfwGif r[mokawoebGJY (jrefrmpm)udkvnf;aumif;? 2018 ckESpfwGif 

yg&*lbGJY(jrefrmpm)udkvnf;aumif; rEÅav;wuúodkvfrS &&SdcJhygonf/ 

 2009 ckESpfwGif ppfwuúodkvf? jrefrmpmXmeü vufaxmufuxdu(AdkvfBuD;) tjzpf pwif 

wm0efxrf;aqmifcJhNyD; 2014 ckESpfwGif vufaxmufuxdu(AdkvfrSL;) tqifhodkY wdk;jr§ifhjcif; 

cHcJh&ygonf/ ,cktcg ppfwuúodkvf? jrefrmpmXmewGif vufaxmufuxdu(AdkvfrSL;)tjzpf 

wm0efxrf;aqmifvsuf &Sdygonf/ a'gufwm pdkif;armifarmifjrifh\ 0goemESifh pdwf0ifpm;rIrsm;rSm 

pmayzwf&Ijcif;? a&;om;jcif;? okwokawoejyKvkyfjcif;ESifh pmayoifMum;a&;wdkY jzpfygonf/ 

  

aemufqufwGJ (*-3) 
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a'gufwm csdKvGifvGifcdkif\ udk,fa&;tusOf; 

 

 

 

 

 

 

 

a'gufwm csdKvGifvGifcdkifudk rGefjynfe,f ? armfvjrdKifNrdKYwGif txufwef; a&Shae OD;pdk;vGif 

eSifh a':vif;vif;jrwfwdkYrS 1988 ckeSpf ? 'DZifbmv (25) &ufaehwGif arG;zGm;cJhygonf/ 

 a'gufwm csdKvGifvGifcdkifonf 2005 ckeSpfwGif armfvjrdKifNrdKY? trSwf(6)  tajccHynm 

txufwef;ausmif;rS wuúodkvf0ifwef; pmar;yGJudk "mwkaA'? ½lyaA' *kPfxl; (2)bmomjzifh 

atmifjrifcJhygonf/ 2010 ckeSpfwGif armfvjrdKifwuúodkvfrS odyÜH*kPfxl;bGJY(B.Sc, Honours: 

Biochemistry) udk &&SdcJhjyD;? 2012 ckESpfwGif &efukefwuúodkvfrS  r[modyÜHbGJU (M.Sc, 

Biochemistry) ESihf 2013ckeSpfwGif r[mokawoebGJU(M.Res, Biochemistry) udk&&SdcJh ygonf/ 

2014ckESpfwGif &efukefwuúodkvf "mwkaA'bmom&yf yg&*lBudKwef;wufa&muf atmifjrifcJh 

ygonf/ yg&*lbGJUtwGuf okawoevkyfief;rsm; aqmif&GufaepOf? 2015 ckeSpfwGif 

&efukefwuúodkvf? "mwkaA'XmewGif o&kyfjytjzpf pwiftrIxrf;cJhjyD;? 2018 ckeSpfwGif 

&efukefwuúodkvfrS yg&*lbGJU(Ph.D. Chemistry) udk qGwfcl;&&SdcJhygonf/ 

 a'gufwmcsdkvGifvGifcdkifonf 2018ckeSpf? edk0ifbmvwGif jrefrmEdkifiH 0dZÆmESifh odyÜH 

ynm&SiftzGJUu BuD;rSL;usif;yonfh (18)judrfajrmuf okawoepmwrf;zwfyGJwGif "mwkaA' 

bmom&yftwGuf taumif;qkH; okawoepmwrf;&Sifqkudk&&SdcJhygonf/ 2019ckESpf? rwfvwGif 

&efukefwuúodkvf "mwkaA'Xmeüyif vufaxmufuxdu tjzpf &mxl;wdk;jr§ifhcefYxm;jcif;cH&jyD;? 

,aeYtxd wm0efxrf;aqmifvsuf&Sdygonf/  

aemufqufwGJ (*-4) 
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a'gufwm odef;xGef;OD;\ udk,fa&;tusOf; 

 
 
 
 
 

 
 

 
a'gufwm odef;xGef;OD;udk r[matmifajrNrdKUe,f? rEÅav;NrdKUü rwfv? 1 &uf?  1983 

ckeSpfwGif arG;zGm;cJhygonf/ rdbrsm;rSm OD;wifOD;? a':at;jrihf jzpfygonf/ arG;csif;armifESr (2)OD; 

teuf tBuD; jzpfygonf/ 

2000 ckESSpfwGif tajccHtxufwef;qihf atmifjrifcJhjyD; 2004 ckeSpfwGif &wemykH 

wuúodkvfrS odyÜH*kPfxl;bGJU(&lyaA') bmom&yfudk &&SdcJhygonf/ 2012 ckeSpfwGif &wemykH 

wuúodkvfrS r[modyÜHbGJU (&lyaA') bmom&yfudk &&SdcJhjyD;? 2013 ckeSpfwGif Aef;armfwuúodkvfrS 

r[mokawoebGJU (&lyaA') bmom&yfudk &&SdcJhygonf/ 2018 ckESpfwGif rEÅav;uúodkvfrS  

yg&*lbGJU(&lyaA') bmom&yfudk &&SdcJhygonf/ 

26.7.2007 rS 3.12.2015 xd (&wemykHwuúodkvf? Aef;armfwuúodkvfeSihf rEÅav; 

wuúodkvf) wGif o&kyfjytjzpf wm0efxrf;aqmifcJh&m? 4.12.2015 rS 7.12.2018 xd (rEÅav; 

wuúodkvfESihf uav;wuúodkvf)wdkYwGif vufaxmufuxdu &mxl;jzpf wm0efxrf;aqmifcJhjyD;? 

7.12.2018 rS ,aeYxd uxdu wm0efrsm;udk qufvuf xrf;aqmifvsuf&Sdygonf/              

a'gufwm odef;xGef;OD;\ 0goemESihf pdwf0ifpm;rIrsm;rSm uGefysLwmy&dk*&rf? okawoevkyfief;ESihf 

oifMum;a&;wdkYjzpfygonf/ 

 

aemufqufwGJ (*-5) 
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a'gufwm vJhvJhat; \udk,fa&;tusOf; 

 

 

 

 

 

 

 

a'gufwmvJhvJhat;udk tzOD;xdkuf&SefESifh trda':oef;at;wdkYrS 1965 ckESpf? Edk0ifbmvwGif 

&efukefûrdUü arG;zGm;cJhygonf/ wuúodkvf0ifwef; pmar;yGJudk 1982ckESpfwGif r*Fvm'kHûrdUe,f 

t.x.u(2)rS ajzqdkatmifjrifcJhygonf/  

1982 ckESpfrSpwifí owåaA' bmom&yf txl;ûyjzifh &efukefwuúodkvf (vIdife,fajr) 

wGif oifMum;cJhygonf/ &efukefwuúodkvfrSay;tyfaom B.Sc.(Hons) bGJUudk 1987 ckESpfwGif 

vnf;aumif;? M.Sc bGJUudk 1994 ckESpfwGif vnf;aumif;? 2018 ckESpf wGif Ph.D bGJUudk 

vnf;aumif; toD;oD;&&SdcJhygonf/ 1998 ckESpfwGif EdkifiHjcm;bmom wuúodkvf(&efukef)rS 

ay;tyfaom Diploma in Japanese udk Credit tqifhjzifh atmifjrif cJh&m *syeftpdk;&rS Outstanding 
Student tjzpf a½G;cs,fcJhNyD; 2000 ckESpfwGif *syefEdkifiH odkY Study Tour Award qkjzifh zdwfac:jcif; 

cHcJh&ygonf/ 

1990ckESpfwGif usef;rma&;ESifhtm;upm;0efBuD;Xme atmuf&Sd aq;wuúodkvf-2? owåaA' 

XmewGif o½kyfjy tjzpf pwifwm0efxrf;aqmifcJhygonf/ 1998 ckESpfwGif vufaxmufuxdu 

tjzpfvnf;aumif;?2001 ckESpfwGif uxdu/Xmerª;tjzpfvnf;aumif; toD;oD; &mxl;wdk;jr§ifh 

cefYxm;jcif;cH&í usef;rma&;ESifhtm;upm; 0efBuD;Xmeatmuf&Sd aq;ESifhaq;ESD;EG,f wuúodkvf 

rsm;wGif vSnfhvnf wm0efxrf;aqmifcJhygonf/ ,cktcg aq;wuúodkvf -1 (&efukef)? 

owåaA'XmewGif uxdu? XmerSL; wm0efudk xrf;aqmif aevsuf&Sdygonf/ 

EdkifiHawmfrSay;tyfonfh 0efxrf;0wå&m;qdkif&m pGrf;aqmif&nftwGuf *kPfûycsD;jr§ifhvTmrsm; 

udkvnf; &&SdcJhygonf/ ynma&;ûyjyifajymif;vJrItwGuf aq;wuúodkvfrsm;\ oif½dk;nTef;wrf; 

a&;qGJ&mwGif tzGJU0iftjzpf yg0ifaqmif½Gufaeygonf/ XmerSL;wm0eftjyif okawoevkyfief; 

rsm; pOfqufrjywf vkyfudkifaeNyD; okawoepmwrf;rsm; a&;om;jcif; vkyfief;udk aqmif½Gufvsuf 

&Sdygonf/ 

 

 

aemufqufwGJ (*-6) 
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a'gufwmBudKifolZmrGef\ udk,fa&;tusOf; 

 

 

 

 

  

 

uRefr a'gufwm BudKifolZmrGefudk 1978 ckESpf? ZGefv? 2 &ufaeYwGif &efukefNrdKYwGif arG;zGm; 

cJhygonf/ uRefronf 2004ckESpfwGif ukefxkwf"mwkaA'bmom&yfjzifh odyÜHbJGY? 2006ckESpfwGif 

ukefxkwf"mwkaA'bmom&yfjzifh r[modyÜHbJGYwkdYudk '*kHwuúodkvfrS&½dSchJygonf/ uRefronf 

2018ckESpfwGif ukefxkwf"mwkaA'bmom&yfjzifh yg&*lbJGYudk &efukefwuúodkvfrS &½dSchJygonf/ 

uRefr\ tztrnfrSm OD;atmifBudKif jzpfjyD; tkwfzkdjrdKY? yJcl;wdkif;wGifarG;zGm;cJhygonf/ uRefr\ 

trdtrnfrSm a':pef;a0ausmf jzpfjyD; tkwfzkdjrdKY? yJcl;wdkif;wGif arG;zGm;cJhygonf/ uRefronf              

1-9-2005 ckESpfwGif rEÅav;wuúodkvfü o½kyfjytjzpf pwifwm0efxrf;aqmifcJhygonf/ uRefr 

onf 2005 ckESpfrS 2009ckESpfxd rEÅav;wuúodkvfwGif o½kyfjy tjzpfvnf;aumif;? 2009 ckESpf 

rS 2013 ckESpfxd &wemykHwuúodkvfwGif o½kyfjytjzpfvnf;aumif;? 2013 ckESpfrS 2016 ckESpfxd 

&efukeftaemufydkif;wuúodkvfwGif vufaxmufuxdu tjzpfvnf;aumif; wm0ef xrf;aqmifcJh 

ygonf/ uRefronf 2016 ckESpfrS ,aeYxd uxdutjzpf &efukeftaemufydkif; wuúodkvfwGif 

wm0efxrf;aqmifaeygonf/  

 

 

 

 

 

 

aemufqufwGJ (*-7) 
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a'gufwm&mZmcspf \udk,fa&;tusOf; 

 

 

 

  

 

 

a'gufwm&mZmcspf udk tz OD;cspfaiG trd a':cifEGJYoDwdkYrS 1987 ckESpfwGif ppfudkif;wdkif; 

a'oBuD;? tif;awmfNrdKU ü arG;zGm;cJhygonf/  

2003 ckESpfwGif wuúokdvf0ifwef;pmar;yGJudk atmifjrifcJhNyD; 2007 ckESpfwGif ynma&;bGJU 

(BEd) ESifh 2011 ckESpfwGif r[mynma&;bGJU (MEd) udk ynma&;pdwfynm txl;jyKjzifh ppfudkif; 

ynma&;wuúokdvfrS vnf;aumif;? 2018 ckESpfwGif ynma&;yg&*lbGJU (PhD) udk &efukefynma&; 

wuúodkvfrS vnf;aumif; toD;oD;&&SdcJYygonf/  

2008 ckESpfwGif yifvnfbl;NrdKUe,fü tv,fwef;jyq&mtjzpf pwif wm0efxrf; 

aqmifcJYNyD; 2011 ckESpfwGif trSwf(2)tajccHynmOD;pD;Xme? rEÅav;NrdKUodkY 'k-OD;pD;rSL;(ppfaq;a&;) 

tjzpf &mxl;wdk;jr§ifhjcif;cHcJY&ygonf/ xdkYaemuf 2012 ckESpfwGif ppfudkif;ynma&;wuúokdvf 

ynma&;pdwfynmXmeodkY enf;jy&mxl;jzifh ajymif;a&GU wm0efxrf;aqmifcJhNyD;? 2016 ckESpfwGif 

vufaxmufuxdutjzpf &mxl;wdk;jr§ifhjcif; cHcJY&ygonf/ 

2013 ckESpfwGif jrefrmEdkifiH0dZÆmESifhodyÜHynm&SiftzGJUrScsD;jr§ifhonfh taumif;qHk; okawoe 

pmwrf;qkudkvnf;aumif;? 2018ckESpfwGif a'gufwmEkEk0if; ynma&;okawoeqkudkvnf;aumif; 

&&SdcJhygonf/ ,cktcg EdkifiHhtusdK;jyK? bmom&yftusdK;jyK okawoepmwrf;rsm; a&;om;jyKpk&if; 

ppfudkif;ynma&;wuúokdvfwGif vufaxmufuxdu wm0efrsm;udk xrf;aqmifvQuf&Sdygonf/ 

 

aemufqufwGJ (*-8) 
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a'gufwm ZifZifEdkif\ udk,fa&;tusOf; 

 

 

 

 

  

 

a'gufwm ZifZifEdkifudk 1965 ckESpf? azazmf0g&Dv (23)&ufaeYwGif arG;zGm;cJhygonf/ 1985 

ckESpfwGif &efukefpD;yGm;a&;wuúokdvfrS B.Econ bGJUudkvnf;aumif;? 1986 ckESpfwGif B.Econ 

(Hons) bGJUudkvnf;aumif; &&SdcJhygonf/ 1996 ckESpfwGif urÇmhbPfynmoifqkudk &&SdcJhojzifh 

tar&duefEdkifiH udkvHbD,mwuúodkvf? School of International and Public Affairs (SIPA) wGif 

pD;yGm;a&;rl0g' pDrHcefYcGJrI tpDtpOfjzifh ynmoifMum;cJhNyD; M.I.A r[mbGJUudk &&SdcJhygonf/ 

ynmoifMum;pOftwGif; bGJU\vdktyfcsufwpf&yftaejzifh World Bank Institute wGif (6)v ynm 

qnf;yl;cJhygonf/ 2005 ckESpfwGif *syefEdkifiH? qkukbwuúodkvfrS M.Econ (Economics) r[mbGJU 

udk xyfrH&&SdcJhygonf/ 2018 ckESpfwGif &efukefpD;yGm;a&;wuúodkvfrS yg&*lbGJU &&SdcJhygonf/  

 a'gufwm ZifZifEdkifonf &efukefpD;yGm;a&;wuúodkvf? abm*aA'XmewGif 1986 ckESpf? 

Edk0ifbmv(1)&ufaeYrS pwifí enf;jytjzpf wm0efxrf;aqmifcJhNyD;? ppfudkif;ynma&; wuúodkvf? 

rEÅav;ta0;oifwuúodkvf? rdw¬DvmpD;yGm;a&;wuúodkvfwdkYwGifvnf; wm0efxrf;aqmifcJhygonf/  

 a'gufwm ZifZifEdkifonf tjynfjynfqdkif&mukefoG,frIqdkif&m pnf;rsOf;? enf;vrf;rsm;ESifh 

oufqdkifaom okawoersm;? jrefrmEdkifiH\ rlvxkwfukefpnfxkwfvkyfrI? wifydkYrIqdkif&m 

okawoepmwrf;rsm;udkvnf; jyKpka&;om;cJhygonf/  

aemufqufwGJ (*-9) 

 



 
jrefrmEdkifiH 0dZÆmESifhodyÜHynm&SiftrIaqmiftzGJU 

Ouú|? a'gufwm oufvGif 

'kwd, Ouú|rsm;? a'gufwm a':MunfMunfvS? a'gufwm atmifrif; 

twGif;a&;rSL;? a'gufwm odef;0if;  

wGJzuftwGif;a&;rSL;rsm;? a'gufwm zdk;aumif;? a'gufwm a':vGifvGifpdk;?  

a'gufwm a':cifEdkifOD; 
tzGJU0ifrsm; 

a'gufwm a':cifoef;OD;  OD;oD[ 

a'gufwm a':rdrdMunf  a':cifvwf  

a':u,f&,ftifcspfom  a'gufwm armifausmf  

a'gufwm rsKd;oefUwif  a'gufwm vSaz  

OD;ausmfjrifhOD; a'gufwm OD;0if;  

a'gufwm armifoif; a'gufwm a':&D&Djrifh 

a'gufwm aZmfa|; a'gufwm a':oef;EGJU    

a'gufwm wifndK OD;jrifh[ef 

 

 

pmwnf;tzGJU 

a'gufwma':MunfMunfvS       Ouú| a'gufwmaZmfaX;  'kwd,Ouú| 

a'gufwm atmifrif; tzGJU0if a'gufwm a':cifoef;OD; tzGJU0if 

OD;oD[ tzGJU0if a'gufwm a':rdrdMunf tzGJU0if 

a':cifvwf tzGJU0if a'gufwm armifausmf tzGJU0if 

a'gufwm vSaz tzGJU0if OD;ausmfjrifhOD; tzGJU0if 

a'gufwm armifoif; tzGJU0if a'gufwm a':&D&Djrifh tzGJU0if 

a'gufwm a':oef;EGJU tzGJU0if a'gufwm rsdK;oefYwif tzGJU0if 

a'gufwm wifndK tzGJU0if a'gufwm OD;0if; twGif;a&;rSL; 

a':u,f&,ftifcspfom? wGJzuftwGif;a&;rSL; 
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