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FOREWORD

Education not only improves socio-economic lives of all ethnic groups in enhancing
the country's economy, national unity, peace and tranquility.

The Primary aim of the government is to raise the level of Myanmar education from
the current level of the ASEAN member countries to those of the world's developed
countries. The Ministry of Education has been implementing the National Education
Strategic Plan 2017-2030 to achieve this goal.

The National Education Law had been amended in 2015; On page 13, Section 28 of
this law stipulates that research and academic development projects must be given priority
by universities and colleges offering various courses.

In 1999, the government constituted the Myanmar Academy of Arts and Science on

August 16, academics at Higher Education Institutions were entrusted with the following

tasks -
(a) teaching and learning,
(b)  providing research guidance,
(c) Imparting core subject and disseminating knowledge, and
(d)  Nurturing Scholars.

According to the needs of the education sector, these tasks are being carried out in
cooperation with both local as well as overseas experts according to priorities adopted in
the strategic plan.

Since the establishment of the academy in 1999, research conferences have been
held every year. Beginning with the fifth research conference in 2005, the Best Paper Award
was awarded. The number of award-winning papers has increased year by year, in 2021 a
total of 13 authors received the best paper award.

Based on the research activities, the academy tried to confer Myanmar Academy of
Arts and Science Award (Academy Award) to outstanding scholars who had submitted
doctoral theses. In 2020, out of a total of five 5 scholars who had earned their doctorate
degrees, three received the academy award. Our academy is trying to increase the amount
of prize money in every subject. At the time of the initiation of the award, prizes were
awarded with donations from Thiri Mon Foundation, Htun Foundatio, Kanbawza Bank and

other donors viz.



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

Yangon University of Economics donated money in commemoration of
Sayagyi Saw William Paw

Department of Myanmar, University of Yangon, donated money in
commemoration of its 75th anniversary, and

Sayamagyi Daw Khin Thein, Retired Professor of the Department of Oriental
Studies, University of Yangon donated money in commemoration of Sayagyi

U Pe Maung Tin

In addition to those donations, for the Best Paper Award and the Academy Award in

2016. Starting from the 16t Research Conference, the Ministry of Education has been

providing funds for conferring awards.

The performance of academics viz. faculty staff members at higher education

institutions depends to a large extent on the individual's educational qualifications as well

as the experience gained from the research activities carried out in the subject of his/her

choice.

The research reports that won Academy Award for the 2020 calendar year at the

21st Research Conference were given below -

This book is being printed and distributed with the objective of enriching the

knowledge of post graduate students in particular and the public in general.

The best research report of doctoral theses for the year 2020 are:

(a) Arts

= Myanmar

Q@ _ ¢ C
G%QC)(I%@'.)GCT):ODQJC,QP‘,GC\?C\DDQI(D

(b) Physical Sciences

(c)

=  Geology
*» Gold and Lead Mineralizations in the Taung Ni - Taung Gaung Area, Madaya

Township, Mandalay Region

Social Science

*  Curriculum and Methodology
An Analytical Study of the Application of Biological Science Inquiry Model in
Teaching High School Biology



The Myanmar Academy of Arts and Science is delighted to publish this book for the benefit
of the Contestants concerned, the academicians in the universities and colleges as well as the

general public.

Dr Thet Lwin
President

Myanmar Academy of Arts and Science
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J-J  GOLD AND LEAD MINERALIZATIONS IN THE TAUNG NI

TAUNG GAUNG AREA, MADAYA TOWNSHIP,
MANDALAY REGION

Aung Ye Ko"
Abstract

The research area is situated in Madaya Township, Mandalay Region. There are two different types of
mineralization in research area, gold in Changmagyi quartzite and phyllite at Taung Ni, and lead in
Ordovician limestone at Taung Gaung. Naturally the two mineralizations have different geological
settings, ages and styles. At Taung Ni gold prospect, gold mineralization is associated with both stockwork
quartz veins trending NNE-SSW, parallel to the major shear zone and secondary remobilized veins in
brecciated/ oxidized zones. Gold mineralization in veins shows two generations as indicated by gold
fineness probably suggesting multiple gold depositions. From fluid inclusion data of mineralized
quartz veins, it can be deduced that there are two different mineralization phases marked by
difference of homogenization temperature and salinity. Compared with geological conditions, host
rock mineralogy and ore mineral assemblages, gold mineralization and ore forming conditions were
developed within mesothermal environment. At Taung Gaung lead deposit, the mineralization
follows the anticlinal axis of the major anticline, characterized by shearing and brecciation.
Mineralization is in the form of disseminations and as thin stringers of fine galena in the shear planes.
The systematic study of lead and sulphur isotopes shows that the source of ore-forming materials
mainly came from the upper crust and it indicated that the lead deposit is mainly epigenetic in origin.
From its geological, structural, mineralogical and geochemical features, Taung Gaung lead
mineralization belongs to Mississippi Valley-Type of ore deposits.
Keywords: Taung Ni gold prospect, gold mineralization, Orogenic /Mesothermal gold, fluid
inclusion, Taung Gaung lead deposit, lead mineralization, sulphur isotopes, lead
isotopes, Mississippi Valley-Type.

Introduction

The research area in Madaya Township, Mandalay Region is situated on the eastern margin of
Mogok Metamorphic Belt (MMB). It lies close to the Shan Scarp Fault. The area consists mainly of low-
grade metasedimentary rocks of the Chaungmagyi Group (Late Proterozoic to Early Cambrian) and
Ordovician limestones of the Lower Naungkangyi Formation (Middle Ordovician). There are two types
of mineralization with different geological setting, stratigraphy and mineralization styles.

Location

The research area lying within Madaya Township, Mandalay Region, with an areal extent of
approximately 240 sq km encloses two localities, Taung Ni in the west near Madaya and Taung
Gaung in the east close to Pyin Oo Lwin, separated by the steep Shan Scarp. As a whole, the area is
easily accessible from Mandalay by an all-weather motor highway. (Figure 1).

* Dr, Lecturer, Science and Technology Research Center (Pyin Oo Lwin), Myanmar
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Figure 1 Location Map of the Research Area

Aims and objectives

The aims of the proposed research are to study for the primary source of the gold and lead
deposits in the study area. As such, the present research work covers several aspects of geology
including structural geology, petrography, alteration and primary gold and lead mineralization.
Hence, this research is planned to carry out the following activities.

N o ok wbdh PR

To prepare geological map of the study area.

To study petrological characters of rock units in the study area.
To identify the ore minerals and their paragenesis.

To investigate the style of alteration and mineralization.

To interpret the geochemical characters in the mineralized area.
To reconstruct depositional models of the gold and lead deposits.
To estimate the economic aspects of the study area.

1.1 Field Methods

The following research works were carried out during field study:

1.

Regional and detailed geological mapping around gold occurrences to investigate the
structural and lithological controls on mineralization.

Systematic sampling on surface outcrops from Taung Ni gold prospect area and Taung
Gaung lead deposit to determine geological, geochemical characteristics, alteration and
mineralization studies. Samples were collected in and around Taung Ni gold prospect
area and Taung Gaung lead deposit area.
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1.2 Laboratory Methods

The following laboratory methods were conducted at the Department of Geology
(University of Yangon, Myanmar), Universities Research Center (University of Yangon,
Myanmar), Science and Technology Research Center (Pyin Oo Lwin, Myanmar), Nanova Co., Ltd
(Yangon, Myanmar), Department of Earth Resources and Engineering (Kyushu University, Japan),
Vancouver Laboratory (The University of British Columbia, Canada) and Queen’s Laboratory
(Queen’s University, Canada):

1. Therock samples in thin-sections by using the transmitted light microscope, is the most
important technique for the recognition of the mineral species present and the
interpretation of the mineral associations.

2. The study of ore minerals in polished-sections by using the reflected light microscope,
is the most important technique for the identification and characterization of the opaque
phases in the samples and the textural relationships between them.

3. Atomic Absorption Spectrophotometry (AAS) analyses, X-ray Diffraction (XRD), X-
ray Fluorescence (XRF), and Scanning Electron Microscopy (SEM)-Energy-Dispersive
X-ray Analyzer (EDX)) analysis will be applied to detect metal contents, mineral
identification and component elements.

4. Microthermometry analysis of fluid inclusions to provide information about the
salinity, temperature and pressure of formation of the ore-forming fluids.

5. LA ICP-MS analysis of Pb isotope ratios and sulfur stable isotopes to provide trace of
the source and age information for the fluids and metals associated with mineralization
events.

Geological Background

With increased knowledge in plate tectonics, it is now generally accepted that Myanmar is
geologically built up of two main parts, the Eastern Part or Shan-Thai Block (Bunopas & Vella,
1983) or Sibumasu Terrane (Metcalfe, 1984) (Kachin Highlands, Shan Pleateau, Tenasserim
Ranges, East Himalayan Syntaxis, Mogok Metamorphic Belt, etc.) and the Western Part or Burma
Platelet or Burma Microplate (Curray et al., 1979) or West Burma (Searle et al., 2007) with its
accretionary prism of Indo-Burman Ranges or Western Ranges (Naga and Chin Hills and Arakan
Yoma). Sagaing Fault, a major right lateral strike-slip fault of 1500 km length (Win Swe, 2013.
Soe Thura Tun & Watkinson, 2017) geotectonically separates these two parts longitudinally. Both
parts belong to the larger Asian Plate. India Plate is subducting beneath Burma Microplate, and
thus, in the Andaman Sea, forms an east-dipping curvilinear oblique subduction zone that continues
onshore along the western margin of the Indo-Burman Ranges.

The research area, falling in the Shan-Thai Block, lies on the eastern margin of Mogok
Metamorphic Belt (MMB) between the Sagaing Fault in the west and the Shan Scarp Fault in the east.
It occupies the western marginal zone of Shan Plateau to the east of the Central Myanmar Basin
(Figure 2a). The MMB consists of metamorphosed sedimentary sequences of Precambrian to
Carboniferous age. Basement sediments are intruded by Jurassic to Tertiary granitoids. Regional
stratigraphy of the research area and its environs is shown in Figure 2b. Stratigraphic rock units
include Mogok Group, Chaungmagyi Group, Pangyun Group, Naungkangyi Group and Upper
Plateau Limestone (Maung Thein 2014).
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In Taung Ni area, there is only one stratigraphic rock unit. It is Upper Precambrian to Lower
Cambrian Chaungmagyi Group, consisting of Mauk Kaw Quartzite and Kin Sandy Phyllite units
(Khin Maung Shwe, 1973). Based on microscopic study and XRD results, quartzite and phyllite
were found to be composed of low-grade metamorphic minerals such as albite, quartz, chlorite,
sericite, epidote, muscovite, actinolite, and biotite. Opaque minerals were often found as
disseminations especially in phyllite with foliations resulting from the sub-parallel to parallel
orientation of minerals such as chlorite or micas due to strong pressure conditions of
metamorphism. Therefore, this rock type has been formed by low grade regional metamorphism.
The common occurrence of chlorite and sericite suggests the low pressure and low temperature,
the greenschist facies (Aung Ye Ko et al., 2018c).

In Taung Gaung area, it is composed of Mauk Kaw quartzite of the Chaungmagyi Group
trending N-S and Ordovician limestone, comparable to the Wunbye Formation of Southern Shan
State (Khin Maung Shwe, 1973) cropped out. The Ordovician limestone mainly consists of limestone
and dolomitic limestone. These limestones are crystalline and grey to bluish grey in colour.
Dolomitic limestones are usually medium- to thick-bedded. The regional trend of these rocks is
generally N-S with dips either to the east or west forming asymmetrical anticlines and synclines and
the whole Ordovician limestone unit is broadly folded into a major anticline. The western limb of the
anticline has been eroded away. The major faults also trend N-S following the regional trend.

(b) TR Ll WS "Iy WIer

NN

1NN
1
N 2SN

N

&
4
-
3
=

e

~

“ e
3 4
& M 3
I ! '
e v | ]
b ~ - T T b4
LOWERE WEFE WIRE WISYE WL Wl =
[T " i Seale
& 2 J EXPLANATION L] 4 ] 16 Kiminery
- ' . L
3 ‘5 - f ® Loy ey Sedi v and M ¥ Rocks ' T L
he 2! H Yo uayw 2 v
""\‘—‘5 El\ i Qul Ihakaceme YosaprABntes ' ¥ % 10 Ml
! i
Q\‘ l \ "' § Middic Pormisn.  Pabews Limevtone Grovp: Mestuwin Lisestose; snd
v A 4 Jyoceaim . rre Mibh Triewhe  Whelr equivalewnc Yinyaw Beshs, aad i cquivalents
! £ F) Mibay staso Gevap: Nyswagham Fai
eANGA \ } '_E Y, Vet barw g i A Sthurion Pang b pre Fen amel their exgais alemis
.
f{ 3'.!‘ ‘ ~ s A s o Ordwvicies Pimbays Gruap: N smmghangy | Grosp: amd
I \ g oo | PO WO TR Dalr equin abemnn
\ N g | Oty ik abien Mulobetn Groupe Ngwetaang Groap
5 '
oy ¥ 'I > 3 . c . Do A oo Fam sud thedr sqvitaledt
F1 prer
A S - v o $C2-C  Precambrien Chamng Magrl Growp (inctodiog Mong Losg Mics
vary ¥ Lowar Combrion  Shivink Pawnt Saumg Series: and Shelr nquivalents
" Metamarphic Rocks
A L Pobarsiv, and  Metamorphesed wai of sxaiely Lawer Pelowscie
Ay gl partty Jurawhe  "eA- Morgek Metassorphic Bl and iy extembnm:
o e Mugoh Groap(Fr): 1 astern hachin metamerpbics

SMructural Symboly

Aethve Strihe- Sty Fasht “1 Study Ares
o Tmactive Faniy

Figure 2 (a) Geological map of Myanmar and surrounding areas showing major structures, faults
and Terrane boundaries (Modified after Searle et al., 2007) and (b) Regional geological
map of the research area and its environs (After MGS, 2014)
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Mineralization

As, mentioned earlier, there are two different types of mineralization in research area, gold in
Changmagyi quartzite and phyllite at Taung Ni, and lead in Ordovician limestone at Taung Gaung.
Naturally the two mineralizations have different geological settings, ages and styles.

3.1 Nature of Gold Mineralization

At Taung Ni gold prospect, the Chaungmagyi quartzite is the host to mineralization. It lies
within the shear zone between Sagaing Fault and Shan Scarp Fault. The main controlling factor is
the regional structure that nearly trends NE-SW and possibly formed by the activity of Phayaung
Taung Fault which caused the shearing, and brecciation favourable for mineralization.

Two main types of quartz veins were observed within the Taung Ni gold-bearing quartz
veins system: primary gold-bearing sulphide quartz veins and secondary auriferous deformed/
remobilized quartz veins. Gold-bearing sulphide quartz veins are more abundant than auriferous
deformed/remobilized quartz veins in the gold prospect.

Figure 3 (a) & (b) Individual vein system of sulphide quartz veins hosted in quartzite

The thickness of primary gold-bearing sulphide quartz veins range from 1 to 10 cm. Veins are
hosted by quartzite. Mostly, veins are steeply dipping and vein direction range NNE-SSW/60°-75°
(Figure 3. a & b). Secondary auriferous deformed / remobilized quartz veins commonly developed
near the E-W post-mineralization structures and they have much brecciated, deformed in oxidized zone
(Figure 4. a & b). The thickness of veins ranges from 0.5cm to 4cm. Visible gold associated with
secondarily formed hematite, Fe- hydroxides are rich in deformed quartz veins filling micro fractures
at the crest of the vein in brecciated quartzite zone.



Figure 4 (a) & (b) Individual vein system of deformed /remobilized quartz veins
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In the field, gold-bearing mineralized veins are mostly brecciated and crushed. Gold is
associated with pyrite, arsenopyrite, chalcopyrite, hematite, electrum, petzite, hessite and
tellurobismuthite. The deposit profile suggests that the gold mineralization may be related to orogeny

because strong compressional and transpressional (shear) environment (Groves et al.,

clearly developed indicating the strong structural control.

1998) were

From the field work, microscopic study and SEM-EDX analysis, the mineral paragenesis
can be recognized into two paragenetic stages as hypogene stage and deformation / supergene stage

(Table 1).

Table 1 Generalized Mineral Paragenetic Sequence

Minerals

Early

Mineralization
Hypogene Stage

Late

Deformation/
Supergene
Stage

Gangue Minerals
Quartz

Calcite
Chlorite

Muscovite

Ore Minerals
Pyrite

Arsenopyrite
Chalcopyrite

Hematite

Azurite

Malachite

Bismuth
Petzite

Hessite

Tellurobismuthite

Mative Gold

Electrum
Silver
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At Taung Ni gold prospect, native gold occurs either as isolated free grains in the matrix of
quartz or as well as closely associated with hematite. Its grains are strongly deformed. Remobilized
quartz veins occurred in the brecciated zone. They were found with hematite in micro-fractures of
quartz. Gold could be also observed in chalcopyrite and closely associated with rare tellurium and
bismuth minerals. Electrum grains were also found especially in sulphide quartz veins. Electrum
grains are associated with petzite, hessite and tellurobismuthite in chalcopyrite grains and some
are in quartz. The summarized ore mineral assemblages of Taung Ni gold prospect area are shown
in Table 2.

Table 2 Summarized ore mineral assemblages of Taung Ni gold prospect area

Ore Mineral assemblages
purgarte | S
Vein Native El Chalco- | (Petzite, Hessite, . Gangue
ectrum . (Azurite- .
gold pyrite Telluro- . Minerals
bismuthite, etc.) Malachite, Fe-
' Oxides, etc.)
Quartz
Sulphide vein |+ ++ ++ +++ ++ pyrite
Muscovite
Chlorite
Calcite
Secondary
deformed/ ++++ + +++ Quiartz
remobilized Fe-Oxides
vein

(+ trace, ++ minor, +++ common, ++++ abundant)

3.2 Nature of Lead Mineralization

At Taung Gaung lead deposit, the Middle Ordovician limestone is the host to ore
mineralization. The mineralization follows the anticlinal axis of the major anticline, characterized
by shearing and brecciation. Mineralization is in the form of disseminations and as thin stringers of
fine galena in the shear planes (Aung Ye Ko et al., 2019b). The geology and mineral occurrence map
of the Taung Gaung area is shown in Figure 5.

Two local workings have exposed the mineralization at Taung Gaung lead deposit.
Bawdwingyi deposit lies about 1000 m south of Taung Gaung village. One old adit driven along the
mineralized zone (7 m wide 3 m high and 30 m long) has exposed thin stringers of galena occupying
the entire exposure of the adit (Figure 5). Bawdwinlay is situated about 150 m south of Bawdwingyi
(Figure 5). The mineralization of Bawdwinlay is similar to that at Bawdwingyi. The lead deposit is
said to have been worked before World War- | by German brothers. The mine was abandoned during
the war. Then the C.K.K mining company worked this mine. However, because of the political unrest,
the extraction of the lead ore could not be made. Later, Myanma Mineral Development Corporation
(M.M.D.C) explored this mineralized zone. Lately, NICO mining company explored this area in 2015.

In Bawdwingyi, galena mainly associated with copper minerals and minor amounts of barite,
siderite, etc. occurs as vein and veinlets in the Ordovician limestone beds. The veins are about 7 to
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14centimetre thick and about 30 metre long. Well-bedded grey limestone with speckles of
disseminated galena and flakes of pyrites formed as low-grade ores. Such speckles and stringers are
found at the lower part of the section in Bawdwingyi tunnel. The upper part has coarsely crystalline
white calcitic bands just above which are small stringers of rich galena, especially along the contact
with the overlying altered zone. Galena is more coarsely crystalline than in fresh limestone. Other
metallic mineralizations include stains of azurite and malachite occurring in small amounts in the
oxidized zone.

In Bawdwinlay, galena is mainly associated with silver and copper ore traces occurring as
veins and veinlets in an old adit along the mineralized zone (4 m wide and 2 m high). Barite, quartz
and calcite occur as gangue minerals. This type of deposit may be designated as fissure-filling,
because the mineralization is observed only along the joints of massive limestone.
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Figure 5 Geology and Mineral Occurrence Map of Taung Gaung Area (Modified after San Thu, Aung
Pwa and Kyi Shwin,1980)

At Taung Gaung lead deposit area, the principal ore mineral is galena associated with sphalerite
and minor amounts of anglesite, cerussite, jalpaite, pyrite and marcasite. In a separate paragenesis
copper as chalcopyrite, tetrahedrite-tennantite, covellite, chalcocite and azurite-malachite also occur in
this area. The gangue minerals include calcite, dolomite, quartz, barite, siderite, ankerite and limonite.
The common ore textures found in the galena are dendritic pattern, disseminated pattern and
replacement texture. In sphalerite, rimmed replacement texture, disseminated structures, vein or veinlet
textures, skeletal structure and network texture are observed. In other minerals, the replacement
textures, the disseminated patterns and the vein or veinlet textures are commonly observed. In gangue
minerals, calcite, dolomite and quartz were deposited in all stages while siderite, ankerite and limonite
were formed in post-mineralization (stage-iv), and barite was formed in both main mineralization
(stage-iii) and post-mineralization (stage-iv). In ore minerals, galena, sphalerite and chalcopyrite were
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deposited in main mineralization (stage-ii and stage-iii) while anglesite, cerussite, jalpaite, covellite,
chalcocite, azurite- malachite, tetrahedrite — tennantite and marcasite were formed in post-
mineralization (stage-iv), and pyrite was formed in all stages (Table 3).

Table 3 Generalized Mineral Paragenetic Sequence for ore and Gangue minerals of Taung
Gaung lead deposit

Pre Post
Mineral Mineralization Main Mineralization Mineralization

Stage-1 | Stage-Il | Stage-Ill | Stage-1V

Calcite

| Dolomite ! '

| Quartz -——— - - -

Barite ‘

| Siderite ‘

| Ankerite l ‘ | -—
\

\
| OGangue minerals \
\
|

| Limonite
| Ore Minerals

‘; Galena = o= ee——
| Sphalerite T - -—— |
‘ Anglesite l ' e c— -
| Cerussite \

|

. Jalpaite |
| Chalcopyrite (= o —— )
| Covellite ‘
| Chalcocite |
Azurite- ‘
| Malchite
Tetrahedrite- ‘
| Tennantite
[
\

Pyrite
| Marcasite

Ore Genesis and Deposit Type of Taung Ni Gold Mineralization
4.1 Gold Fineness

The fineness of epithermal gold is from 500 to 700. Near the bottom of the epithermal zone
(corresponding to the leptothermal zone of Graton, 1933), the fineness is about 700 and may be as
much as 800. The fineness of mesothermal gold varies from 750 to 900, with 850-870 being
common. The fineness of hypothermal gold is always greater than 800. Fineness of 900 or more
results from oxidation under conditions favouring the removal of silver. According to Morrison et
al. (1991) the major deposit classes are characterized by the overall average range of deposits and
total range of gold fineness values are as follows: Archaean 700+1000 (780+1000); slate belt
920(800£1000); plutonic 825 (650+£970); porphyry 700£1000 (650+£1000); volcanogenic 650+£850
(520+870); epithermal 440+1000 (0+1000). The major deposit classes are characterized by the
overall average or range of averages and total range of gold fineness (After Fisher, 1950 and
Morrison et al., 1991) (Table 4).

Gold fineness was calculated in the research area, based on the result of SEM-EDX
analysis. Some gold and electrum under SEM-EDX show their image, result of element
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composition (normalized wt.%) and peaks of elements as shown in Figure 6. Gold fineness of
SEM-EDX analysis of electrum grains is shown in Table 5. It ranges from 771.2 to 795 with
average gold fineness of 779.14. Gold fineness of SEM-EDX analysis of gold grains is shown in
Table 6. It ranges from 826.2 to 881.3 with average gold fineness of 851.94.

The gold fineness showed two ranges: (1) high fineness (826.2 - 881.3) and (2) low fineness
(771 - 795). It suggests that Au was remobilized and recrystallized during later stages.

In the orogenic gold deposits, gold: silver ratios range from 10 normal to 1 less common
(Groves et al.,1998 and Moritz, 2000) also proposed gold to silver ratios typically range between
10:1 and 5:1, less commonly 1:1. According to the SEM-EDX analysis, gold to silver ratios range
from 5.75:1 to 3.53:1, average is 4.9 :1 in the research area.

Table 4 Overall average, range of averages and range of fineness for major deposit classes
(After Fisher, 1950 and Morrison et al., 1991)

Deposit Types | Overall Average /Range of Averages Total Range
Archean 940 780+1000
Plutonic 825 650+£970
Porphyry 700+1000 650+1000

Volcanogenic 650+850 520+870
Slate belt 920 800£1000

Hypothermal 925
Mesothermal 850+870 750£900
Epithermal 440+1000 0+1000

...........................................................

0 p
T Ul Scale J40S i Curmor 2 505 (60 c1s)

' Spectrum Ag [ Au | Total

| Spectrum | 1 17.38 [ 82.62 ' 100.00 | Gold

' Spectrum 2 1581 177.84 | 100.00 " Electrum
' Sbcclrum 3 | 14.85 179.50 1 100,00 | Electrum

Figure 6 Some gold and electrum under SEM-EDX show their image, result of element
composition (normalized wt.%) and peaks of elements
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Table 5 Gold Fineness of SEM-EDX analysis of electrum grains

No. Element Au A9 Gold Fineness Remark
(Wt%o) (Wt%)
1 Grain 1 77.12 22.88 771.2 Electrum
2 Grain 2 77.84 22.16 778.4 Electrum
3 Grain 3 79.5 20.5 795 Electrum
4 Grain 4 76.91 23.09 769 Electrum
5 Grain 5 78.2 21.8 782 Electrum
Average 77.914 22.086 779.14
Table 6 Gold Fineness of SEM-EDX analysis of gold grains

No. Element (wAt\‘l’J/o) (wAt\g/o) Gold Fineness | Remark
1 Grain 1 82.62 17.38 826.2 Gold
2 Grain 2 85.32 14.68 853.2 Gold
3 Grain 3 85.05 14.95 850.5 Gold
4 Grain 4 87.5 12,5 875 Gold
5 Grain 5 84.03 15.97 840.3 Gold
6 Grain 6 82.86 17.14 828.6 Gold
7 Grain7 84.19 15.81 841.9 Gold
8 Grain 8 83.62 16.38 836.2 Gold
9 Grain 9 84.18 15.82 841.8 Gold
10 Grain 10 88.13 11.87 881.3 Gold
11 Grain 11 87.1 12.9 871 Gold
12 Grain 12 87.73 12.27 877.3 Gold

Average 85.19 14.81 851.94

4.2 Fluid Inclusion Geochemistry

In the research area, based on the number of phases present at room temperature (Shepherd
etal., 1985) and their microthermometric features, two fluid inclusion types were recognized: Type
| is monophase aqueous inclusions (L=Liquid), and Type Il two-phase (L=Liquid+V=Vapour)
aqueous inclusions. Type Il is more abundant. Monophase aqueous inclusions (Type 1) of fluid
inclusions occur in both quartz veins and are characterized by single phase (liquid or gas) at room
temperature. Aqueous two-phase fluid inclusions (Type I1) are seen in both gold-bearing sulphide
quartz veins, and deformed quartz veins by a vapour bubble in an aqueous liquid at room
temperature with transparency and low relief (Figure 7).

In sulphide-bearing veins (Early Stage), both ice melting and homogenization temperature
can be measured and it ranges from 340°C to 403°C and melting temperature ranges from -1.7 to
-2.0 (NaCl equiv. wt.% range from 3.01 to 3.53).
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In deformed quartz vein (Later Stage), it also has bi-phase inclusions, and homogenization
temperature can be measured, the range of melting temperature is from -1.3 °C to -1.6 °C and
salinity NaCl equiv. wt. % is from 2.31 to 2.83. Homogenization temperature is 320°C to 396°C.

From fluid inclusion data of mineralized quartz veins, it can be deduced that there are two
different mineralization phases marked by difference of homogenization temperature and salinity.
Fluid inclusion microthermometry data of selected samples are shown in Table 7. Temperature-
salinity diagram for various types of ore deposits (Wilkinson, 2001) is shown in Figure 8.

Figure 7 (a &b) Aqueous two-phase fluid inclusions (Type I1) in quartz vein

Table 7 Fluid inclusion microthermometry data of selected samples

. Homogeni- Ice Salinity
Sa:rE)pIe S(;)csli M?nO::al In_t;_l;;:eon Inliits?gn zation Tem, | Melting | (Wt% | Remarks
Range (°C) | Tem (°C) | NaCl.)
PYT-1 |quartzite | quartz L-v 11 340-403 |-1.7to-2 | 3.01to | Sulphide
3.53 |quartz vein
(Early
Stage)
PYT-2 |quartzite | quartz L-v 10 320-396 -1.3to- | 2.31to | Deformed
16 2.83 |quartz vein
(Later
Stage)
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Figure 8 Temperature-salinity diagram for various types of ore deposits (Wilkinson, 2001)

4.3 Discussion and Interpretations

The research area has been subjected to regional metamorphism of low to medium pressure
and temperature conditions. It is composed of the greenschist facies rocks (phyllites and quartzites).
All these rocks belong to the Mogok Metamorphic Belt (MMB). Metamorphism has been formed at
the convergent plate margin and it could have created increased thermal regimes causing migration
of the metamorphic fluids. Metamorphism is related to the two Cenozoic metamorphic events: one,
a pre- 59 Ma event, that ended with a suite of cross-cutting biotite granite dykes (Belin dykes); and
a second spanned Late Eocene-Oligocene (at least from 37 Ma, possibly 47-29 Ma)
(Searle et al.2007).

In the southwestern part of this area, pegmatite bodies and small diorite dykes have been
found in mica schists. Pegmatite body measuring about 200 m by 200 m occurs. It is typically
exposed at Lagyi Taung about 2.4 km east of Thetkegyin village. The pegmatite has intruded along
contact between the Mauk Kaw Quartzite and the schists. Diorite dykes occur to the southeast of
Pansalaung Taung (Moe Min Soe, 2009). According to previous studies, these igneous rocks as
part of central granitic belt of Myanmar are calc-alkaline and I- type granites. These rocks are
similar to the pre-collisional granitoids of the Ladakh and Gangdese batholiths in the south and are
interpreted as forming along an active continental margin above an oceanic subduction zone.
Barley et al., (2003) dated zircons at 171.7 £ 2.1 Ma from Mandalay hills granodiorite. In Kyanigan
quarry (15 km far form SW of research area), zircon cores from a sample of augen gneiss from
Kyanigan hills have amean age of 170.1 £ 1.1 Ma. Barley et al., 2003 interpreted it as the magmatic
age of the orthogneiss protolith. The estimated age is Jurassic to Early Cretaceous.

Additionally, Late Eocene to Early Miocene granite magmatism is recognized. This is
probably the youngest thermal event recorded from the Mogok Belt, producing mantle-derived
syntectonic hornblende syenites (35-23 Ma, Barley et al., 2003) and crust-derived leucogranite
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melts (24.5 + 0.7 Ma, Barley et al., 2003), age of tourmaline-quartz leucogranite from Kyanigan
quarry. The tourmaline-quartz leucogranite at Kyanikan Quarry was also dated using both ID-
TIMS and LA-ICP-MS (monazite and xenotime 31-24 Ma, Searle et al., 2007). Together with
Barley et al. (2003) data, this provides conclusive proof of Late Eocene—Early Miocene sillimanite-
grade metamorphism and Early Miocene partial melting in the MMB (Searle et al., 2017).

Xie et al. (2010) mentioned the subduction and collision between Indian Plate and West
Myanmar Block began in Middle Eocene and reached its peak in Oligocene. Bertrand et al., (2001)
obtained Ar age of 26-21 Ma from samples near Mandalay and interpreted as uplift-cooling ages
in the Mogok Metamorphic Belt (MMB) of West Myanmar Block. Searle et al., (2007) and
Mitchell et al., (2012) reported that the uplift-cooling age following the metamorphic event was
probably in the 43-29 Ma interval. Based on zircon U-Pb dating, Mitchell et al. (2012) obtained
zircon U-Pb ages of 17, 20 and 21 Ma, which were widely distributed within the MMB and were
in agreement with the uplift-cooling age in the MMB described by Bertrand et al. (2001). The
Indochina Plate presumably escaped from the collision between the Indian Plate and West
Myanmar Block. The intense dextral strike-slip along the Sagaing Fault zone between West
Myanmar Block and Sibumasu Block ensured the contact metamorphism crystallization age in the
MMB from Middle Eocene to Late Oligocene (43-29 Ma). The MMB was uplifted between
26 and 21 Ma due to sustained subduction and collision, revealing that the regional uplift-cooling
time and contact metamorphism crystallization age (21-17 Ma) due to the strike-slip of Sagaing
Fault (Li et al., 2013).

According to the SEM-EDX analysis, the gold fineness shows two ranges: (1) high fineness
(826.2 - 881.3) gold associated with hematite, chalcopyrite and bismuth, and (2) low fineness
(771 - 795) gold associated with chalcopyrite, hessite, petzite and tellurobismuthite suggesting that
Au was remobilized and recrystallized during late stages. Gold mineralization in veins shows two
generations as indicated by gold fineness probably suggesting multiple gold depositions. At least,
one of these generations of gold occurred during brittle deformation as free gold was both found
in cracks within quartz matrix and fissures of hematite. Gold fineness indicates that the Taung Ni
gold prospect was formed with the mesothermal setting.

Gold to silver ratios range from 5.75:1 to 3.53:1, average is 4.9 :1 in the research area. It
indicates that the Taung Ni gold prospect belongs to the orogenic gold deposit.

In fluid inclusion microthermometry, there are two different mineralization phases marked
by difference of homogenization temperature and salinity, and homogenization temperature and
low to moderate saline fluid (2-10 NaCl equiv. wt. %) of mineralized quartz veins suggesting
hydrothermal activities in mesothermal systems.

By field evidence and fluid inclusion data, later stage veins were formed at around 1 km
depth and early-stage mineralization were developed at 3km below the paleo water table. As
mineralization with different depth conditions, it can be assumed that the MMB was uplifted
between (Late Oligocene-Early Miocene, 26 and 21 Ma, Li et al., 2013 and Late Eocene-Early Miocene,
31-24 Ma, Searle et al., 2017) due to sustained subduction and collision. There had been uplift
deformation occurring before later phase mineralized veins system. Compared with geological
conditions, host rock mineralogy and ore mineral assemblages, gold mineralization and ore
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forming conditions were developed within mesothermal environment. Figure 9 depicts probable
mineralization phases based on field evidence and fluid inclusion data.

Paleo-weathering deformation process followed by supergene mineralization

1 km-4{Greenschist facies K
Metamorphism

2 km- N Uplift due to collisional deformation

Depth

[— """“"""""‘“"""""“‘“““""""""“r"‘? """ i"‘ﬂ
3 km- Mineralization(Edarly):
Uplift process :

4 km- Greenschist facies

Metamorphism

L L L L LT

ecccscnannncns

T T T T T T T T
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Figure 9 Schematic diagram of mineralization depth based on field evidence and fluid inclusion
data showing possible two mineralization events (late mineralization developed during
uplift due to collisional deformation) (Adapted from Win Phyo, 2017)

From the strong similarity of its geotectonic environment, occurrence of orebodies, mineral
assemblage, host rock and ore-forming fluid, to those of orogenic gold deposits, Taung Ni gold
prospect developed under mesothermal conditions, possibly belongs to the orogenic gold clan. In
full support, Table 8 shows the comparison of typical characteristics between Taung Ni gold
prospect and orogenic gold deposits.
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Table 8 Summarized mineralization characteristics and comparison with typical orogenic

deposit type (Robert et al., 1997, Grove et al., 1998 & 2003 and Poulsen et al., 2000)

Typical Characteristics of Orogenic Gold Deposits

Taung Ni gold Mineralization

Geological Setting

Deformed metamorphic terrane
or orogenic belt of greenschist
facies on continental margin
mainly of allochthonous

Deformed metamorphic terrane
of  greenschist facies on
continental margin

Tectonic Setting

Commonly  structural  high
deforms during later stage of
compression and transtension

Structural high deforms

Mainly vein system in brittle-

Mainly vein system in brittle-

Structure ductile shear zone, related to | ductile shear zone, related to
regionally transcurrent fault regionally transcurrent fault
High-Low grade metamorphic | greenschist-facies rocks

Host Rock rocks of Archaean terranes,

greenschist-facies rocks, meta-
sedimentary rocks

Mineralization
Style

Variable; large veins, vein arrays,
saddle reefs, replacement of Fe-
rich rocks

large veins, vein arrays

Ore Minerals

Pyrite, gold, electrum, barite,
pyrrhotite, arsenopyrite, stibnite,
tetrahedrite, bismuthinite

pyrite, arsenopyrite, silver,
chalcopyrite, hematite, gold,
electrum,  petzite, hessite,

tellurobismuthite and bismuth

Ore and
Associated Metals

Au-Ag +AstB+Bi+Sh+Te+W

Au-Ag, As, Cu, Bi, Te

Au:Ag Ratio

Au:Ag =5:1t010:1

Au:Ag=4.9:1

Gangue Minerals

Albite, white mica or fuchsite,
chlorite, scheelite, tourmaline, in
greenschist facies rocks and
ankerite, dolomite or calcite

Albite, chlorite, sericite,
muscovite in greenschist facies
rocks and calcite

Vein Texture &

Ribbon and banded. Cryptic

Ribbon, banded and comb

Zonning lateral and vertical zoning Cryptic lateral zoning

Alteration Hydrothermal alteration: Hydrothermal alteration:
Silicification, sericitization, | Silicification, chloritization,
carbonatization, albitization, | sericitization, pyritization and
chloritization hematization

T conditions 220°-600°C 320°-403°C
Normally 350°+50°C

Ore Fluids Low-salinity Low-salinity

From the field observation and microscopic studies, it is known that Au-Ag bearing fluid

cut penetrated the quartzite and phyllite, causing the precipitation of gold transported by
metamorphic fluids with hydrothermal processes generated during metamorphism at the end of
igneous activities. A conceptual model for the mineralization style of the research area is shown in
Figure 10. The model shows that gold mineralization occurring within Mogok Metamorphic Belt
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was formed due to collisional deformation events of Myanmar during Jurassic- Early Cretaceous
age. During this time, open spaces (fault zone, fracture zone, etc.) developed into which

mineralization with NNE-SSW trending shear, dilational zones.

\ Taung Ni Gold Prospect

Sedimentary .\.
Rocks

Hydr\(‘)trrl\i\'érm al

\

Fl‘uld \.\

Auriferous Fluid

= Metg‘morp,hjc
~Fluid

Figure 10 A conceptual model for the mineralization style of the research area (not to scale) (Late
mineralization is formed during uplift due to collisional deformation) (Adapted from

Groves & Santosh, 2015)
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Ore Genesis and Deposit Type of Taung Gaung Lead Mineralization

5.1 Lead Isotope Geochemistry

In this study, three galena samples from mineralized zone of Taung Gaung lead deposit

were analyzed and the results are shown in Table 9.
Table 9 Pb isotope ratio of 26Pb/ 204Pb, 207Pb/ 2%4Pb and 2%¢Pb/ 2°*Pb

Sample No. Mineral 206pp/ 204ppy | 207pp/ 204ppy | 208pp/ 204pp
AYK-I Galena 18.42 15.9 39.1
AYK-II Galena 18.37 15.84 39.29
AYK-I11I Galena 18.33 15.85 39.61
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Plots of 2%Ph/ 24P vs 29’Pb/ 2%4Pb, and 2%Phb/ 2%*Pb vs 2%Pb/ 2%*Pb are shown in Figure 11.
A & B and Figure 12. A & B. The isotopic ratios cluster of Taung Gaung deposit does not have any
trend as well as the radiogenic Pb isotope trend. Carbonate-hosted Pb-Zn deposits are usually located
on the radiogenic lead isotope trend as described by Heyl et al., (1974) and Vaasjoki & Gulson (1986).
However, Pb isotope data from Pb-Zn deposits in Pine Point (Northwest Territories: Cumming et al.
1990), in Southwest Sardinia (Boni et al., 1996), in Tennessee in the Appalachian orogen (Kesler 1996;
Misra et al., 1996), in the Lennard area (Australia: Dorling et al., 1996a), in Navan (Ireland: Hitzman
& Beaty, 1996), in Bleiberg (Alpine Austria: Schroll, 1996), and in Asturias-Leon (Spain: Tornos
et al., 1996) do not have the radiogenic Pb isotope trend. This situation is interpreted by the above
researchers as either reflecting a homogeneous primary source of Pb isotopes, or Pb isotopes which
reached homogeneity by interaction between other rocks and ore fluids, travelling a long way during
ascent.
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Figure 11 (A) Plots of 206Pb/ 2“Pb vs 2°7Pb/20*Pb and (B) Plots of 206Pb/ 2*Pb vs 2%8Ph/2%Ph
isotope data of galena samples from the Taung Gaung deposit on Pb isotope evolution
diagram. Lower Crust trend is outside the diagram area (after Zartman & Doe 1981)

The Pb isotope data show beyond the average crustal growth curves but the Pb isotopes are
homogenous in composition. This feature is compatible with a formation model for carbonate-
hosted Pb-Zn deposits in Taung Gaung area. So, either Pb isotopes in galena are homogeneous in
composition at the primary source, or reached their homogenous composition during transport of
marine waters. The source of metals in the deposits is either orogenic or concentrated from marine
waters, which travelled to depths along the cracks and faults and acquired metals during transport.
This suggest that the source of Pb is from the upper crust and mixing between multiple reservoirs
near the site of ore deposition (Aung Ye Ko et.al., 2020a).
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Figure 12 (A) Plots of 2°°Pb/2%4Ph vs 207Ph/ 2%4Pph and (B) Plots of 2%°Pb/ 2%*Pb vs 208Pp/2%Ph
showing a brief comparison of the modern MORB, Pelagic sediment, Oceanic island
volcanic rocks, Upper Crust and Lower Crust Pb (Zartman and Doe 1981), and whole-
rock of Ediacaran carbonate rocks, Permian Emeishan basalts and Proterozoic
metamorphic rocks (Li et al. 2007; Yan et al. 2007; Zhou et al. 2014). Solid lines
enclose 80% of all data points for each field, and dashed lines enclose probable average

values.

Leach et al., 2005 reported that the MVT deposits occurred tens to hundreds of millions of
years after host-rock deposition. In Taung Gaung deposit, Ordovician limestone is 443.8 = 1.5 Ma
to 485.4 £ 1.9 Ma. and the age of mineralization possibly occurred at ~ 340 £ 30 Ma (Middle
Carboniferous), based on the Cumming and Richards (1975), summary plot of lead-isotope ratio
(?%Pb/ 2°4Ph vs 297Ph/ 2%4Ph, and 2°6Pb/ 2%Pb vs 2%®Pb/ 2%4Pb) (Figure 13. A & B).
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Figure 13 (A) and (B) Summary plot of lead - isotope ratio 2°Ph/ 2%*Pb vs 2°’Pb/ 2**Pb SRABCG
- Subduction - related and bulk crustal growth, CR - Cumming and Richards (1975)

5.2 Sulphur Isotope Geochemistry

Sulphur isotope studies were conducted to constrain possible sources of reduced sulphur
and the geochemical reactions that led to the deposition of the ores. In this study, three galena and
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two pyrite samples from mineralized zone of Taung Gaung lead deposit were analyzed and the
results are shown in Table 10.

The 534S values for galena and pyrite range from -6.4%o to +2.3%o and from +1.8 to +5.3%o,
respectively. The range of the isotopic compositions of sulphide is relatively small when compared
to that of most carbonate- hosted lead-zinc deposits. The %S values exhibit narrow range (from -
6.4%o t0 +5.3%o) which are closely similar to the 5**S values for magmatic sulphur (from -5 to +5),
although field observation and ore microscopy provide no evidence of magmatic activity in this
area (Aung Ye Ko et.al., 2020Db).

Table 10 Relative enrichment of $**S from galena and pyrite as compared with the VCDT standard

Standard Sample ID Mineral 3%4S %o vs VCDT
AYK_IV Galena 2.3
AYK_ V Galena -6.4
AYK VI Galena -4.5
AYK_ V Pyrite 5.3
AYK VI Pyrite 1.8

The narrow range of 5**S values suggests an abiologic (thermochemical) reduction process, but
it is not clear why most of the sulphide values are heavier than the evaporitic value and when the
calculated 5**Shzs values of the fluids in equilibrium with sphalerite and galena appear to be about
+22 10 +23%o (Sverjensky 1986).

Misra, 1999 suggested that the 534S values of sulphide have a very wide range, from about
-10 to +30 %o, comprising a spectrum of crustal sulphur sources, such as seawater sulphate or marine
evaporites (positive 5%S values), sulphur-rich organic material (slightly positive to negative §%*S
values), diagenetic pyrite in sedimentary rocks (very positive to negative 5**S values), and de-crustal
sulphur (5*S values near 0%o).

Alternatively, this deposit may have formed as the result of bacterial reduction of seawater
sulphate but the narrow range of 5**S and small isotope shift would be unusual. Perhaps seawater
became enriched in the light isotope by sulphur being leached from lithologic units during its
circulation (Eldridge et al., 1993, Sherlock et al., 1999 and Roth & Taylor, 2000). Therefore, the
systematic study of sulphur isotope in Taung Gaung area implies that the sulphur originated from
seawater sulphate, and probably has a mixture of sulphur sources.

Sulphur isotope data from other Mississippi Valley-type deposits suggest two major sulphide
reservoirs, one centred between —5 to 15%o and another greater than 20%o. The higher values of
sulphides typically coincide with those of the composition of associated sulphate minerals, and have
been interpreted to reflect the minimal fractionation associated with abiotic thermochemical reduction
(Kesler 1996). However, similar compositions of sulphide could be generated by closed-system,
quantitative bacterial reduction of sulphate. A carbonate aquifer is an ideal environment for such a
geochemical process due to the lack of reactive Fe to scavenge and fractionate sulphur. The lower
values may reflect formation from H.S derived either directly or indirectly from open-system bacterial
reduction of sulphate. Kesler et al. (1994a) proposed that low &S H.S was derived from oil in the
deeper parts of the basin for the Central Tennessee and Kentucky Mississippi Valley-type districts.
This 5*S ultimately would have been derived from the bacterial reduction of sulphate. The HzS from



56

both bacterial and abiotic reduction is not in sulphur isotope equilibrium with associated sulphate
minerals

In comparing the §**S values obtained from Taung Gaung deposit with an idealized 534S curve
for selected Mississippi Valley Type deposits, it has been found that the range of §*S values from
Taung Gaung deposit closely fits the idealized 534S curve for seawater-derived sulphate at 150°C when
plotted with an Ordovician age for the sedimentary host rocks (Figure 14).

Comparison of deposit sulphide compositions with inferred deposit age, host-rock age, and the
secular seawater sulphate curve shows that most MVT deposits can obtain their sulphide from seawater
sulphate by thermochemical sulphate reduction (TSR), either directly from brines or from dissolved
evaporites that were incorporated in the sedimentary basin at some time between host-rock deposition
and mineralization. Production of sulphide by TSR from sulphate or sulphate-bearing fluids in the rocks
hosting mineralization would appear to be most likely, given the constraints on metal and sulphur
cotransport noted earlier (Wilkinson, 2014) (Figure 14).

Those deposits containing a proportion of sulphide with §3*S values below the seawater -15%o
curve (Silesia, Tri-State, Central Tennessee, and Polaris) are likely to have derived a portion of their
sulphur from bacteriogenically reduced sulphate, probably by reworking of sedimentary pyrite (Figure
14). However, in most cases, this source is unlikely to form more than about 10% of the total
S (Wilkinson, 2014). Distribution of sulphur isotope compositions from selected Mississippi Valley-
Type deposits and Taung Gaung lead deposit compared with host rock ages is shown in Figure 15.
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Figure 14 Diagram illustrating range and median %S values of sulphides in a selection of MVT
deposits plotted in relation to age of host rocks and inferred ages of mineralization (*as
proposed by Leach et al. 2005), marine sulphate composition (blue line), and mean
sedimentary pyrite composition (olive line) as produced by BSR. The blue-shaded field
indicates the likely range of sulphide compositions produced by TSR of seawater-
derived sulphate at 150°C (Kiyosu and Krouse, 1990). Sulphur in most MVT deposits
is consistent with an origin from seawater sulphate, reduced by TSR. Data compiled in
Leach et al. (2005). Sulphur isotope curves from Farquhar et al. (2010).
(BSR = bacteriogenic sulphate reduction; TSR = thermochemical sulphate reduction).
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Figure 15 Distribution of sulphur isotope compositions from selected Mississippi Valley — Type
deposits and Taung Gaung Pb deposit compared with host rock ages (Leach DL, Taylor
RD, Fey DL, Diehl SF and Saltus RW, 2010)

5.3 Discussion and Interpretations

The research area lies in the eastern part of the Mogok Metarmorphic Belt (MMB), which
was uplifted between Late Oligocene—Early Miocene, (26-21 Ma, Li et al., 2013), and Late
Eocene—Early Miocene, 31-24 Ma, (Searle et al., 2017) due to sustained subduction and collision.
The Middle Ordovician limestones are the host rocks to lead mineralization. The main
mineralization occurs in dolomitic and oolitic limestones. It follows the axial zone of a major
anticline, enhanced by shearing and brecciation. Mineralization occurs as fillings in solution-
collapse breccias, along bedding planes and joints, and as disseminations and replacement bodies.
The age of mineralization was post Middle Ordovician. On the basis of lead isotope ratios, it might
be as late as Early Carboniferous (Mississippian) (340 £30).

The Pb isotope data of Taung Gaung deposit does not have any trend as well as on the
radiogenic Pb isotope trend. Carbonate-hosted Pb-Zn deposits are usually located on the radiogenic
lead isotope trend as described by Heyl et al. (1974) and Vaasjoki & Gulson (1986). The sulphur
isotope data is relatively small and shows narrow range (from -6.4%o to +5.3%0) when compared to
that of most carbonate- hosted lead-zinc deposits. Misra, 1999 suggested that the 5**S values of
sulphides have a very wide range, from about -10 to +30 %o.

Koptagel et al. (2001, 2005) proposed that Pb-Zn deposits are concentrated from marine
waters, which travelled along deep cracks and faults in the beginning of the rifting event. At depth,
the marine waters heated up and dissolved metals from rocks during its ascent, and when the
concentration of metal ions increased sufficiently then deposition occurred. This process and
structural features such as faults and cracks, together with wall-rock permeability and reactivity
would be the eventual controlling factors of mineralization, geometry of the ore bodies and
alteration. The reason for very significant oxidation of the ores in the Taung Gaung area, was the
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strong effect of the tectonic activities during and after mineralization. Therefore, the Pb isotope
data of Taung Gaung deposit do not plot on the radiogenic Pb isotope trend, and the sulphur isotope
data is relatively small and of narrow range when compared to those of many other carbonate-
hosted lead-zinc deposits.

However, the systematic study of lead and sulphur isotopes in Taung Gaung deposit shows
that ore-forming materials mainly came from the upper crust indicating the epigenetic origin in the
main.

Based on the sulphur isotope analysis, the mineralization temperature was approximately 150
°C. Sulphur in Taung Gaung deposit is consistent with an origin from seawater sulphate, reduced
by TSR (thermochemical sulphate reduction). Morphologically the Taung Gaung Pb deposit is
mainly stratabound. The 10% of the total sulphur is likely to have derived from BSR (bacteriogenic
sulphate reduction) and thus the Taung Gaung Pb deposit is locally stratiform, and of syngenetic
origin.

Polkunov, 1987 proposed that the exogenous deposits are normally associated with structures
that have undergone recent uplift or have a tendency toward present-day uplift. Therefore, the
exogenous mineralized system was also possible in Taung Gaung lead deposit. A schematic diagram
of possible mineralized systems of Taung Gaung lead deposit is shown in figure 16.
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Figure 16 Schematic diagram of possible mineralized systems of Taung Gaung lead deposit
(Adapted from Amstutz, 1964)

Based on the tectonic activity, field observation, microscopic studies and geochemical
investigations, Taung Gaung Pb deposit is mainly stratabound, and of epigenetic origin. Table 11
shows summary and comparison of principal characteristics of MVT deposits and Taung Gaung
deposit. Most of factors are overlapping and some factors are missing. From its geological,
structural, mineralogical and geochemical features, Taung Gaung lead mineralization belongs to
Mississippi Valley-Type of ore deposits.
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Table 11 Summary and comparison of characteristics of MVT deposit and Taung Gaung
deposit (Leach et al., 2005)

Features

MVT (Leach et al., 2005)

Taung Gaung

Tectonostratigraphic
setting (at the time
of mineralization)

Platform carbonate sequence at
flanks of basins or foreland thrust
belts

Platform carbonate sequence

Host rocks

Mainly dolostone and limestone,
rarely sandstone in carbonate
dominant sequences

Dolomitic and oolitic

limestones

Structural controls

Normal, transtensional, and wrench
faults and associated fractures and
breccias

Normal and transtensional
faults and associated fractures
and breccias

Ore-body
morphology and
controls

Highly variable; commonly
stratabound, pipes or tabular
zones, locally stratiform. Veins,
dissolutionbreccias, lithological
transitions

Stratabound and fillings in
dissolutionbreccias

Principal ore and
gangue minerals

Sphalerite, galena, pyrite,
marcasite, minor sulphosalts +
dolomite, calcite. Barite is minor to
absent and fluorite is rare

Sphalerite, galena, pyrite,
marcasite, minor sulfosalts +
dolomite, calcite. Barite and
fluorite are rare

Texture

Coarsely crystalline to fine-grained,
massive to disseminated.
Replacement and open-space filling

Coarsely crystalline to fine-
grained, massive to
disseminated. Replacement and
open-space filling

Trace metal content

Cu, Co, Ni, Ag, Sh, Cd, Ge, Ga and
In

Cu, Co, Ni, Agand Cd

Lead isotope
signature

Within-deposit heterogeneity;
crustally derived, highly radiogenic
in the United States and Canada

Within-deposit homogeneity;
crustally derived

Sulphur isotope

Predominantly positive; reduced

Slightly negative to positive,

signature seawater sulphate (TSR) in host reduced seawater sulphate
rock or second fluid (TSR) and  bacteriogenic
sulphate reduction (BSR) in
host rock
Ore fluid Mostly low temperatures | Temperature approximately ~
(90-150 °C) connate bittern brines | 150 °C
or evaporite dissolution brines
Timing of Epigenetic, tens to hundreds of Epigenetic, tens to hundreds of

mineralization

millions of years after host-rock
deposition

millions of years after host-
rock deposition

Associated igneous
activity

not associated with igneous activity

not associated with igneous
activity
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In Taung Gaung area, the Ordovician limestone is a regional guide to lead mineralization.
Along the N-S trending structure of Taung Gaung limestones were subjected to dolomitization,
fracturing, and brecciation that created enhanced permeability providing access routes to ascending
ore-bearing hydrothermal fluids.

The regional trend of the rocks is generally N-S with dips either to the east or west forming
asymmetrical anticlines and synclines. Ordovician limestone unit trends N-S and is broadly folded
into a major anticline. The major faults also trend N-S following the regional alignment. Also,
mineralization follows the anticlinal axis of the major anticline, and characterized by shearing and
brecciation. The NS, NE-SW trending faults are controlling factors of lead mineralization. Based
on the geochemical studies, in combination with geological and mineralogical characteristics,
salient physico-chemical metallogenic parameters can be drawn for the Taung Gaung ore deposit
model (Figure 17).
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Figure 17 An Empirical Model for Taung Gaung MVT Deposit

Summary and Conclusions

Gold mineralization in the Taung Ni area is a shear zone hosted mesothermal gold quartz
vein system, developed under greenschist metamorphic facies due to collisional deformation
events. It is associated with both primary stockwork quartz veins trending NE-SW, parallel to the
major shear zone and secondary remobilized veins in brecciated / oxidized zones. The native gold
grains filled micro-fracture of quartz/ deformed host rocks with secondary hematite in strongly
brecciated / oxidized zone. These secondary native gold grains might be related to the
remobilization of gold from primary gold-bearing quartz veins due to strong E-W trend post -
mineral deformation events. Therefore, gold mineralization is related both primary and secondary
conditions. High-grade gold mineralization commonly occurs in secondary oxidized, brecciated
zones. In accordance with the geological, structural, mineralogical and geochemical studies of this
area, Taung Ni gold mineralization might have developed under mesothermal conditions and its
belongs to orogenic gold deposit type.

The main lead mineralization in the Taung Gaung area occurs in Middle Ordovician
limestone. It follows the axial zone of a major anticline, enhanced by shearing and brecciation.
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Based on the sulphur and lead isotope analysis of Taung Gaung deposit, it has been found that ore-
forming materials were mainly derived from the upper crust epigenetic origin. The age of
mineralization was post-Middle Ordovician. On the basis of lead isotope ratios, it might be as late
as Early Carboniferous (Mississippian). From its geological, structural, mineralogical and
geochemical features, Taung Gaung lead deposit belongs to the Mississippi-Valley-Type.
Schematic 3D diagram of collisional tectonic events related to gold and lead mineralizations in the
research area is shown in Figure 18.
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Figure 18 Schematic 3D diagram of collisional tectonic events related to gold and lead
mineralizations in the research area (Adapted from Win Phyo, 2017)
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Jot AN ANALYTICAL STUDY OF THE APPLICATION OF

BIOLOGICAL SCIENCE INQUIRY MODEL
IN TEACHING HIGH SCHOOL BIOLOGY

Moh Khet Khet Oo?

Abstract

The main purpose of this study is to investigate the applicability of Biological Science Inquiry
Model (BSIM) in teaching biology in Myanmar. A mix-method: QUAN— qual design was used.
Simple random sampling method was used to select sample schools. For quantitative research, the
research design was nonequivalent control group design. Quantitative research findings include
four main parts. Firstly, findings of biology achievement on concept domain included three
research findings. The experimental groups who received BSIM were significantly higher than the
control groups who did not. The stronger the attitudes towards BSIM were established, the higher
the biology achievement on concept domain. The predicting factors were interest, appreciation and
value. Secondly, the findings of biology achievement on process domain included three findings.
There was a significant difference in biology achievement on process domain between students
who received BSIM and those who did not. The stronger the inquiry process skills were
developed, the higher the biology achievement on process domain. The predicting factors were
observing, hypothesizing, questioning, communicating, classifying and experimenting. Thirdly,
the findings of overall biology achievement included three findings. There was a significant
difference in overall biology achievement between students who received BSIM and those who
did not. There was also a strong relationship between students’ overall biology achievement and
their attitudes towards BSIM, inquiry process skills and the impact of resources, classroom
management and systemic restrictions. The predicting factors were attitudes towards inquiry
process skills, BSIM and the impact of resources of BSIM. Finally, BSIM developed students’
higher-order thinking skills and inquiry process skills. Regarding qualitative research findings,
teachers and students preferred and well performed on BSIM according to the results of
questionnaires, observation checklists and interviews. BSIM contributes a positive impact on
teaching biology. The research findings suggested that BSIM should be used in teaching and
learning biology in Myanmar.

Keywords: Teaching Model, Biological Science Inquiry Model, Science, Inquiry, Biological,
Biology

Introduction

The process of education needs to be adapted to the changing needs of the society and the
aim of education must be to equip the individual or the nation for the struggle so as to ensure
survival. Similarly, the meaning of education is to draw out something and not to put in
something. The meaning of education gives educators the concept of learner-centered approach
rather than teacher-centered approach. It is necessary to change ideas, thoughts and teaching
methods that lead to learner-centered approach. Therefore, this research is conducted with more
emphasis on learner-centered rather than teacher-centered approach.

In education, critical thinking, creative thinking, problem solving and communication
skills are essential to face the challenges of 21st century. To develop these skills among the

1 Dr, Assistant Lecturer, Curriculum and Methodology Department, Yangon University of Education



69

students, teachers should try to cultivate the habits of inquiry. Inquiry is not just teaching biology,
but using biology to teach thinking. By using Biological Science Inquiry Model, students can
understand the basic biological concepts which are the good foundation for Grade Eleven,
especially for the preparation of matriculation examination in Myanmar. Hence, the study in
hand endeavors to measure the efficacy of Biological Science Inquiry Model. Biological Science
Inquiry Model is one of the learner-centered approaches to teach scientific knowledge and to
develop interest in scientific inquiry.

In Myanmar, pedagogues and teachers need to learn the methodology of teaching students
to improve thinking skills. With this in mind, this research is an attempt to develop higher-order
thinking skills and inquiry process skills with the practical aspects of biological science inquiry
activities suggested in this research.

Objectives of the Research

1. To construct a Biological Science Inquiry Model that can enhance students’ biology
learning through their higher-order thinking skills and inquiry process skills.

2. To investigate the applicability of Biological Science Inquiry Model in teaching and
learning high school biology.

3. To explore the attitudes and opinions of teachers and the attitudes of students who
participate in this study.

4. To analyze the impact of Biological Science Inquiry Model and give suggestions for the
improvement of teaching and learning biology.

Research Questions

1. Are there any significant differences in biology achievement on concept domain of the
students who received Biological Science Inquiry Model and those who did not?

2. Are there any significant relationships between students’ biology achievement on concept
domain and their attitudes towards Biological Science Inquiry Model?

3. Do attitudes towards Biological Science Inquiry Model: interest, appreciation and value
predict biology achievement on concept domain?

4. Are there any significant differences in biology achievement on process domain of the
students who received Biological Science Inquiry Model and those who did not?

5. Are there any significant relationships between students’ biology achievement on process
domain and their attitudes towards inquiry process skills?

6. Do inquiry process skills predict biology achievement on process domain?

7. Are there any significant differences in overall biology achievement of the students who
received Biological Science Inquiry Model and those who did not?
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8. Are there any significant relationships between students’ overall biology achievement and
their attitudes towards Biological Science Inquiry Model, inquiry process skills and
impact of application of Biological Science Inquiry Model?

9. Do attitudes towards Biological Science Inquiry Model, inquiry process skills and impact
of application of Biological Science Inquiry Model predict overall biology achievement?

10. Can Biological Science Inquiry Model develop higher-order thinking skills and inquiry
process skills?

Scope of the Research
1. This study is geographically restricted to Yangon Region.

2. Participants in this study are Grade Ten biology students and teachers from the selected
schools in the academic year (2018-2019).

3. As valid content areas, this study is limited only seven topics prescribed in Grade Ten
biology textbook.

Definitions of Key Terms

Teaching Model. A teaching model is a plan or pattern that can be used to shape curriculums, to
design instructional materials, and to guide instruction in the classroom and other settings (Joyce
& Weil, 1980).

Biological Science Inquiry Model. Biological Science Inquiry Model is an inductive and
learner-centered approach to teach scientific knowledge and to develop interest in scientific
inquiry (Joyce & Weil, 1980).

Science. Science is the systematic study of the structure and behavior of the physical and natural
world through observation and experiment (Herr, 2008).

Inquiry. Inquiry is not just teaching science, but using science to teach thinking (Abruscato &
Derosa, 2010).

Biological. Biological means connected with the science of biology: the biological sciences
(Hornby, 2015).

Biology. Biology (bios, life; logos, knowledge) is a science devoted to the study of living
organisms (Taylor, Green & Stout, 1997).

Statement of the Problem

Firstly, the major challenges for teachers in Myanmar are to meet the minimum learning
standard at the national level and to learn to think critically and creatively. The problem is ‘how
to teach’ to develop the thinking skills. Therefore, a convenient and suitable teaching model is
needed for students to think about their own thinking and becoming more effective learners in
teaching and learning biology. Biology has both biological concepts — the content of biology and
inquiry, which is “how students think about what they know, why they know and how they have
come to know” — the process of biology. This research emphasizes both biological concepts and
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process by using biological science inquiry activities to develop higher-order thinking skills and
inquiry process skills rather than memorization of biological concepts.

Secondly, the problem is misconceptions in biology. Biology has a larger vocabulary and
biological concepts. In Myanmar, biology is taught at the high school level. However, biological
concepts such as living things are taught as a science subject in Myanmar language from primary
to middle school level. So, there is a transition from everyday language to precise language. The
misconceptions in biology are propagated because students do not use precise language. This is
due to the fact that students prefer everyday language, yet often it is not precise enough to
describe biological concepts. As a result, teachers must consider the effective teaching model in
teaching and learning biology. In conducting this research, biological concepts are taught by
using biological science inquiry activities with the help of inquiry-oriented materials and
Biological Science Inquiry Model’s worksheets to overcome misconceptions in biology.

Thirdly, the current emphasis on rote memorization of factual information in teaching,
learning and assessment highlights the urgent need for a more balanced system of formative and
summative assessments that assesses student learning against national learning standards in
Myanmar (Ministry of Education, 2016). Therefore, most biology students in Myanmar are
concerned with memorization rather than reasoning. It is even rare that they can apply biological
concepts in contexts that are different from those in which it has been learned. The knowledge of
biology that has been learned in school does not affect how they are able to interact with the
world of daily experience. Therefore, this research emphasizes biological science inquiry
activities to apply biological concepts in real-life situations.

Fourthly, Cain and Evans (1984) stated that teaching is both an art and a skill. It is both
cognitive and affective. According to Bloom’s Taxonomy, educational objectives are divided
into three domains: cognitive, affective and psychomotor. In Myanmar, biology teachers should
focus on the cognitive outputs such as biology achievement and the affective output which
includes students’ attitudes towards learning biology. But, the students’ attitudes towards
learning biology have never been studied in Myanmar. Therefore, this research attempts to
explore both biology achievement and the attitudes and opinions of biology teachers and the
attitudes of biology students.

Finally, the aims of teaching biology at the high school level are to be able to make
accurate observations of living materials and preparations and to be able to assess and interpret
simple biological experiments and data. Therefore, it is essential for biology teachers to develop
a teaching model that will help to encourage inquiry process skills such as observing skills and
experimenting skills in students. Based on these requirements, this research emphasizes both
observational method in the classroom and experimental method in the laboratory. Therefore,
biology teachers need to cultivate these inquiry process skills for their students because of the
changing nature of biological science and the consequent need for new educational goals.

Because of the above mentioned problems, this research is purposefully conducted to
investigate the applicability of Biological Science Inquiry Model in teaching and learning high
school biology in Myanmar.
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Review of Related Literature

Philosophical Considerations: Progressivism, naturalism, pragmatism and constructivism are
deeply taken into philosophical considerations for developing a Biological Science Inquiry
Model.

Firstly, progressivism is taken into philosophical consideration to construct a Biological
Science Inquiry Model. The biologically oriented philosophy of education is better known as
progressive education. According to Dewey, progressive educators would teach students how to
learn so that they can continue learn later on their own (Dewey, n.d, cited in Ozmon & Craver,
1986). Progressive educators define education as the constant reconstruction of experience and
educational growth is subordinate to nothing save more growth. Growth, they hope, will be
creative and progressive by their cultivation of individual differences. Uncertain about the
outcome of the future, they of course lay heavy stress on the methodology of generalized
problem-solving in teaching and learning (Khin Zaw, 2001). In Biological Science Inquiry
Model, the implementing phase of the proposed model emphasizes how students should think in
teaching and learning biology.

Secondly, the naturalistic educator allows the students to follow the lines of their natural
interests and to have free choices of activities (Ross, 1941). As pointed by Dhiman (2007), good
education can be had only by a direct contact with nature. In methods of teaching, naturalism
emphasizes activity and learning by doing. It advocates that education should provide real
experiences to the children and help them to learn with their own personal experiences. So,
learner-centered approach is the characteristics of the naturalists’ philosophy. Similarly,
Biological Science Inquiry Model is an inductive and learner-centered approach and a
cooperative climate is desired.

Thirdly, ‘learning by doing’ is an important corollary of pragmatism in educational
method (Ross, 1941). So, pragmatism is a philosophy that stresses the intimate relation between
thought and action by defining the meaning of the conceptions in terms of the practical effects
and the truth of the beliefs in terms of how successfully they guide the actions (Lawhead, 2011).
Pragmatism has to its credit an important contribution that it has made to the methods of
teaching. It gives the first place in school teaching to practical problems and real situations of
man’s life. The problem must come first and the learning should be incidental to its successful
solution. The students should acquire principles, skills and methods as they experience the need
for them. The methods of teaching should be related to the practical life of the child in
pragmatism. All education is “ ‘learning by doing’ to pragmatism. Thus, the method employed
by the pragmatist teacher is the experimental method (Dhiman, 2007). In the Biological Science
Inquiry model, the implementing phase focuses on learning activities to think about and solve the
investigated problem.

Fourthly, knowing is an adaptive activity from the constructivist perspective (Alessi &
Trollip, 2001). Constructivism is an approach to learning which emphasizes that individuals
actively construct knowledge and understanding (Santrock, 2006). Constructivism is defined as
teaching that emphasizes the active role of the learners in building understanding and making
sense of information; learners’ construction of knowledge as they attempt to make sense of their
environment, and learning that occurs when learners actively engage in a situation that involves
collaboratively formulation questions, explaining phenomena, addressing complex issues, or
resolving problems (Cruickshank, Jenkins & Metcalf, 2006). In the Biological Science Inquiry
Model, the implementing phase emphasizes students to construct knowledge and understanding
in their own mind.
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Learning Theories: Piaget’s cognitive learning theory and Vygotsky’s cultural-historical theory
are deeply taken into considerations to develop a Biological Science Inquiry Model. Knowledge
is a process that is created by the activity of the learner in Piaget’s cognitive learning theory
(Pufall, 1988, cited in Gredler, 2001). The concepts developed by Piaget can be implemented in
classrooms by providing rich activities for student’s exploration. Students are encouraged to
solve problems in ways that make sense to them, to be able to justify and explain their answers
and to participate in class discussion to resolve conflicts and confusion. In Biological Science
Inquiry Model, students observe their answers by participating learning activities. They identify
answers in the investigation. Then, they explain answers by thinking logically and reasonably.
Therefore, Jean Piaget’s cognitive-development theory should be deeply taken into consideration
to construct a Biological Science Inquiry Model for teaching and learning high school biology.

In Vygotsky’s cultural-historical theory, essential in classroom instruction to develop
higher cognitive functions is the collaboration between teacher and student (Gredler, 2001).
Although some individuals cite Vygotsky as the source for relying on small and large group
discussions in the classrooms, Vygotsky identified the specific activities that teacher-student
collaboration should be included. Similarly, in Biological Science Inquiry Model, a series of
activities introduces the students to observe and identify their answers by thinking logically
through cooperation. This approach focuses on human interaction by carrying out inquiry.
Therefore, it is important to consider Vygotsky’s cultural-historical theory in constructing a
Biological Science Inquiry Model for teaching and learning high school biology.

Background Teaching Models. There are three background teaching models that support the
proposed Biological Science Inquiry model. They are Glaser’s basic teaching model, Suchman’s
Biological Science Inquiry Model and Dr. Khin Zaw’s multimodal model.

Firstly, Glaser’s basic teaching model consists of instructional objectives, entering
behavior, instructional procedures and performance assessment with feedback loops. Concerning
proposed Biological Science Inquiry model, the planning phase of the proposed model is mainly
based on the first component of Glaser’s basic teaching model, the assessing phase of the
proposed model on the second component of Glaser’s basic teaching model, the implementing
phase of the proposed model on the third component of Glaser’s basic teaching model and the
evaluating phase of the proposed model on the fourth component of Glaser’s basic teaching
model.

Secondly, Biological Science Inquiry model mainly bases in the four main phases of
Suchman’s Biological Science Inquiry Model. Thirdly, Dr. Khin Zaw’s multimodal model
consists of five main components: channel capacity, brain resilience, redundancy,
unitizing/symbolizing modes, and diffusing/re-synthesizing modes. Channel capacity is
considered in the planning phase of proposed Biological Science Inquiry Model. The first step of
the planning phase is assigning content area. The content or input information should be carefully
considered as asymptotic value or the channel capacity of man: the greatest amount of
information that teachers can give students about the input stimulus. In brain resilience, the
students’ brain must use diverse ways and means of coping with the overwhelming multitude of
biological concepts. The input information or stimulus should be should be positive redundancy:
knowledge of one part makes it easier to get another part. Biology students not only connect the
stimuli with what comes to them but transform them into a pattern by providing the various
features of the external stimuli such as providing inquiry-oriented materials and biological
science inquiry activities.
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Proposed Biological Science Inquiry Model

In proposed Biological Science Inquiry Model, there are four main components
Figure 1).
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Research Method

Quantitative Research Design. The research design used in this study was nonequivalent
control group design.

Population and sample. Table 1 shows population and sample of the quantitative study.

Table 1 Population and Sample for Quantitative Research

Division | District | Township Name of School No. 01.: No. of
Population | Sample
East yankin No.(2) Basic I_Educatlon High 201 107
School, Yankin
West Kamayut No.(5) Basic Education High 178 105
Yangon School, Kamayut
No.(2) Basic Education High
South Kyauktan School, Kyauktan 142 107
North Hlegu Basic Education High School, 145 100
Hlegu
Total 666 419

Instruments. Pretest, posttest and questionnaires were used as instruments.

Analysis of Data. The Statistical Package for the Social Sciences (SPSS) Version 22 was used to
analyze the data. The data were analyzed by using one-way analysis of covariance, Pearson
correlation and multiple regression.

Research Findings

Mixed method: QUAN—qual design was adopted in this research. In quantitative
research method, nonequivalent control group design was used. In qualitative research method,
case study research design was used. So, this chapter discusses both quantitative research
findings and qualitative research findings.

Quantitative Research Findings

Quantitative research findings include four main parts: findings of biology achievement
on concept domain, findings of biology achievement on process domain, findings of overall
biology achievement and findings of the development of higher-order thinking skills and inquiry
process skills.

Firstly, the findings of biology achievement on concept domain include research
questions (RQ1, RQ2 and RQ3). Secondly, the findings of biology achievement on process
domain consist of research questions (RQ 4, RQ5 and RQ6). Thirdly, the findings of overall
biology achievement include research questions (RQ7, RQ8 and RQ9). Finally, the findings of
the development of higher-order thinking skills and inquiry process skills include research
question (RQ10).
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Part 1. Findings of Biology Achievement on Concept Domain
Analysis of the Posttest Scores on Concept Domain

The first research question of this study is: “Are there any significant differences in
biology achievement on concept domain of the students who received Biological Science Inquiry
Model and those who did not?” To answer this research question, one-way ANCOVA was used
to analyze the data from posttest on concept domain.

From each school, the two intact groups were selected as the experimental group who
received Biological Science Inquiry Model and the control group who did not. As pointed out by
Pallant (2013), ANCOVA is used when the study has been unable to randomly assign the
participants to the different groups, but instead has had to use existing groups.

Table 2 shows the results of pretest scores on concept domain in the four selected schools.

Table 2 Results of Pretest Scores on Concept Domain in Four Schools

School Group N M SD MD MS F p
Experimental | 53 25.92 2.04 .196
S1 —-.62 | 10.04 | 1.691
Control 54 | 2654 | 2.77 (ns)
Experimental | 52 23.08 4.23 225
S?2 .93 22.51 | 1.489
Control 53 | 22.15 | 3.52 (ns)
Experimental | 54 26.15 2.26
S3 1.23 | 40.05 | 8.715 | .004**
Control 53 24.92 2.02
Experimental | 50 22.88 4.22 .755
S4 =22 1.69 .098
Control 50 | 23.14 | 4.09 (ns)

Note. S1 = No. (2) Basic Education High School, Yankin; S2 = No. (5) Basic Education High School, Kamayut;
S3 = No. (2) Basic Education High School, Kyauktan; S4 = Basic Education High School, Hlegu.

**p < .01. ns = not significant.

Analysis of the Posttest Scores on Concept Domain in S1. Table 3 shows the analysis of
covariance results for posttest scores in S1.



Table 3 Analysis of Covariance Results for Posttest Scores on Concept Domain in S1

Level Group N M SD | MD MS F p
ot [t [ ST S  | | an | 8
Comprehension Eﬁ?}f{éﬁnental gi g?g 1%?3 47 6.86 6.878 .010*
Application E’éﬁf{éﬁne”ta' 2431 g:;g :ig 31 | 243 | 9800 |.002%*
Analysis E’éﬂf{;ﬁ"e”t""' 2431 2:82 29198 298 | 23112 | 79.399 |.000%**
Synthesis (E:’éﬁfrrgl"e”ta' 22 ﬁé 1%3 292 | 226.89 | 160.241 |.000%**
Evaluation E’éﬂf{;ﬁ"ema' gi g;g ﬂg 3.00 | 215.90 | 142.508 |.000%**
Total E’éﬁf{;ﬁ“ema' 2431 gg:gg ég 0.63 |2497.80 | 284.678 |.000%**

Note. *p <.05. **p <.01. ***p < .001. ns = not significant.
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For the knowledge level questions, there was no significant difference in the posttest
mean scores between the experimental group and the control group. Therefore, it can be
interpreted that the formal instruction could improve the knowledge level posttest scores like
Biological Science Inquiry Model in S1. For the comprehension, application, analysis, synthesis
and evaluation level questions, there was a significant difference between the experimental group
and the control group for the posttest mean scores. Therefore, it can be interpreted that the
application of the Biological Science Inquiry Model had a significant effect on the biology
achievement of students in S1.

Analysis of the Posttest Scores on Concept Domain in S2. Table 4 describes the analysis of
covariance results for posttest scores in S2.
Table 4 Analysis of Covariance Results for Posttest Scores on Concept Domain in S2

Level Group N M SD | MD MS F p
Knowledge Eﬁf}f{;ﬁ“e”t"’" gé 2:;2 :gg 15 | 39 | 1162 (fgf
Comprehension Eﬁ?}i{;ﬁnemal gé g;g ;gg 93 | 19.64 | 5.842 | .017*
Application Eﬁf}f{;ﬁnem"’" gg ggg 1'?502 69 | 10.03 | 6.483 | 012
Analysis Eﬁﬂf{;ﬁnem"’“ gg i:gg igg 1.12 | 33.15 | 15.820 | .000***
Synthesis (E:);Ef:glnema' 22 g:gg 1‘?577 1.05 | 29.13 | 17.201 | .000***
Evaluation (E:)(;‘r’]fglne”ta' gg gég 1:22 1.23 | 40.10 | 24.643 | .000%**
Total Eﬁf}f{gﬁ“e”t"’" gg ggég ggi 5.30 | 693.19 | 36.116 | .000%**

Note. *p <.05. ***p < .001. ns = not significant.
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For the knowledge level questions, there was no significant difference in the posttest
mean scores between the experimental group and the control group. Therefore, it can be
interpreted that the formal instruction could improve the knowledge level posttest scores like
Biological Science Inquiry Model in S2. For the comprehension, application, analysis, synthesis
and evaluation level questions, there was a significant difference between the experimental group
and the control group for the posttest mean scores. Therefore, it can be interpreted that the
application of the Biological Science Inquiry Model had a significant effect on the biology
achievement of students in S2.

Analysis of the Posttest Scores in on Concept Domain S3. Table 5 shows the analysis of
covariance results for posttest scores in S3.

Table 5 Analysis of Covariance Results for Posttest Scores on Concept Domain in S3

Level Group N M SD | MD | MS F p
Knowledge Eﬁf}‘f{;ﬁ“e”t"’" 2;‘ 233 :ig 001 | 003 | .012 9;;’)
Comprehension Eﬁf}‘f{;ﬁ“e”t"’" 2;‘ ggg iig 0.68 | 11.58 | 5769 | .018*
Application Eﬁf}‘f{;ﬁ“e”t"’" 2;‘ g:gg ﬂg 0.95 | 23.74 | 19.812 | .000***
Analysis (E:’éﬂf:grlne”ta' gg g:;‘ll 1:;‘2 3.03 |242.78 1073'71 000
Synthesis Eﬁf}f{;ﬁne”t"’" g;‘ jgé i:gg 153 | 64.17 | 50.093 | .000%**
Evaluation Eﬁf}f{;ﬁne”t"’" - 2:(138 i:gg 253 [160.65| 11270 | oo
Total Eﬁf}f{;ﬁ“e”ta' gg gg;g 3'58 7.38 |1261.79] 81.364 | .000***

Note. *p <.05,. ***p < .001, ns = not significant.

For the knowledge level questions, there was no significant difference in the posttest
mean scores between the experimental group and the control group. Therefore, it can be
interpreted that the formal instruction could improve the knowledge level posttest scores like
Biological Science Inquiry Model in S3. For the comprehension, application, analysis, synthesis
and evaluation level questions, there was a significant difference between the experimental group
and the control group for the posttest mean scores. Therefore, it can be interpreted that the
application of the Biological Science Inquiry Model had a significant effect on the biology
achievement of students in S3.

Analysis of the Posttest Scores on Concept Domain in S4. Table 6 shows the analysis of
covariance results for posttest scores in S4.
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Table 6 Analysis of Covariance Results for Posttest Scores on Concept Domain in S4

Level Group N M SD | MD MS F p
Knowledge (E:’;Ef:gl“e”ta' 28 22; :‘;j 30 | 263 | 7416 | .008*
Comprehension (E:’;E]frrglnenta' 28 égg iég 1.00 | 2525 | 12.050 | .001**
Application Eﬁf}f:::‘ema' gg i:;g ig; 3.26 | 265.66 | 155.630 | .000%**
Analysis (E:’;Ef:gl“e”ta' gg 222 ;:ﬁ 490 | 601.39 | 159.435 | .000***
Synthesis E’;Efrrglne”ta' gg ;gg 2'%87 358 | 308.81 | 121.986 | .000%**
Evaluation Eﬁf}frrglnema' gg ;gg i;g 438 | 43750 | 204.227 | .000%**
Total Eégre]trrig;e”ta' ‘Zg ﬁ,gi ?7"3‘; 17.16 | 7370.33 | 228.498 | .000%**

Note. *p < .05. **p < .01, ***p < .00L.

For the knowledge, comprehension, application, analysis, synthesis and evaluation level
questions, there was a significant difference between the experimental group and the control
group for the posttest mean scores. Therefore, it can be interpreted that the application of the
Biological Science Inquiry Model had a significant effect on the biology achievement of students
in S4.

Relationship between Biology Achievement on Concept Domain and Attitudes towards
Biological Science Inquiry Model

The second research question of this study is: “ Are there any significant relationships
between students’ biology achievement on concept domain and their attitudes towards Biological
Science Inquiry Model?” To answer this research question, Pearson product-moment correlation
was used.

Table 7 Correlation between Biology Achievement on Concept Domain and Attitudes
towards Biological Science Inquiry Model

AcEiI:\I/Z?I:/en i Interest | Appreciation | Value

Biology Achievement 1 .692** S567** A495**

Interest 1 S579** A453**

Appreciation 1 . 619**
Value 1

Note. ** Correlation is significant at the 0.01 level (2 — tailed).
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According to Table 7, biology achievement was significantly correlated with attitudes
towards Biological Science Inquiry Model. It could be generally interpreted that the stronger the
interest, appreciation and value towards Biological Science Inquiry Model, the higher the biology
achievement. It was found that students’ biology achievement was significantly correlated with
all dimensions of attitudes towards Biological Science Inquiry Model: interest, appreciation and
value.

Regression Analysis of Predictions of Attitudes towards Biological Science Inquiry Model
for Biology Achievement on Concept Domain

To answer the third research question: “Do attitudes towards Biological Science Inquiry
Model: interest, appreciation and value predict biology achievement on Concept Domain?”
multiple regression analysis was used.

Table 8 Regression Analysis Summary for the Variables Predicting Biology Achievement
on Concept Domain

Variables B B t R | R? | AdjR? F
Biology Achievement | 25.488 24.503*** | 731 | .534 | .527 78.287***
Predictor Variables
Interest 2.285 | 525 | 8.881***

Appreciation .902 168 | 2.504*
Value 961 153 | 2.491*

Note. Constant = Dependent variable : Biology Achievement.
*p <.05. ***p < .001.

The results in Table 8 stated R? = .534, F = (3, 205) = 78.287 and p < .001. The adjusted
R square value was .527. This indicated that approximately 52.7% of the variance in biology
achievement can be predicted from interest, appreciation and value towards Biological Science
Inquiry Model.

Based on the research findings of multiple regression analysis, the equation can be
defined as follows:

BA = 25.488 + 2.285 X1 +.902 X2 + .961 X3

Where: BA = Biology Achievement on concept domain
X1 = Interest towards Biological Science Inquiry Model
X2 = Appreciation towards Biological Science Inquiry Model
X3 = Value towards Biological Science Inquiry Model

According to the multiple regression analysis, the beta coefficients are presented in Table
8. All three dimensions of attitudes towards Biological Science Inquiry Model significantly
predict biology achievement. Among three variables, the best predictor was interest towards
Biological Science Inquiry Model (B = .525%** p < .001). Then, the second predictor was
appreciation (fp = .168*, p < .05) and the last predictor was value (fp = .153*, p < .05).The
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multiple regression model for predicting attitudes towards Biological Science Inquiry Model for
biology achievement on concept domain was shown in Figure 2.

N

Interest

168* _Biology
Appreciation ' Achievement on
Concept Domain
1537

Value

Figure 2 Multiple Regression Model of Predicting Attitudes towards BSIM for Biology
Achievement on Concept Domain

The result of the multiple regression analysis pointed out that all dimensions of attitudes
towards Biological Science Inquiry Model: interest, appreciation and value were significant
predictors of biology achievement on concept domain. Thus, the students who had high interest,
appreciation and value towards Biological Science Inquiry Model had high biology achievement
on concept domain.

Part 2. Findings of Biology Achievement on Process Domain
Findings of biology achievement on process domain include three research questions
(RQ4, RQ5 and RQ6).

Analysis of the Posttest Scores on Process Domain. The fourth research question is “Are there
any significant differences in biology achievement on process domain of the students who
received Biological Science Inquiry Model and those who did not?” Table 9 shows the results of
pretest scores on process domain in the four selected schools.

Table 9 Results of Pretest Scores on Process Domain in Four Schools

School Gr_oup N M SD | MD | MS F p
s1 Ezziyremﬂ' gi ;gg; ;gé ~72| 1405 | 2.300 | .132 (ns)
s2 Eﬁﬁ?g?emﬁ' 2§ 1;j§ gég 93 | 2254 | 1.485 | .226 (ns)
s3 Eﬁﬁ?yremﬂl gg iggg igi 98 | 2569 | 4813 | .030*
s4 Eﬁﬁ:yremﬂ' 28 i;ég jﬁz ~20| 1.00 | 059 | .808(ns)

Note. S1 = No. (2) Basic Education High School, Yankin; S2 = No. (5) Basic Education High School, Kamayut;
S3 = No. (2) Basic Education High School, Kyauktan; S4 = Basic Education High School, Hlegu.

*p < .05. ns = not significant.
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Analysis of the Posttest Scores on Process Domain. Table 10 shows the analysis of covariance
results for posttest scores on process domain in the four selected schools.

Table 10 Analysis of Covariance Results for Posttest Scores on Process Domain in Four

Schools
School Group N M SD | MD MS F D
sl (E;)éf,frr;nemal 22 gggg 411:32 9.71 |2438.39 | 246,550 | .000%**
52 (E;)éf,frrgremal gg igi; jg‘; 542 | 72919 | 40.171 | .000%**
53 (E;);Efrr;nental 23 ;g;g ggg 6.82 |1103.22 | 72.520 | .000%**
sS4 E):,E,frr;nental gg iégg gig 14.76 | 5432.28 | 225.226 | .000***

Note.S1 = No. (2) Basic Education High School, Yankin; S2 = No. (5) Basic Education High School, Kamayut;
S3 = No. (2) Basic Education High School, Kyauktan; S4 = Basic Education High School, Hlegu.

**%p < 001,

The results of posttest scores on process domain in the four schools showed that the mean
scores of the experimental groups were significantly higher than those of the control groups (see
Table 10). Therefore, it can be interpreted that the application of Biological Science Inquiry
Model had a significant effect on the biology achievement of students.

Relationship between Biology Achievement on Process Domain and Attitudes towards
Inquiry Process Skills

The fifth research question is “Are there any significant relationships between students’
biology achievement on process domain and their attitudes towards inquiry process skills?”
According to Mertler and Vannatta (2002), the Pearson product-moment correlation (r) measures
the association between two quantitative variables without distinction between the independent
and dependent variables.
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Table 11 Correlation between Biology Achievement on Process Domain and Attitudes
towards Inquiry Process Skills

o =2 =2 £

S = N = ©

3% s | 5| 5| & | £| &8 Z

o= 2 2 @ 2 g g 5 £

3] S o 5} i) > =< =] o

: < O (@] = @) T w = O
B_lology 1 |.760%*|.769** | .280** | .715** | .750** | .649** | .291** | .758**

Achievement

Questioning 1 |.819%*|.369**|.669** | .692** | 550** | .534** | 774**
Observing 1 |.346%*|.677** | .616™*|.526** | 474** | 731**
Measuring 1 ].365**|.349** | 251** | .600** | .429**
Classifying 1 |.646%*|.499** | 184** | .696**
Hypothesizing 1 |.728**|.298** | . 743**
Experimenting 1 |.238**|.599**
Interpreting 1 |.434**

Communicating 1

Note.**Correlation is significant at the 0.01 level (2 — tailed).

According to the results of Table 11, it showed that biology achievement on process
domain was significantly correlated with all inquiry process skills. According to the Pearson
correlation analysis, there is a large correlation between biology achievement on process domain
and questioning, observing, classifying, hypothesizing, experimenting and communicating (r =
.50 to 1.0), suggesting quite a strong relationship between biology achievement on process
domain and questioning, observing, classifying, hypothesizing, experimenting and
communicating. However, there is a weak correlation between biology achievement on process
domain and measuring and interpreting (r = .10 to .29), suggesting quite a weak relationship
between biology achievement on process domain and measuring and interpreting.

Regression Analysis of Predictions of Inquiry Process Skills for Biology Achievement on
Process Domain

The sixth research question is “Do inquiry process skills predict biology achievement on
process domain?” To answer this research question, multiple regression analysis was used. As
pointed out by Creswell (2002, p.372), “multiple regression is a statistical procedure for
examining the combined relationship of multiple independent variables with a single dependent
variable.”
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Table 12 Regression Analysis Summary for the Variables Predicting Biology Achievement
on Process Domain

Variables B B t R R? | AdjR? F
Biology Achievement 9.484 7.817*** | 872 | .761 752 79.661***
PredictorVariables

Questioning 425 156 2.104*

Observing .808 301 4.585***

Measuring —.154 | —.048 —.998

Classifying 536 139 2.375*

Hypothesizing .796 201 3.148**

Experimenting .605 131 2.563*

Interpreting —.230 | —.089 | —1.637

Communicating 490 151 2.292*

Note. Constant = Dependent variable : Biology Achievement on Process Domain.

*p <.05. **p < .01. ***p < .001.

The results of multiple regression analysis pointed out that inquiry process skills such as
questioning, observing, classifying, hypothesizing, experimenting, and communicating made a
significant predictive contribution to high students’ biology achievement on process domain
(t= 7.817, p <.001). The results in Table 12 stated R? = .761, F = (8, 200) = 79.661 and p <
.001. The adjusted R square value is .752. This indicated that approximately 75.2% of the
variance in biology achievement on process domain can be predicted from attitudes towards
inquiry process skills.

The equation for predicting the biology achievement on process domain from the
students’ attitudes inquiry process skills can be defined as follows.

BA =9.484 + .425X1+ .808X2 + .536X3+ .796 X4+ .605X5+ .490X6
BA = Biology Achievement on Process Domain
X1 = Questioning
X2 = Observing
X3 = Classifying
X4 = Hypothesizing
X5 = Experimenting
X6 = Communicating

Based on the results of multiple regression analysis, among inquiry process skills,
observing was the best predictor of the inquiry process skills (B = . 301***, p < .001). The
second predictor was hypothesizing (f = . 201**, p <.01), the third predictor was questioning (3
=.156%*, p <.05), the fourth predictor was communicating (f =.151*, p <.05), the fifth predictor
was classifying (B = . 139%, p < .05) and the last predictor was experimenting (f = . 131%, p <
.05).
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Figure 3 Multiple Regression Model of Inquiry Process Skills for Biology Achievement on
Process Domain

Part 3. Findings of Overall Biology Achievement

Findings of overall biology achievement include three research questions (RQ 7, RQ 8
and RQ 9).

Analysis of Overall Posttest Scores

The seventh research question is “Are there any significant differences in overall biology
achievement of students who received Biological Science Inquiry Model and those who did not?”
Table 13 shows the results of overall pretest scores in all four selected schools.

Table 13 Results of Overall Pretest Scores in Four Schools

School Group N M SD MD MS F P
S1 (E;);E,(frréﬁnemal 22 3?12 g:gg —1.34 | 47.83 | 2.003 | .160(ns)
S2 (E;);E,f,.r(i)ﬁnemal §§ ggéj %‘i 1.85 | 90.09 | 1.490 |.225(ns)
53 (E;)éf,f,.r(i)ﬁnemal 2;‘ 32:(2)8 j:ig 220 |129.89 | 6.797 | .010*
oGm0 | oo

Note.S1 = No. (2) Basic Education High School, Yankin; S2 = No. (5) Basic Education High School, Kamayut;
S3 = No. (2) Basic Education High School, Kyauktan; S4 = Basic Education High School, Hlegu.

*p <.05. ns = not significant.
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Analysis of the overall posttest scores in Four Schools. Table 14 shows the analysis of

covariance results for overall posttest scores in the four schools.

Table 14  Analysis of Covariance Results for Overall Posttest Scores in Four Schools

School Group N M SD MD MS F P
Sl (E;);Efrr;?emal gi 23:33 ?igi 19.34 | 9847.79 | 288.063 | .000%**
S2 EEE?:;TemaI :;23 iggg ;ég: 10.72 | 2844.27 | 39.200 | .000***
53 Eﬁﬁf{;ﬁnem&l 23 gggg ;éii 14.20 | 4707.67 | 79.933 | .000***
S4 E);f,frr;nemal gg 471‘21:?12 11738 31.92 | 25450.59 |247.72 | .000***

Note. S1 = No. (2) Basic Education High School, Yankin; S2 = No. (5) Basic Education High School, Kamayut;

S3 =No. (2) Basic Education High School, Kyauktan; S4 = Basic Education High School, Hlegu.
***p <.001.

Figure 4 illustrates comparisons of overall posttest mean scores in the four schools.
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The results of overall posttest scores showed that the mean scores of experimental groups
were significantly higher than those of the control groups (see Table 14). Therefore, it can be
interpreted that the application of Biological Science Inquiry Model had a significant effect on

Figure 4 Comparison of Overall Posttest Mean Scores in Four Schools

the overall biology achievement of students.
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One-Way ANOVA Results for Overall Biological Achievement among Four Schools. To
test whether there was a significant difference in overall biological achievement among four
schools, one way analysis of variance (ANOVA) was conducted (see Table 15).

Table 15 ANOVA Result of Overall Posttest Scores among Four Schools

Sum of Mean .
Squares af Square F Sig.
Between Groups | 13747.122 | 3 | 4582.374 | 100.138 | .000***
Within Groups 9380.926 | 205 | 45.761

Total 23128.048 | 208

BSIM Test
Achievement

Note. ***p<.001.

According to the results of ANOVA, there were significant differences in overall biology
achievement among four schools; F (3,205) =100.138, p < .001. This means that there was a
significant difference in the overall biology achievement among four schools. To make more
detailed information in which schools performed better than others, the post-hoc test was
executed by Tukey HSD method (see Table 16).

Table 16 Results of Tukey HSD Multiple Comparisons for Overall Biology Achievement
among Four Schools

Categories (1) School (J) School | Mean Differences (I — J) p
S2 22.038* .000***
S1 S3 10.556* .000***
S4 5.678* .000**
S1 —22.038%* .000***
S2 S3 —11.481%* .000***
BSIM Test S4 —16.360* .000***
Achievement S1 —10.566* .000***
S3 S2 11.481* .000***
S4 —4.879%* .002*
S1 —5.678%* .000**
S4 S2 16.360* .000***
S3 4.879* .002*

Note. S1 = No. (2) Basic Education High School, Yankin; S2 = No. (5) Basic Education High School, Kamayut;
S3 = No. (2) Basic Education High School, Kyauktan; S4 = Basic Education High School, Hlegu.

*p < .05. **p < .01.***p < 001.

According to the results of Table 16, it can be seen that significant differences were found
among the four schools. Figure 5 shows mean plots of comparisons of means values for overall
posttest scores among the four selected schools.
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Figure 5 Mean Plots of Comparison of Means Values for Overall Posttest Scores among Four
Selected Schools

Figure 5 shows the mean values of overall biology achievement of students from each of
the selected school. According the mean scores, there were significant differences in biology
achievement among four selected schools. It can be interpreted that S1 performed the best among
all schools through Biological Science Inquiry Model.

Relationship between Overall Biology Achievement and Attitudes towards BSIM, Inquiry
Process Skills and Impact of BSIM

The eighth research question of this study is “Are there any significant relationships
between students’ overall biology achievement and their attitudes towards Biological Science
Inquiry Model, inquiry process skills and impact of application of Biological Science Inquiry
Model?” To answer this research question, Pearson product-moment correlation was used.
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Table 17 Correlation between Overall Biology Achievement and Attitudes towards BSIM,
Inquiry Process Skills and Impact of BSIM

Overall |Attitudes|Inquiry .
. Classroom | Systemic
Biology |towards |Process |[Resources Management |Restrictions
Achievement| BSIM | Skills g
Overall Biology 1 B695%* | 805** | 627** | 428%* A74%*
Achievement
Attitudes towards x ox o o
BSIM 1 667 .363 315 .336
Inq_uiry Process 1 768%* 617 659
Skills ' ' '
Resources 1 128** JA44**
Classroom 1 8g7**
Management
Systemic 1
Restrictions

Note. ** Correlation is significant at the 0.01 level (2 — tailed).

From this result, all the varibles were significantly correlated with overall biology
achievement. Thus, the stronger the attitudes towards Biological Science Inquiry Model, inquiry
process skills and impact of application of Biological Science Inquiry Model established, the
higher the overall biology achievement.

Regression Analysis of Predictions of Attitudes towards BSIM, Inquiry Process Skills and
Impact of BSIM on Overall Biology Achievement

To answer the research question nine: “Do attitudes towards Biological Science Inquiry
Model, inquiry process skills and impact of application of Biological Science Inquiry Model
predict overall biology achievement?”” multiple regression analysis was used.

Table 18 Regression Analysis Summary for the Variables Predicting Overall Biology
Achievement

Overall
Variables Biology B t R R? |Adj R? F

Achievement

Overall Biology 29.223 13.205%% | 843 | 711 | .704 |105.111%**

Achievement

Predictor Variables

BSIM 1.322 319 | 5.983***

Inquiry Process Skills 522 511 | 6.473***

Resources 537 238 | 3.319***

Classroom

Management —.493 —.141| —1.682(ns)

Systemic Restrictions —.064 —.022| —.256 (ns)

Note.

Constant = Dependent variable : Overall Biology Achievement.
*p <.05. ***p < .001. ns = not significant.
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The results in Table 18 stated R? =.711, F = (5, 203 ) = 105.111 and p < .001. The
adjusted R square value is .704. This indicated that approximately 70.4% of the variance in
overall biology achievement can be predicted from attitudes towards Biological Science Inquiry
Model, attitudes towards inquiry process skills and attitudes towards impact of resources of the
application of Biological Science Inquiry Model. The equation can be defined as follows.

BA = 29.223 + 1.322X1 + .522 X2 + .537 X3
Where: BA = Overall Biology Achievement
X1 = Attitudes towards Biological Science Inquiry Model
X2 = Attitudes towards inquiry process skills

X3 = Attitudes towards impact of resources of application of Biological Science Inquiry
Model

From the regression analysis, among five variables, the best predicting factor for overall
biology achievement was found to be attitudes towards inquiry process skills (f = .511%**,
p < .001). The second predictor was attitudes towards Biological Science Inquiry Model
(B=.319*** p < .001) and the third predictor was attitudes towards impact of resources of the
application of Biological Science Inquiry Model (p = .238*** p < .001). The attitudes towards
impact of systemic restrictions of the application of Biological Science Inquiry Model (B =
—.022, ns) and attitudes towards impact of classroom management of the application of
Biological Science Inquiry Model (f = —.141, ns) are not significant.

Attitudes towards Biological
Science Inquiry Model

Attitudes towards Inquiry
Process Skills

Overall Biology
Achievement
Inquiry Model

Impact of Resources of
Application of BSIM

Figure 6 Multiple Regression Model of Attitudes towards BSIM, Inquiry Process Skills and
Impact of Resources of Application of BSIM for Overall Biology Achievement



91

Interest
Biology
- .168* Achievement on
Appreciation Concept
y Domain \
Value
Questioning
301***
Biology
.139% .
Classifying Achievement on

Process Domain

Hypothesizing

Experimenting

Communicating

Figure 7 Summary Multiple Regression Model of Attitudes towards BSIM, Inquiry Process
Skills and Impact of Application of BSIM for Overall Biology Achievement:
Concept Domain and Process Domain

According to Pallant (2013), multicollinearity exists when the independent variables are
highly correlated (r = .9 and above). In this research, the independent variables are not highly
correlated (below r = .9) to avoid multicollinearity (see Table 17). In the Normal P-P Plot, points
lied in a reasonably straight diagonal line from bottom left to top right (see Figure 8). This would
suggest no major deviations from normality in this research. Since there is no multicollinearity
and normality, it is reasonable to conclude that the multiple regression model to explain overall
biology achievement is stable, good and quite respectable.



92

Normal P-P Plot of Regression Standardized Residual

Dependent Variable: Overall Biology Achievement
1.0

0.0+

Expected Cum Prob

g 3 =y ] " T "y
0.0 02 (0] 06 (AR} 1.0

Observed Cum Prob

Figure 8 Normal P-P Plot of Regression Standardized Residual of Overall Biology Achievement

Part 4 Findings of Development of Higher-Order Thinking Skills and Inquiry Process Skills

The last research question is “Can Biological Science Inquiry Model develop higher-
order thinking skills and inquiry process skills?” The objective of this research is to develop
higher-order thinking skills and inquiry process skills through Biological Science Inquiry Model.
As pointed by Herr (2008), Bloom’s taxonomy is hierarchical, with knowledge, comprehension
and application as fundamental levels and analysis, synthesis and evaluation as advanced levels.
When educators refer to higher-level reasoning, they generally refer to analysis, synthesis and
evaluation.

Table 19 shows the analysis of covariance results for posttest scores on concept domains
for lower-order thinking skills.

Table 19 Analysis of Covariance Results for Posttest Scores on Concept Domain for Lower-
Order Thinking Skills

School Group N M SD MD MS F D
51 (E;);E,f,.r(i):nemal 22 ;i; ig% 89 | 21.95 | 15.03 | .000%**
52 (E;);E,f,.r(i):nemal 2:23 1222 ;gg 1.07 | 65.49 | 10.848 | .000%**
53 E);Efrr;nemal gg 1222 ;:gi 28 | 1.004 | 288 | .593(ns)
54 (E;);E,f,.r;nemal 28 ﬂgg ;22 456 | 517.18 | 114.695 | .000%**

Note. S1 = No. (2) Basic Education High School, Yankin; S2 = No. (5) Basic Education High School, Kamayut;
S3 = No. (2) Basic Education High School, Kyauktan; S4 = Basic Education High School, Hlegu.

***p < .001, ns = not significant.
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Table 20 shows the analysis of covariance results for posttest scores on concept domain
for higher-order thinking skills.

Table 20 Analysis of Covariance Results for Posttest Scores on Concept Domain for
Higher-Order Thinking Skills

School Group N M SD MD MS F p
Experimental | 53 | 22.87 | 1.74

S1 8.91 | 2116.02 | 234.257 | .000***
Control 54 | 13.96 | 3.89
Experimental | 52 | 14.19 | 2.78

S2 3.40 | 301.34 | 26.538 | .000***
Control 53 | 10.79 | 3.84
Experimental | 54 | 20.19 | 3.18

S3 7.10 | 1334.63 | 150.534 | .000***
Control 53 | 13.09 | 2.73
Experimental | 50 | 23.24 | 2.56

S4 12.86 | 17.721 | 230.567 | .000***
Control 50 | 10.38 | 5.34

Note. S1 = No. (2) Basic Education High School, Yankin; S2 = No. (5) Basic Education High School, Kamayut;
S3 = No. (2) Basic Education High School, Kyauktan; S4 = Basic Education High School, Hlegu.
***p < .001.

Table 21 shows the analysis of covariance results for posttest scores on concept domain
for both lower-order thinking and higher-order thinking skills.

Table 21 Analysis of Covariance Results for Posttest Scores on Concept Domain in Four

Schools

School Group N M SD MD MS F p
Experimental | 53 | 45.00 | 1.77

S1 9.63 | 2497.80 | 284.678 | .000***
Control 54 | 3537 | 381
Experimental | 52 | 34.13 | 3.66

S2 530 | 693.19 | 36.166 | .000***
Control 53 |28.83 | 5.01
Experimental | 54 | 39.74 | 3.88

S3 7.38 | 1261.79 | 81.364 | .000***
Control 53 | 32.36 4
Experimental | 50 | 42.68 | 3.84

S4 17.16 | 7370.33 | 228.498 | .000***
Control 50 | 25,52 | 7.02

Note.S1 = No. (2) Basic Education High School, Yankin; S2 = No. (5) Basic Education High School, Kamayut;
S3 = No. (2) Basic Education High School, Kyauktan; S4 = Basic Education High School, Hlegu.
***p < .001.

According to the results of the Table 21, the experimental groups who received Biological
Science Inquiry Model performed significantly higher than the control groups who did not
received it. Thus, it can be generally interpreted that the application of Biological Science Inquiry
Model develops students’ higher-order thinking skills for the four selected schools. Table 22
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shows the analysis of covariance results for posttest scores on process domain for four selected
schools.

Table 22 Analysis of Covariance Results for Posttest Scores on Process Domain in Four

Schools
School Group N M SD | MD MS F D
S1 (E;);Efrr;nemal gi gg:gg i:gi 9.71 |2438.39 | 246,550 | .000%**
52 E);?,frr;nental gg izi; 2:23 542 | 72919 | 40.171 | .000%**
53 Eﬁf}frr;nemal gg ;g;g 223 6.82 |1103.22 | 72.520 | .000%**
54 (E;);Efrr;nental 28 iégg g:ig 14.76 | 5432.28 | 225226 | .000***

Note. S1 = No. (2) Basic Education High School, Yankin; S2 = No. (5) Basic Education High School, Kamayut;
S3 = No. (2) Basic Education High School, Kyauktan; S4 = Basic Education High School, Hlegu.
***p < .001.

According to the result of the Table 22, the experimental groups performed significantly
higher than the control groups. Hence, it can be generally interpreted that the application of
Biological Science Inquiry Model developed students’ inquiry process skills for the four selected
schools.

Qualitative Research Findings

Qualitative research findings include three parts: results of responses from questionnaires,
observation checklists and interview.

Results of Responses from Questionnaire. The qualitative data analysis showed that all the
teachers who participated in the questionnaires developed positive attitudes towards Biological
Science Inquiry Model, phases of Biological Science Inquiry Model and inquiry process skills.
Most of the teachers developed positive attitudes towards impact of resources of application of
Biological Science Inquiry Model. Few teachers had positive attitudes towards the impact of
systemic restrictions and classroom management of the application of Biological Science Inquiry
Model. Similarly, most of the students developed positive attitudes towards Biological Science
Inquiry Model.

Observation Checklists. Based on the observation, it can be interpreted that all of the teachers
are able to plan, assess, implement and evaluate the biology lessons.
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Figure 9 Graphic Illustration of Teachers’ Observation Checklist on Biology Lessons

Based on the observation, it can be interpreted that not all the phases of Biological
Science Inquiry Model can be accomplished by the teacher at the beginning of the observation.
This happens because the beginning biology lessons including liverworts, mosses and ferns are
the initial activity of the inquiry learning in which teachers were not famliar with them. In
biology lessons for fungi, tapeworms, bacterial cells and filamentous green algae, eventually all
phases of Biological Science Inquiry Model were done well.

Students’ Observation Checklist. The observation data showed that most of the students
usually used Biological Science Inquiry Model in their biology class and they did biology lessons
by connecting to the real-world.

Observation Checklist for Students

m Liverworts

m Mosses

m Ferns

® Fungi

= Tapeworms

m Bacterial cells

= Filamentous green algae

Inquiry Process Skills

Figure 10 Graphic Illustration of Results of Students’ Observation Checklist on Biology Lessons
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The results showed that the initial biology lessons such as liverworts, mosses and ferns
not all measures of inquiry process skills can be achieved well. This happened because students
were not familiar with inquiry process skills. In biology lessons including fungi, tapeworms,
bacterial cells and filamentous green algae, students were familiar with inquiry process skills.
Through the way, eventually all the inquiry process skills can be done well.

Interview. Themantic analysis will be used to analyze the responses of the interview.

Findings of Teachers’ Interview. Figure 11 shows the developed thematic map, showing three
main themes of teachers’ interview.

Qchers’ Interview

Nature of

BSIM
/

Difficulties of

BSIM

- Reasoning -Planning _
-Teaching by -Assessing Resources Classroom Systemic
using  inquiry -Implementing Management Restrictions
process  skills -Evaluating | |
with  inquiry- Tim
oriented Quality Large Class €
materials Size |

Beggf:lt\; of Assessment

Resources Classroom Systemic
Management Restrictions
Inquiry-oriented Inquiry Communicating Thinking Skills
materials Workshop skills

Figure 11  Developed Thematic Map, Showing Three Main Themes of Teachers’ Interview
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Findings of Students’ Interview. Figure 12 shows developed thematic map, showing three main

themes of students’ interview.
Students’ InterviD

Nature of

BSIM Difficulties of

BSIM

-Reasoning Inquiry process
-Learning by skills Resources Classroom Systemic
using inquiry Management Restrictions
process skills
with  inquiry-
oriented . . -
materials Quality Large Class Size Time
Benefits of |
BSIM Assessment
Resources -
Systemic
Classroom Restrictions
/ \ Management
Adequate BSIM — Thinking Skills
Inquiry-oriented worksheets Communicating
materials skills

Figure 12 Developed Thematic Map, Showing Three Main Themes of Students’ Interview

Discussion

The first objective of this research is to construct a Biological Science Inquiry Model that
can enhance students’ biology learning through their higher-order thinking skills and inquiry
process skills. Therefore, Biological Science Inquiry Model was constructed based on four main
phases: plan, assess, implement and evaluate.

The second objective is to investigate the applicability of Biological Science Inquiry
Model in teaching and learning high school biology. To investigate the applicability of Biological
Science Inquiry Model, instruments such as pretest, posttest and questionnaires were used. The
experimental groups were significantly higher than the control groups in all schools. It can be
interpreted that the application of Biological Science Inquiry Model had a significant effect on
the biology achievement of students in all schools.

After discussing the second objective, the third objective of this research is to explore the
attitudes and opinions of teachers and students who involved in this research. According to this
result, all teachers and most of the students had positive attitudes towards Biological Science
Inquiry Model.
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The fourth objective of this research is to analyze the impact of Biological Science
Inquiry Model. To analyze the improvement of higher-order thinking skills by applying
Biological Science Inquiry Model, lower-order thinking skills and higher-order thinking skills of
the experimental groups and the control groups were compared. According to the results,
experimental groups were significantly higher than the control groups at lower-order thinking
skills except one school. But, experimental groups were significantly higher than the control
groups at higher-order thinking skills in all schools. Concerning inquiry process skillls, the
experimental groups were significantly higher than the control groups in all schools. Therefore, it
can be interpreted that the application of Biological Science Inquiry Model can develop higher-
order thinking skills and inquiry process skills.

Based on the disscussion obtained, the results of quantitative research findings were
supportted by the results of qualitative research findings. To sum up, it can be concluded that the
application of Biological Science Inquiry Model had a positive impact on students’ biology
achievement at high school level.

Suggestions

For the suggestions, there are four portions: suggestions for teachers, students, school
administors and biology subject.

The first portion is suggestions for teachers. Concerning teachers’ attitudes towards
Biological Science Inquiry Model, it was found that teachers developed positive attitudes
towards Biological Science Inquiry Model, especially interest towards Biological Science Inquiry
Model.This is due to the fact that most of the biology teachers agreed that they are very interested
in Biological Science Inquiry Model because they taught biology lessons by relating real plants
and animals in real-life situations. Therefore, it is suggested that biology teachers should be
provided with real plants and animals, preserved specimens and inquiry-oriented materials,
especially electron microscopes.

According to Liu, Lee and Linn (2010), teachers who use inquiry learning can produce
students who have a high level of knowledge. According to the research findings, it was found
that teachers and students developed positive attitudes towards Biological Science Inquiry Model
and inquiry process skills used in Biological Science Inquiry Model. Therefore, it is suggested
that teachers should use inquiry process skills to develop biological concepts among students.

Concerning the impact of resources of the application of Biological Science Inquiry
Model, most of the teachers developed positive attitudes towards the impact of the resources of
the application of Biological Science Inquiry. This is due to the fact that most of the biology
teachers agreed that they benefit from Biological Science Inquiry Model because they have
adequate teaching-learning materials and inquiry workshop. Therefore, it is suggested that
biology teachers should be provided with inquiry workshop with the help of inquiry-oriented
materials and real materials.

For the impact of the classroom management of the application of Biological Science
Inquiry Model, most of the teachers agreed that they have difficulties in applying Biological
Science Inquiry Model because the class size is large and group work is difficult to manage. In
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this research, there were about (50) students in school 4. Moreover, there were above (50)
students in school 1, school 2 and school 3. To overcome this difficulty, it is suggested that
teacher-student ratio should be reduced in Myanmar’s classroom.

For the impact of the systemic restrictions of the application of Biological Science
Inquiry Model, most of the teachers agreed that they have difficulties in applying Biological
Science Inquiry Model because the current assessment system does not encourage thinking to
some extent. In the current education system, the examination oriented system are associated
with memorization of biological concepts, not reasoning. Therefore, it is suggested that the
assessment system should be changed to the continuous assessment of practical work.

The hindering factor with the implementation of Biological Science Inquiry Model is time
allowance and biology syllabus for the exam. Most of the teachers performed many tasks and
they are overloaded with many tests, remedial teaching, correction of students’ biology exercise
books and biology drawing books, writing teachers’ diary and notes of lessons. Therefore, they
could not provide to some extent many opportunities for students to improve inquiry process
skills in time allowance. Therefore, it is suggested that teachers need sufficient time to prepare
effective teaching and learning activities for the students. If biology teachers have sufficient
preparation, their teaching will be more effective in implementing teaching and learning
procedures.

The second portion is suggestions for students. Concerning students’ attitudes towards
Biological Science Inquiry Model, it was found that students developed positive attitudes
towards Biological Science Inquiry Model, especially interest towards Biological Science Inquiry
Model. This is due to the fact that most of the biology students agreed that they are very
interested in Biological Science Inquiry Model because they learned biology lessons by relating
inquiry-oriented materials, real plants and animals in real-life situations. Therefore, it is
suggested that biology students should be provided with real plants and animals, preserved
specimens and inquiry-oriented materials, especially electron microscopes.

According to Oh and Yager (2004), students’ negative attitudes towards science are
related to a traditional approach in science instruction. But, their positive attitudes are associated
with constructivist science classroom. In the review of related literature of Biological Science
Inquiry Model, constructivism was considered as the philosophical consideration. According to
the research findings, it was found that students developed positive attitudes towards inquiry
process skills used in Biological Science Inquiry Model. Therefore, it is suggested that students
should use inquiry process skills to develop thinking skills. This suggestion was consistent with
review of related literature of philosophical perspective of Biological Science Inquiry Model.

According to the research results of the predictors of inquiry process skills in biology
achievement on process domain, the best predictor was the observing skill and the least predictor
was the experimenting skill. These findings pointed out that students had less experience in
experimentation. Therefore, it is suggested that students should do many experiments as possible
to develop experimenting, thinking and reasoning skills.

Regarding the impact of resources, classroom management and systemic restrictions of
the application of Biological Science Inquiry Model, the impact of resources was significant and
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it was a predicting factor. But, the impact of classroom management and systemic restrictions
were not significant. Thus, classroom management and systemic restrictions were not predicting
factors and they were the hindering factors with the implementation of Biological Science
Inquiry Model. Therefore, it is suggested that students should be supplied with real teaching and
learning materials and Biological Science Inquiry Model’s worksheets with relation to resources.
Concerning classroom management, the teacher-student ratio should be reduced because class
size is large. As regards systemic restrictions, it is suggested that the assessment system should
encourage thinking skills.

The third portion is suggestions for school administrators. According to the research
findings, the experimental groups who received Biological Science Inquiry Model were
significantly higher than the control groups who did not in the four selected schools. Among the
four experimental groups in the four selected schools, the mean values for posttest scores among
the four schools are compared. According to the results of Tukey HSD method, school 1
performed better than school 2, school 3 and school 4.

Concerning demographic data of teachers, biology teacher from school 1 had more
biology teaching experiences than other biology teachers. But school 2 got rank four among four
schools. It indicated that the biology teacher from school 2 was not specialized in biology
subjects. Moreover, she taught biology only that year. Therefore, it can be suggested that only
biology specialized teachers should be assigned to teach biology and biology teaching experience
is a considerable factor for the biology achievement in the high schools.

The fourth portion is suggestions for biology subject. Bruner (1977) suggested that
students are more likely to remember concepts if they discover them on their own. In Biological
Science Inquiry Model, students discovered biological concepts by using inquiry process skills.
Therefore, it is suggested that Biological Science Inquiry Model is suitable for discovering
biological concepts by students in teaching and learning biology.

According to Abruscato and Derosa (2010), inquiry is not just teaching science, but using
science to teach thinking. Similarly, Biological Science Inquiry Model is not just teaching
biology, but using biology to teach thinking. The implementing phase of Biological Science
Inquiry Model included inquiry process skills: questioning, observing, measuring, classifying,
hypothesizing, experimenting, interpreting and communicating. Moreover, the process domain of
pretest and posttest was constructed on the basis of these inquiry process skills and the third
domain of students’ questionnaire was based on these inquiry process skills. According to the
research findings, students with inquiry process skills could contribute to high biology
achievement on the process domain of the students. Therefore, it is suggested that Biological
Science Inquiry Model should be applied to develop students’ thinking skills in biology.

Concerning demographic data of students, students are at Piaget’s formal operational
stage. According to Santrock (2006), the formal operational stage, which emerges at about eleven
to fifteen years of age, is Piaget’s fourth and final cognitive stage. At this stage, students can
form and test hypotheses, organize information, reason scientifically. In the Biological Science
Inquiry Model, students developed reasoning skills and thinking skills by doing experiments and
using inquiry process skills. Therefore, it is suggested that Biological Science Inquiry Model
should be learned in teaching biology because it was consistent with Piaget’s fourth cognitive
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stage. This suggestion is consistent with the review of related literature of psychological
perspective of Biological Science Inquiry Model.

In Myanmar, biology is taught at the high school level. However, biological concepts
such as living things are taught as a science subject with Myanmar language from primary to
middle school levels. As a result, biology teachers from primary to high school levels should
prepare lesson plans based on Biological Science Inquiry Model to improve inquiry process
skills. According to research findings of observation checklist, students could not achieve well in
all inquiry process skills at the initial biology lessons because they were not familiar with inquiry
process skills. However, students could achieve gradually all inquiry process skills at the final
lessons according to their learning experiences. Thus, it is suggested that biology teachers should
emphasize on the development of inquiry process skills right from the primary school level to
improve higher-order thinking skills and inquiry process skills. To have been familiar with
inquiry process skills, students should be taught with Biological Science Inquiry Model not only
in biology but also in science from primary to high school levels.

The objective of this research is to investigate the applicability of Biological Science
Inquiry Model that can enhance students’ biology learning through their higher-order thinking
skills and inquiry process skills in teaching and learning high school biology. According to the
research results, the experimental groups who received Biological Science Inquiry Model
improved higher-order thinking skills and inquiry process skills more than the control groups
who did not received it in the four selected schools. Therefore, it can be interpreted that
Biological Science Inquiry Model had a significant effect on students’ biology achievement.
Therefore, the last suggestion is that a biology teacher should use Biological Science Inquiry
Model to develop the students’ higher-order thinking skills and inquiry process skills.

Recommendations

The results of this research contributed to the improvement of teaching and learning
biology at the high school level in Myanmar. But, it is not perfect for all situations. Therefore, it
is necessary to conduct further research. With this view, the following recommendations are
provided for further research.

(1) Since all data in this research were collected from Yangon Region, it may have
limitations to the generalizability of findings. So, further research should be carried out in
the other states and regions.

(2) In this study, the participants were only Grade Ten students. In fact, biology is taught in
both Grade Ten and Grade Eleven. Therefore, further research on biology teaching and
learning should be carried out in Grade Eleven. Then, the research results will become
generalizable to a wider population.

(3) New biology teaching and learning approaches should be developed for various school
levels.

(4) According to time frame, this research was conducted for only seven topics: liverworts,
mosses, ferns, tapeworm, bacterial cell, fungi and algae. Further research should attempt
to cover more topics from biology textbook.
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(5) Further research should address the effectiveness of biology contexts such as ecology and
physiology.

(6) This study focused more on inquiry process skills and less on other inquiry approach such
as field-based approach. Further research should focus on the latter.

(7) For teachers, students should be motivated with inquiry-oriented materials to improve
inquiry process skills in teaching and learning biology.

(8) Not only biology teachers but also science teachers should be encouraged to apply inquiry
learning for improving inquiry process skills.

Summary

Biological Science Inquiry Model emphasizes both biological concept and process. The
first emphasis is the acquisition of biological concepts. Second is the emphasis on the inquiry
process skills on scientific investigation. To develop scientific skills, scientific attitudes,
appreciations and interests, questionnaires of this research were based on interest, appreciation
and attitudes towards Biological Science Inquiry Model. As a result, achieving these objectives
will help the students to enhance their ability in problem-solving, critical and creative thinking
skills through Biological Science Inquiry Model.

Biological Science Inquiry Model nurtures a spirit of inquiry and an ability to work with
others. In Biological Science Inquiry Model, the teacher acts as a guide. The teacher’s task is to
guide the students by asking questions, pointing out new information, presenting new materials
or guiding discussion and evaluating by observation checklists. In Biological Science Inquiry
Model, students are activitely involved in the learning process.They learn inquiry process skills
for themselves with the help of teachers.

Furthermore, Biological Science Inquiry Model can make a significant contribution to the
students not only by means of classroom instruction but aslo by means of experiments in a
laboratory. According to the results of research findings, the students who received Biological
Science Inquiry Model developed higher-order thinking skills and inquiry process skills. It was
found that the Biological Science Inquiry Model is useful to some extent for teaching and
learning biology. Therefore, it is concluded that Biological Science Inquiry Model is an effective
teaching model for teachers and students to develop higher-order thinking skills and inquiry
process skills in teaching and learning biology.

The researcher would like to add a few likes on modern pedagogics and the concerted
development of higher-order thinking. With the bold new ideas of cybernations or cybernetics,
the equally modern notions of information theory has been diffused and resynthesized by the
world’s foremost educationists and pedagogues, resulting in yet another ultra-modern science or
scientific theory of cybernetical education. The Biological Science Inquiry Model can be said to
be an offshoot of this Cybernetical Education or Cybernation Pedagogics.
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