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Plant-Bacteria Associations for Remediation
of Crude Oil Pollutants with a Special
Emphasis on Application Potential of Plant
Growth Promoting Rhizobacteria (PGPRs)

Paramita Chakravarty
Hemen Deka

Abstract

Crude oil pollution is a major and severe problem in several countries round the
globe. Crude oil contains several pollutants such as hydrocarbons (HCs)
including polycyclic aromatic hydrocarbons (PAHs), heavy metals (HMs) and
others. Some of the HCs are comparatively more stable in the environment and
natural biodegradation of these compounds is very slow and even difficult. The
remediation techniques involving both plant and bacteria more particularly plant
growth-promoting rhizobacteria (PGPRs) is an efficient, cheap and economically
viable options for the removal of HCs from the contaminated habitats. The
combined use of plants and the associated microbes/bacteria for remediation of
crude oil pollutants has been considered as the new and most relevant concept
in the field of bioremediation. Plants and their associated PGPRs interact with
each other where plant supplies carbon as special food source to the bacteria that
can stimulate the bacteria to degrade hydrocarbon pollutants in the growth matrix.
In return, PGPRs synthesize chemicals/enzymes to stimulate plant growth and
promote nutrients uptake and thereby enhancing the capacity of plants against
contaminated-induced stress, lowering of both phytotoxicity and
evapotranspiration of volatile hydrocarbons. This chapter is attempted to
highlight about the works carried out on effective and potential use of Plant-
bacteria associations for remediation of crude oil pollutants from contaminated
@tats besides addressing the limitations and research gaps.
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Crude Oil Associated Abiotic Stresses
on Herbaceous Plants

Tridip Boruah
Hemen Deka

Abstract

Crude oil is an intricate composition of both aliphatic and aromatic hydrocarbons,
asphaltenes, resin and many organic as well as organometallic compounds. Crude
oil contaminations negatively affect the biological activity and productivity of
ecosystem by changing the dynamics of soil parameters such as pH, electrical
conductivity, moisture content, aeration, water holding capacity and nutrients
compositions. Being one of the principal producers of the ecosystem the
herbaceous plant communities plays a vital role in the establishment of
homeostasis of the ecosystem. The growth, structure and phenology of
herbaceous plant communities are severely influenced by ecological,
anthropogenic, climatic and biogeochemical processes on the earth. The
herbaceous plant species must have some adaptive advantages and possess
certain mechanisms of stress tolerance which make them suitable for fast
acclimatization in crude oil polluted environment. The entry of pollutants cause
the injury to biological membrane by accumulating reactive oxygen species,
inhibits photosynthesis as well as transpiration and finally lead to the death of
plants. Reduction of growth, senescence, abnormal root and shoot development,
light receptor destruction, reduction of photosynthetic efficiency, rate of
absorption, stomatal movement, flowering response, water conducting system are
significantly affected by crude oil associated abiotic stresses. This chapter is
attempted to focus the impact of crude oil contaminations on herbaceous plant
communities, their potential defense mechanism against hydrocarbons associated
stresses besides highlighting the research gap in the north east India including Assam.
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Nanomaterials for Removal of
Polycyclic Aromatic Compounds (PACs)
and Heavy Metals (HMs)

Shaleh Akram
Hemen Deka

Abstract

The challenging task of this century is to clean up the contaminants by eco-
friendly, sustainable and economically viable technologies. Polycyclic aromatic
hydrocarbons (PAHs) and heavy metals (HMs) are the major contaminants of
environment that shows detrimental affects on living organisms including human
beings. Nanomaterials are more reactive and have large surface area than its bulk
phase, so it has a wide range of applications including bioremediation. For the
unique property of nanomaterials, it can also be applied to clean up PAHs and
HMs contaminated sites. For remoal of contaminants/pollutants nanomaterials
can be applied in two ways. The first one is direct application for the removal
of contaminants and the second one is the removal of contaminants through
adsorption or chemical modification. Nanomaterials enhance remediation of
contaminants by microorganisms either by increasing the microbial growth or
stabilizing the remediating agents or through induced production of remediating
microbial enzymes. Besides, nanoparticles also reduce the hydrophobicity and
create a conductive environment in the contaminated sites and also enhance the
microbial degradation process. In this chapter application potential of various
nanomaterials for remediation of PAHs and HMs has been discussed besides the

brief highlights about their limitations.
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Vermicomposting is a mesophilic process that involves the combined interaction of
earthworms and microbes resulting in efficient stabilization of large quantities of organic
waste. The end product of the vermicomposting process is a well-known commodity for
not only increasing the soil fertility but also amplifying the biomass of beneficial
microbial populations while reducing the unwanted harmful microbes. Heavy metal
toxicity is one of the major growing concerns in the vermicomposting systems because
not only it has an adverse effect on plants but it also destabilizes the microbial
community responsible for plant growth and development. Therefore it is necessary to
understand the distribution, mobility, transport, bioavailability, uptake and the ultimate
fate of heavy metals in the vermicomposting system to gain further knowledge about the
ecotoxicity of vermicompost. This chapter will focus on the heavy metals (HMs) toxicity
of vermicompost to understand the mechanism of heavy metal dynamics in the
vermicomposting system following the degradation pathways of HMSs in the
vermicomposting systems; along with that the role of microbes and earthworms in the
detoxification of heavy metals.
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0010 1. Introduction

p0010  Fertilization is one of the most effective ways to increase the efficiency of obtaining better
return products in the agricultural sector (Klimczyk et al., 2021). However, the rampant uti-
lization of chemical fertilizers to meet food demands in recent decades has raised serious
concern due to its association with pollution in water, air, and soil, increased emission of
greenhouse gases, and reduction of soil fertility in the distant future (Nadarajan and Suku-
maran, 2021; Kumar et al., 2019; Pahalvi et al., 2021; Srivastav, 2020). With the advent of sci-
ence and an increase in understanding of the environment, there is a rising demand for
adopting organic fertilizer as an alternative to replace or minimize the usage of chemical fer-
tilizers (Nosheen et al., 2021). Organic fertilizers are derived from the residues of plants, veg-
etables, industrial waste, animal matter, and excreta (Diacono et al., 2019). They improve soil
texture, nutrient profile, water-holding capacity, aeration, and beneficial microbial popula-
tion, resulting in a higher output of agricultural crops (Lim and Wu, 2015). Besides, organic
fertilizers are superior in the context of environmental management, quality of the product,
and recycling of bio-waste (Verma et al., 2020). The population explosion in recent decades
has resulted in sizable growth of bio-waste originating from agriculture, households, and

[AU5] industries (Bhat et al., 2018a,b; Mirabella et al., 2014). Without adequate treatment, the
disposal of these wastes might have harmful repercussions on human health and the sur-

[AU6] rounding environment (Bhat et al., 2017a,b). Therefore, the conversion of this waste to a use-
ful resource through nature-friendly methods is a rising interest in the issue of waste
management (Taiwo, 2011).

Earthworm Technology in Organic Waste Management —
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10011-HUANG-9780443160509

These proofs may contain color figures. Those figures may print black and white in the final printed book if a color print product has not been planned. The color figures will
appear in color in all electronic versions of this book.



https://doi.org/10.1016/B978-0-443-16050-9.00017-7

7/8/23, 4:24 PM Syzygium namborense (Myrtaceae), a new species from Assam, India | Phytotaxa

Phytotaxa

Home / Archives / Vol.538 No. 2: 7 March 2022 /| Article

Syzygium namborense (Myrtaceae), a new species from
Assam, India

DEBOLINA DEY
Department of Botany, Gauhati University, Jalukbari, Guwahati, Kamrup (Metro), Assam-781014, India

https://orcid.org/0000-0002-0048-8363

JATINDRA SARMA

State Medicinal Plant Board, Department of Environment and Forest, Lankeswar, Jalukbari, Guwahati, Kamrup
(Metro), Assam-781014, India

https://orcid.org/0000-0003-4635-5766

NILAKSHEE DEVI
Department of Botany, Gauhati University, Jalukbari, Guwahati, Kamrup (Metro), Assam-781014, India
https://orcid.org/0000-0002-6007-4904

DOI: https://doi.org/10.11646/phytotaxa.538.2.5

Keywords: Syzygium, new species, Nambor Reserve Forest, Assam, Eudicots

Abstract

Syzygium namborense is described and illustrated as a new species from the Nambor Reserve Forest,
Assam, India. It resembles Syzygium nervosum in having glabrous, chartaceous and aromatic leaves,
paniculate inflorescences with second order branching, calyptrate flowers, numerous stamens and
equal number of petals in the calyptra but differs from it in having more compressed branchlets
with shorter nodes and greater number of leaves, shorter acumen, strictly elliptic leaves with
acuminate apex and cuneate base, greater number of lateral veins, intramarginal vein uniform
along the blade, sessile yellowish white flowers with obconical hypanthium and a higher number of

ovules per locule.
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Abstract

Information on the dynamics of consanguinity & always imporane for public
health strategy. It provides a direct roadmap for healthoare providers and health
policymakers to make people aware of the consequences of conmanguinity. The
present study aims to investigate the attioede of the Muslim people pracusing
consanguinity in the char (river island) areas of Barpera districe in Assam. e
nterds o seek a cultural explanation behind the pracice of consanguinicy.

The study was conducted oross-sectionally among the Muslims lving in diferenc
villagezs of the temporary, semipermanent and permanent river ishnds of
Barpeta district in Assam. A wotal of 556 married couples were induded in the
study. Of these, 103 couples are consanguinecus and the rest 433 are non-
consanguineous. To study the prevalence of congenital disorders, a sample of
153 males and 121 female inbred children of the consanguineous couples and
701 male and 57| female children of the non-consanguineous parents have been
included in the soudy.

The prevalence of consanguinecus marriage in the chars was found w be 1B33%
and the average coefficent of inbreeding was 0.05%96 796 Of the consanguinecus
marriages., the most favoursed type was between the first cousins (631 1%),
followed by hall first-cousin marriages (1262%). Altogether |460% of inbred
were found to have some type of congenital disorder against 0.31% non-inbred.
Inthi chars of Barpesa, it is not only ignorance but poor economic condition is also
a reason behind the practise of consanguinicy. Consanguineous marrage provides
memns of escaping the expenditure incurred in dowry or bridewealth paymenc
With seasonal floods, river erodes ther village and crops completely every
year. Family remains the sole source of smbidity and security. Consanguineous
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A study on high-risk Human Papilloma Virus (HPV) types
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ABSTRACT Worktuake Swre » semasmg mexkence of obesty Obesgty and Bypereasna are starelstad and okt
from chaxges in b s and lifestyle factors comomimnt o age. The present stody examines e
provakoce and rehition of obesity and hypertnson amoag oldedy Karbis Sllonmg a tmditona] way of life = e hill
Gt of Kadi Asgloeg, Asam Tae sample of de seady comists of 335 m-k and feeake eMerly (60 yeass and
abone} xm Whoke bod} obesyy ﬂnd Mum-ul obes Ry am d from bhes, mdices wnd fat

ze Hyg ug w0 the WHO chissifcanon of sy ~okic and diztole blood preswre
wed B estmmtng ask lw meshalic syndrome Prvakece of obosty by fis E\um = hogher Abdoonmal ohesity
amd bypertieacion prevakenoe 15 higha ia elderly femalk = s\mpnm 1o elderly male. Hyportension prvalence =
miecnord sigaificaly by fal porceatige o both owde and female ¢ddorty and by Warst Croamfearoo: = make eldedy

INTRODUCTION disease nisk also varies between individuals by

age, sex, region, socio-cconomic condition and

Obesity & recognised as anmjor publichealth  ethnicity, Among elderly population excess body

problem inboth developed anddeveloping coun-  fat, age and other environmental factors may be
tries, Obesity is often defined as a condition of  significant in mereasing disease risks.

abnormal or excessive fat accumulation in adi-
pose tissug, 1o the event that health may be im-
paired (WHO 2000). Obese individuals differ not
only in the amount of excess fnt they store, bt
also in the regional distribution of fat within the
bexly. Fat accumulation i ako affected by age as
body composition nmh:%m change and fatgets
reddistributed and accummlates around the abdom-
inal region. Fat accumulation in the abdominal
region puts people at nsk for vanous metabolic
disorders. Obesity prevalence among the elderly
population from margmalised tribal communities
has not been studied in the northesst Indian con-
Kkext Studics on nutritional status among tribal
ckierly people from theregion have reported high-
er prevalence of under nutrition and some pro-
portion of over nutrition (Das and Sarmah 2015;
Sarmah 2019). EMerly people can face the dual
burden of under nutntion and over nutrition &
found m the studicd socictics

Obesity predisposes an individual to a num-
ber of cardiovascular risk factors inchuding hy-
pertension, raised cholesterol and impaired glu-
cose tolerance. It is also onc of the crikria for
klentifying metabolic syndrome, Excesshady fat
in addition fo being a significant contributor to

One of the conditions, which arise out of obe-
sity, is hypertension. Hypertension results from
changes in the cardiovascular system with age.
Structural changes taking place in the cardiovas-
cular system brings about a decline in the func-
tisnal capacity of the circulatory system result-
ingin higher blood pressure kevelswith age. This
dynamic physiokygical measure is influenced by
both biological and socio-cultural factors. It is
mﬂuemedqiy vanous factors like climak, degree
of urbanisation, work schedule, activity patiem
and dictary habits{ Basscy 1992). Blowd pressure
shows greater relation with age among people
living in modemn urbanised economics than peo-
pleliving in cultures following traditional beliefs
and valucs( Wakiron c1al. 1982),

In developing countries hypertension is
found to existin a background of under nutrition
(Tesfayeetal. 2007). Morcover, Bady Mass [n-
dex (BMI) is significantly and positively correlat-
ed with both SBP and DBP insome populations.
Studies have shown that higher BMI s associat-
edmim:ﬂanmtmxad al. 2014; Wang <t al.
2014; ctal 2018; Hossain etal. 2019). Simi-
lar association is not understood to the desired
extent among ¢lderly in rural or tribal context in
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Abstract Paleolithic evidence of the Indian subcontinent is often expressed through the wealth of
lithic antiquities from the Stone Age. In this region, the earliest known lithic remains comprise simple
cores and flakes recovered from the Siwalik Hills. The Siwalik Hills are the foothills of the southern edge
of the Himalayas, and area goldmine zone for Soanian lithic implements. Although Acheulean remains
have also been reported, their occurrences are few. Nevertheless, these remains have been known date
from the Pleistocene, which shows varied patterns of land use and intraregional versatility. In the Siwalik
Hills, Soanian implements are of two kinds: (i) a chopper type of the Lower Paleolithic period and (ii) a
flake type belonging to the Middle Paleolithic period. The present study was undertaken at a newly dis-
covered Stone Age locality, Bam, located within the frontal range of the Siwalik Hills in the Bilaspur
district of Himachal Pradesh, India. The area under study plays an important role in understanding the
relationship between people and land. The paper explores the Soanian cultural remains of the site to
obtain an in-depth understanding of its nature against the backdrop of raw material availability and ex-
ploitation. The study also throws light on the local geological and geomorphological settings of the area.
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Introduction

The Indian Himalayan ranges cover the states of Jammu
and Kashmir, Uttrakhand, Himachal Pradesh, Arunachal
Pradesh, Sikkim, Assam, and the hilly areas of West Bengal,
and comprise three segments: (i) the higher Himalayas to-
ward the Tibetan plateau, (ii) the lesser Himalayas, and (iii)
the sub-Himalayas. The higher Himalayas are formed from
metamorphic rocks and magnetic rocks. Grades of metamor-
phic rocks with intrusions of amphibolites, stones, pegma-
tites (generally crystalline rocks or various volcanic stones
with a few centimetres of crystals), and quartz constitute the
lesser Himalayas (Abdessadoka et al., 2016). As indicated
by Mohapatra (2007), lithologically and ecologically the
sub-Himalayas comprise three zones: (i) the Siwalik frontal
range (abruptly transcending and flanking the Indo-Gangetic
plains); (ii) the Duns (a progression of flat-bottomed longitu-
dinal structural valleys with well-developed terraces); and
(iii) the lesser Himalayas piedmont against which abut the
terraces of the Duns. The Siwalik Hills comprise a 2400 km
long stretch. They stretch from the Potwar plateau region of
Pakistan to the north-eastern part of India and onto Myan-
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mar, the south-western Himalayan frontier (Figure 1).
Geologically, the Siwalik Hills show sediments of natural
freshwater molasses accumulated in a long narrow foredeep.
They formed to the south of the rising Himalayas, and had
their origins in the third and most dramatic uplift during the
Middle Miocene to Middle Pleistocene. Structurally, the Si-
walik Hills were folded, and over thrust toward the south by
the Lower Tertiary formations (Tripathi, 1986). The foreland
basin of the Siwalik Hills comprises fluvial deposits (Chau-
han, 2009). It is an active collisional foreland basin system
that covers five nations, i.e. India, Nepal, Pakistan, Bhutan,
and Bangladesh, with a width of 450 km (280 miles) and a
length of 2000 km (1200 miles) (DeCelles, 2012). Records
of sedimentary rocks accumulated in the more extensive
Himalayan territory encompassing India and Nepal go back
to the underlying creation of the foreland basin. It began
around 45-50 million years ago in the Paleogene time when
the Indian and Asian plates crashed together. The strati-
graphic progression of the basin is remarkable as it main-
tains and identifies with the Himalayan orogenesis. It is the
proof of the collision between the Indian and Eurasian
plates. The significance of the Siwalik foreland basin’s stra-
tigraphy is unrivalled because of its role throughout geo-
graphical time in the development of the basin. This basin
comprises fluvial dregs kept by hinterland rivers streaming
southwards and south-westwards (Gill, 1983; Chauhan,
2009, 2010) from the lesser and greater Himalayas when the
south area of these mountains were initially a basin (Bro-
zovic and Burbank, 2000). Stratigraphically the deposits of
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Nutrition Security among Karbis of Kamrup District of Assam
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Abstract

Food security means availability and access to food to all individuals throughout the year whereas nutrition security means the food which is available
should provide the essential nutrients as per individual requirements. A study was conducted to assess the dietary intake and nutritional status of Karbi
tribe of Kamrup district of Assam. The study covered 400 women of Chandrapur and Dimoria block of Kamrup district in the age group of 15 to 49 years.
Sample selection was done by using purposive random sampling method. Dietary intake was assessed by using 24-hour recall method and Body Mass
Index was determined by measuring the height and weight by using standard procedures. The study revealed that the Karbis included cereals, pulses
and flesh foods and green leafy vegetables every day in adequate amounts in their meals which are the major sources of macro and micronutrients.
Flesh foods which were included in the dietary every day were fresh fish, dry fish and meat which meet the protein requirement among the Karbis.
Carbohydrate intake may be mentioned as adequate as adequacy level of cereals ranged from 103 per cent to 116 per cent which was more than the
RDA given by ICMR (2011). Similarly, the micronutrients intake was good as green leafy vegetables and other vegetabies were included every day and
adequacy level of leafy vegetables ranged from 106 per cent to 112 per cent which was also more than the recommended RDA. The use of herbs as
green leafy vegetables among the Karbi dietary help to increase immunity to the body. Karbi dietary was adequate and this is revealed by the fact that
very less {15.25 %) number of respondents was underweight And none of the respondents were moderately underweight (<17.0) or severely
underweight (= 16.0). Majority (75 %) of adult women of the studied area were having normal nutritional status (BMI between 18.5 to 24.99). The study
concluded that the nutrition security was much better among the Karbi population of Kamrup district of Assam as the prevalence of undernutrition was
very iess in comparison to other tribal groups of India.
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Anthropological Interface between the Hills and Plains:
An understanding from Assam —-Meghalaya Border

Region

Smita Devi Bora & “Dwipen Bezhanah

Abstract

Trubitional practices we always informative and can be used us 2 ool o reconstruct the pust
celture. In many societics of Northeas) Iixlia such kind of practices still contine 10 exiat and which
hod muny elements passed on from ancestrul generation, The Assam- Meghaloya border areas
tawirds the southem pant of Kameup districs of Assam s inhabited lorgely by Khasi, Gaso, Kurby
wwl few other caste populations. The suhsistence guttern, econoame as well 2 socioscultural
practice and geomarphological location of the region drew attention wisich leads o exposure of
many significant ethnographue snd archoeological data. In Assam -Meghalaya border region, there
is the prevalence of trukitional mset system, where there iy the evidence of 2ge old practice of
barter exclange in the form of Basket exchunge, especilly by the women, locally know as Ham
Solux. Prolific occurrence of ceranne sherds of which the reconstructed vensions sbaw close
resemblance with respect to stupe and size with the utensils wsed by the present doy inhebitants.
Erection of megalithy in the memuoey of deceased clun members lms mised the ambropo.
wrehmeclogical significunce of this area In ceder 10 hove o comprehensive undentaniding of the
area the reseascher tried 10 umlyse the findings from the ctlmo-archaelogical perspective. The
present stody reveals that thooegh the culture under study s cronologically modern but
ecapamically and umbropologically they are Neolitluc or may be later.

Keywards: Trnde, Pistery, Megalith, Edmo-archaesiops. Teadislon

Introduction

Tracle 1s ulwiays been o fascimoting and eogrossing aflay for anthropologists & it cun give an msight
about the economic condition of the society. Trade can be defined oy the “mutully approprate
movement of goads between lands” (Renfrew 1975). Apart from econonic condition it can provide
infonmution sbout sociv-cultural practives, the clanges thit bappened within # and interregional
contact over time. Muny such stidies dane on trade und exclange of stope, cernmics und metals
Europe, especially in the Meditermunean region, Near east und North Americs reveal important
informmtion about ther ruw nstenal procurement, [ashioning techoigues and soco-economic
condition of the society. Trude is recognized in srchaeological recond by the discovery of objects
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Subsistence Agriculture and Traditional Food Preservation
Methods among the Ethnic Communities of Northeast India

Smita Devi Bora'

Abstrac: Food, shelter and cloth are the three hasic necessities for survival, Arthe carly
stage of human evolution, man was very much dependent on narure for survival. But
with the passage of trme they attained some contol over the environment which resulted
in 2 shift from the food pathering stage 1o a food producing phase. At the starr of the
food producing stage an incipient shiftng form of cultivaton with simple tools came
mto practice, With food production, s new concept e, food storage and preservation,
emerged to tuke care of surplus producton or funire consumpnion. The archaic method
of cultivanion was also practiced by the ethnic communities residing in the hilly regions
of Northeast India. During the course of explomton near the Assam—Meghalaya
border evidence of this rype of cultivanon commoanly known as shifting or jhum
cultivation has been reported. This study sees the various associated aspects of shifting
cultivation as subsistence agriculture and also outlines the three causes which lead o
such practice by the ethnic communities near the Assam-Meghalaya border area towards
the south-castern penphery of Kamrup distnict in Assam. The study also showed
preservation of surplus crops through vanous convennonal methods lke drying,
smoking, salting, fermenting, pickling and sugaring to consume in lean periods, From
the data gathered for this rescardh, it s argued thar this cultivation svstem is a survival
strategy in socio-political, econemic and ceological terms. The practice is deeply ronted
oot only i their culture bur also as a way of life. An aspeet of ethno nananalism amaong
the populanoa is also mmplicit n its contnuaton despite vanous povernment intervennons
against the system, Further it is suggested that, introduction of cash crops and rermeing
of the plot can conver this farming system into a permanent one and provide a more
sustainable and eco-cultumlly friendly practice.

Reywonds: Subsistence, Preservarion, Shifting Cultivation, Identiry, Sustanable.
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Development of Opto-Mechanical Method to Measure
Liquid Volume, Density, and Level
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Abstract

We demonstrate here an optical method, capable of measuring liquid
volume, level, and density by using linear extension spring. This
measurement method is based on linear extension of vertically
suspended helical spring with a light source fixed on the top end and a
light-dependent resistor on the bottom end of the spring, both being in
same alignment. Loading liquid samples in a cylindrical container
attached to the bottom end of the spring results in corresponding
elongation in length of the spring, thereby changing the longitudinal
distance between light source and light-dependent resistor. Light
intensity is proportional to the square of the distance from the source;

hence, resistance of the light-dependent resistor changes accordingly.

Keywords
Light intensity Linear extension spring Longitudinal distance
Optical method Volume measurement Level measurement

Density measurement
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Abstract— In this paper, we report the investigation on
measurement of liquid volume by using bend sensor and linear
extension spring. The bend sensor is mounted in U-shaped
laterally to a vertically suspended spring. A liquid container is
attached to the bottom end of the spring. As the volume of the
liquid in the container changes, the elongation length of the
spring also gets changes. There will be corresponding changes
in the bending radius of the mounted bend sensor. The changes
in bending radius will introduce changes in resistance of the
bend sensor. A resistance to frequency conversion signal
processing circuit is used to convert the changes in resistance
to frequency counts. Further, the output of signal processing
circuit is processed by a microcontroller. The resolution in
measurement is found to be within the range of 3.9-12.6 pL.
The advantages of the propose system is that the measurement
of liquid volume is independent of refractive index or colour of
the liquids and also can be used for volatile liquid.

Keywords—bend sensor, liquid volume, extension spring,
bending radius and resistance to frequency con verter.

I. INTRODUCTION

Traditionally, volume of a liquid is measured by using
graduated cylinders, beakers or liquid measuring cups [1].
But measurement of volume of liquid with traditional
methods are time consuming and error-prone. Modern
biochemical and pharmaceutical laboratories or industries
demand quick, automated and precise measurements of
volume of the liquid products. In order to meet those
demands. researchers have proposed and reported several
non-conventional sensing methods for the measurement of
liquid volume. Most of the common sensing methods that are
reported on the literature are based on the principles of fiber
optics [2]. Fiber optic sensors provide several advantages [3].
however measurement is limited to liquids having certain
refractive indices, colours or optical spectra only. Microwave
resonator-based sensing also draws research interest in the
measurement of liquid volumes [4]. [5]. The gravimetric
method is also considered useful in accurate determination of
liquid volume up to sub-microliter range [6]. The spring-
based sensing methods due to its high reproducibility are
gaining attention among researchers, reported in [7], [8].

978-1-6654-5883-2/22/$31 0002022 IEEE

In the proposed method, we have used extension spring
attached with bend sensor (BS) as electro-mechanical sensor
for the measurement of liquid volume. The system has
advantages in its simplicity of design and inexpensive signal
processing components. Further, the frequency output of
signal processing circuit (SPC) is process by microcontroller
(uC) without the need of analog-to-digital conversion circuit.

II. SENSING PRINCIPLE OF THE PRPOSED METHOD

The sensing principle for the measurement of liquid
volume is shown in Fig.l. A linear extension spring is
vertically suspended over a fixed rigid clamp. A BS is
attached laterally to the spring in U-shape covering a definite
number of active coils of the spring within its curvature. The
sensor is fabricated by polyester or fiber glass with carbon-
impregnated layer deposited in-between [10]. The sensor
shows variation in its resistance due to change in bending
radius or mechanical deformation.

Small bending radius
& large curvature

Large bending radius
& small curvature

Fig 1. Schematic diagram of the sensing principle (in inset it shows
relationship between bending radius and curvature of bend sensor).

The free end of the spring is attached to a liquid
container. When the volume of liquid in the container
changes, the elongation in the length of the spring will also

Authorized licensed use limited to: Indian Inst of Inform Technology Guwahati. Downloaded on January 06,2023 at 10:34:53 UTC from IEEE Xplore. Restrictions apply.
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Abstract

In recent years, parasitic element-based designs have been found to
play important roles in smart and adaptive systems and are the subjects
of recent developments. They offer several advantages such as
multifunction capabilities, minimized volume requirements, beam
diversity, frequency reconfigurable, and ultra-wideband application. This
makes them well-suited for wireless application such as fifth generation
(5G) and subsequent generations of mobile terminals. With the
employment of active material microelectromechanical systems (MEMS),
varactor, or PIN diodes, an antenna’s characteristics are often changed
through alternating the flow of current on the antenna structure. If an
antenna is to be reconfigurable in many different states, it needs to
have an adequate number of active and passive elements. However, a
large number of high-quality active elements increase the cost of the
overall system in terms of the required number of transmitters,
amplifiers, and other associated electronic components. Introducing

reconfigurable intelligent surface and investigating its characteristics
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SIMULATION-DRIVEN OPTIMIZATION OF SLOT
ANTENNA USING GENETIC ALGORITHM
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Abstract

Ansys Electronics Desktop (AEDT), formerly known as Ansys HFSS, is one of
the most widely used software packages for the design and analysis of antennas for
microwave applications. AEDT is powered by a 3D full-wave finite elements method
(FEM) solver. It is equipped with a user-friendly interface that enables designing an-
tennas graphically. This approach, however, is not convenient for algorithmic tuning
and optimization of antennas. The Optimetrics tool is available only helps in sweeping
a few physical dimensions of the antenna over a pre-defined range and compute some
output parameters based on the simulation results. As the number of dimensions to
be optimized increases, there is an exponential increase in the number of simulations
to be performed. AEDT also provides a script interface where antennas can be de-
signed programmatically by writing scripts in either Python or VB Script. Python, in
recent years, has emerged as one of the most powerful languages for technical com-
putation. AEDT, however, comes with Iron Python, which lacks supports for many
essential packages making it challenging to implement any computational algorithm.
An implementation of the genetic algorithm for Iron-Python is presented in this paper
that can be used for optimizing antenna structures within AEDT. An H-shaped slot
antenna is optimized with this technique. The optimized antenna is fabricated and
validated from measured result.
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Abstract

A power divider T-network requires dissimilar lengths of the two output
branches if a phase difference is desired between the two output ports.
This often leads to an asymmetrical structure of the power divider. In
this paper, a phase difference between the two output ports of a power
divider is achieved with the help of a complementary split-ring
resonator (CSRR) structure. The T-junction divider is a three-port
network. The middle port is fed by a 50 Q microstrip line, and the other
two ports are considered as an output port. A CSRR is etched from the
ground plane below one of the output branches. It is observed that by
adjusting the position of the CSRR structure in a company with a
microstrip line, it is possible to modify the phase variation between
output branches and this divider additionally having less power loss
characteristics. A design prototype is fabricated in an FR4 substrate and
tested at a frequency 2.4 GHz for a phase modification of about 45°. The
proposed power divider is compact and simple in design and less power
losses so it is easily integrated with microstrip antennas and convenient

for phased array antenna design.
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An Antipodal Vivaldi Antenna Array with Modified
Ground Plane and Slotted Radiators for 5G
Millimeter-wave Applications

Innocent Kadaleka Phiri
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Gauhati University, Assam, India
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Abstract—An antipodal Vivaldi antenna (AVA) array for
fifth generation (5G) millimeter-wave (mm Wave) applications
is proposed in this paper. Initially, a single element AVA is
designed. Then an array with 4 x 1 AVA elements and a 3-dB
power divider is designed on an FR-4 epoxy substrate of size 28
% 32 x 1.6 mm?®. Inclusion of cuts on antenna radiators improves
the operating bandwidth of the array antenna. Structural
modification on the feeding section of the ground plane
improves impedance matching (S11), operating bandwidth and
gain of the array antenna. The array antenna is designed using
High Frequency Structure Simulator (HFSS). Overall
operational bandwidth of the array antenna is between 22.8 —
29.1 GHz (S11 < -10 dB) covering the n257 & n258 5G mm
Wave band. The designed array antenna shows maximum gain
of 8.1 dB.

Keywords—Antipodal Vivaldi Antenna (AVA), antenna array,
5G millimeter-wave (mm Wave), power divider, slot cuts, high
gain.

1. INTRODUCTION

The present fourth generation (4G) mobile wireless
communication is facing challenges of spectrum shortage and
moderate capacity [1]. Thus, 4G is failing to keep up with the
rising demands of modern wireless communications. The
proposed fifth generation (5G) standards aim to solve these
problems. 5G promises high data rate from 2 Gbps to 20 Gbps,
spectrum efficiency of 9 bits/s/Hz, a connection density of 1
million/km?, and mobility of up to 500 km/h [2]. 5G
communication will utilize sub-6 GHz and millimeter-wave
(mmWave) frequency bands [3]. The frequency range 24.25 —
29.5 GHz is accepted globally for future 5G mmWave
communication [4].

Wireless communication that uses higher frequencies
suffers from high path losses [5]. This demands for an antenna
with a higher gain and good radiation pattern. Furthermore,
there is demand for small and lightweight antennas. A Vivaldi
antenna meets these requirements.

A Vivaldi antenna is an exponentially Tapered Slot
Antenna (TSA) with a tapered slot etching placed on a
dielectric substrate [5]. A Vivaldi antenna offers wide
bandwidth, high gain, end-fire radiation patterns, geometric
simplicity, and ease of fabrication [5], [6]. First introduced by
P. J. Gibson in 1979 [7], there are three categories of Vivaldi

Kumaresh Sarmah
Department of Electronics and
Comunication Technology,
Gauhati University, Assam, India
kumaresh@gauhati.ac.in

antennas: Coplanar, Antipodal, and Balanced Antipodal.
Antipodal Vivaldi Antenna (AVA) has one radiator layer
placed on top of a substrate, and another tapered layer placed
on the bottom of the substrate. A connector feed is connected
to one side of the dielectric sheet touching both top and bottom
radiator layers. AVA is commonly preferred because of this
feeding simplicity [8].

Vivaldi antennas suffer from limitations in gain and
directivity [9]. Different modifications have been proposed.
Varying parameters like exponential rate, length, dielectric
thickness and dielectric material affects beamwidth [10].
Varying substrate characteristics also affects directivity [11].
Addition of structures such as ‘lens’ [12], ‘directors’ [12] [6],
and grating strips [6] along the end-fire region improves
directivity. These modifications guide the signal energy along
its direction. Addition of corrugations as resistive loads along
slot edges reduces sidelobes and improves gain [6]. Addition
of metamaterials improve gain and bandwidth [13] [14].
Metamaterials affect wave propagation properties.

Single element antennas usually have poor gain and
directivity in higher frequencies [5]. Array antennas are
proposed to improve these radiation characteristics, although
arrays are regarded as costly, complex, and bulky [6]. [15]
presents an S8-element AVA array for 5G mmWave
communication application. A 1-to-8 power divider network
and a ground plane were used to connect a feed in the top and
bottom layers respectively. Modifications with addition of
notch structures in the ground region, reduced coupling
between elements. The work in [15] is modified by [16]. [16]
considers addition of six meta-surface (MS) unit cells in the
aperture regions. One MS consists of two-stub-loaded split-
ring resonators. Addition of MS cells corrected phase
distribution in the aperture region. In [1], a four-element AVA
array is presented. Corporate feeding is used which is shown
to improve input impedance. Corrugations are added in the
radiating slots and ground plane. In this work, corrugations
improve element isolation thus reducing mutual coupling.
Front-to-back ratio is also affected.

This paper presents a four-element AV A antenna array for
5G mmWave communication applications. Cuts will be
included in the radiating slots to modify current distribution.
In the real world, radiation from one element is received by a
neighboring element, which can be re-radiated to a different
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direction — a situation called mutual coupling [1]. Notch
structures will be included along the middle area of the ground
plane. This will improve element isolation, reducing mutual
coupling.

This paper is organized as follows: Section II details the
proposed array design, Section III presents results of the
designed antenna, and Section IV states the conclusion.

II. ANTENNA DESIGN

Design and simulations were implemented using High
Frequency Structure Simulator (HFSS). Initially a single
element AVA was designed. Then an array comprising four of
these AVA elements and a power divider was designed.
Modifications in form of cuts in radiating slots and feeding
section of the ground structure were added. The overall size of
the antenna is 28 x 32 x 1.6 mm?®. These are discussed in detail
below.

A. Single Element AVA

Two radiating slots made of copper (0.035 mm thick) were
designed with exponential tapering edges defined by [14],

wr — 0.5wee®
x={ 7 1

top layer (1)
—ws + 0.5wre®”

bottom layer

Where x is the exponential curve, wy is the width of the
feed-line, a is the exponential transition rate given by the
equation,

1 +0.5
a=2Lln (u) @
TL 0.5wf

Where 7L is length of the tapered end, w, is aperture size.

These slots were placed one on top of a dielectric substrate
and another on the bottom of this substrate, facing in opposite
directions with respect to the exponential curve. Substrate
material used was FR-4 epoxy with relative permittivity (&)
4.4; loss tangent (tan ) 0.02; and thickness 1.6 mm. This
design is shown in Fig. 1.

————|
W2

L2

GND sus [MTOP

Fig. 1. Single Element AVA (GND = ground element,
SUB = substrate, and TOP = top element).

B. Antenna Array Design

In order to have better radiation properties, an antenna
array of four AVA elements was designed. To reduce mutual
coupling between neighboring elements, notch structures
were added in the middle region of the ground radiating plane.
A power divider/combiner was also designed for proper
feeding arrangement. This design uses corporate feeding
where each element is excited equally. A natural transition is
used with an SMA connector of 50 Q impedance. The
designed AVA array is shown in Fig. 2.

Array Elements
LN

AN
O, &6, ®

Power

GND [fisus [HTOP o
Divider

Fig. 2. Four-Element AVA array with a 3 dB Power
Divider.

GND

sus [HlTOP

Fig. 3. AVA array with geometrical modifications.

TABLE L ANTENNA GEOMETRIC PARAMETERS (mm)

L1 La Ls | Ls4 Ls Ls Ws

28 467158 |18 (22 |14 6
Wi [ W2 | W3 | Wa | Ws | Ws W7
32 6.8 106 154109 07574
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C. Antenna Array Modifications

The designed array did not show satisfactory results in S11
and gain against frequency plots. In order to improve radiation
characteristics, two types of modifications were done. Firstly,
cuts were added to both top and bottom radiating slots. Three
cuts were added to each radiating slot along the taper curve,
making a finger-like shape. These cuts changed distribution of
current along the radiating slots. Secondly, cuts were added on
the feeding section of the ground structure. Cuts in the ground
structure improved impedance matching and gain. The final
designed antenna is shown in Fig. 3. Geometric parameters of
the design are shown in Table 1.

ITII. RESULTS AND DISCUSSIONS

This section discusses simulated results of the proposed
antenna. These are discussed in terms of current distribution,
reflection coefficient, VSWR, radiation patterns and gain vs
frequency plot.

A. Surface Current Distribution of the array antenna:

Fig. 4 shows simulated surface current distributions at 26
and 29 GHz for AVA array and modified AVA array. It is
observed that in the basic AVA array current is distributed
along the edges of the conducting planes. After addition of slot
cuts, there is redistribution of current flow at the same
frequencies. The finger-shaped orientation causes the
conductors to behave as RLC resonators. Further comparing
the basic array and modified array, it is shown there is phase
correction. This is due to the modifications included in the
ground plane.

E Fleld (v/n)

1000000
. 993,003
oo
0,000
ey
s, soes
00,0000
35,3308
B e
00,0000
.00
26,5007

209.0000
133.3993
06,8007
9.0000
E Field [v/n]

1000000
. preipess
es. s |

. ¢
(d) 28 GHz

Fig. 4. Current distributions of AVA array at— (a) 26 GHz,
(b) 28 GHz; and modified AVA array at — (c) 26 GHz, (d) 28
GHz.

B. Reflection Coefficient (S11) analysis plot of the array
antenna:

S11 results are shown in Fig. 5. The basic AVA array has
S11 of less than —32 dB at 26.25 GHz. Ground plane
modifications improve impedance matching and introduce
resonances in the region between 24.5 GHz to 26.5 GHz and

27 GHz to 28.5 GHz. After modifications, the proposed design
has S11 of'less than—10 dB in frequencies between 22.8 —29.1
GHz, which covers almost all of the targeted band of 24.25 —
29.5 GHz mm wave band.

C. VSWR plot:

Fig. 6 shows VSWR plot of the array antenna. Impedance
matching due to ground plane modifications improved
VSWR well below 2. Without modifications, there is
mismatch in the higher frequencies (27 — 28.5 GHz). VSWR
is greatly improved in the lower frequencies (24 GHz — 26
GHSZ).

T T T T

___’_,4_,-0--::&-:-&:-:1
_1°-=-=-4=-=-l-~.~__‘.1‘_

e
Pl
AN z

- +-basic AVA array
25 S -+-with cuts in slots

i —=—with modified ground
=30 = 4

35 1 L L L
24 25 26 27 28 29

Frequency (GHz)

Fig. 5. S11 vs frequency plot of the array antenna.
2.5 T T T T

-+-basic AVA array {,_.o—._,__.
-+-with cuts in slots ',‘_f"' Tt ]
—=—with modified ground i

VSWR

1 | | o | !
24 25 26 27 28 29
Frequency (GHz)

Fig. 6. VSWR plot of the array antenna.

D. Radiation Patterns plot of the antenna:

Fig. 7 shows simulated radiation patterns for (i) basic
array antenna, (ii) array with slot cuts and (iii) array with
modified ground at 26 GHz and 29 GHz. Generally, planar
antennas have weakness of having wider radiations in the
horizontal plane [5]. Horizontal plane plots show that
insertion in the ground plane cuts reduce side lobes of the
antenna array. Furthermore, directivity is further improved at
26 GHz. Similarly, directed beams with less side lobes are
achieved in the elevation planes after adding modifications.

E. Gain vs Frequency plot of the antenna:

Fig. 8 shows gain vs frequency plot of the antenna. Basic
AVA array has negative gain in frequencies between 24 GHz
to 27 GHz. This must be due to improper impedance match
and high number of side lobes achieved during radiation.
After addition of required modifications which improve
impedance, correct phase errors and reduce side lobes, there
are directed beams and improvement in gain performance as
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shown. Maximum gain achieved by the array antenna is 8.1
dB at 26.5 GHz.
0

-180 -180

c @

Fig. 7. Radiation patterns for AVA array (grey), AVA
array with slots (blue), and AVA array with slots and modified
ground plane (red): — Elevation (Vertical) plane at: (a) 26, (b)
29 GHz, and — Azimuthal (Horizontal) plane at: (c) 26, (d) 29
GHz.

T T T T
)
2
£ v,
m P
| %8 '
e o |"*-basic AVA array
Op—rsay P -o-with cuts inslots |7
"~ i M : e
. ¥/ ——with modified ground
2 L3 1 Pl 4 1 |
24 25 26 27 28 29

Frequency (GHz)
Fig. 8. Gain vs frequency plot of the array antenna.

IV. CONCLUSSION

In this paper, an antipodal Vivaldi antenna array has been
proposed. This design was modified with addition of slot cuts
in the radiating slots and cuts in the ground plane. Slot cuts
improve current distribution. Ground plane modifications
improve impedance matching, correct phase errors, and
reduce side lobes. This leads to an improved maximum gain
of 8.1 dB at 26.5 GHz. The antenna operates in frequency
range 22.8 — 29.1 GHz (S11 < —10 dB) which covers the
targeted 5G mmWave frequency range n257 & n258 for future

mobile communication. Furthermore, the designed antenna is
small in size and uses low-cost commercial materials for
fabrication.
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A Modified Antipodal Vivaldi Antenna with Slot and
Feed-line Cuts for Ultra-wideband Applications
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Abstract—A geometrically modified Antipodal Vivaldi
Antenna (AVA) for applicable in Ultra-wideband (UWB)
frequency is proposed in this paper. A conventional AVA is
designed on a low-cost dielectric FR-4 substrate of size 41 x 35
% 1.6 mm?. Cuts are added on the radiating slots and feedline to
improve bandwidth and gain. Design and optimization are done
using a 3D electromagnetic simulator, High Frequency
Structure Simulator (HFSS). The designed antenna operates in
frequencies between 3.3 — 13.4 GHz (S11 < -10 dB) making it
suitable for all Ultra-wideband applications. Maximum gain is
9 dB at 10.5 GHz.

Keywords—Antipodal Vivaldi Antenna (AVA),
wideband (UWB), Slot cuts, Feed-line cuts, wideband

Ultra-

1. INTRODUCTION

The advancements and developments in wireless
communications have led to many applications utilizing the
ultra-wideband (UWB). Utilizing frequencies between 3.1 to
10.6 GHz, UWB offers many applications including radar,
biomedical imaging, remote sensing, satellite
communications, RF jamming, radio astronomy, and radio
telescope [1]. Due to these wide applications, there have been
innovations on suitable antennas to realize the applications.
Horn antennas are one type suitable for such applications [2].
With the high demand for small and lightweight designs, a
Vivaldi antenna was designed [3].

A Vivaldi antenna was initially introduced and proposed
by P. J. Gibson in the year 1979, with an exponential tapered
slot placed on a dielectric substrate material [3]. This was later
modified by E. Gazit in 1988 who suggested an antipodal
Vivaldi antenna (AVA) [4]. AVA has one tapered radiator
layer on top of the substrate and another tapered layer on the
bottom of the substrate. A Vivaldi antenna has wide
bandwidth, good radiation, good directivity, low side lobes,
geometric simplicity, and is easy to fabricate [5]. These
characteristics make it suitable for UWB applications.

In practice, the Vivaldi antenna has limitations in radiation
characteristics, gain and directivity [7]. Many modification
techniques have been presented in literature. [8] reports that
varying the length of the radiator, shape, dielectric thickness
and dielectric constant affects the beamwidth of operation of
the antenna. While [9] reports that varying substrate
permittivity and thickness also affects the antenna directivity.

Other authors have added or removed structures on the
antenna surface. According to [10], adding corrugations along
the slot edges improves gain and reduces sidelobes. This is
because these corrugations adjust current distribution by
working as resistive loads [5]. Other structures added in the
tapered slots such as: ‘lens’ [1], ‘directors’ [1] [5], grating
strips [10], and metamaterials [11]. According to [10], grating
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strips added along the direction of radiation improve
directivity. [5] adds that directors and grating strips placed in
the flare guide energy along the end-fire direction. Another
technique involves use of antenna array, but sometimes
regarded as costly, complex, and bulky [5].

This paper presents a modified AVA for Ultra-wideband
applications. This design will be modified with addition of
cuts in the radiators and feed-line section. The paper is
organized in this manner: Section II describes the proposed
design, Section III discusses simulated results of the antenna,
and in Section IV conclude the results.

II. ANTENNA DESIGN

The design was done in High Frequency Structure
Simulator (HFSS) software. The proposed antenna was
designed on a cost-efficient FR-4 epoxy dielectric substrate
with relative permittivity (&) of 4.4 and loss tangent of the
dielectric substrate (tan ) of 0.02; and thickness 1.6 mm. The
overall size of this proposed antenna is 41 x 35 x 1.6 mm® (Ls
x W x H;). Design of the exponential slots, feeding
consideration and antenna modifications are discussed in the
subsections that follow.

A. Exponential Slots Design

Two conducting slots made of copper with thickness 0.035
mm, were designed with an exponential edge. These slots
were spread in opposite directions to make a tapered edge, and
then one was placed on top and the other under the substrate.
The tapered edges are defined by [14],

top layer

wp - 0.5wpe®”
bottom layer )

| —wr + 0.5wpe®

Where x is the exponential curve, wy represents the width
of the feed-line, o is the exponential tapering rate given by the
equation,

1 Wr+0.5wq
a==—In|—
TL 0.5w¢

Where TL is the length of the tapered end, w, is the
aperture size.

@

According to [2], choice of aperture width, w,, of a Vivaldi
antenna affects lower operating frequency while opening
width, wy, affects highest operating frequency. Furthermore,
increasing rate of exponent, o, increases aperture width, wy.

B. Feeding Design

Feeding is through natural transition from a microstrip
line. This line is connected to an SMA connector with 50 Q
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Fig. 1. Design geometry of the basic AVA. (GND =
ground element, SUB = substrate, and TOP = top element).

impedance. The antipodal design in AVA solves coplanar
feeding problem of Coplanar Vivaldi Antennas (CVA). Fig. 1
shows the basic AVA, while Table 1 shows geometrical
parameter with given dimensions of the antenna.

TABLE L ANTENNA GEOMETRIC PARAMETERS
Parameter Description Value (mm)

Ly Substrate length 41

/8 Substrate width 35

H; Substrate height 1.6

TL Taper length 33

/A Opening width 30.2

R Circle radius 12.5

Ly Feed-line length 8

Wy Feed-line width 24

A Cut gap width 1.5

B Cut axis length 14.3

C Diagonal distance 3.8

D Slot cut width 0.5

E Slot cut length 0.75

o Exponential rate 0.083 (no units)

C. Modifications Added to the Basic Antenna Design

Modifications were added to improve bandwidth and gain
of the antenna. Cut slots were added to both top and ground
radiating slots resulting in finger-like shaped radiators. Six
cuts were added to each radiator, with adjacent slot cuts
separated 3.8 mm with respect to the exponential curve.
Without cuts, current was distributed along the edges of the
radiators. when cuts are added, they change distribution of
these currents to also go along the finger shapes.

GND

sus [HTOP

Fig. 2. AVA with geometrical modifications at top amd
bottom side of the antenna.

In addition, a pair of cuts was added on the feed-line
section. Size and position of these feed-line cuts were varied.
This modification compensates for the small size of the
antenna without giving losses to its electromagnetic
properties. Feed-line cuts improved directivity and radiation
patterns. Fig. 2 shows the modified AVA.

III. RESULTS AND DISCUSSIONS

This proposed antenna is simulated in HFSS and in this
section discusses the simulated results.

A. Reflection Coefficient (S11) of the Antenna

Fig. 3 shows simulated S11 results of the (i) basic AVA
antenna, (ii) AVA with slot cuts, and (iii)) AVA with slot cuts
and feed-line cuts. From the plot, the final AVA has
impedance bandwidth on frequencies between 3.3 — 13.4 GHz
(S11 < —-10 dB). This implies that this geometrical
modification in the antenna design operates in the targeted
UWB band. Addition of slot cuts induces multiple resonances
specifically at low frequencies. S11 improves in frequencies
between 2.5 to 5 GHz, 7 to 8 GHz and 11 to 13.5 GHz,
extending the bandwidth. A radiating slot without cuts is
characterized as a resistor, whereas one with the finger-like
design works as an RLC resonator [14].

-+ -basic AVA
-~ with slot cuts

—*—with slot & feed-line cuts

Frequency (GHz)

Fig. 3. S11 vs frequency plot of the antenna showing the
UWRB frequency band from 3 to 13 GHz.
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Fig. 4. Radiation patterns of the antenna: Elevation (red)
and Azimuth (dotted black) planes at (a) 5.8, (b) 7, () 9.6 and
(d) 10.6 GHz.

B. Radiation Pattern Results of the AVA

Fig. 4 represents simulated far field radiation patterns of
the final proposed modified antenna. The simulation shows
radiation patterns in both Elevation and Azimuth planes at
frequencies 5.8 GHz ,7 GHz, 9.6 GHz and 10.6 GHz. The
radiation pattern shows a directional radiation beam along the
desired direction for the entered UWB frequency band of
operation. It has been further observed that as the simulation
frequency of operation increases, the beamwidth of the
antenna radiation decreases. It indicated more directive beam
of the modified Vivaldi antenna at higher frequency operation.
More side lobes are observed at higher frequencies.

10 T T T T T

8 -
@ 6r
z
£
m N
O 4r / -+-basic AVA

! == with slot cuts
»" —*—with slot & feed-line cuts
2r ¥ -
u | 1 | | 1
3 5 7 9 1 13

Frequency (GHz)
Fig. 5. Gain vs frequency plot of the Vivaldi antenna.

- +-hasic AVA
Z =+-with slot cuts

~+~with slot & feed-line cuts

Frequency (GHz)
Fig. 6. VSWR plot of the antenna shows UWB frequency
operation.

C. Gain vs Frequency Plot of the Antenna

Fig. 5 shows simulated gain against frequency results for
(1) basic AVA antenna, (ii)) AVA with slot cuts, and (iii) AVA
with slot cuts and feed-line cuts. Basic AVA has low gain.
After addition of slots, antenna gain increases. Antenna
achieves a maximum 9 dB gain at 10.5 GHz by the modified
AVA. At lower operating frequencies there is low gain, but
as frequency increases, antenna gain also increases, only
decreasing after 11 GHz. This is due to phase errors at the
antenna end-flare [1] [5]. This is because of the losses
attributed due to increase in the effective current path along
the slits of the radiating patch of the antenna.

D. Voltage Standing Wave Ratio (VSWR) of the Antenna

A properly matched antenna usually has VSWR value
equal or less than 2. Fig. 6 compares the simulated VSWR
results for the proposed three designs. The usual AVA curve
has more regions with VSWR greater than 2, which shows
mismatch. Addition of slot cuts on this basic AVA makes the
VSWR to drop below the required mark of 2 throughout the
target frequencies. The final modified AVA plot shows it is
well matched throughout the targeted UWB frequencies. This
means that the antenna is well matched and reflects less
power in these frequencies.

E. Comparison with Other Previous Antenna Designs

A comparison is done between this proposed model and
some previous antenna reported in the reference designs and
is concluded in a separate table as shown in Table 2. The Table
2. Is included in the last part of the paper.

IV. CONCLUSION

This research paper proposes a structurally modified
Antipodal Vivaldi Antenna with introducing cut slots and
feed-line cuts in the radiating patch of the antenna. These
modifications improved bandwidth, gain, directivity and
radiation patterns. The operational bandwidth is between 3.3
— 13.4 GHz (S11 < —10 dB) covering the Ultra-wideband
frequency range. The antenna achieves a maximum 9 dB gain
at 10.5 GHz.

The proposed antenna is compact in size and suitable for
fabrication on cost efficient FR4-epoxy substrate which can
be used for entire band of Ultra-wideband frequency.

Authorized licensed use limited to: INDIAN INSTITUTE OF TECHNOLOGY GUWAHATI. Downloaded on February 08,2023 at 07:52:21 UTC from IEEE Xplore. Restrictions apply.
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Introduction to the series

Across South Asia, English is widely seen as the
language of social mobility, educational opportunity,
employability, global business and dialogue. Many
consider English language skills to be an essential
component of economic development and

growth — both on an individual and national level.
However, the inclusion of English within language-in-
education policies that must simultaneously promote
other national languages, along with its history as a
colonial and/or elite language in most countries in
this region, means that it does not always sit easily
within education systems. The place of English within
school systems in South Asia has fluctuated over time
and a number of challenges remain around ensuring
equitable, high-quality provision of English language
teaching and learning for all who want or need it.

This report is one of a series of five focusing on the
policy and practices relating to English language
education in Bangladesh, India, Nepal, Pakistan and Sri
Lanka. It aims to provide a contemporary snapshot of
the role that English currently plays within the lives of
school children and the wider community. It explores
the current scenario, considering both the private and
government school sectors, including reflections on
the impact of the Covid-19 crisis. It also looks to the
future: how might some of the current challenges be
addressed, and what opportunities exist to support the
development of this aspect of the school education
system?

Across the series, the author teams collaborated in
defining the overall focus and structure, and peer-
reviewed each other’s work to provide feedback and
ensure coherence across the reports. The authors have
focused primarily on a review of policy documentation,
reports and data provided by relevant government
departments, academics and international agencies.
This is supported by input from a small number of
important stakeholders such as teachers, curriculum
and textbook writers, and policy officers. Their

input is often included verbatim to provide further
contextualised insight into the realities of the classroom
and wider education system.

Providing a detailed overview of even a single subject
like English within any school education system is

a significant task, particularly in large, complex and
multilingual countries. Coupled with the historical,
political and cultural factors that are unique to English
in South Asia, we are conscious that these reports have
their limitations and can serve mainly as an entry point
to this vast and complicated topic. Nevertheless, we
hope that readers will find them informative and useful
for critical discussion, research and development —
particularly those who are involved in English language
education implementation in this region.

8 Introduction to the series

To access the full series of reports, please visit our
TeachingEnglish website: www.teachingenglish.org.
uk/article/english-language-teaching-learning-
assessment-south-asia

Amy Lightfoot

Director Insight and Innovation
English Programmes

British Council
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ASER Annual Status of Education Report

BEd Bachelor of Education

CABE Central Advisory Board of Education

CBSE Central Board of Secondary Education

CCE Continuous and Comprehensive Evaluation

CEFR Common European Framework of Reference for Languages
CISCE Council for the Indian School Certificate Examination
CPD Continuing Professional Development

CSR Corporate Social Responsibility

CTE College of Teacher Education

CTET Central Teacher Eligibility Test

DEIEd Diploma in Elementary Education

DIET District Institute for Education and Training

DIKSHA Digital Infrastructure for Knowledge Sharing

EFLU English and Foreign Languages University

ELTI English Language Training Institutes

EMI English Medium Instruction

ETA English Teacher Association

IASE Institutes of Advanced Studies in Education

ICT Information and Communications Technology

ITEP Integrated Teacher Education Programme

KVS Kendriya Vidyalaya Sangathan

MHRD Ministry of Human Resource Development

MITRA Maharashtra In-service Teachers Resource App

NCERT National Council of Educational Research and Training
NCF National Curriculum Framework

NCFTE National Curriculum Framework for Teacher Education
NCTE National Council for Teacher Education

NEP/NPE National Education Policy/National Policy on Education
NGO Non-Governmental Organisation

NIEPA National Institute of Educational Planning and Administration
NIOS National Institute of Open Schooling

NPST National Professional Standards for Teachers

OER Open Education Resources

PET Pre-entry Test

PISA Programme for International Student Assessment

RIE Regional Institute of English

RMSA Rashtriya Madhyamik Shiksha Abhiyan (National Secondary Education Mission)
SCERT State Council of Educational Research and Training
SCF State Curriculum Framework

SEBA Board of Secondary Education Assam

SSA Samagra Shiksha Abhiyan (Integrated Education Mission)
TET Teacher Eligibility Test

TLM Teaching and Learning Material
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Executive summary

Education in India is immensely complex and varied. In
addition to the sheer scale of schooling in the country
— 1.5 million schools, 260 million learners and 9.7
million teachers — national educational policies operate
alongside those defined and implemented locally in 28
states and eight union territories. There are also over
400,000 private schools — often loosely regulated and
with more autonomy than government schools — which
account for a substantial proportion of school-age
students in the country. India is also richly multilingual,
with hundreds of languages in use and a national policy
that emphasises the study of at least three languages at
school. It is within this complex educational landscape
that the teaching and learning of English unfolds.

English in India is, in fact, a conundrum because,
despite the value attached to it (children learn it for
seven to ten years at school) and the benefits (socially,
for employment, leisure and study) that accrue from its
mastery, the over-riding sense that persists is that the
quality of English teaching and learning across primary
and early secondary education is modest, a factor that
feeds into low English proficiency at subsequent stages
of education, including among university students and
in the population more generally.

This report provides insight into this problem by
reviewing the current status of English in the Indian
education system. It is informed by a desk-based review
of policy documents, educational reports, academic
papers and information available online, such as official
government statistics. This desk work is supplemented
by a small number of interviews with practitioners
—teachers and teacher educators — with first-hand
experience of English education in the country. Overall,
the goals of the analysis presented here are to describe
what is known about various aspects of English
education in India and to make recommendations

for issues that can be a productive focus of efforts

— by national and state governments and the many
educational partners they work with — to improve
English teaching and learning.

Following a brief analysis of the Indian education
system and the role of languages generally and English
specifically in the country, the report focuses on the
practice of English language teaching and teacher
education, including the continuing professional
development (CPD) of teachers of English. The
following key points emerge from the analysis:

1. National- and state-level educational policies
operate simultaneously but may not always be
wholly consistent given the autonomy that states
have. Policies provide a good basis for reform but
are often not supported by mechanisms that lead to
effective implementation.

12 Executive summary

Across school education, governments have
invested in numerous large-scale initiatives that aim
to support teaching and learning, especially in
primary school. These include online platforms for
teachers and learners and various forms of teacher
CPD. However, multiple initiatives across and within
states, particularly related to teacher CPD, are often
not well co-ordinated.

Several initiatives have promoted the use of
technology to support education, though evidence
from the Covid—19 pandemic suggests that most
learners have been unable to benefit from
opportunities to take part in online learning.

English is a compulsory subject, often from Grade 1.
A national curriculum is available but is
implemented through textbooks, which remain the
predominant source of material used by teachers.
For many teachers it is likely that there is little
distinction between ‘curriculum’ and ‘textbook’. The
levels of English assumed in the textbooks used are
often beyond the ability of learners and perhaps in
many cases also the teachers. Especially, but not
only, in the private sector, English-medium
instruction is used, but often as a status symbol and
not always with a clear understanding of how it
might assist or hinder learning.

Teaching practices across subjects, including
English, remain didactic. In English lessons, typical
activities include detailed analyses of written texts
using translation and with a focus on vocabulary.
While awareness of the importance of speaking and
listening skills is increasing, they are not given
substantial space during English lessons; in
contrast, students spend much time copying
information from the board. Classes are multilingual
but teachers of English lack the skills to exploit and
build on the language resources learners have.
Various factors contribute to the persistence of
teacher-centred pedagogies. These include
limitations in teachers’ competences as well as
pressures that come from heavily loaded syllabi and
demands from parents that teaching and learning
follow a certain conventional pattern.

Limitations in pre-service teacher education mean
that graduates become primary school teachers of
English with insufficient subject-specific
pedagogical competence and modest levels of
English proficiency. Any induction training they
receive is generic and does not address gaps in
their knowledge and skills. Teachers of English do
have access to various forms of CPD provided by
government and non-government bodies, though
provision and quality vary and there is limited
information about which forms of CPD work best in



promoting positive change in the teaching and
learning of English.

7. The 2020 National Education Policy establishes a
number of principles for improving school
education in India and focuses on the importance
of teacher quality. Thus, the structure of pre-service
programmes is being revised and the CPD
allocation for teachers increased. New teacher
professional standards are also being introduced.
Such measures can contribute to more effective
education generally, including for English, but it is
important that reform proceeds in an informed
manner, guided by an understanding of current
barriers to progress in education, aware of
international good practice in teacher education
and CPD and based on systematic evaluations of
reform initiatives. New policies alone will not lead to
change in what educational practitioners believe
and do.

The report concludes with ten recommendations that
reflect on these key findings. Strengthening the English
proficiency of teachers will be critical to improve

the outcomes of English across the system. Equally
important will be revisions to pre-service and CPD
activity so that teachers can develop the practical
pedagogical skills they need to work in multilingual
classrooms and with textbooks that are often too
demanding for learners. Generally, more informed
decision-making regarding the use of English medium
of instruction is needed.

Executive summary
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1 Introduction

This report provides an overview of English in the
school education system in India. India’s Right to
Education Act 2009 guarantees free and compulsory
education to learners in Grades 1-8 (Department

of School Education and Literacy, 2021a), and
accordingly this review examines the status of English
in India in those grades (which we refer to here as
basic education). Throughout, we focus on national
policy and its implementation, though it must be
acknowledged from the outset that individual states
across India have their own educational policies and
corresponding practices. We seek to capture some of
these by citing examples from across the country.

The analysis that follows is based largely on a
deskwork review of publicly available educational
reports, academic papers and online information.
Some key informant interviews were also carried out
to supplement the desk work with the voices and
perspectives of practitioners involved in specific areas
of English education in India. These interviews, while
not in any way generalisable, provide the specific
practical insight often absent in official documents and
allow some gaps in the available literature to

be addressed.

The report begins with an overview of education

in India generally before focusing in more detail on

a range of issues of specific relevance to English
language education. Following a discussion of the
role of English in India, key educational policies that
affect English language education are highlighted.
The core section of the report examines the practice
of English language teaching, including a discussion
of the multilingual context for language learning

in India, textbooks and resources, educational
technology, teaching methods and assessment.
Pre-service education and continuing professional
development (CPD) for teachers of English in India are
also discussed. The report concludes by highlighting
opportunities, challenges and future trends for English
education in India that emerge from the analysis
presented here.

Introduction
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Key facts about education in India

0%
Populatlon Al

‘ | | (Worldometer, 2021)

Political division

28 8

states union
and territories

(Office of the Registrar General and
Census Commissioner India, 2021)

Number of schools

1.5milllony

(July 2021) (All Schools in India, 2021

Private schools

477 0003

(July 2021) (All Schools in India, 2021)

Number of learners

200 milion Jd

(2019-20) (Department of School
Education and Literacy, 2021b; see
Figure 1 for gender breakdown)

Number of teachers

9./millone,

(Department of School Education and

Literacy, 2021¢c)
Compulsory E]
education

Grade 1-8

(Department of School Education
and Literacy, 2021a)

Enrolment
rates

(Net Enrolment Ratio)

(all enrolment rates below are from
Department of School Education
and Literacy, 2021b)

Primary

92.4%

Upper primary

71.9%

Secondary

20.0%

Upper secondary

33.3%

Adult literacy
rate

1A4%

(Knoema, 2021)

Expenditure on

education (per » |
cent of GDP)

307

(2019-20) (Ministry of Finance, 2021)
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2 Education in India

This section, which draws on and updates where
necessary a 2019 analysis published by the British
Council (Anderson and Lightfoot, 2019), provides

an overview of the education system in India (see

also Mehendale and Mukhopadhyay, 2019 and, most
recently, UNESCO, 2021). This is a very large and
complex system, as the indicators shown on the
previous page suggest. It is important to note that while
a new National Education Policy (NEP) was released in

2020 (Ministry of Human Resource Development, 2020;

for an analysis, see Agarwal and Narang, 2021), this has
not yet impacted significantly on educational practices
around the country. Our focus here, therefore, is on the
situation in education and English education in India as
it currently stands, although proposed reforms that are
of particular relevance will be highlighted.

70M

60M

S50M

40M

30M

Total

20M

10M

Primary

® Giris

Upper Primary

2.1 Responsibility for education

The Ministry of Education (formerly the Ministry of
Human Resource and Development) has overall
responsibility for education in India. The educational
system, though, is regulated and managed by a
complex range of councils and institutes at both
national and state level (see Anderson and Lightfoot,
2019:38-9 for an organogram). For example, the
National Council of Educational Research and Training
(NCERT) (for its 2020 annual report, see National
Council of Educational Research and Training, 2020)
and the National Council for Teacher Education (NCTE),
both based in New Delhi, play central roles in school
education (particularly curricula and textbooks) and
initial teacher education respectively. Education within
states, though, is also regulated by State Councils

of Educational Research and Training (SCERTs) and
supported at district level by District Institutes for
Education and Training (DIETS).

Secondary Higher Secondary

‘ Boys

Figure 1: Learners in primary and secondary education in India

(Department of School Education and Literacy, 2021b)
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2.2 Structure

Education in India is divided into pre-primary (ages
3-6), primary (6-10), upper primary (11-14), secondary
(14-16) and higher secondary (17-18)." These divisions
are not always reflected in practice and variations in the
range of age groups present in specific grades have
been found, particularly in rural areas.

Schools are classified as either government or
private, with the latter being further divided into
government aided or unaided (i.e. which receive no
financial support from the state). Education is also
provided through madrasas and Tribal/Social Welfare
Department schools. According to the Department
of School Education and Literacy (2021b), students
are divided almost evenly between government and
non-government schools. Though class sizes vary
significantly across the country, the average pupil-
teacher ratio for primary schools is 27 and for upper
primary it is 19 (Department of School Education and
Literacy, 2021¢).

2.3 Gender

According to 2018 figures, the adult literacy rate is over
74 per cent (66 per cent of females and 82 per cent

of males). Among G20 countries, India has the highest
share of adults without primary education (OECD, 2019).
While primary enrolment figures for boys and girls are
both over 90 per cent, ‘the gender gap in educational
attainment remains high [in favour of men] across all
levels of education’ (OECD, 2019:02). India participated
in PISA in 2009 but performed badly (72" out of 73
nations) (ThePrint, 2021) and did not participate in
2012 and 2015. It was planning to participate again in
2021 but this has been postponed until 2022 due to
Covid—19 (Exams Daily, 2021).

2.4 Curriculum and assessment

The National Curriculum Framework (National Council
of Educational Research and Training, 2005) regulates
education provision in the country and school syllabi
and textbooks are expected to be aligned with it.
Assessment in government schools is designed and
delivered largely by teachers, though high-stakes
examinations taken at the end of Grades 10 and 12 are
managed centrally through various assessment boards.

NCERT views the National Curriculum Framework (NCF)
as a broad plan for achieving educational goals. It
provides a ‘curriculum core’ that offers a conceptual
structure, which indicates workable principles to

guide the development of textbooks and pedagogic
practices (National Council of Educational Research
and Training, 2006a). Curriculum frameworks are
expected to be periodically formulated both at national
and state levels. The most recent NCF was released in

2005 and, in principle, this works as an overarching
guide for curriculum development across subjects,
with flexibility and freedom within states to adapt

the framework as necessary and relevant without
compromising its basic tenets. But very few states
develop their own explicit and independent curricular
framework documents. In most cases, curricula appear
in the form of brief outlines appended to textbooks,
summarising the objectives, pedagogic approaches
and assessment schemes to be followed for the given
subject. At present, the guidelines of the NCF 2005 are
in force, but a new NCF is envisaged in response to NEP
2020. In the past, State Curriculum Frameworks (SCFs)
followed the NCF and were developed on the basis of
it. However, in the current exercise, SCFs are expected
to feed into the NCF. SCERTs have been tasked to
prepare SCFs of four kinds — school education, early
childhood care and education, teacher education and
adult education — which will then be used by a National
Steering Committee for the Development of National
Curriculum Frameworks, according to a recent press
release by the central Ministry of Education (Ministry of
Education, 2021b).

2.5 Teachers

According to UNESCO (2021), the workforce in

India has a deficit of over one million teachers. The
government schoolteacher population is made up

of more males (2.7 million) than females (2.1 million)
(Department of School Education and Literacy, 2021c¢),
though this gender gap has been closed substantially
in recent years. In private schools, though, females total
2.3 million compared to 1.3 million males.

2.5.1 Pre-service teacher education and
qualifications

As noted above, responsibility for initial teacher
education in India lies with the NCTE and is regulated
by the National Curriculum Framework for Teacher
Education (NCFTE) (National Council for Teacher
Education, 2009). Various teacher qualifications

are recognised, such as the Diploma in Elementary
Education (DEIEd) and Bachelor of Education (BEQ).
Prospective basic education teachers must also pass
the Teacher Eligibility Test (Government of India,
2021a) An important government report (Ministry of
Human Resource Development, 2012) noted several
problems associated with initial teacher education in
India, including a lack of breadth and depth due to its
short duration. It was also noted that ‘one major area
of weakness in existing teacher education programmes
is the quality and experience of those who have

the responsibility of training young entrants to the
profession of teaching’ (p.21). In response to the first
concern about the duration of initial teacher education
in India, the new NEP proposes that a revised (i.e. with
a greater focus on developing practical teaching skills)

1 The 2020 NEP proposes a revised structure of education into ages 3-8 (Foundation), 8-11 (Preparatory),11-14 (Middle) and 14-18 (Secondary).
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four-year Bachelor of Education (BEd) be the minimum
teaching qualification by 2030. The launch of a new
four-year integrated teacher education programme
aligned with the NEP was in fact announced in
November 2021 (Ministry of Education, 2021a).

2.5.2 In-service teacher education

There is no specific framework for teacher professional
development in India, though the NCFTE (National
Council for Teacher Education, 2009) does include a
chapter entitled ‘Continuing Professional Development
and Support for In-Service Teachers'. This defines
several aims for teacher professional development,
including, for example, ‘Explore, reflect on and develop
one’s own practice” and ‘Deepen one’s knowledge of
and update oneself about one’s academic discipline

or other areas of school curriculum’ (p.64). General
principles for the design of in-service programmes

are also outlined; for example, it is advised that
‘interactivity must not be compromised on any account.
Large numbers and the use of electronic media in the
place of human interaction compromise on the non-
negotiable’ (p.67). Primary teachers in India, according
to the NCFTE, are mandated to complete 20 days of
training each year. Three problems with the existing
approach to teacher professional development in India
were also outlined: teachers in private schools are
excluded; teachers have little autonomy in the kinds

of professional development they do; and education
departments do not ‘have any mechanism for co-
ordinating the total training being undergone by
teachers, with the result there is a lot of over-training,
repetition and overlap’ (p.71).

For teachers who are newly recruited, induction training
of 30 days is funded by Samagra Shiksha Abhiyan
(SSA)2. In 2017-18, 0.27 lakh (27,000) teachers were
approved by MHRD for induction training (Ministry of
Human Resource Development, 2018). Such induction
programmes focus on general pedagogical issues for
teachers and are not subject-specific.

According to UNESCO (2021:115), ‘several central
institutions such as NCERT, National Institute of
Educational Planning and Administration (NIEPA)

and state institutions including the State Institutes

of Educational Management and Training (SIEMAT),
SCERTs, DIETs and BRCs-CRCs, design and offer
CPD'. CPD is also provided by NGOs and international
educational development organisations such as
UNICEF and (particularly for teachers of English) the
British Council (see Section 6.7). According to figures
cited by Anderson and Lightfoot (2019), 3.5 million
teachers in India receive in-service training each
year, though provision and quality vary across states
and programmes. Generally, though, commentators
suggest that official in-service training remains largely
top-down and transmissive (Padwad and Dixit, 2014),

with primarily cascade models of delivery (UNESCO,
2021). The new NEP recommends a yearly minimum of
50 hours of in-service training, which gives teachers
an element of choice and avoids cascade and other
top-down models of training. Covid—19 has also given
rise to many opportunities for teachers to pursue
professional development through online platforms
such as, for example, DIKSHA (https://diksha.gov.in/)
and Firki (https://firki.co/), Teach for India’s online
teacher education platform.

2.5.3 Teacher evaluation and performance
standards

An analysis of teacher evaluation in India (Bambawale,
Hughes and Lightfoot, 2018) concluded that the
importance of this process was recognised and
relevant tools to support it are available but that
‘uncertainty exists around its purpose and application’
(p.29). Thus, for example, while a guide on teacher self-
assessment has been published (National Council of
Educational Research and Training, 2019a), it is unclear
in practice how teachers use this to reflect on their own
competences. In a more recent analysis, Pandey (2021)
also notes that various approaches to teacher appraisal
(such as APAR — Annual Performance Assessment
Reports) are applied in India but without any
consistency. NEP 2020 has stimulated closer attention
to teacher quality, including teacher appraisal, and new
draft teacher standards have been published (National
Council for Teacher Education, 2021). Four standards
are defined: core values and ethics; professional
knowledge and understanding; professional practice
and competence; and professional development and
growth. It will be interesting to monitor how these
standards shape teacher evaluation practices in the
years ahead; creating new frameworks and tools is
important, but these need to be accompanied by
support and education that allows teachers and other
stakeholders to modify established ideas and practices
regarding what counts as teacher quality and how it
should be assessed.

2.6 Technology and education

The number of internet users in India rose by over
eight per cent to 624 million in 2021 compared to the
previous year (DATAREPORTAL, 2021). Recent years
have also seen an increasing focus on the role of
technology in education as reflected in various national
initiatives. These have included ‘Digital India’ (https://
www.digitalindia.gov.in/), SWAYAM (https://swayam.gov.
in/) and DIKSHA (https://diksha.gov.in/).

2 SSAis an over-arching government programme to support the improvement of school education in India; see https://samagra.education.gov.in/features.html
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The new NEP also emphasises the importance of
technology and states that ‘use and integration of
technology to improve multiple aspects of education
will be supported and adopted’ (Ministry of Human
Resource Development, 2020:56). Challenges in
relation to this goal are also acknowledged, such as
ensuring schools have access to electricity (according
to the Department of School Education and Literacy,
2021d, 83.4 per cent of schools in India meet this
requirement), hardware and software. According to
UNESCO (2021), most teachers in India have positive
attitudes towards the integration of technology into
their work.

Since March 2020, Covid-19 has impacted substantially
on education in India (Vegas, Shah and Fowler, 2021).

A recent report (ASER, 2020) examined the impact of
Covid-19 in rural areas, finding, for example, that 50 per
cent of the respondent teachers had received training
to support teaching remotely. However, only around

18 per cent of rural students, mostly above Standard 8
and in private schools, attended online classes, with the
general conclusion being that, even though 62 per cent
of households had a smartphone, ‘the impact of digital
means of reaching children is not impressive, whether
in government schools or private’ (p.10). UNESCO
(2021:07) reports that smartphones have been the
primary technology used by teachers during Covid-19
but, again, notes, that ‘a large proportion of students
have had limited or no access to devices

and data’.

2.7 NGOs in education

Reliable statistics regarding NGOs in India are not
available. According to one estimate (Anand, 2015)
there are over 3.1 million NGOs operating across the
country. While the sector-wise distribution of NGOs is
also not accurately known, Niti Darpan, the directory

of NGOs maintained by the Niti Ayog (formerly the
Planning Commission of India), has 130,000 entries. Of
these, 73,000 work in education and literacy (Niti Ayog,
2021). It may be safely assumed that the contribution of
NGOs to school education in India is quite substantial,
though the specific extent of this contribution to
English language education is unclear.

A white paper on NGOs by Global Governance Initiative
(GGlI, 2020) identifies four broad areas of intervention
followed by educational NGOs — infrastructure,
government advocacy, primary teaching services and
human capital development. Based on surveys with the
top 32 NGOs, this report concludes that the last two of
these areas are where most NGOs focus, while there is
less focus on infrastructure and government advocacy.
Activity reports from several leading NGOs indicate that,
in school education, issues such as literacy, numeracy,
access and inclusion are given. NGOs working in
education also intervene in many ways, from direct
involvement in teaching and learning to advocacy and

20 Education in India

research. The Azim Premji Foundation, for example,
runs its own lower primary ‘demonstration schools’ in
nine districts in four states (Azim Premji Foundation,
2017). It also has field institutes” in 50 districts across
six states and one union territory aimed at ‘improving
the government school education system at the

district level through professional capacity building of
stakeholders (Azim Premji Foundation, 2017). Another
NGO, Pratham, intervenes both directly (its instructors
teaching children in schools and communities) and
through partnerships with government teams, and

has an extensive portfolio of activities especially in
primary education. It also conducts the annual national
survey of children’s schooling and foundational learning
across rural India, leading to Annual Status of Education
Reports (ASERs), which are considered key documents
on basic literacy and the status of education (Pratham,
n.d.). NGOs like Central Square Foundation also

work with the government, technology partners and
educational entrepreneurs to support initiatives aimed
at improving the quality of foundational and basic
education. Some other well-known NGOs working in
education in India are the Akshara Foundation, Ekalavya,
Digantar and Teach for India.






3 The role of English in India

The legacy of English in India can be traced back to the
early 17" century via the trade and evangelical missions
of the East India Company and Christian missionaries
respectively. English began to take a more central
position with the introduction of public instruction

in English in the 1830s and it became the official
language of the Company rule in 1835. It became
further entrenched as the language of administration
and consequently of prosperity, power and modernity
with the establishment of the British colonial rule.
Ambivalent positions arose regarding English during
India’s struggle for independence; it was opposed as
the colonisers’ language and a ‘Westernising’ influence,
but also valued for the prospects of modernisation and
unification it seemed to offer. These tensions continued
even after independendence which continued even
after independence; the Constituent Assembly in

fact spent three years debating the status of English

in the free India. These conflicting positions were
reconciled in a ‘compromise’ status of English as an
‘associate language’, initially for 15 years until 1965,
but later indefinitely via the Official Languages Act

of 1963. The fact that India does not have a specific
‘national’ language and that English continues to be
formally recognised as a language of administration
and education, contrary to the original plans at the
Independence, indicate the immense socio-cultural,
historical, political and economic complexities besetting
languages in India in general and English in particular.

English touches nearly all aspects of the social and
personal life of every individual in India, as it is widely
used in a range of fields including federal and state
administration, legislation and the judiciary, trade and
commerce, public services, education and social
media. It also has utility as a lingua franca in the
vastly multilingual landscape of India. It is therefore
seen as the language of opportunity, prosperity and
social mobility. In other words, knowledge of English
significantly boosts one’s social, economic and
cultural capital.

A recent survey (Guha, 2021) points out that the
centrality of English in a social aspirational space

is tied to it being a language of the ruling elite,

the emancipatory potential it has and the socio-
economic benefits it brings. Higher studies, career
and employment opportunities are significantly
shaped by a knowledge of English. All high-stakes
examinations, whether for entry into prestigious
institutions and academic programmes or into high-
end public or corporate careers, inevitably include

English proficiency as a key determinant of success (it
is therefore somewhat ironic that insufficient attention
is paid to the levels of English that teachers of the
language should have — see Section 6.7).

The strong demand for English spurred by the software
and ICT industries two decades ago still remains high,
now thanks to the booming services sector, where even
jobs with lower levels of educational requirements still
demand some knowledge of English (Endow, 2021).
English language skills provide significant returns to
those with high proficiency as compared to those
without in many sectors of employment (Azam, Chin
and Prakash, 2010). Mohan (2014) notes that even
when good jobs do not intrinsically require English, the
language serves as a kind of gatekeeper. Two reports
(Erling, 2014; and Prince and Singh, 2015) also find
English proficiency figuring to varying but significant
degrees in all major sectors of employment as an
important influence on recruitment and

career progression.

English also has a strong presence in the cultural life of
India, particularly in literature and films, as evidenced
by, for example, a large English language publication
industry and a substantial readership for Indian writings
in English. The widespread use of English by celebrities
and luminaries from the cultural world is one example
of numerous intangible but powerful influences that
continue to uphold the prestige status of English (see
Gaekwad, 2017 and various discussions on forums
such as Quoras, for interesting insights into this
phenomenon).

3 For example: https://www.quora.com/Why-do-Bollywood-films-have-almost-half-of-the-lines-spoken-in-English-Is-this-how-they-speak-in-India-too.
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4 Languages and education

English is just one of the hundreds of languages used
in India. According to the People’s Linguistic Survey

of India (2016), there are 780 living languages and
potentially 100 unreported languages in India, while
Ethnologue (2019) reports 447 living languages in
India (both sources above are cited in Bedi, 2020).
According to Graddol (2010), estimates of how many
Indians speak English vary between 55 and 350 million,
while the 2011 India census reported that 260,000
people consider English to be their primary language,
83 million view it as their second language and 46
million as their third. Reliable recent figures for the
number of English speakers in the country, though, are
unavailable. In terms of proficiency, data is also limited
but according to EF’s English Proficiency Index, India’s
position is 48th among 112 countries with an overall
proficiency rating of ‘'moderate’ (Education First, 2021).
However, the linguistic diversity of the country is so rich
and complex that ‘people have multilinguality rather
than one specific language’, according to Agnihotri
(2007, 2014) (cited in Heugh et al., 2019:18).

4.1 The Three Language Formula

In terms of policy, language education in India is
regulated by the three-language formula, emphasising
the study of at least three languages in school, one of
which has always been English. Introduced by NEP in
1968 and continued by subsequent NEPs, the formula
remains in force with English as a constant feature
across the nation, though its implementation differs
across states and sectors. Typically, the state language
is considered the first language in this formula and
English as the second, with various options for the third
language, though most states allow students to study

other languages, including English, as the first language.

However, in all cases, states insist on students taking
the state language as one of the three. States usually
keep schools not affiliated to the state board out of this
mandate, but now there is an increasing tendency to
insist on the mandatory teaching of the state language
across all schools, irrespective of affiliation, levels or
medium of instruction. On the other hand, while all
education policies so far have unequivocally favoured
other Indian languages as the most preferable medium
of school education, English-medium instruction (EMI)
has seen a significant rise during the last few years
(Nagarajan, 2021). Thus, there are contradictory policy
approaches on promoting Indian languages and English
across different states.
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4.2 English as a subject vs as a medium of
instruction

The teaching of English typically starts between Grade
1 and Grade 3 in most states and children generally
spend seven to ten years learning English at school.
On average, English is taught for about three hours
per week at the primary level up to five hours per
week at the secondary, with at least one lesson every
day. In certain schools and for specific subjects, EMI

is used. For example, English-medium schools, which
are predominant in the private sector (a point stressed
in an earlier analysis of medium of instruction policy

in India by Erling et al,, 2016), start teaching widely

in English from pre-primary years. Other schools are
informally known as ‘semi-English” medium and in
these EMI is introduced later, often from Grade 5 and
typically only for mathematics and natural sciences.

It is not uncommon to find schools with some classes
in the regional medium and others in the English

or ‘semi-English” medium. Government schools that
typically offer education in the regional medium are
now increasingly accommodating EMI by converting
or adding EMI sections in existing schools and more
rarely converting entire schools to EMI or setting up
new EMI schools. This is often justified as a response to
strong parental demand, but concerns about dwindling
enrolments in state-run regional-medium schools are
also seen as an important cause behind this move.

Recent statistical surveys illustrate the rise in English-
medium schools in comparison to schools with other
languages as a medium of instruction in the country.
According to 2019 National Statistical Survey data
reported in the press (The Indian Express, 2020),

the proportion of English-medium students at lower
primary level (Grade 1 to 5) went up to 23.2 per cent
in 2017-18 from 22.3 per cent in 2014, whereas it went
up to 21 per cent from 19.3 per cent at upper primary
level. Except for Karnataka, in all southern states of
India English was also found to be the most preferred
medium of instruction according to another recent
survey conducted by the Unified District Information
System in 2019 and reported in The Federal (2021).

Sometimes, the spread of English as a medium of
instruction is seen as an indication of dilemma and
transition caused by the increasing importance of
English on the one hand and strong cultural and
emotional values attached to Indian languages on
the other:

While English as a lingua franca gains importance as the
language of social and professional mobility, Indian
languages hold cultural and emotional value. In some
instances, English becomes indigenised and operates as



an Indian language, evoking emotional and cultural
connections through its creolisation. English in these
circumstances occupies a liminal place, simultaneously
desired and distrusted. The proliferation of private and
public schools that advertise education in the English
medium is an example of this dichotomy. The teaching of
English then requires strategic handling to achieve the
aims of a language classroom that strengthens critical
literacy in a globalised world. (Jayendran, Ramanathan
and Nagpal, 2021:42)

In relation to these tensions between English and

local languages, official documents encourage a
balance. For example, acknowledging the place of
English in the Indian education sector, the Position
Paper of the National Focus Group on Teaching of
English (National Council of Educational Research and
Training, 2006b:01) describes English as ‘a symbol of
people’s aspirations for quality in education and a fuller
participation in national and international life’. But it also
stresses that English cannot stand alone and must find
its place in both regional-medium and English-medium
schools along with other Indian languages. This is
echoed in the National Curriculum Framework (National
Council of Educational Research and Training, 2005:39)
as well: ‘English needs to find its place along with other
Indian languages in different states, where children’s
other languages strengthen English teaching and
learning’. Similar opinions are expressed in Jayendran,
Ramanathan and Nagpal (2021:45):

The teaching and learning of English, at this point, must
not be seen as an act isolated from the teaching and
learning of indigenous languages and their cultures.
Instead, the rich narrative, discursive and
representational traditions embedded in post-colonial
contexts can be leveraged to achieve cultural and critical
literacy, in the process of which, operational literacy
develops naturally.

4.3 Language mixing in the classroom

Irrespective of the medium of instruction, language
mixing is a common practice in the schools in India.
This multilingual reality has been clearly documented
in a study conducted by Lightfoot et al. (2021) in two
different cities of India where the frequent occurrence
of language mixing was found in Grade 4 and 5 in
English-, Hindi- and Telegu-medium schools in both
English and Maths subject classes.

Not surprisingly, the multilingual nature of the society
is reflected in both the teacher and student population
in classrooms. While students’ linguistic resources

are considered to have an important positive role in
successful learning at school (Heugh et al., 2019),

this does not seem to receive enough pedagogical
attention in language classrooms. A small study
(Goswami, 2004) in 33 primary schools on the medium

of instruction and languages taught in the primary
schools of Assam reported that more than 60.6 per
cent of the schools were heterogeneous in terms of
students’ linguistic composition and 75.5 per cent

of the teachers used two or more languages in their
speech. Two further findings from the same study
were that teachers did not receive any training to
help them deal with linguistically diverse classrooms
and that teachers tended to ignore the linguistic
heterogeneity of the classrooms. There are other
studies highlighting the lack of preparedness of
teachers to deal with linguistic diversity (Borah, 2018)
and how teachers encourage students to behave like
monolingual speakers (Boruah, 2017). Anderson and
Lightfoot (2021:1210) also highlight schoolteachers’
reluctance to encourage use of other languages in
English language classrooms despite widespread use
of translingual practices in daily lives, and advocate for
the ‘need for explicit focus on use of other languages in
Indian English language teacher education” and ‘more
cohesive support for translingual practices across the
education system’.
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A timeline of English and English

education in India

Secondary education
commission —
importance of mother
tongue and English;
English to be taught in
all secondary schools

1964-6

1952-3

1968

Kothari Commission

— English to serve as
link language to higher
education; usefulness of
the study of English at
secondary and higher

secondary level; seeds of

three-language formula

Official Languages
Act -

leading to indefinite
continuation of
English in India

National Education

Policy - introduction of the
three-language formula,
which includes study of
Hindi, English and a modern
Indian language in school

National Education Policy -
emphasis on education in the
mother tongue, augmenting
materials and resources in Indian

District Primary
Education
Programme - aimed
at universal primary

\ ) languages especially through education

educa‘n_on; empha5|sl orn translations, greater role of

promotpn of both Hind universities in strengthening

and English ELT, strengthening of pre- and
in-service training of language
teachers

1976 ® 1987-8 ® 2002
o 1986 ® 1993 ®

42nd constitutional
amendment — education
becomes concurrent
subject; states in control
of English teaching
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Central scheme for
teacher education
— establishment of
District Institutes

for Education and
Training (DIETs)

86th
constitutional
amendment -
addition of right
to education



2006

2005

National Focus Group Position Paper on
Teaching of Indian Languages — English
becoming integral to Indian socio-cultural
matrix; acknowledges English as a language
of mobility and aspirations; recommends
teaching of English interwoven into
teaching of Indian languages in multilingual
classrooms; foreign languages to be
introduced only after the child has gained
proficiency in one or more languages

National Focus Group Position Paper on
Teaching of English - revisiting aims and
challenges of English teaching, proposing
new approaches such as multilingualism
and language across curriculum, tri-dialectal
model; recognises teachers’ PD and English
proficiency as concerns

National Curriculum
Framework — recognition
of multilingualism as

a resource, stress

on language across
curriculum, introduction
of second language
acquisition frameworks
and approaches to
conceptualise English
education

Model school scheme —
expanding access to quality
education, leading to more
English and EMI opportunities

Rashtriya Madhyamik Shiksha 2009

Abhiyan (RMSA) (National
Secondary Education Mission)

— objectives include quality
enhancement of English teaching,
entailing in-service re-training of all
secondary teachers

®
Right to Education Act -
economically weaker students get
access to private sector (including
EMI) schools through 25 per cent
quota reserved for them

Scheme to provide quality 2014

education in madrasas - support
to madrasas to introduce English
among other subjects; Madrasas to
join mainstream school education,
including affiliation to education
boards

2007-8

2009-10

2020
o

2018

National Education Policy
- bilingual teaching-learning
materials in mother tongue
and English; Three-Language
Formula from the foundational
stage; funding to alternative
schools to introduce English
(among other subjects);
recommendation to offer

all subjects at two levels of
‘standard’ and ‘higher’

Samagra Shiksha Abhiyan (SSA)
(Integrated Education Mission
merging of SSA and RMSA) - quality
enhancement across Grade 1-12
continuum,; State Councils of Educational
Research and Training (SCERTS) to cover
Grades 1-12; SCERTs and DIETs to have
separate cells and faculties for English
education; English achievement in Grade
10 to be measured through National
Achievement Survey
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5 English in education structures

5.1 Organisational structure for education

The broad organisational structure that regulates
education in India, of which English education forms a
part, is summarised in Table 1.

Usually, English language education falls within the
purview of the agencies listed in the table with respect
to their specific roles. However, there is some diversity
at the state level in terms of how these broad structures
are further devolved. For example, separate structures
for textbook production, examinations, training and
research or publications have been set up within the
boards of education.

Table 1: Educational structures and English education

5.2 Departments for English language
education

There are also some key institutions and agencies at
the national, regional and state levels, which specifically
deal with English language education in the school
sector. Two Regional Institutes of English (RIE-North at
Chandigarh and RIE-South at Bengaluru) undertake in-
service education and training of teachers (see Section
6.7.1). Some states also have English Language Training
Institutes (ELTIs), while many states have departments
or autonomous institutes looking after English
education included within the SCERTs.

- National Council for Educational
: Research and Training (NCERT),
: National Institute of Educational
. Planning and Administration

: (NIEPA), National Council for

: Teacher Education (NCTE),

: Central Advisory Board of :
: Education (CABE), Central Board :
- of Secondary Education (CBSE) :

State Council for Educational
: Research and Training (SCERT),
: State Boards of Education,

Assessment and \

: Certification

: CBSE, National Institute of

: Open Schooling (NIOS),

: Council for the Indian School
: Certificate Examination

- (CISCE)

State Boards of Education,
: State Boards of Open
: Schooling

: Institutes of Advanced Studies in :
: Education (IASEs) :

e

: District Institutes of Education
- and Training (DIETs), Colleges of
- Teacher Education (CTEs), Block :
and Cluster Resource Centres

Level Administrative : Academic
Central Central Ministry of
Education and its various
departments
State State Ministries and
Directorates of Education
District and District and block
town/village education offices
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6 English language teaching in practice

6.1 Textbooks

Though India does have a national curriculum, schools
are not compelled to use uniform textbooks until Grade
8 and these vary significantly across states and schools.
Many government and government-aided schools
follow NCERT/SCERT textbooks for English, while
private schools use a wider variety of their own choice,
including, in some cases, standard ELT textbooks
produced by international publishers. To illustrate these
variations, government and government-aided schools
in Assam mostly use the textbook series developed by
the State Council of Educational Research and Training,
Assam (the state academic authority), while regional-
medium private schools affiliated to the Secondary
Education Board of Assam (SEBA) mostly use their own
series of textbooks. Additionally, some CBSE-affiliated
English-medium private (usually high-cost) schools
follow standard ELT textbooks such as Snowflakes:
Northeast Edition (Cambridge University Press),
Communicate in English (Ratna Sagar Pvt. Limited)

and Collins Enriching English Reader. As a result, the
textbooks used for English across the country and
within states differ substantially in terms of content,
layout and price, providing students with different
language learning experiences. Mahapatra (2012:14)
describes the ‘government-private divide’ as ‘perhaps
the most obvious factor when it comes to class politics
in ELT in India,” and differences in the textbooks used in
these two sectors are one clear sign of this division.

State boards can exercise their own autonomy in
developing textbooks for English and a closer look

at the Grade 1 textbooks in three different states
(Telangana, Assam and West Bengal) illustrates this.

In Telangana state, the textbook My English World has
seven units connected through the story of a single
character, though each unit has a specific theme. The
textbook has big pictures and activities for developing
listening and responding, vocabulary, reading and
writing. In Assam, the textbook (Beginners’ English — 1)
has eight lessons (units), each of which has a different
topic. Each unit begins with a picture followed by a text
or rhyme and a number of activities for developing
skills such as listening, speaking, reading, writing and
storytelling. West Bengal adopts a different approach
— it has integrated the teaching of Bangla, English and
Mathematics into a single textbook (Amar Boi) rather
than using a separate textbook for teaching English. For
teaching English, the textbook consists of worksheets
addressing, for example, listening, speaking and letter
recognition. Besides the lesson content, textbooks
often contain notes or instructions for teachers at the
end of each lesson/unit (Assam) or towards the end of
the textbook (West Bengal).

English language teaching in practice

The Position paper of the National Focus Group

on Curriculum, Syllabus and Textbooks (National
Council of Educational Research and Training, 2006a)
called for the use of ‘a package of teaching learning
material’ rather than a single textbook. However, Indian
classrooms, particularly the ones in the government
sector, are still largely dominated by the use of
textbooks. This dependence on textbooks has been
termed a ‘textbook trap’ by Dutta and Bala (2012).

6.2 Other resources

Other resources available for English classrooms
include grammar books, spoken English books and
other materials such as chart paper, pictures and
worksheets. But the availability and use of these
resources vary greatly in different schools and is
driven by various factors. For example, one informant
working in a private school explained that, though he
wanted to draw on a variety of resources for teaching
grammar, he was compelled to fall back on traditional
grammar exercises from a single grammar book due
to pressures by guardians (who believe that having
one grammar book to learn is more effective) or the
school authorities. On the other hand, a key informant
(who is a teacher in a government school) explained
that the textbook was self-sufficient and that she did
not feel much need to use any other material. It is also
commonly the case that materials complementing and
supplementing the textbook are not readily available
(Meganathan, 2019).

The MHRD Annual Report 2017-18 (Ministry of

Human Resource Development, 2018) acknowledges
the challenges of making teaching and learning
materials (TLM) packages available in government
schools, suggesting collaboration with private bodies

as a possible solution and highlighting the need for
developing clear mechanisms for quality control that
can be led by government institutions such as DIETSs.
However, our desk research did not identify evidence of
the form such mechanisms might take in practice.

Some private schools develop a set of TLMs by

asking teachers to submit a definite number of TLMs
per year, as explained by one of our key informant
teachers. Other agencies/institutions are sometimes
engaged by the SCERTs and/or the government to
design materials for teaching English. For example,
SCERT Sikkim was supported by Azim Premji University
to revise their English textbooks for Grades 1 to 5 in
2018-19. Government schools in Kerala, Tamil Nadu
and Karnataka have been regularly using 20 video films
titled ‘Hello English’ produced by the Regional Institute
of English South India (RIESI) for learning English at



primary level. Government and government-aided
schools usually procure books including supplementary
readers in English through library grants provided by
SSA. Many schools have set up reading corners for
children with such books with the aim of developing
positive reading habits.

Materials are also developed in a responsive manner.
For example, to address grey areas in learning
outcomes identified by the assessment surveys and
programmes such as the National Achievement Survey
of 2017, Assam has developed grade-wise and subject-
wise Open Education Resources (OERs) for English
along with other subjects at primary level using the
expertise of resource persons from SCERT, subject
experts, SSA, RMSA, CTE and DIET (Government of
Assam, n.d.). These materials have attempted to address
the learning gaps with the help of case studies and
include activities aimed at achieving particular

learning outcomes.

States such as Maharashtra and Telangana have
developed bridge courses for various subjects
including English to help address the learning loss
caused by the lockdown period during Covid-19. Such
bridge courses help learners review material from the
previous grade as well as helping them with content
from the current grade. This is meant to provide
students with a smooth transition between grades.

In Assam, pedagogic support during the pandemic
period has included, among others, the supply of
learning recovery package for English, worksheets for
students in neighbouring schools prepared by DIETs
and YouTube videos (Y-Kiran) for students launched by
the SSA.

6.3 ICT in English education

The use of ICT in English teaching and learning has
gained momentum following the Covid—19 pandemic.
The government has formulated eight steps for the
implementation of online or digital education, namely
PRAGYATA (plan, review, arrange, guide, Yak (talk),
assign, track and appreciate). One national digital
platform for school education is DIKSHA (Digital
Infrastructure for Knowledge Sharing), an initiative

of NCERT launched in 2017. Thirty-two states/union
territories have uploaded content on the portal so far.
Several states have uploaded e-resources related to the
textbook content for various subjects, including English,
that can be accessed by teachers, students and other
stakeholders. For example, SCERT Assam has uploaded
e-textbooks for English and practice resources along
with interactive content for primary-level students,
which the students are supposed to use with the
guidance of teachers and guardians. This content is yet
to be integrated extensively in schools and only seems
to be used sporadically. Limited public information is
available to date about the extent, manner and use of
such resources for English teaching and learning.

PM eVidya (https://www.swayamprabha.gov.in/index.
php/schooledu) is another initiative through which
curriculum-based educational content for Grades 1 to
12, developed by NCERT and other agencies such as
CBSE, KVS, NIOS, Rotary, etc, is telecast by 12 eVidya
direct-to-home (DTH) channels, making the materials
accessible to students with limited internet connection.
The materials include English.

In Maharashtra, e-content for schoolteachers was
developed by the Maharashtra Academic Authority
under the Pragat Shaikshanik Maharashtra Programme
in 2017 and made available through the Maharashtra
In-service Teachers Resource App (MITRA). Later,
MITRA materials were incorporated into the DIKSHA
portal; however, an evaluation report (Ocansey and
Sharma, 2019) observed that the current version of
DIKSHA does not have some features that made MITRA
popular among teachers (these were not specified in
the report).

Despite these large-scale ICT initiatives, limited
research is available into the impact they have on the
teaching and learning of English. Meganathan (2019)
mentions one study that demonstrates how technology
had a positive effect on the speaking skills of Grade

6 students in a regional-medium school in West

Bengal. However, while the use of mobile phones and
digital apps has increased rapidly in India during the
pandemic, including for teaching English, studies of the
outcomes of these innovations are not yet available.

6.4 Classroom practices

Though there are policy documents and resources
available for teaching English, classroom practices,
particularly in the government sector, are largely driven
by the textbook content without much consideration
for policy. Teachers working in government schools

do review the learning outcomes occasionally during
the teaching process, but find it difficult to attain the
outcomes at the respective grades, as reported by

the teacher informants, due to very limited exposure
of the students to the language outside the classroom
and/or insufficient learning at a lower grade. On the
other hand, our sources suggest that teachers working
at private schools often do not consider the learning
outcomes and simply follow the textbook activities and
instructions of school authorities.

From discussions with the teacher informants, it can
be said that a typical lesson in an English class often
begins with a read-aloud activity. Sometimes this is
preceded by the teacher giving an idea about the
content of the text in the school language, in the belief
that doing so will create students’ interest in the text.
This is followed by translation and/or explanation of
texts in the textbooks. Difficult words are written on
the board and meanings are discussed or written up.
All these activities are mostly teacher-led and students
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are expected to follow and listen to the teacher and/or
copy the teacher’s writing into their notebooks. Rather
than helping students complete the language tasks or
activities included in a lesson in the textbook, lessons
often focus wholly on understanding the content of
texts through translation.

Teacher talking time is usually much higher than
student talking time in English classrooms. This might
be the result of limited pedagogical competence
among teachers, in particular a lack of skill in
implementing activity-based and learner-centred
instruction. As reported by a teacher informant,
teachers’ efforts are also often constrained by practical
challenges such as large classrooms, limited time for
completing the syllabus and the low proficiency

of students.

Among the language skills, reading and writing are
emphasised more than listening and speaking (Dutta
and Bala, 2012) in most government schools. Listening
and speaking are becoming more prominent (see,

for example, The Hindu, 2021, for an article about

the introduction of 30 minutes of English speaking

in Grades 6 to 12) but generally such developments
are not supported by change in curriculum and in the
way teachers are trained (Meganathan, 2019). In some
private schools, there are separate spoken English
classes where activities for improving oral skills are
conducted, but practices in conducting such classes
are not uniform across schoaols.

The teaching of reading and writing is often limited

to lower-level skills in most government schools.
Reading aloud is both taught and assessed until
Grade 5 in some schools, as reported by one of the
teacher informants. A study (Dutta and Bala, 2012 :34)
conducted in eight states/union territories explained
the practice of teaching reading as follows:

Teaching of ‘reading’ was synonymous with reading aloud
by one student or teacher, choral reading, group reading
(loud). Textbook was used in more than 90 per cent of
classrooms for being read by the teacher and making
children listen. Teachers themselves performed ‘model’
reading without understanding the concept of reading
for comprehension. ‘Reading’, as silent reading at classes
I, IV or V level was not observed in any school.

A common problem, also voiced by the teacher
informants in this study, is learners’ composition

skills. Classroom practice is largely dominated by the
dictating of notes by teachers due to various reasons
such as limited time for ‘covering’ the syllabus, pressure
from school authorities to keep the learners’ notebooks
error-free and low proficiency of learners. As a result,
learners, particularly in government schools, are rarely
taught the process of writing.

Practices vary in more challenging contexts. As
discussed in Section 4, English classrooms in India

are linguistically diverse. Due to teachers’ lack of the
awareness of appropriate methodological strategies,
this diversity becomes a barrier to the process of
English teaching and learning. Frustration caused by
such challenges combined with the very disadvantaged
socio-economic background of the students is reflected
in a teacher informant’s opinions:

Teaching English is even more problematic than teaching
other subjects ..They use a different language variety at
home ... they even find it difficult to speak the first
language used in the school ... so this is a challenge to
make the transition to English ... Rather than using any
recommended techniques, | rely on whatever works best
to keep them interested in the lesson without much focus
on vocabulary or other language points ... We do not
have any spoken English classes ... we actually cannot
reach that level ... there are many hindrances ... students
are from poor backgrounds ... it is difficult to even bring
them to the school.

6.5 Assessment

Considering assessment as an integral part of teaching-
learning activities, the Right to Education Act of 2009
mandated the use of Continuous and Comprehensive
Evaluation (CCE) for all subjects at primary level.
Accordingly, a number of learning outcomes for each
grade and subject have been formulated by NCERT

as reference points that assessment systems are
supposed to use for measuring students’ progress
qualitatively or quantitatively. For the subject of English,
learning outcomes have been spelt out based on
separate curricular expectations for lower primary

and upper primary stages. For example, one of the
Grade 1 learning outcomes is ‘identifies characters
and sequence of events in a story’ (National Council of
Educational Research and Training, 2017:25), while for
Grade 8, one is ‘narrates stories (real or imaginary) and
real-life experiences in English’ (ibid:39).

Classroom assessment practices, through CCE, are
supposed to facilitate the achievement of learning
outcomes developed for English in each grade at both
lower primary and upper primary levels. The NCERT has
developed CCE packages to help teachers understand
and implement CCE in teaching-learning with examples
of activities for English classes.

It is not clear how far these reforms have been
translated into practice in English classrooms.

No studies were found during this desk research
investigating how effectively CCE had been
implemented in English classrooms at the basic
education level. However, interviews with key informants
(school teachers) align with an observation made in the

4 CCE was introduced in 2009 but withdrawn in 2017, with plans to reintroduce in 2020-1; see https://www.indiatoday.in/india-today-insight/story/why-the-cbse-introduced-

and-then-withdrew-continuous-evaluation-1821304-2021-07-01
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Foreword of Continuous and Comprehensive Evaluation
Guidelines prepared by NCERT (National Council of
Educational Research and Training, 2019b) that there
are no visible changes at the ground level probably
because of the habit of using tests and examinations
as traditional assessment strategies. Teachers tend

to equate CCE to the unit tests conducted at regular
intervals. Those unit tests actually test the learners’
grasp of the syllabus/textbook content rather than
measuring their progress in terms of English language
level. The teacher informant from a private school
shared some practices he follows for continuously
assessing spoken English performance of the learners
in a separate class hour. However, he did not have

any knowledge about learning outcomes or policy
directives and just followed instructions from his school
authorities. On the other hand, the teacher working in

a government school was aware of learning outcomes
and CCE because of orientations she received through
SSA, but she expressed the need for more guidance on
pedagogy for using these ideas in the classroom.

Though there are no other assessment systems
exclusively focused on measuring the English language
levels of primary-level students, general assessments
of some bodies partially include such assessment. For
example, along with arithmetic ability, the Annual Status
of Education Report (ASER) survey (facilitated by the
NGO Pratham and carried out by partner institutions)
assesses basic reading ability through tasks designed
on the basis of analyses of state textbooks and
curricular framework documents. The basic reading and
comprehension abilities in English of children aged five
to 16 years were assessed by administering the ASER
English tool for ASER in 2007, 2009 and 2012. Banerji
and Bobde (2013:31) state that the ASER English

tool, with five levels for reading and two levels for
comprehension, has been used on average with over
522,000 children a year, ‘making it perhaps the most
widely used basic English assessment for children in
the non-English-speaking world".

The assessment survey results have implications for
English learning and teaching in India. For example,
according to Banerji and Bobde (2013:31), ‘less than
half the children in Grade 5 can read simple words in
English ... and, of the children who can read words,
approximately 40 per cent cannot tell the meanings
of the words they have read’ . This is a clear indication
of the need for immediate attention to reading skills in
India in both regional language and more so in English.
Be it in classroom assessments or other assessment
systems, there seems to be very little or no focus on
either productive skills (speaking/writing) or

on listening.

6.6 NGOs and English

The role of NGOs in education in India was discussed
in Section 2.7. In some cases they also provide specific
support for the teaching and learning of English. For
example, Teach-India, a CSR initiative of The Times of
India, runs spoken English development programmes
for underprivileged youth. Another NGO, e-Vidyaloka,
teaches English among other subjects to rural children
of Grades 5-8 through online and digital means. Many
education NGOs have their own teaching and teacher
training centres, where methodologies and materials
developed in-house are put into practice. Similarly,
NGOs also develop their own materials and practices
for the learning, teaching and assessment of English,
which are used in a variety of contexts. Often there is
little information about the origins of such materials

or practices. The pedagogic soundness and socio-
cultural relevance of materials, approaches or practices
followed by NGOs, or how they compare or align with
those followed in the formal state education system,
are issues which need urgent attention, given the large
number of entities operating in this space.

Issues of alignment and pedagogic soundness are
further aggravated by a common challenge of human
resources NGOs all over India face: NGOs typically
work with volunteers with no or limited skills, training
and knowledge in pedagogy or even subject areas.

The GGI white paper (GGI, 2020) cites a report of the
Confederation of Indian Industries, which ‘indicated the
glaring void of skilled workforce in the Indian education
NGO space. It was found that Indian NGOs face huge
hurdles when it comes to recruiting, training and
retaining quality teachers’ (Section 4). NGOs functioning
without qualified materials producers, curriculum
designers and teacher trainers should not be surprising,
but is certainly alarming.

6.7 English language teachers

6.7.1 Qualifications

In accordance with the provisions of the Right to
Education Act of 2009, the NCTE has laid down
minimum entry and academic qualifications for a
person to be eligible to be appointed as a teacher at
the primary level. One essential qualification is passing
the Teacher Eligibility Test (TET) conducted by both the
central government and state governments. Passing
the Central Teacher Eligibility Test (CTET) helps one to
be recruited in central schools, while passing the TET
conducted by the state governments helps one to be
recruited in the state schools.

TET (an objective-type test) consists of two papers —
Paper 1 for those intending to be teachers at the lower
primary level and Paper 2 for those intending to be
teachers at the upper primary level. A candidate can
take both papers. There are two language components
in each paper —the first is on the proficiency of

the language which is the medium of instruction,
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while the other component sees candidates choose
from the available options. In states such as Assam,
candidates need to take a test of English for the

second component in both papers. The syllabus for this
component includes aspects of teaching and learning
languages and grammar. The syllabus for the lower
primary level seems to be a reduced version of that in
the upper primary level. This second component carries
30 marks out of the total of 150 marks in the test.

The minimum academic qualifications needed to

be a teacher are a senior secondary certificate (or
equivalent) for lower primary and graduation at

upper primary level. Other than this, candidates need
a professional qualification, namely a Diploma in
Elementary Education (DEIED) for all grades at primary
level or a Bachelor of Education (BEd) for teaching at
upper primary level only. Most private schools, however,
define their own norms for appointing teachers of
English. Besides looking for candidates with a higher
degree, many such schools are still seen to consider
the BEd as an essential qualification and candidates
with a specialised degree for teaching English are
often preferred.

6.7.2 Subject specialisation

Teachers in primary schools in India might or might not
be subject specialists and different practices are seen
in government and private schools. In government
schools, generally all teachers at lower primary level
need to teach all subjects. Therefore, a teacher with
any subject background may teach English at Grades
1-5. However, the Right to Education Act of 2009
mandated the norm of at least one teacher per class
for languages at the upper primary level (Grades 6-8).
This mandate, in many states, has been implemented
so that teachers with an Arts degree teach a range of
Arts subjects such as English and Social Science, while
those with a Science degree teach Science subjects. In
most private schools, though, a teacher with a degree
in English/English language is assigned to teach English
irrespective of the grade level.

There are few opportunities available for initial teacher
training designed specifically for aspiring teachers

of English or for newly recruited teachers of English.
Whatever training they receive is in the form of limited
input on teaching English as part of courses or training
programmes meant for all teachers teaching at the
primary level. Additionally, evaluations lack a focus on
the extent to which pre-service courses sufficiently
prepare teachers of English to work in basic education.
It is possible, though, that the general observation that
‘there is little connection on the ground between ...
programmes for teacher education with programmes
for school education’ (Ministry of Human Resource
Development, 2015:02) applies to the overly theoretical
and academic orientation of pre-service work for
English teachers too.
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6.7.3 Teachers’ English language levels

The English proficiency of teachers is not systematically
assessed at the state or the national level, whether

at entry into the profession or in-service, and hence

it is difficult to present general estimates of teachers’
proficiency. Some isolated studies indicate teachers’
English levels to be much lower than those in textbooks
and curricula. Three needs analysis surveys by the
British Council in Maharashtra, Madhya Pradesh and
Bihar found that less than ten per cent of the surveyed
teachers were at the preferred B2 level of CEFR (British
Council, 2013, 2016; Hayes and Raman, 2013).

According to a press report (The Indian Express, 2014)
a further British Council analysis in Maharashtra also
found that only 39 per cent of teachers at secondary
level had the required level of B1 proficiency or
above in combined reading, grammar and vocabulary
score and only 47 per cent had it in speaking. Also

in Maharashtra, estimates based on the observation

of teachers in classrooms (rather than tests) have
suggested that most teachers were below B1 (Borg,
2018, 2019).

NCERT's Position Paper of the National Focus Group
on Teaching of English (National Council of Educational
Research and Training, 2006b) recognises the
importance of English teachers’ proficiency in the
language, and in recent years some measures have
been taken to address this issue (and that of subject-
specific pedagogy training for teachers of English) at
pre-service level, particularly through revisions to the
Diploma in Elementary Education (DEIEd) programme.

The compulsory admission examination for the DEIEd
programme, known as the Pre-entry Test (PET), now
includes a component on ‘General English’. Moreover,
some additional weight has been given to English
language throughout the DEIEd syllabus in terms of
both proficiency and pedagogy. For example, in the
syllabus developed by SCERT Assam (Government of
Assam/UNICEF, 2018), eight credits of the 80-credit
course have been devoted to proficiency development
and pedagogy of English. There is one course each on
Proficiency in English in the first and second semester,
while in the third semester there is a course on the
Pedagogy of English. In the fourth semester there is an
optional pedagogy course on the teaching of English
(meant for upper primary teachers of English).

The curriculum-syllabus for the DEIEd programme
(Government of Assam/UNICEF, 2018:03) justifies the
inclusion of courses in English pedagogy in the syllabus
document as follows:

Earlier, the study of English was introduced in upper
primary classes in most of the states, but with the
increasing use and importance of English its study now
starts from Class | itself. Every teacher in primary classes
is required to teach two or three languages; therefore,



courses in the pedagogy of English and regional
language have been assigned an important place
in the curriculum of the Elementary Teacher
Education Programme.

However, the extent to which the proficiency courses in
the DEIEd programme address the English proficiency
needs of teachers requires further investigation. For
example, trainees are mostly assessed on reading

and writing, while listening and speaking are not

given much importance. Hence, it is likely that a gap
remains between the stated aims of the proficiency
development courses on the programme and the
learning that actually takes place.

6.7.4 Postgraduate programmes for English
teachers

Higher education programmes in English language
teaching are available, though not specifically aimed at
teachers at the primary level. For example, the two-
year MA in English Language and English Language
Teaching at Gauhati University provides, as stated on its
website ‘professional training to pre-service teachers’
of English’. In the fourth semester, it offers a course on
practice teaching where student teachers are trained to
teach English, particularly at primary level, by engaging
in lesson planning and completing a practicum at a
local school. Students with any subject background

can join the programme after passing an entrance test
measuring their English language proficiency. In Assam,
some institutions list an MA in English language and/or
English language teaching as a desirable qualification
for recruiting teachers of English.

Another university offering courses for enhancing
English-teaching skills is the English and Foreign
Languages University (EFLU), Hyderabad. It offers a
Postgraduate Certificate in the Teaching of English (for
those with an MA in English or an allied subject) and a
Postgraduate Diploma in the Teaching of English (for
those who have completed the PGCTE), providing both
theoretical and practical knowledge about the teaching
of English. Some students who obtain these higher
qualifications in English also go on to teach in basic
education, though no clear estimates are available on
the numbers of such teachers.

6.7.5 Changes under the new National Education
Policy

The newly launched National Education Policy (NEP)
2020 has signalled changes in pre-service education.
National Professional Standards for Teachers (NPST)
have been designed to monitor the design of pre-
service teacher education programmes and to help
teachers raise professional standards. Recently, the
Ministry of Education announced a four-year integrated
teacher education programme (ITEP), a dual-major
bachelor’'s degree (an undergraduate degree and
teacher education degree) to be offered in around
50 selected multidisciplinary institutions from 2022-3

in pilot mode. This announcement has been made
following a mandate of the NEP 2020 that teachers for
all school levels (from foundational to secondary stage
as per the new structure proposed by NEP 2020) will
be engaged only through ITEP from 2030 onwards. This
programme will have the dual purpose of preparing
aspiring teachers for school education and for higher
studies by developing disciplinary knowledge. This
seems to be an attempt to address the problem that
‘initial training of primary teachers continues to suffer
from isolation, low profile and poor visibility in view of it
being a non-degree programme’ (National Council for
Teacher Education 2009:08). While these reforms are
not specific to English, they will of course affect all pre-
service programmes including those that prospective
teachers of English follow.

6.8 Continuing professional development

As noted in Section 2, India does not have a national
policy regarding the professional development of
teachers generally, which means that CPD provision and
practice will vary significantly across states. Examples
of government and non-government CPD are discussed
below. More broadly, while limited research into the
attitudes to CPD of teachers of English in India exists,

a study by the British Council in South Asia (British
Council, 2015) did find that in India teachers were very
interested in improving their English skills, particularly
their speaking. They also wanted to improve their
knowledge of teaching and learning materials, using
technology for teaching and lesson planning. More
systematic and up-to-date research, though, is required
to better understand the CPD needs of Indian teachers
of English. Such research, of course, is of little value
unless the identified needs are then used to inform CPD
provision in the country.

6.8.1 Government CPD

Regarding in-service training for basic education
teachers of English provided by state or district
educational authorities, our desk work yielded limited
information. For example, NCERT's 2020 report
(National Council of Educational Research and Training,
2020) does not refer to any in-service development
for teachers of English while the SCERT Delhi website
(Government of India, 2021b) has a section on ‘In-
service Education and Training’ but does not include
information about any recent activity. A recent book on
the teaching of English in India (Jayendran, Ramanathan
and Nagpal, 2021) also makes no reference at all to
in-service development. Through personal contacts
and key informant interviews, though, we were able to
obtain some insight into the contemporary situation
regarding CPD for teachers of English across

the country.

One initial point to make is that the volume of such
activity has decreased in the last five years or so,
largely due to reductions in the amount of central
funding available. Thus, for example, until around
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2015, there were over 30 English Language Training
Institutes (ELTIs) around the country that received
central funding. Since then, these have either closed
or merged with the state government. And, to take

a specific example highlighted by one of the key
informants, until 2016 there existed in Telangana a
Districts Centre in-service scheme for teachers of
English. This was implemented by the English and
Foreign Languages University (EFLU) and initially
focused on secondary school teachers (Grades 8-12)
although towards the end of the scheme primary
teachers were also involved. The scheme consisted
of an initial ten-day orientation followed by (for those
teachers interested in continuing to study) a three-
month training programme at the university. Teachers
completing the full programme would then cascade
the training to other teachers in their local districts.
This has, though, been discontinued. Currently, EFLU
continues to provide in-service courses on demand
across states, though these are developed responsively
rather than as part of any systematic programme.

Government-funded CPD also takes the form of very
short and often specific meetings organised by DIETs
(within which one officer is typically responsible for
English). These are largely informational in nature;

for example, teachers might receive updates on
policies, the textbook, curriculum or assessment
procedures (such training sessions are referred to

as ‘content-enrichment programmes’). The extent to
which such events qualify as CPD is arguable, but they
do fulfil the purpose of ensuring teachers are up to
date with developments in the teaching of English in
their state. DIETs are responsible for the in-service
training of English teachers, particularly in states

not serviced by Regional Institutes of English (RIES),
which are discussed below. At local levels, Resource
Persons placed at Block Resource Centres and Cluster
Resource Centres conduct short training programmes
for teachers and provide on-site support to teachers
through monitoring, classroom observations and
development of resource materials. Usually, such
resource persons are trained by DIETs and then are
supposed to cascade training to other teachers.
However, a practising teacher, who was another
informant in this project, expressed dissatisfaction
with the general support received from such resource
persons and believed that external resource persons
with more expertise on language pedagogy would have
been helpful.

Two RIEs also provide CPD for teachers of English.
These are the Regional Institute of English for South
India (RIESI, which covers six states in the south

of India) and the Regional Institute for English in
Chandigarh (which caters for a smaller number of
states in the north). Both RIEs offer in-service courses
for teachers of English in primary and secondary
schools, though their models differ. The RIESI provides
(among other distance programmes) an intensive
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30-day residential certificate course (moved online
recently due to Covid-19), while the RIE in Chandigarh,
which also previously adopted an intensive short-
course model, has since 2016—7 moved to a more
distributed approach; teachers attend training several
times in shorter blocks. More detailed information
about the work of the RIEs is available on their websites
(http://riesielt.org/; http://www.rieni.org/). State school
teachers of English do not receive formal recognition
for completing in-service courses at RIEs, although
achieving a high grade can allow them to apply for

a position at their DIET and offers the possibility of
working as a Master Trainer on state- or district-level
training programmes.

It is not clear how the CPD work of the RIEs is
evaluated, but closer study of the in-service
programmes they offer would certainly be of value in
developing existing provision for in-service teachers
of English in India. More generally, further research is
needed into the design, delivery and impact of CPD in
the country (see, Meganathan, 2019, for a summary of
various studies in India that have examined aspects of
professional development for teachers of English).

6.8.2 Non-government CPD

Different non-governmental organisations support the
CPD of teachers of English in India and examples are
discussed in his section.

The British Council

The British Council has worked in partnership with
State Education departments across several Indian
states, with over 20 projects for primary and secondary
teachers listed on the British Council India website
(British Council India, 2021a). These projects have been
delivered using different models, including cascade
training (for example, in the Andhra Pradesh Developing
English Language Teaching project) and, more recently,
teacher communities of practice (in person and online),
such as in the Tejas project in Maharashtra (British
Council India, 2021b and Borg, Lightfoot and Gholkar
2020). Mentoring is another model of CPD that has
been used, such as on the ELISS project. Generally,
projects have focused on improving teachers’
confidence in their own English and developing their
classroom skills for teaching English. Several projects
have also included a capacity-building element through
which experienced teachers have had opportunities

to develop competences as teacher educators. Most
projects seem to have been evaluated, but while
impact summaries are included on the British Council
India website, evaluation reports do not seem to be
publicly available (see, however, a recent external
evaluation of the British Council's work in Maharashtra
— Ecctis, 2021). In the case of Tejas, a publication called
Stories of Change (British Council, 2020) is available,
which documents, from the perspective of diverse
stakeholders, the impact that Tejas has had. Many



thousands of teachers of English have participated in
CPD programmes delivered by the British Council in
partnership with State Education authorities in India,
with support from other UK organisations

and consultants.

More recent CPD projects delivered by the British
Council illustrate the role that social media can play in
facilitating continued interaction and support for virtual
teacher communities. For example, in the mentoring
phase of the ELISS project, WhatsApp groups were
created both for mentors and for each individual
mentor and the group of teachers they supported. An
analysis of the mentor groups found that these fulfilled
a range of social and professional functions (Parnham,
Gholkar and Borg, 2018). Given the widespread use

of WhatsApp in India (487 million users according to
Statista, 2021) and its relatively modest requirements
in terms of devices, data and bandwidth, it is clearly a
social media platform with potential for supporting CPD
among ELT practitioners in India.

TESS-India

TESS-India (Teacher Education through School-

based Support in India — https://www.open.edu/
openlearncreate/course/index.php?categoryid=45)

is another example of non-government support for
teachers of English. This was a partnership involving
several organisations working with the Government of
India’s Ministry of Human Resource Development to
produce Open Education Resources to improve the
classroom practices of primary school teachers in India.
For primary English, the project produced modules on
several topics including classroom routines, letters and
sounds of English, early writing, storytelling and using
the textbook creatively. The modules have also been
made available in several regional languages. However,
insight into the use and impact of such resources on
what happens in English lessons in primary schools in
India is lacking.

Teacher clubs

Another form of professional development available to
teachers of English in India (particularly in Maharashtra)
is the Teacher Club model (Padwad and Dixit, 2015;
Padwad and Parnham, 2019). This is a form of teacher
community of practice defined by:

.. small, close-knit groups of teachers, characterised by
friendliness, informality, an absence of hierarchy and a
mixture of amateur and professional interests. They are
essentially voluntary groups of teachers coming together
to help each other address their concerns and improve
themselves as teachers. (Padwad and Parnham,
2019:556).

Teachers are responsible for managing teacher clubs
and deciding what group discussions will focus on.
According to Padwad and Parnham, teacher clubs
provide for individualised and personalised CPD and

enhance teachers’ sense of autonomy. However,
sustainability is one key challenge for teacher clubs,
particularly because they are not officially recognised
by the educational authorities. The informal nature of
these CPD groups makes them hard to study in any
systematic way; according to one of the authors here
and who has been involved with English Teacher Clubs
for many years, these groups continue to exist, though
in Maharashtra where they originated, only about three
or four of the original 20 groups remain active. There
is, though, anecdotal evidence that Covid-19 has
prompted the growth of a number of informal teacher
development groups online.

Teacher associations

English teacher associations (ETAs) are another
source of professional development. National ETAS
such as AINET, ELTAI and FORTELL offer a range of
CPD channels including conferences, courses, action
research projects and publications. AINET, for example,
supports teachers to develop as trainers, researchers,
conference presenters and materials producers,

in addition to capacity building in pedagogy and
educational technology, through various initiatives.
There are also numerous local, regional and university-
based ETAs offering opportunities for CPD. However,
there is hardly any systematically compiled data on the
number, reach or impact of ETAs.

6.8.3 Teacher perspectives

Two of our teacher informants reflected on their
experiences of CPD in India. One teacher who works in
a government school felt that the pedagogical support
she received from the national project (SSA) was very
insufficient and the experts in the short-term training
provided were not resourceful. She wanted more
support in terms of techniques of teaching English to
learners with low socio-economic backgrounds in a
rich multilingual context. The second key informant
worked in a private school, which sometimes organises
training programmes for their own teachers by inviting
external experts as resource persons. The teacher

felt that even though the training they receive often
recommends learner-centred pedagogies, parents and
guardians are seen to prefer traditional methods such
as teachers dictating notes that students copy and
school authorities succumb to such pressures. This
means that teachers are not able to use innovative
ideas in their teaching. Two messages from these
informants’ experiences relate to (a) the importance of
practical CPD content delivered by informed teacher
educators, and (b) the need for post-training support
that allows teachers to use in their classroom new skills
and strategies they obtain through CPD.
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7 Opportunities, challenges and future trends

One theme that has recurred throughout this analysis
is diversity; the English education landscape in India
is vast, multi-faceted and almost infinitely varied in

a manner that largely defies, other than at the level
of national policy, monolithic characterisation. The
autonomy that states (and, particularly in the private
sector, even schools) have in defining key features
of English language education, together with the
often-tenuous links that seem to exist between formal
policy and actual practice in teaching, learning and
assessment, are two factors that contribute to the
sense that English education in India is defined by
multiple forms of provision.

Tension is another word that captures many of the
forces that shape the current English education
landscape in the country. National policies compete
with those at state level; well-intentioned mandates
(such as Continuous and Comprehensive Evaluation)
are at odds with the competences teachers possess;
textbooks often assume levels of English that are
beyond those learners (and probably, in many
cases, teachers) have; and educational technology
is promoted while teachers and learners lack the
equipment and digital skills required to benefit from it.

Much excellent work has taken place, through several
national and state-wide projects designed to support
teachers of English in various ways and which have
been delivered through local educational authorities

and bodies, often in partnership with external partners.

However, there is little sense of co-ordination and of a
framework within which this body of activity creates a
coherent whole. This is, perhaps, not wholly surprising
given the scale and complexity of India’s educational

system. The lack of state-level or national policies (such

as for teacher professional development) may at times
be blamed for this situation, but even where policy
and related curricula frameworks do exist (such as for
pre-service teacher education or primary education
curricula), there is limited evidence that these have
assured quality in teaching, learning, assessment

and teacher preparation. This suggests, then, that

the formulation of policy is not the fundamental
problem here and that establishing new policies will
not in itself resolve many of the challenges we have
highlighted. Thus, for example, while NEP 2020 has
mandated that pre-service teacher education move
towards a new four-year integrated model, it cannot
be assumed that re-designing programmes to meet
the new requirements will automatically improve the
quality of graduates and of the subsequent teaching
they provide. This is perhaps one of the conceptual
challenges that needs to be addressed at higher levels
of the system; the mistaken belief that new policy will
automatically lead to changes in entrenched ideas
and practices.

Oppurtunities, challenges and future trends

On a practical level, based on our analysis, there

are several key themes in English education in India
that provide opportunities for further inquiry, deeper
understanding and evidence-based interventions.
The point about understanding is key here because,
despite large volumes of activity in English in basic
education in India, evidence of its impact remains
scarce. Without such insight it is difficult to isolate
particular barriers to quality and to suggest appropriate
interventions. The following issues merit particular
attention:

1. Curricula for English: In government schools,
curricular decisions are made at state level, based
on a national framework, but these amount largely
to decisions about which textbooks to use or, where
these are produced locally, how to design
textbooks. It is commonly (but largely anecdotally)
noted, though, that the level of English in the
textbooks used in many basic education
classrooms is too high for their users. This issue
needs to be investigated more closely and if
corroborating evidence is found, then a closer
analysis of the factors leading to this discrepancy
between teacher and learner competence and
curricular expectations should be undertaken.
Learners who work with curricula that are well
beyond their competence will inevitably become
demotivated; teachers whose levels are not
sufficiently high will also inevitably prioritise
pedagogical strategies (such as translation-based
text analysis) that fail to optimise the learning of
English.

2. The private sector: Around 50 per cent of
primary school students in India attend private
schools. This is a substantial component of India’s
educational provision, but one that is both less
regulated (for example, in terms of textbooks,
teacher recruitment and the use of EMI) and
sometimes overlooked (for example, government-
mandated CPD provision is often not extended to
these teachers). There is clearly a need to better
understand the private sector and how English
education unfolds there; this can highlight effective
policy and practice that might be transferrable to
government schools, as well as identify limitations
in how English is taught and learned in the private
sector that need to be addressed. Partnerships
between private and government schools also have
much potential for supporting English education
nationally.



Pre-service teacher education: Changes
promoted by NEP 2020 will be phased in over the
next few years, but it is important for this work to be
based on an understanding of the features of
current initial teacher education programmes that
limit their effectiveness. While extending the length
of pre-service teacher education will create space
for improved teacher learning, the simple allocation
of more time will not necessarily generate benefits.
It is important to ensure that prospective teachers
experience high-quality learning and this must be
based on well-designed and delivered curricula,
with space for the development of practical
teaching skills and clear connections with the
realities of schools and classrooms (as opposed to
theoretical programmes taught by lecturers with
limited knowledge of what classrooms are like). The
development of graduates’ English language skills
also needs to be addressed much more
substantially, as the quality of English education is
seriously compromised if teachers themselves only
have basic English skills. There also needs to be
much more emphasis on the development of
teacher educator competences, informed, for
example, by frameworks such as that developed by
the British Council (2022).

Continuing professional development: There
are no national or state-level CPD frameworks and
thus provision for teachers generally is uneven and
sporadic across the country. Existing provision (for
example, by RIEs, DIETs and bodies similar in
function to the Regional Academic Authority in
Maharashtra) is also not systematically evaluated
and reviewed. There are clear opportunities here,
therefore, for research that maps current provision
at state level, examines its rationale, strengths,
limitations and impacts, and works towards
understandings of good practice in CPD for primary
school teachers of English in India. NEP 2020
advocates a move away from top-down cascade
models of in-service training; this is a significant
shift and CPD providers at state and district level
will benefit from opportunities to develop their
understanding of what this means in practice for
the design and delivery of CPD. Some of the
projects implemented by, for example, the British
Council that have used community of practice
models may be instructive in this regard. Displacing
persistent notions among teachers that CPD
equates to formal training courses will be an
important part of the changes NEP 2020 is seeking
to bring about.

Teacher educator development: Those who
facilitate CPD for teachers of English will also benefit
significantly from opportunities to enhance their
competences as teacher educators; they are often
academically well qualified and hold postgraduate
qualifications in ELT, but may not have had
opportunities to develop the kinds of competences
specific to teacher educators. Given the increase in
online CPD, trainers would also benefit from
opportunities to develop their skills as online
teacher educators.

Teacher competence: Insufficient information is
available about what teachers of English do in basic
education classrooms and of the skills and
knowledge they need further support with. The
range of competences (including as skilled users of
English) effective teachers of English require is
broad, yet the limited focus on teaching English
many basic education teachers will have
experienced in their pre-service teacher education
most likely means there are significant gaps in how
effectively they are able to support the learning of
English. For example, the multilingual nature of
Indian classrooms means that teachers will benefit
from competences that allow them to exploit
multiple languages effectively without detriment to
any of them. Assessment is another important
competence basic education teachers need yet
little is known about the processes through which
English is assessed in basic education. Teachers,
though, are expected to play a central role in the
process and to use continuous and formative
assessment. The extent to which this occurs, the
exact assessment strategies teachers use and the
assessment literacy they possess as teachers are
all issues where more evidence is required and
where interventions will be of value. General
observations about the largely didactive nature of
teaching in India (UNESCO, 2021) will apply equally
to English, and while the limitations of pre-service
programmes partly explain this, deeper analyses of
the factors responsible for the continued
widespread use of teacher-centred pedagogies
are needed.

Societal pressures: Insights provided by our key
informant teachers suggest that schools come
under external pressure, particularly from parents
or guardians, to persist with conventional modes of
instruction that focus on rote learning, and that this
influences what happens in classrooms. This is an
interesting issue to examine in the context of
broader analyses of the factors that shape the
pedagogical choices of basic education teachers of
English. If, for example, teachers must follow
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directives issued by headteachers who are in turn
influenced by parents, an important dimension of
teacher professionalism is being eroded. This may
have implications for the kinds of professional
support needed by school leaders so they can
educate guardians, protect teachers and enable
them to improve classroom practices.

Educational technology: There has been a very
visible drive by the government of India to promote
wider use of technology in education, including
online, in response to Covid—19. Various NGOs have
also partnered with educational authorities to
support these efforts. Questions remain, though,
about the extent to which teachers and learners
have access to the skills, confidence, equipment
and software they need to make effective use of
technology to support English language education,
and this merits closer study. There is evidence, t0o
(Borg, 2022), that teacher education departments
in India were largely unprepared to move online
during the pandemic and it is thus also important to
explore teacher educators’ needs regarding online
delivery and to establish appropriate support
mechanisms. Partnerships with NGOs and the
private sector are likely to be an important part of
efforts to support the wider and more effective use
of educational technology by teachers of English
and English language teacher educators.

English as medium of instruction: Here, too, the
impression that emerges from this review is one of
substantially varied and insufficiently co-ordinated
practice regarding the use of English as a medium
of instruction in basic education. In the private
sector especially (see Erling at al., 2016), EMl is
often adopted for the prestige it is seen to bestow
on schools (i.e. EMIis used an indicator of quality).
This assumption is often unquestioned and
influences the choices and expectations of parents.
The development of strategies that make informed
advice available to parents and guardians regarding
the role of English in the education of primary
school children in India is thus another measure
that can be recommended here.

. Teacher evaluation: The 2020 NEP has

stimulated the development of new professional
standards for teachers. Again, while the availability
of such standards is positive, their formulation must
be viewed as an initial and relatively unproblematic
step in reforming teacher evaluation practices
across the country. In addition to ongoing
discussions of what these generic standards mean
specifically for teachers of English, there is much
work to be done to bring about change in
established ideas about what good teachers know
and can do, about the purposes and processes of

Oppurtunities, challenges and future trends

teacher evaluation, and of the role teachers can
play in the process. Unless these issues are
systematically addressed by educational
authorities, it is unlikely that policy will lead to any
practical change.
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Chapter 25 M)
Assessment of Jiadhal River Basin Using guect o
Sedimentary Petrology and Geospatial
Approach

Akangsha Borgohain (>, Kusumbor Bordoloi(, Dhrubajyoti Sahariah ©,
Santonu Goswami®, Anup Saikia, and Ashok Kumar Bora

Abstract The river Jiadhal is one of the significant right bank tributaries of the
Brahmaputra. It starts from the Arunachal Himalaya, crosses a few km through
Arunachal Pradesh and enters the Brahmaputra valley (Assam part) near Jiadhal-
mukh of Dhemaji district, Assam. The river Jiadhal recurrently inundates vast areas
of its basin during the monsoon and put a significant impact on the people and their
livelihood. This river carries a huge amount of sediment load and debris triggered
by continuous and heavy rainfall within the basin mainly in the upper catchment
region causing severe loss of fertile agricultural land and infrastructure of the basin.
This study aims to analyze the morphological characteristics of the river Jiadhal
using sedimentary petrology, Remote Sensing techniques and Geographic Infor-
mation System (GIS). The study gives a better prospect toward understanding the
morphometric characteristics and sediment dynamics of the basin. It will help the
concerned authorities for better planning and mitigation of the issues related to this
river.

Keywords River basin assessment * Jiadhal River - Sedimentary petrology -
Remote sensing * GIS
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Chapter 27 )
Urban Flooding Scenario and Human Chest
Response in Guwahati, India

Sutapa Bhattacharjee( and Bimal Kumar Kar

Abstract Rapid growth of Guwabhati, the largest urban center in India’s north-east,
in terms of area, population, and functionality, is contributing to the complexity of
the urban environment. Although due to the influence of monsoon the amount of
rainfall in the city almost remains same, it has undergone distributional change, with
decrease in rainy days and increase in high intensity rain events. Variety of factors
typical to the dynamic environment of Guwahati characterized by surrounding hills,
Brahmaputra flowing through it, the ever-expanding concrete surface, and high-
rise buildings amidst somewhat rugged terrain across the city; induces severe urban
flooding problems. The gravity of the situation can be marked by the fact that,
moderate to heavy rainfall for about 2-3 h often results in high intensity urban
flooding during the monsoon season. It has become a recurring problem which even
transcends to be devastative in certain localities within the city and the life and living
of the city dwellers become deplorable. Therefore, this study attempts to analyze the
flooding pattern in Guwahati with respect to its intensity, identify the major causes
and consequences associated with it, and understand the human response to deal with
the resulting situation; primarily on the basis of field observation and investigations.

Keywords Rainfall behavior - Topography * Urban flooding - Flood intensity -
Human response

27.1 Introduction

Urbanization could presently be assumed as one of the most dynamic phenomena
globally. The intensive structural and functional characteristics of urban spaces
embark a sharp contrast with their surroundings, developing them into a unique
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Manash Jyoti Bhuyan, Debashree Borah,
Binod Kumar Nath, Nityananda Deka,

and Ashok Kumar Bora

Abstract

Rainfall and runoff contribute significantly to
the functioning of the hydrological cycle and
thus constitute the most integral components
of the hydrological environment of a region.
The surface runoff generated basically by
rainfall is highly responsible for floods in the
floodplains of a river basin. Therefore, it is
very important to find out the complex and
intricate rainfall-runoff relationship of a river
basin in order to understand its hydrological
environment, on the one hand, and to manage
the associated fluvio-geomorphic problems on
the other. The estimation of runoff also helps
in watershed management practices. The pre-
sent paper is, therefore, an attempt to inves-
tigate and estimate the surface runoff of the
Kolong river basin in Assam considering the
rainfall data series of 2004-2018. An analysis
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Department of Geography, Nowgong Girls’ College,
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of runoff frequency assessment has been
carried out in the study to examine the
probabilities of occurrence and their corre-
sponding recurrence intervals attached to the
estimated runoff magnitudes of the basin. The
Natural Resource Conservation Service Curve
Number (NRCS-CN) model has been applied
integrating with the Remote Sensing and GIS
techniques to estimate and predict the runoff
volume based on the rainfall pattern of the
given years. The curve number (CN) method,
also known as the hydrological soil cover
complex, takes into consideration several
properties of a basin, like soil permeability,
land use, and antecedent moisture conditions
(AMCs). In this regard, streamflow, hydro-
logic soil groups (HSGs), slope, and land use
land cover maps have been generated using
satellite images in a GIS environment. How-
ever, the CN parameter values corresponding
to various HSGs and land use and land cover
conditions of the basin have been selected
from the NRCS standard table.

Keywords

Water resource management + Runoff
estimation - Kolong river basin + NRCS-CN
method
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Population Growth and
Demographic Changes

Bimal K. Kar

Introduction

With a long history of peopling and a diverse ethno-religious and linguistic
composition and varied socio-cultural practices, the state of Assam is characterized
by a very high rate of population growth which has been higher than the country’s
average growth almost throughout the twentieth century. At the beginning of the
century the state’s population was 3.29 million and it increased to 8.03 million
in 1951 and 31.2 million in 2011 experiencing an average annual growth rate of
1.80 per cent during 1901-1951 and 2.29 per cent during 1951-2011 as against

the country’s corresponding growth rates of 0.83 per cent and 2.04 per cent. As__

a consequence, the share of state’s population to the country’s total increased from
1.38 per cent in 1901 to 2.58 per cent in 2011 through 2.22 per cent in 1951.
Despite prevalence of almost similar birth and death rates as in the country, the
considerably high growth rates of population in the state had been due to both
natural increase and significant volume of migration from both within and outside
?he country (Kar, 1995 and 2002). Such a high growth rate of population which
S also reflected in the process of peopling in the state has a number of far reaching
der.nographic implications including the changes in the ethno-linguistic and
religious composition of population in the state.

Peopling and ethnic composition

The peopling process of Assam witnessed several waves and streams of

-



Tourism in Protected Areas

Prasanta Bhattacharya

Background

Protected areas, especially national parks and sanctuaries are formalized for
territorial protection of outstanding natural phenomena or cultural relicts. Apart
from opportunities of scientific research, education and understanding natural
biota and its value for man, there are also other important reasons that give such
areas a competitive economic advantage over other type of land use, like
agriculture. Due to the local unique characteristics of such areas along with the
growing scarcity value make them highly valuable resource that can be effectively
marketed through tourism. As Assam forms a part of global biodiversity hot spot
having as many as 7 national parks and 16 wildlife sanctuaries, ventures of tourism
may prove to be more effective in managing these protected areas. The article aims
at highlighting the genesis of parks and sanctuaries in Assam, their present position
along with possible role of tourism in managing such protected areas.

Introduction

Evolution of the modern concept of protected areas can be dated back to the
setting aside of Yellowstone National Park in the United States of America in 1872
(Child, 1992). It is an approach to formalizing the age-old custom of preserving
areas of particular natural significance, often as exclusive hunting reserve or
sanctuaries that bear a public right to free or cheap access. Protected areas,
especially national parks are formalized for territorial protection of outstanding
natural phenomena or cultural relicts. The secondary functions of such protected
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Rural Hydrological Environment of the
Brahmaputra Valley, Assam:
A Micro-Observation

Manash Jyoti Bhuyan
Nityananda Deka

Introduction

The concept of ‘rural hydrology’ has newly emerged in the field of
geography to study the hydrological environment of rural areas (Uchida and Ando,
2003; Asada, 2012) and their impact on the concerned physical settings and
human societies of a region. This concept can be applied as an approacl.l in
geographical research (Uchida et al., 2005) to un'der.stand th? evolution,
components and mechanism of the hydrological syslcn.] in village en\‘rlromr.\ent 'e.md
also to analyse the human response to the changing hydrological snuat'lon
(Bhuyan, 2018). Rural hydrology ¢ncompusses the study of 11)'dr<?log1ca1
characteristics molded by different wetlands, (lood water lcfvel on agrxculullral
fields, surface and sub-surface water con(liliol‘ls m'ul mechanism of hydrological
cycle. It also incorporates the study of utilization pattern m.1d management
practices of water resources, nature of human l\(ll}])l&lll()l} ﬂl'ld the ‘nnpact of hux?mn
societies on the hydrological environment, cspc'cmlly w:.thm a mxcrotrural. s‘ett@g.
It is important 1o note that the rural hydrological upproach helps 1)“ mitigating
many rura] ecological and socio-economic problems (Uchida e al., 2005; Asadfn,
2012) emerped as a result of some irrational and unplanned anthropogenic

’ ot ‘ Yl 3
activities and so-called developmental processes.
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Estimating Erosional and Aggradational
Changes in the Riverine Island Majuli using
Landsat Data

Kusumbor Bordoloi
Durlov Lahon
Debashree Borah
Krishna Priya Gogoi
Manash Jyoti Nath
Dhrubajyoti Sahariah

Abstract

Majuli, the largest riverine island of the world, and first island district of India located in the
Brahmaputra Valley of Assam has been witnessing the unswerving flood and riverbank erosion
hazard in last few decades. In this study, an attempt has been made to use Landsat time-series
datasets (Landsat 5 TM and Landsat 8 OLI) for the years 1990, 2000, 2010 and 2018 to delineate
outline boundary of Majuli island and to quantify erosional/aggradational changes in ArcGIS
10.7 environment. Quantification and identification of erosion/aggradation zones were estimated
using 40 numbers of respective square grids (5 km X 5 km) by intersecting them with island
boundary polygon for the considered years. Results of this study illustrates that during 28 years
of time span (1990 to 2018) 41.18 km2 area was eroded and only 2.85 km2 area aggraded in Majuli
island. During the same time span, the land area of Majuli island decreased from 506.31 km2
(1990) to 467.98 km2 (2018), which is a major concern for the identity of the island. On the other
hand, high erosion zones were identified within southern part of the island, dominated by the
active fluvial processes of the main channel of the Brahmaputra River. Outcome of this research
signifies the extreme need of protective and mitigation measures to be taken up for the Majuli
island.

Introduction

The Brahmaputra River, counted among world's top ten large anabranching
mega-rivers (Lahiri &Sinha, 2014; Latrubesse, 2008), occupying the position of
the seventh-largest tropical river in terms ofmean annual discharge (20,000m3/
s in Bangladesh) (Lahiri & Sinha, 2014; Latrubesse et al. 2005; Tandon & Sinha,
2008). As a trans-Himalayan river, the Brahmaputra glides through the narrow



Wetlands of Brahmaputra

Introduction

The history of humanity has long been linked to river val
history of wetlands. The complex connection with wetlands has sup,;
physical resources but has also aided in the development of the hui
milieu. Many rural economies arose as a result of intricate int
significant direct or indirect contributions from wetlands. More cruciall
have produced essential ecosystem services that are necessary for the

many plants and animals. Different geo-environmental condition
wetland functioning, resources, and qualities.

que size, shape, hydrology, soils, vege
tlands are transitional habitats because t
have characteristics of both.

Their boundaries are part of a continuum 0
characteristics that may expand

and positions in the landscape. We
neither terrestrial nor aquatic, but

the shifting of wetla
on of wetland boundaries js difficult. ’

boundaries, precise identificati




arrived are Indo-Aryans from Gang
Brahmaputra valley, Nagas from hig
settled in Nagaland and Manipur states
settled mainly in the Brahmaputra vz
British colonial rules, many other .
region.

The reason behind all of these
soils of river Brahmaputra and the
that has been taken care of by
its origin, means a lot to the .
Productivity and the monsoons
¢gion. These migrations 0
Scttlement and population dist
Of the state. The choice and
shaped different types of
*Cltlement both in rural an
and processes.




