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editorial

The current issue of Indian Educational Review carries one research 
review article on the theme of Science Education in India, five 
research papers, and summaries of two ErIC sponsored research 
projects. The Hindi versions of the abstracts of the research review 
and research papers have also been included.

The current issue carries review of researches on science 
education conducted in India from the year 2000 by r.r. Koireng. 
The review extensively covers studies concerning curriculum and 
teaching learning resources, cognitive studies, science teaching 
and learning, creativity, gender issues, achievement in science, and 
environmental concerns. An attempt has been made to identify the 
research gaps and suggest areas for future research in the domain 
of teaching-learning of science.

five research papers have been included in this issue. The 
first paper, ‘What Guides Inference Generation? A Study of Young 
Hindi Learners Studying in Challenging Contexts in India’ by Lina 
Mukhopadhyay and her associates have examined the causes of 
individual differences in learning hindi as a mother tongue. Vinay 
Kumar Singh, in his paper, ‘Profile Study of a School Going Child 
with Haemophilia’, has reported the results of case study of a 
child suffering from haemophilia and has offered suggestions for 
preparing guidelines as well as training of teachers and parents 
for dealing with such children. In his paper, ‘Construction and 
Validation of an Aptitude Test for Pre-service Teachers on Inclusive 
Education’, H.S. Mistry has illustrated the development of a measure 
for assessing pre-service teachers’ teaching aptitude towards 
education of children with disabilities. In the next paper, ‘Ethno-
mathematics:  Mathematics Embedded in the Traditional Activities 
of the Kumhar Community of the Varanasi district’. Harish Pandey 
and Anjali Bajpai have attempted to locate the learning of some of 
the concepts of mathematics in the activities of Kumhar community 
of India. The last paper by Alka Seth and novrattan Sharma titled, 
‘Life Skills: Predictors of Well-being among School Going Students’ 
have examined the relationship between life skills and well being 
of students.

The summaries of two completed ErIC projects by Kirti 
Kapur, ‘A Study of Language across the Curriculum Pedagogy on 
Students’ Learning’ and Loknath Mishra, ‘developing a framework 
of Pedagogical Content Knowledge on Arithmetic for the Primary 
School Teachers of Mizoram’ have been included in this issue.

The Indian Educational Review focuses on enriching the 
discipline of education by disseminating findings of educational 
research, providing opportunities for exchanging research 



experience among fellow researchers, motivating academicians and 
providing inputs to all those involved in policy making and planning. 
Contributions of academicians, researchers, and freelancers are 
cordially invited for the next issue. We seek your suggestions and 
views on improvement of the journal and research initiatives.

Academic Editor
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Research Review Article

Research in Science Education 
 in India

R.R. KoiReng*

AbstrAct

Realising the importance of improving the practice of teaching-
learning of science in schools, science education has, in recent 
years, emerged as an independent field of research. The paper 
reviews science education research, conducted after 2000 related 
to the issues and concerns of teaching and learning of science in 
Indian schools. It includes research reports, research journals and 
articles. In order to provide good science education to children, it is 
important to understand the nature of science, the way contents are 
organised and presented, the pedagogy adopted, textbooks and 
other teaching-learning materials, the assessment and evaluation 
scheme adopted, and so on. All these require an in-depth research 
to unravel the best practices to be adopted. The present review 
of research in science education is broadly classified into seven 
areas, namely— curriculum and teaching-learning resources, 
cognitive studies, science teaching and learning, creativity, gender 
issues, achievement in science, and environmental concerns. The 
essence of researches in each area is given, including the trends 
and suggestions for further research. The understanding of various 
issues in science education through these researches will provide 
insights in improving the science curriculum, teaching-learning 
materials and pedagogical practices to be followed in teaching 
science.  

सारांश
हाल के वर्षों में ववद्ालयों में ववज्ान के विक्षण-अवि गम के अभयास में सिुार के महतव को 
समझते हुए ववज्ान विक्षा अनसुंिान के एक सवतंत्र क्षेत्र के रूप में उभरा ह।ै यह िोि समीक्षा 
2000 के बाद के वर्षों में भारतीय ववद्ालयों में ववज्ान के विक्षण और अवि गम संबंवि त मदु्ों 
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और सरोकारों पर वकये गए ववज्ान विक्षा अनसुंिान की समीक्षा करता ह।ै इसमें िोि ररपोर्ट, 
िोि पवत्र का में प्रकावि त िोि पत्रों को सव्ममवलत वकया गया ह।ै  बच्चों को अच्ी ववज्ान 
विक्षा प्रदान करने के वलए ववज्ान की प्रकृवत, ववर्य-वसत ुको वयववसथित और प्रसततु करने के 
तरीकों, विक्षण वववि यों के उपयोग, पाठ्यपसुतकें  और अनय विक्षण-सामग्ी, मलूयांकन और 
मलूय-वनिा्टरण योजना का ज्ान आवशयक ह।ै  वत्टमान समीक्षा में ववज्ान विक्षा से संबंवि त 
सात क्षेत्रों को िावमल वकया गया ह:ै  पाठ्य्चया्ट और विक्षण अवि गम संसािन, संज्ानातमक 
अधययन, ववज्ान विक्षण और अवि गम, सज्टनातमकता, वलंग संबंिी मदु्,े ववज्ान में उपलव्ि 
और पया्टवरण संबंिी सरोकार। प्रतयेक क्षेत्र में अनसुंिान का सार वदया गया ह,ै वजसमें भववषय 
में अनसुिंान के वलए सझुाव सव्मम वलत हैं। यह समीक्षा ववज्ान विक्षा में वववभनन मदु्ों की 
समझ, ववज्ान के पाठ्यक्रम में सिुार, विक्षण- सामग्ी और ववज्ान विक्षण में पालन वकए जाने 
वाले वि क्षा-िासत्रीय वववि यों में सिुार पर बल दतेा ह।ै 

Introduction
Humans are by nature curious and inquisitive. This curiosity and 
inquisitiveness have driven them since time immemorial to explore 
the nature in different ways. One kind of response from the earliest 
times has been to observe the physical and biological environment 
carefully, look for any meaningful patterns and relationships, make 
and use new tools to interact with nature, and build conceptual 
models to understand the world. This human endeavour is called 
science. Broadly speaking, the scientific method involves several 
interconnected steps: observation, looking for regularities and 
patterns, making hypotheses, devising qualitative or mathematical 
models, deducing their consequences, verification or falsification 
of theories through observations and controlled experiments, and 
thus arriving at the principles, theories and laws governing the 
natural world. The laws of science are never viewed as fixed eternal 
truths. Even the most established and universal laws of science are 
always regarded as provisional, subject to modification in the light 
of new observations, experiments and analysis.

Science is a dynamic, expanding body of knowledge, covering 
ever-new domains of experience. In a progressive forward looking 
society, science can play a truly liberating role, helping people escape 
from the vicious cycle of poverty, ignorance and superstition (NCF, 
2005).The advances in science and technology have transformed 
traditional fields of work such as agriculture and industry, and led 
to the emergence of wholly new fields for engagement. People today 
are living in a fast-changing world where the most important skills 
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are flexibility, innovation and creativity. These different imperatives 
have to be kept in mind in shaping science education.

Nature of Science Education
About six decades ago science education came to be recognised 
around the world as an independent field of research. The concerns 
of research in science education are distinct from the concerns 
of sciences and those of general education. Its methods and 
techniques were initially borrowed from the sciences but now new 
methods are being developed which are well suited to the research 
questions. Motivation for this research comes from the need to 
improve the practice of teaching science. We begin by asking which 
methods of teaching work better than others? Studies in the 1970s 
typically compared experimental classrooms with control groups. 
New teaching aids were tried out; lecture method was compared 
with activity-based teaching, and so on. These studies gave useful 
results in particular contexts but it was hard to replicate them. 
Conditions in classrooms are varied; teachers and students in the 
classrooms too vary widely. Teaching and learning is a complex, 
context-dependent process and one needs to first describe this 
complexity in order to understand it, before eventually aiming to 
control it (Berliner, 2002). The aim of teaching science includes 
not only to acquire scientific facts and phenomenon involved but 
also to imbibe scientific temper and certain scientific values such 
as honesty, scientific attitude, integrity, cooperation, concern 
for life, preservation of environment, and so forth. Activities 
and experiments are the hallmark of science and they are also 
essential for science learning. The Hoshangabad Science Teaching 
Programme (HSTP) of 1970s, an initiative of the state of Madhya 
Pradesh, is an example of intervention in science teaching at micro 
level. The District Primary Education Programme (DPEP), the Sarva 
Shiksha Abhiyan (SSA) and the Rashtriya Madhyamik Shiksha 
Abhiyan (RMSA) also form a part of science teaching intervention 
at the macro level in schools of the country. These interventions 
had a varying impact on science education in the country.

Understanding the dynamics and diversity of classroom in the 
country gives us an insight into how science ought to be taught. 
Good science education requires not only a good teaching learning 
material, but also innovations to create interest in the learners. 
However, to begin with good learning materials will help the teachers 
and students in enabling them to learn science. Eventually, it is the 
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teachers who negotiate the teaching-learning process in the actual 
classroom. The ability of students to learn meaningfully the intended 
skills, values and attitudes depends upon the teaching strategies 
adopted by the teacher. Teacher is a very important component of 
science education that has deep influence on student’s learning of 
the subject. Often misconceptions of the teachers are inadvertently 
transferred to the students. Though efforts are being made to teach 
science following the method of enquiry and hands on experience, 
it is of common sight in most of the schools that science teaching 
continues to be dominated by chalk and talk method. Sometimes it 
tends to be driven by examination system prevailing in the country 
and, in fact, more often than not teaching is influenced by the 
typology of the questions asked in the examination. This is more in 
Classes X and XII because of the board examinations in which the 
students have to appear.

To meaningfully teach science to children, it is imperative 
to know the nature of science, the way contents are organised, 
the teaching strategies adopted, resources and other teaching-
learning materials required, the evaluation scheme adopted, and 
so on. All these requires an in-depth research to unravel the best 
practices to be adopted. Interest in science develops quite early in 
life (Gardner, 1975). The decline in interest in science in later years 
of studentship can be addressed to a certain extent by providing 
all the factors conducive to the development in science from early 
years itself.

Against this backdrop, this chapter reviews science education 
research, conducted during 2000–2015, related to the issues and 
concerns of teaching and learning of science in Indian schools. While 
doing so, attempts have been made to identify gaps in research in 
the field of science education that need urgent attention.

Past Surveys of the Research
The earlier reviews of research in education carried a chapter 
on science education in the fourth (Ganguli and Vashishtha, 
1991), fifth (Vaidya, 1997), and sixth (Chunawala, 2006) surveys. 
The fourth survey of research in education covered researches 
conducted during 1983–1988, fifth survey during 1989–1992, 
and sixth survey during 1993–2000. The number of researches 
reported in fourth, fifth, and sixth surveys were 56, 61 and 120, 
respectively. The sources covered in the sixth survey were primarily 
Indian Educational Abstracts, International Journal of Science 
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Education, Journal of Research in Science Teaching and Journal 
of Education and Social Change. The researches were related to 
the following areas — Cognitive studies, science teaching, teaching 
materials, attitude and science, gender issues in science education, 
creativity, achievement in science, and environmental factors. The 
sixth survey highlighted the need to do more research in the field 
of history of science, philosophy of science and sociology of science, 
which are deeply intertwined, and also in science curriculum that 
would present not only science but also its very methodology 
as evolving with time. There is a need to develop curricula and 
teaching materials with these perspectives in mind.

The Present Survey
The present survey attempts to consolidate science education 
research conducted at the school level in the Indian context after 
2000. Based upon the availability of researches, the chapter is 
divided into the following sub-sections— Curriculum and Curricular 
Materials, Cognitive Studies, Science Teaching and Learning, 
Creativity, Gender Issues, Achievement in Science, Environmental 
Concerns, and The Way Forward.

Curriculum and Curricular Materials
Curriculum is one of the most important areas of science 
education as it guides the entire process of teaching-learning. 
The science curriculum at the school level in India has undergone 
several changes in the past few decades both in terms of content 
and approach. Studies have been conducted to examine science 
curriculum, syllabus and teaching-learning resources including 
textbooks. This section examines studies pertaining to curriculum, 
teaching-learning materials including textbooks and teaching aids.

Curriculum
Scholars have conducted studies related to different aspects of 
science curriculum including the objectives and philosophy of 
science curriculum development. Ediger (2000) examined various 
parameters including organisation of science curriculum, assessing 
student achievement, philosophy/psychology of education for 
evaluating and designing science curriculum. The researcher 
(Ediger, 2013a) further examined philosophies of education which 
might provide guidance in developing science curriculum. Kulkarni 
(2013) studied a number of concerns related to curriculum 
development in science and mathematics, in terms of the explicitly 
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declared national goals and objectives such as providing equality 
of educational opportunity, improving rural schools, values in 
education, introduction of vocational stream, utilising field-tested 
methodologies, etc. These have implications for school curriculum, 
school infrastructure, teaching materials and teaching strategies. 
Awasthi (2000) highlighted the present educational scenario of the 
country and discussed the issue of relevance in great details. He 
proposed a number of suggestions for the development of school 
curriculum based on practices followed the world over and keeping 
in view the needs of the Indian society, its rich cultural heritage 
and inherent unity in diversity. The need for incorporation of value 
education in science teaching (Kishore, 2000) and  restructuring 
of science instruction in the light of understanding gained in the 
nature of science (Sood & Saraswat, 2011) has also been reported.

Science education is dependent on context. This section 
contains studies concerning students’ knowledge about selection 
and organisation of content in the Indian context. The study by 
Mehrotra and Banimal (2006), conducted in primary schools run 
by the Delhi government, reported that children coming from an 
agricultural background carry with them rich procedural knowledge 
about animals and plants, raised and grown in the farms. They 
suggested that while framing a curriculum for biology instruction, 
the cultural perspectives may be kept in mind. Another study 
(Gafoor and Narayan, 2010) conducted on upper primary students 
of Kozhikode district in Kerala found that out of school science 
experiences contributed to interest in science. It was further 
observed that the influence of experience on interest was more in 
biology than in physics and chemistry. The study advocated the 
need to take cognizance of these facts while preparing curriculum, 
teaching-learning materials and teaching strategies. Similar 
results for secondary students of Kozhikode district have also been 
reported (Gafoor and Jaithra, 2012).

Singh (2013) identified three important features of physics 
curriculum for rural teachers in terms of content, method and 
values of physics that constitute the scientific temper. Jain (2000) 
examined biology curriculum and found the need to incorporate 
developments in biotechnology and medicine, as well as concerns 
for the environment and survival of life. Similar concerns for 
incorporating disaster management (Kaur, 2010), nanoscience 
(Ravichandran and Sasikala, 2010), and agriculture (Sacheti and 
Mehrotra, 2000) in school curriculum have been expressed.



Research in Science Education in India

Indian Educational Review, Vol. 58, No.1, January 2020 13

Thus, there is a growing concern to frame science curriculum 
taking into consideration the needs of the society, the experiences 
and context of the learners, etc. There is also a strong view among 
researchers to include new and emerging areas of science such 
as biotechnology, nanoscience, disaster management, agriculture, 
etc., in the science curriculum.

Curricular Materials
Research shows that though textbook is only one of the diverse 
teaching-learning materials for curriculum transaction, for 
the majority of school going students and their teachers, it is 
the only accessible and affordable curriculum resource. For 
example, Agarkar and Deshmukh (2002) studied the opinion 
of a large number of teachers teaching at the upper primary 
stage in Ashram schools, and found that textbook is the most 
important instructional material used in school teaching. They 
also reported that the content and style of textbook influenced 
learning of the subject and recommended that textbook should be 
modified suitably to facilitate learning of science among Ashram 
school students. Gangoli (2000) examined the important role of 
textbooks in curriculum transaction and found that the content of 
the text, its structure, method of presentation and the role of the 
teacher, etc., influenced the usefulness of the book and suggested 
an open-ended approach of developing textual materials. Parida 
and Goswami (2000) examined NCERT Class IX science textbook 
regarding analogies included in it and noted that at some places 
students are likely to develop misconceptions due to inadequate 
analogical explanation (AE).

Bansal (2014) examined the middle class science textbooks of 
NCERT and Eklavya for the ways in which they support scientific 
enquiry. The finding suggested that contextualising science by 
means of inquiry based textbooks would strengthen the bonds 
between science, society and develop critical inquiring minds. 
Das (2012) studied the effectiveness of self study materials for 
teaching general science vis-a-vis the traditional method adopted 
for teaching general science to Class IX students. The performance 
of the students taught through the developed self study materials 
was significantly higher than those taught through the traditional 
method. Hence, there is a consensus among researchers that 
textbook influences the method of teaching adopted by the teachers. 
The reviews also indicate the need for contextualisation of science 
content as per the context of students.
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The findings of the research studies show that the basic 
facilities for teaching science such as laboratory, laboratory 
items and equipments are still lacking in schools.  There is also 
concern regarding the utilisation of laboratory equipments among 
teachers in teaching-learning process. For example, Singh (2006) 
conducted an assessment of the existing facilities available in 
the high schools of Chimtuipui district of Mizoram. A total of 60 
teachers (51 males and 6 females) from 40 different high schools of 
the district were included in the study. The findings revealed— (a) 
lack of qualified teachers in all types of school (b) lack of library, 
laboratory, equipment and chemicals, audio visual, acids, etc., and 
teachers were mainly using the translation method in the teaching 
of science. Another study (Sharma and Patel, 2006), conducted 
in 30 government SC or ST schools in Madhya Pradesh and 30 
Jawahar Navodaya Vidyalayas (JNVs), reported the non availability 
of science laboratory at secondary level in SC or ST schools as 
compared to JNVs schools. The usage and effectiveness of science 
laboratory was found average in JNVs and below average in SC or 
ST schools. In another study (Ajitha and Pushpam, 2000), it was 
found that though most of the teachers agreed on the importance 
of teaching aids, yet few used it during teaching-learning process. 
Mohanty (2012), in a study conducted on biological science 
curriculum in Odisha secondary schools, reported many shortfalls 
like absence of laboratory in almost all the schools, textbooks 
with deficiencies, lack of appropriate and adequate teaching aids, 
non performance of co-scholastic activities, absence  of access to 
community resources, lack of initiative to visit places of biological 
and scientific importance in order to connect knowledge to life 
outside the school and to make learning more practical rather than 
textbook centric.

Cognitive Studies
Cognitive studies in science refer to the studies concerned with 
learning of science. Cognitive research aims at developing a 
‘science of science learning’. Research studies in this category 
include understanding of science, misconceptions or alternative 
conceptions in science and cognition. This (cognitive studies) is 
a major area for research in science education. Researchers have 
examined the level of understanding of science and misconceptions 
or alternative conceptions held by the students and teachers.
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Understanding of the Science
Difficulties in understanding science concepts, as well as 
organisation of content vis-a-vis cognitive level of the child have 
been examined. Haydock (2011) reported that a lot of problems 
were faced by teachers like work overload, too many duties, 
inadequate pay, etc. Other than these problems, science teachers 
complained about syllabus being difficult and vast, textbooks 
having mistakes, students not interested and science concepts not 
related to the students’ lives. The study suggested about the lack of 
understanding concerning nature of science due to which science 
is actually not taught to students. Kala and Ramadas (2001) 
examined Piaget theory and reported that the Piaget’s influence led 
to a shift from behaviourism to constructivism. They observed that 
developments in cognitive science too contributed to the research 
paradigms and methods, and the philosophy of perception and 
representation might guide research while work in the tradition of 
situated cognition might hold promise for a philosophy of praxis 
and action. Pant (2006) observed that the traditional definition of 
science as a systematically organised body of knowledge has been 
expanded to incorporate the processes and procedures of science. 
The processes of science emphasise science as a way of observing, 
thinking, creativity, investigating accurately and truthfully rather 
than adopting conformist orientation. The study (Pant, 2006) 
recommended proper sampling and representation of the contents 
in the textbooks and the relevance of the analysis of textbooks for 
enhancing the quality of science textbooks.

The metacognitive knowledge of strategy, task and personal 
variables enable students to perform better and learn more 
(Rajkumar, 2010). Padhi (2013) examined the relationship between 
cognitive preference style (CPS) and academic self concept in science 
(ASCSc) among  secondary school students (200 students—102 
boys and 98 girls from Class IX in four schools of Bhopal). Cognitive 
preference style of both high and low ASCSc groups of students 
was found to be same. Use of application was associated positively 
with ASCSc. Memory was negatively and significantly correlated 
with ASCSc and the relationship of questioning with ASCSc was 
found to be low.

Gupta (2000) in the paper titled, ‘A Constructivist Enquiry 
Learning Model for Science Education’ reported that psychological 
and social constructivist perspectives are supported by 
neurocognitive evidences where learning is both biologically and 
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socially mediated. Three sources of knowledge, i.e, spontaneous, 
formal and creative are integrated through self exploratory, 
collaborative, novel and technologically embedded experiences for 
developing multiple intellectual abilities like cognitive, creative and 
affective. The role of the teacher is envisaged both as an instructor 
and a facilitator matching the pedagogies with how students learn 
as opposed to purely didactic or absolutely getting out of the way 
of the students. Another study (Pal, 2000) found that the idea 
children hold through daily experiences about various concepts 
bring with them into classroom, which shapes the construction 
of the scientific knowledge in a particular way and this affects the 
methodology of science. Prabha (2010) reported various approaches 
to teaching-learning process in order to make students inquisitive 
thinkers, who question, reflect, reason, make association with 
prior learning, imagine and think.

Saminathan and Mohan (2002), based on their study on 10 
low scoring students in physics in quarterly examination in 
government higher secondary school, Ariyankudi, reported  the 
need for student counselling which can sensitise the individuals 
to their potential to determine what they would like to be. It helps 
the pupils to understand and classify their views of life space, and 
to learn to reach their self-determined goals through meaningful, 
well-informed choices and through resolution of problems of an 
emotional or interpersonal nature. They further reported that 
various cognitive factors like intelligence, creativity and memory, 
and other social factors like age, sex, social background also 
influence the students learning at different stages. The research 
thus shows that understanding the nature of science, process 
and procedure of science and the daily life experiences influence 
learning of science.

Misconceptions or Alternative Conceptions
Studies have examined misconceptions or alternative conceptions 
held by the students and teachers in different subject areas. 
Singh (2000) identified errors or misconceptions in physics at 
senior secondary level, such as electric line of forces, electric 
field, microscope and telescope, eye lens and objective lens, etc. 
It was reported that the causes of large number of failures or 
misconceptions were wide ranging beginning from poor teaching 
to unreliable evaluation procedures. He further mentioned that 
the need of the hour was to strengthen teaching in schools and 
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develop an evaluation system which is flexible, reliable and 
student-friendly. In a study conducted on a stratified sample of 
627 pupils studying in Class IX in a district of Kerala, Gafoor and 
Akhilesh (2008) found that 42 per cent of high school students 
had misconception regarding majority of concepts in physics. 
About three-fourth of the sample exhibited misconceptions 
with the concepts of density, sound, work and gravity. Gender 
and rural-urban differences were reported. The study also 
suggested steps to remove the misconceptions. In another study 
(Sindhu and Sharma, 2000) conducted on 68 senior secondary 
students in Bhopal, it was found that students committed errors 
in naming coordination compound and in some other cases 
students developed misconceptions about the rules for naming 
coordination compound. Arora, Mahapatra and Parida (2010) 
identified episodic conceptualisation in the minds of pupils in 
the domain of interaction of the concepts ‘kinetic energy and 
work’. Teaching strategies were suggested to reduce episodic 
conceptualisation such as emphasising on the interchangeability 
of ‘kinetic energy and work’ concept and designing activities to 
demonstrate the interchangeability of ‘kinetic energy and work’.

According to Kishore (2002), lecturing and rote-learning lead 
to misconceptions in Physics. Parida, Mahapatra and Goswami 
(2000) examined secondary level learners’ ideas about the inter-
relationships between various concepts related to gravitation as well 
as their misconceptions. On the basis of their study on a sample 
of 93 students of Class IX and 166 students of Class X from two 
CBSE affiliated schools in Bhubaneswar, the researchers identified 
a number of misconceptions held by students related to gravitation, 
such as, ‘Earth pulls objects towards its centre, moon does not pull 
objects towards its centre’ and ‘the gravitational force is constant 
throughout the universe’. The findings have implications on teacher, 
curriculum framers and textbook writers. Gupta and Ravichandran 
(2001) reported the performance and types of mistakes Class XI 
students commit in various concepts in Chemistry based upon 
knowledge, understanding and application of concepts. Sharma 
(2007) listed a number of common misconceptions concerning the 
topic of force among students across different levels. Some of the 
misconception reported about force were— (a) force continues to 
be associated with the body till it remains in motion (b) velocity 
and acceleration are inseparable physical quantities and are in the 
same direction (c) force is in the direction of velocity, etc.
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A few studies have been carried out concerning teachers’ 
misconceptions. Jain (2011) studied the misconception held 
by experienced teachers regarding simple harmonic motion 
(SHM) and reported several misconceptions held by the teachers 
pertaining to sign for displacement, velocity, and acceleration, 
its effect on speed during different time intervals and direction 
of acceleration. The strategies for transacting this concept were 
also reported. Similar study by Goswami and Parida (2004) 
revealed misconceptions held by PGT physics teachers on simple 
harmonic motion topic.  Pachaury (2000) reported  the anomalous  
performance of teachers on logical/spatial and coordination 
of perspective tasks. The study was conducted on 29 Biology/
Chemistry post-graduate teachers from 10 States and UTs. 
These teachers were in the age group of 27 to 35 years and had 
teaching experience of 2 to 7 years. Another study (Saxena, 2001) 
examined the existence of large number of misconceptions among 
the teachers related to physics teaching at senior secondary level 
in different parts of India. Sharma and Sharma (2003) reported an 
overwhelming number of teachers carrying many misconceptions 
about basic concepts of physical optics despite the fact that 
teachers were well qualified and had teaching experience of many 
years. The study was conducted on a group of 21 Physics PGTs 
of senior secondary school of repute having an average teaching 
experience of about 12 years.

Jadhao (2002) highlighted some of the common misconceptions 
prevailing amongst students as well as teachers concerning some 
basic concepts of light in the paper, ‘Teaching of light up to 
secondary level’. Some relevant contents for teachers were provided 
to tackle this. Agarwal (2012) reported that lack of adequate 
thinking and visualisation leads to misconceptions or alternative 
conceptions not only in the minds of the students but also in the 
minds of the teachers. Some important aspects of motion in two 
and three dimensions vis–a–vis one dimension have been discussed 
to improve thinking and visualisation. Sharma and Singhai (2000) 
found a cognitive conflict in the minds of children in 12–14 years 
age group in physics. It was also found that the practicing teachers 
have very little knowledge or right kind of knowledge to solve such 
cognitive conflict in the mind of their student. The study adopted 
questionnaires and interview technique for collecting data among 
students in the age group of 12–14 years, practising teachers, 
prospective teachers, teacher educators and college teachers.
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The review reveals that students and teachers have 
misconceptions related to many concepts of science. It also 
identified the poor teaching, rote learning and faulty evaluation 
practices followed as the main reason for misconception in 
students. Suggestions for improving misconceptions held in 
various concepts of science are also suggested, such as improving 
teaching-learning process, adopting flexible student-friendly 
evaluation procedure. These researches have varying implications 
on improving teaching practices, textbooks, evaluation procedure 
and teacher development programmes.

Science Teaching and Learning
Teaching and learning are complex processes and context dependent 
(Teaching of Science position paper, NCF 2005). Any science 
curriculum becomes meaningful and fruitful only when students 
are able to apply at least some of the science concepts in their 
daily life, otherwise their knowledge of science remains bookish, 
sterile and irrelevant in their lives. The transaction methods and 
strategies employed, contextualisation and innovative learning 
aids used for inculcating scientific temper, attitude and learning 
science concepts are examined in this section.

Scientific Temper
An important area of research on science teaching is inculcation 
of scientific temper and scientific attitude. Scientific temper is 
an attitude to different questions that arise in normal life of a 
human being (Panchapakesan, 2006). Lakshminarayan and 
Sreekala (2001) examined the correlation between science ability 
and science understanding in students. They found that science 
application ability was related to science process skill. Persons 
having advanced process skills showed higher ability to apply 
science in day to day life. The study was conducted in Koyilandy 
taluk of Calicut district in Kerala in which a total of 180 students 
of Class VII were randomly selected from six schools, using cluster 
random sampling method. Another study (Pant and Maitra, 2002) 
observed that talented students in science possessed positive 
attitude towards science. The study included 205 students of 
Classes IX and XI of two reputed public school in Delhi. Kartikeyan 
and Mohideen (2005) also reported that a positive correlation 
exist between the availability and utilisation of physics laboratory 
facilities and students attitude towards physics practical which 
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leads to attainment of scientific attitude. Ahamad, Raheem and 
Hasan (2003) in a study of ‘Attitude of Secondary Students towards 
Science in relation to sex, socio-economic status and intelligence’ 
did not find any difference in attitude towards science between 
male and female students. The students belonging to high socio-
economic status showed more positive attitude towards science than 
their middle and low counterparts, and the students possessing 
high and middle levels of intelligence showed significantly greater 
attitude towards science. Moreover, the students of middle level 
intelligence showed relatively better attitude towards science than 
their low counerparts. Ahmad (2008) examined the role of a teacher 
in inculcating scientific temper amongst students. It was found 
that the responsibility of developing scientific temper among the 
students lies on teachers who can provide a variety of situations 
to instil in students the characteristic features of scientific attitude 
and at the same time present themselves as an example to the 
students. Pachaury (2006), in a study conducted on intellectual 
and procedural honesty on student-teachers in the practicals 
conducted by them, found a very low index of intellectual and 
procedural honesty. The study was conducted on 30 graduate and 
post graduate science student teachers studying in a B.Ed. college 
in Bhopal.

Sengupta and Chakraborty (2005) reported that a significant 
number of students at the upper primary and secondary grades, 
and even the trainees in different teacher education institutions, 
who aspire to be science teachers in near future, fail to show the 
evidence of scientific reasoning. The study was conducted on a 
sample of 794 students from Classes VII to X from different schools 
and 150 pre-service trainee science teachers from different teacher 
education institutes in Kolkata suburbs. Lakshminarayan and 
Lalitha (2002) examined the correlation between the attitude of 
students toward laboratory work and their performance in theory 
and practical. It was found that the attitude of students towards 
laboratory work does not influence their performance in theory and 
practical. It also concluded that the achievement of students in 
theory is independent of their attitudes towards laboratory work. 
Male and female students do not differ in their attitude towards 
laboratory work and there was no difference in their achievement 
in both theory and practical. The sample consisted of 120 students 
from CBSE, State government and private management schools 
of 10+2 students. Kumar (2013), in a review of empirical studies, 
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reported a positive relationship between science classroom variables 
and student attitude towards science, however the results were not 
conclusive.

The results of the studies, discussed above, shows that the 
ability to apply scientific applications is closely related to the 
science process skill. However, no conclusive relationship can be 
drawn between scientific temper and scientific attitude and more 
studies are required in this area.

Teaching Strategies
A number of teaching strategies for transacting curriculum have 
been studied. These include concept mapping method, inquiry 
method, problem solving approach, open-ended approach, project 
based method, etc. The studies clearly show the positive effects of 
alternative teaching methods in learning of science.

Dwivedi (2014) examined the effectiveness of inquiry training 
model in teaching science at secondary level. Four chapters of 
physics of Class IX were taught to 50 students through inquiry 
training model method and 50 students through conventional 
method. It was found that gain and retention of students 
receiving instruction through inquiry training model method was 
relatively higher than that students receiving instruction through 
conventional method. Kharatmal (2009) reported a significant 
increase in student understanding in the depiction of concepts 
and propositions using the concept mapping method as compared 
to the descriptive method. Positive impact of concept mapping 
strategy for improving the achievement of students of Class XII 
in organic chemistry has been reported (Sharma (2014). Sharma’s 
study was conducted on 80 science students of Central Hindu 
Boys School, Varanasi, where pre-test, post-test non equivalent 
group design was used. Shailja (2009) also found concept mapping 
as an effective strategy to enhance student learning.

Basu and Thangasamy (2005) examined the effectiveness of 
small-group discussion with framing questions on comprehension 
of concepts in Physics at higher secondary level. The study was 
conducted on 60 students of Class XI. The results showed that 
the experimental groups taught with small group discussion with 
framing questions method showed improvement in comprehension 
of concepts in physics compared to their counterparts taught 
by small group discussion and traditional teaching methods. 
Kalia (2005) reported effectiveness of mastery learning strategy 
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over inquiry model on the achievement of students in science at  
Class VII level. In another study (Smitha and Rao, 2009) it was found 
that teaching through discovery learning facilitated inculcation of 
critical thinking among secondary school students as compared to 
traditional method. Sridevi’s (2013) study showed that constructivist 
teaching is more effective than conventional teaching in terms of 
perception of nature of science among Class VIII students. Kishore 
and Tamhane (2013) reported children learned the effects of force 
better when hands-on activities related to daily life situations were 
given in comparison to the activities given in textbooks. Sharma 
(2002) found that students developed an appreciable mastery in 
practical skills of following instructions for doing practical work, 
reporting and drawing conclusions when proper instructions were 
given to students. The study was conducted on a sample of 33 
students (20 boys and 13 girls) of Class X.

The effect of some innovative methods on science teaching 
has been examined. These included mobile science laboratory in 
schools (Avatar, 2000), constructivist method (Bala and Tandon, 
2009), and non-directive teaching (Chanda and Mitra, 2000) for 
school students. Jain (2002) reported strategies for problem solving 
and creative thinking in science education. Jogi (2011) found that 
involving underprivileged students in participatory video activity 
fostered learning in science. Mody (2011) reported constructivist 
method for teaching physics concepts using problems where 
multiple intelligence can be developed among students and a 
dynamic assessment can be done while they learn. Mody and 
Pradhan (2011, 2014) have suggested a series of innovative ways 
on problem based learning in basic physics. Aggarwal (2003) 
suggested that open ended learning in chemistry was a learner 
friendly mode. Gupta (2010) reported that science is learnt best 
when it goes beyond the four walls of the classroom and addresses 
the concerns and problems of the larger community because then 
the science becomes alive and vibrant. Teacher should act as a 
teaching aid herself as well as she has to  provide good environment 
and freedom of thought so that the children can pose novel ideas 
for learning science without using the boredom of books.  Mehra 
and Mondal (2005) reported better learning outcomes in terms 
of achievement in science using peer tutoring than traditional 
instructional teaching.

Mohanty and Panda (2009) analysed learners’ engagement in 
secondary school bioscience activity on a sample of 143 students 
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of secondary school in Odisha. They reported that 73 per cent 
of the sampled students developed interest to know more about 
bioscience. They liked to complete home task, write essays, articles, 
small poems, stories and preparing reports in the process of 
learning bioscience. They also reported that students’ participation 
in seminar, debate, group discussion, etc., was unsatisfactory and 
attributed it to the lack of opportunities. Pareek, Vidyapati and Arya 
(2012) studied the impact of micro scale laboratory kits on students’ 
achievement in chemistry practical and found that working with 
micro-scale chemistry kit for one academic year helped students 
to improve their chemistry practical skills but did not help in 
improving their cognitive skills. Gangoli and Gurumurthy (2013) 
examined the effectiveness of open-ended approach for conducting 
physics experiment. They found that guided open-ended approach 
is better than the traditional laboratory approach in the promotion 
of cognitive abilities like knowledge and understanding whereas it 
does not have marked difference in developing creativity.

Innovative Methods
Researchers have developed innovative methods of teaching 
different science concepts. Included among them are— analysis of 
environment pollutants such as sulphur dioxide, nitrogen oxides 
(Sindhu and Sharma, 2002),  evaluation of Planck’s constant using 
torch bulb and light emitting diode (Dash and Mahapatra, 2007), 
verification of Boyle’s Law (Bapat and Rao, 2002), inexpensive atomic 
and molecular models (Gupta,  2000b), learning science concepts 
with discarded materials such as soda straw, plastic bottles and 
polythene bags (Kishore, 2003, 2006), integrating critical thinking 
skills in classroom (Shaffi and Ravichandran, 2002), mole concept 
(Mehrotra and Koul, 2012), measuring focal length of a lens using 
low power laser (Ratna, 2001), etc.  Story telling as a constructivist 
tool in science teaching was examined by Tandon (2011) and found 
improvement in the performance of learners. Maitra (2009) applied 
the projective motion of cricket ball to explain science concept 
in the game of cricket. A number of innovative problem solving 
activities for senior secondary biology students were examined 
(Shaffi, 2000). Lambhate and Choudhari (2013) developed an 
innovative way of teaching science using Bullock-cart. Parkash 
(2000) reported innovative way of assessing toxicity of nitrates 
and nitrites. Praveen (2012) reported effectiveness of tree-chart for 
teaching botany at higher secondary level. Seetharamappa (2012) 
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reported innovative way of learning periodic table through games. 
Gupta (2000a) reported simple procedure for demonstration 
of the pressure effect in NO2–NO2 equilibrium state. Likewise, 
Shukla, (2000) reported an innovative method of linking electrode 
potential for predicting the products of the reaction in chemistry. 
Mali (2001) reported the detailed analysis of the buoyant force 
and its connection to fluid pressure. Sengupta (2001) discussed 
innovative methods of concept learning in science and reported 
that the meaning of a scientific concept is scientifically valid only 
if what scientists intended by it becomes actual, i.e., problems are 
solved and intentions are fulfilled as enquiry continues.

Teaching-learning is a complex process, however some 
effective teaching strategies are reported in this review such as 
concept mapping approach, open-ended approach, problem 
solving approach, conducting hands on activities related to daily 
life, etc. A number of innovative methods for teaching specific 
concepts are also reported; however, this requires further testing 
before implementing at the mass level. These innovative strategies 
or methods are pointers which can be adopted for bringing 
improvement in teaching-learning process.

Creativity
Creativity research in the early years focussed on conceptualisation, 
identification and assessment of creative talents. However, as 
Grewal (2000) reported, the research conducted during the past 
four decades has shown that creativity can be fostered and has 
advocated for adopting curricular approaches for training of 
creativity. Gupta (2000) opined that the concept of creativity is a 
multifaceted phenomenon and offered some suggestions on how 
creativity can be nurtured through chemistry curriculum.

Visual representation or visualisation is main focus in a 
number of studies for inculcating innovation and creativity. The 
articles, by Ramadas (2013) on ‘Visual Representation of Water 
Cycle in Science Textbooks’, Kala and Ramadas (2009) on ‘Visual 
and Spatial Modes in Science Learning’ and Mathai and Ramadas 
(2009) on ‘Visuals and Visualisation of Human Body Systems’, 
all reported the role of visualisation in creativity, in building 
mental models and in the communication of scientific ideas. Prior 
knowledge strongly influences the visualisation and comprehension 
of texts and diagrams including the ability to move flexibly 
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between texts and diagrams. These visuals and texts also need to 
be appropriately integrated within the textbook. Aggarwal (2000) 
found that creativity is a developmental process which flourishes 
best in a free and relaxed atmosphere in a truly democratic set up. It 
also suggested that divergent thinking, which results in creativity, 
can be promoted through open education. Dogra (2010) observed 
that a creative teacher can identify the talent in a child or they 
can make the boring topic more interesting by performing some 
simple classroom or school activities which encourages thinking, 
understanding, exploration, problem solving, collaboration, 
problem solving, collaboration, analysis and prediction for 
learning of different subjects. The studies thus show that 
creativity can be nurtured in children by providing stimulating 
environment to think and explore, and by encouraging divergent 
thinking and visualisation. This, of course, has implications for 
developing teaching-learning materials and adopting suitable 
teaching strategies.

Gender Concerns in Science
Gender issues have emerged as one of the most important topic 
in the perspective of science education in the Indian context.
Throughout the history, women had limited access to education and 
technology. The participation of women in science and technology 
even today is relatively on the lower side. Any technology is the 
product of social relations and forces and choices are shaped by 
the social arrangements. As discussed by Sugra Chunawala in the 
chapter, ‘Education and Technology Education within the Gender 
Perspective’ (2004) in the book ‘Books for Change’, the education 
system plays an important role in the formation of gender identity. 
Today, science and technology are viewed as masculine disciplines. 
However, the major concern is less interest shown by women and 
girls toward science as compared to men. It is established that 
cognitive ability is not the reason for difference between the interest 
of boys and girls in science. Kishore (2004) observed that popular 
media projection of scientists as eccentric seems to be keeping girls 
away from physics courses. He further mentioned that if lesser 
number of girls are attracted to science courses, then it is the 
matter of attitude and the queer image of science teaching as being 
remote, difficult and masculine.

Raveendran and Chunawala (2015), employing a feminist 
critique approach, examined how values get communicated in 
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biology curriculum. They reported that while the reproductive 
approaches focus more on the pedagogy of science and attempt 
to incorporate learning styles and examples that are closer to the 
lived experiences of girls and ethnic minorities, they essentially 
reproduce the knowledge structure without questioning it. 
Resistant approaches, on the other hand, go a step further to 
question the fact-value dichotomy that is rigidly maintained in the 
science curriculum and seeks to relocate science in a socio-political 
context. The authors (Raveendran and Chunawala, 2015) suggest 
that textbook writers and teachers need to reflect and make explicit 
the value-frameworks that underpin the ‘facts’ communicated to 
the students.

The results of the studies examining gender differences in 
science are not conclusive. For example, in a longitudinal study, 
Gafoor (2013) found that interest in physics has declined more 
among girls than boys. Even in general, the decline of interest of 
girls is more in physics than interest in science, while decline of 
interest of boys is less in physics than interest in science. Vidyapati 
and Prakasa Rao (2003) reported a significant gender difference 
in favour of girls in science achievement. However, no significant 
gender difference in scientific attitude and scientific creative 
abilities was observed. In another study, Sharma (2002) examined 
science practical skills of students at secondary level. The practical 
task was drawn from secondary curriculum and was administered 
to 33 students (20 boys and 13 girls) of Class X to assess their 
performance in the skills of following instruction, reporting and 
drawing conclusion. The results reported an appreciable difference 
between the performance of boys and girls. Agarwal and Gupta 
(2010) on a study conducted to assess the problem solving ability 
in physics among intermediate level students in relation to their 
sex, locality and types of school. The findings indicate that sex 
and type of school both influenced physics problem-solving ability 
of the students. Students of privately managed schools and girl 
students have better physics problem solving ability than their 
respective counterparts.

More discerning efforts are, obviously, needed to remove gender 
bias from textbooks and classroom practices. Gender sensitisation 
of teachers both at the pre-service stage and during in-service 
training is necessary to promote gender-fair science education. The 
curriculum should also strive to make the contribution of women 
to the field of science and technology ‘visible’. Teachers should 
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be sensitised to promote equitable classroom practices to ensure 
‘science experiences’ of comparable quality to girls.

Achievement in Science
Over the years, a lot of emphasis is given to monitor and increase the 
achievement of students. However, the achievements of students 
continue to be a major area of concerns for government, researchers 
and educationist. The reports of the National Achievement Survey 
(NAS-2017) for elementary students and the National Achievement 
Survey (NAS-2018, Cycle 2) for Class X students present a grim 
reality regarding the achievement of students in the country. 
As per the reports, the national average score in science for  
Class VIII students is 44 per cent and for Class X students is 34 
per cent only. Assessment and evaluation form an inseparable 
part of the teaching-learning process. However, the examination 
system in place today in the country continues to dominate the  
teaching-learning process. This problem is also compounded by 
the faulty evaluation practices followed, nature of the questions 
asked or the predictable and stereotype of questions asked in the 
examination. Ediger (2002) reported teacher developed tests can be 
more valid and reliable than standardised test and further argued 
that there is probably no better way to write valid test items than the 
classroom teacher doing the writing who knows and understands 
what has been taught in the classroom.

It has been observed that the achievement of students in life 
science subject differ significantly due to teaching by high and 
low competent teachers and also due to high and low teaching 
effectiveness of teachers (Banerjee, Das, and Mohanty, 2014). 
Further, a positive relationship between the teacher competence 
and teaching effectiveness were reported. The study was conducted 
amongst 564 students and 35 teachers in 21 schools of Birbhum 
and Burdwan districts of West Bengal. No significant difference 
was found due to CBSE and UP Board in the development of higher 
abilities of science students (Rizvi, 2014). A comparative study was 
made between the science students of Class XI from the CBSE 
board (who faced the CEE pattern in Class X) and the science 
student of the same class from UP board (who did not face the CCE 
pattern in Class X) in 2010–2011 in Bulandshahr district of UP. 
Chauhan (2001) reported methods for identifying under achievers 
in science and strategies for helping the under achievers to learn 
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science.  Ediger, M (2013b) report Instructional Management 
System (IMS) as an innovative way to appraise student progress. 
Koul (2008) highlighted a number of evaluation issues in science. 
Kumar and Kumar (2011) reported a significant relationship 
between psychological stress and achievement of male and female 
students. The study was conducted amongst 631 (419 males and 
212 females) senior secondary science students randomly selected 
from different types of institutions of Meerut district. Mohanty 
(2010) reported effectiveness of programmed instruction on 
achievement of secondary school children in life science.

Kumar and Kumar (2013) conducted a study to assess the 
psychological stress and its relationship with achievement of science 
students of Kendriya Vidyalayas and Navodaya Vidyalayas and 
found examination and achievement as the major factor causing 
stress. Agarwal (2003) identified subjectivity in marking as a major 
criticism in written examination and suggested a detail marking 
scheme to reduce subjectivity in marking. Gupta (2001) revealed 
variations in different sets of question papers of the same board 
in terms of objectives, difficulty level and content coverage leading 
to wide gaps in achievement level of learners for no fault of theirs. 
Khatoon and Sharma (2010) explored the relationship between 
students’ personal factors (gender, religion, family background, 
extracurricular activities, computer and internet access) and 
institutional factors (school having computers and co-educational 
schools) with their science achievement. The study conducted on 15 
year old students from a specific geographical location of western 
Uttar Pradesh revealed that variables such as family background, 
extra-curricular activities, computer and internet access, schools 
having computers and co-educational schools were found to be 
positively correlated with science achievement, but variables like 
gender, religion and single-sex schools have no correlation with 
science achievement. A study by Sharma (2008) indicated that 
there is a significant difference and a wide gap between the learning 
outcomes as expected from the curriculum and their real learning 
at all levels of school education.

The review revealed the low achievement of students and a 
grim situation regarding the assessment and evaluation system in 
practice. Some assessment practices reported show promise, yet 
no definite conclusions can be drawn. More researches in this area 
will definitely guide us to go in the right direction.
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Environmental Concerns
Environmental concern is an important area in school education. 
Some studies are reported in this area. Jackson, (2001) argued  
that the introduction of environmental problems into existing 
Indian school curricula has caused incoherence as discussed 
in his article ‘Effective Environmental Education needs ‘New’ 
Science’, and stated that even the basic assumptions underlying 
the current science paradigm are contradicted by the solutions to 
environmental problems that appear to be required. Attempts are 
made in the textbooks themselves to remove these contradictions, 
but they are largely unsuccessful and only add confusion to the 
initial incoherence. Here, author sketches an alternative, ‘New’ or 
‘Ecological’, science paradigm and suggests how it might be taught. 
As discussed in the article, ‘Conservation of Global Biodiversity 
for Sustainable Agriculture’ by Kulshreshtha (2000), biodiversity 
is the variety of the organisms existing on globe, including their 
genetic variability and the assemblages they form. Conservation 
of biodiversity is recognised as a fundamental component of 
sustainable development and its objective is to support sustainable 
development by protecting and using biological resources in such a 
way that do not destroy the world’s variety of genes and species or 
vanish the important habitats and ecosystems.

Dash, Mishra and Satapathy (2010) examined the knowledge 
and understanding of education for sustainable development of 
pre-service and in-service school teachers of Odisha and reported 
that both pre-service and in-service teachers had moderate level 
of knowledge of sustainable development. However, in general, 
it was found that teachers were more deficient in conceptual 
knowledge of sustainable development (issues like indicators of 
economic development, carrying capacity, global climate change, 
biodegradation, etc.). They also reported that there was increase 
in their understanding of sustainable development issues with 
increase in teaching experience. The implications for revision of 
teacher preparation curriculum and organisation of community 
linked in-service teacher training programme to empower teachers 
to understand and transact sustainable development concepts 
have been discussed.

Experiential learning strategy yield better mean gain on 
environmental awareness scores as compared to the traditional 
method among primary school students (Mehra and Kaur, 2010) 
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and students with internal locus of control yield better mean gain 
on environmental awareness score than the students with external 
locus of control. Yadav and Bharati (2007) in a study conducted 
on environmental awareness among higher secondary students of 
Varanasi district in U.P reported that environmental awareness 
had positive relationship with scientific attitude among students 
and science students were found more aware about environment 
as compare to arts students. Vellaisamy (2010) reported that no 
significant positive relationship exists between achievement in 
environmental education and environmental awareness ability in a 
study conducted among Class IX students of four different schools 
in Vedaranyam block. It was also found that students were not 
having enough awareness and skills for identifying and solving 
environmental problem.

Nayak (2011) studied the level of awareness, knowledge and 
attitude of student towards climate change in B.Ed colleges of 
Mumbai and Navi-Mumbai. It was revealed that though student 
teachers of different stream, i.e., Science, Arts and Commerce 
were aware of the problem of climate change but they lacked 
sufficient knowledge of climate change with regards to its causes 
and consequences. Barathi, Paul and Devi (2004), in a study on 
environmental awareness among 296 higher secondary students 
in Tiruchirapalli district, found that though students have 
adequate environmental awareness, science students have more 
environmental awareness than arts and vocational students.

The Way Forward
A number of researches have been conducted mainly related to 
teaching of science, science curriculum, content selection in 
science and science teaching-learning materials. However, there 
are also a number of less explored areas that need attention such 
as epistemology of science, history and philosophy of science, and 
ethical and cultural issues concerned with science. Vaidya and 
Chunawala, in the fifth and sixth surveys, respectively, have also 
emphasised on studying history and philosophy of science and 
conducting policy studies in science education. The understanding 
of history and philosophy of science, epistemology of science, 
and ethical and cultural issues generated by science will give us 
an insight in designing science curriculum, teaching-learning 
materials and the intended pedagogical practices to be followed in 
teaching science. Thus, it is important that science curriculum, 
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teaching-learning materials including textbooks are developed 
keeping these perspectives in mind for improving science education. 
Science is a systematic and organised body of knowledge and, to 
teach science in its true spirit, perhaps more studies are needed in 
the area of scientific attitude, cognition, critical thinking, creativity 
and misconceptions.
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In a vast multilingual country like India, primary education is 
offered in various languages as Mediums of Instruction (MoI) to 
support the state languages and foster social justice in education. 
An important milestone of primary education is to help learners 
develop comprehension skills in MoI to process information and lay a 
strong foundation for education. Comprehension involves ‘inference 
generation skill’ that helps learners formulate multiple possible 
answers. Teaching and assessment in India have a product-based 
content testing approach and teachers are not trained to deal with 
individual differences in responses in a constructive manner. In this 
paper, learners are assessed in oral and print mode to understand 
what gives rise to individual differences in comprehension through 
Hindi as MoI. A group of 30 bi or multilingual learners, 7 to 12 
years old, attending Class IV in state run primary schools in 
Bihar (India) participated in the study. A quantitative analysis of 
learner performance shows that inference generation is affected by 
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modality (oral or print), gender and the complexity of inferences. 
A qualitative analysis of individual variations shows that of the total 
number of inappropriate responses to comprehension questions, 
many refer to experiential or world-knowledge inferences but fail 
to link them to the specific story-based information. This indicates 
difficulties with inference generation and the ability to select only 
the relevant parts of the response. The findings have implications 
for pedagogical methods of promoting inference generation skills 
using world knowledge in combination with text-based information 
to offer meaningful feedback. 

सार
भारत जैसे विशाल बहुभाषी दशे में स्ानीय भाषाओ ं को महति दनेे हते ु प्ा्वमक वशक्ा 
स्ानीय राजय की भाषाओ ंमें प्दान की जाती ह,ै तावक वशक्ा में सामावजक नयाय को बढािा 
वदया जा सके। प्ा्वमक वश क्ा का एक महतिपरू्ण आयाम सचूनाओ ंको संसावि त करने और 
वश क्ा के वलए मजबतू नींि रखने हते ुवशक्ाव््णयों की वश क्र के माधयम में ‘समझ कौशलों’ 
को विकवसत करने में मदद करना ह।ै  इस समझ में ‘अनमुान जनन कौशल’ शावमल ह ैजो 
वशक्ाव््णयों को कई संभावित उत्तर प्वतपावदत करने में मदद करता ह।ै भारत में वशक्र और 
मलूयांकन उतपाद-आिाररत सामग्ी परीक्र उपागम पर वनभ्णर ह ैऔर वशक्कों को रचनातमक 
तरीके से प्वतवरियाओ ंमें वयव्तगत वभ ननताओ ंसे वनपटने के वलए प्वशवक्त नहीं वकया जाता 
ह।ै इस शोि पत्र में, वशक्ाव््णयों का मौवखक और वपं्ट माधयम से परीक्र वकया गया वजससे 
यह ज्ात हो वक मातभृाषा वहदंी  द्ारा समझ विकवसत करने के कारकों का ज्ान हो सके।  वबहार 
राजय में संचावलत प्ा्वमक विद्ालय के कक्ा IV में पढने िाले 7 से 12 िष्ण की आय ुके 30 
बहुभाषी वशक्ाव््णयों के एक समहू ने इस अधययन में भाग वलया। वशक्ा्थी के वनषपादन का 
मात्रातमक विशलेषर दशा्णता ह ैवक सािन (मौवखक या वपं्ट), वलंग और अनमुानों की जवटलता 
से अनमुान जनन प्भावित होता ह।ै वयव्तगत विवभ ननताओ ंके गरुातमक विशलेषर से पता 
चलता ह ैवक समझ से संबंवि त प्शनों के प्वत अनवुचत प्वतवरियाओ ंकी कुल संखयाओ ंमें से 
कई अनभुिातमक या विशि-ज्ान के संदभभों का उललेख करते हैं लेवकन उनहें विवशषट कहानी-
आिाररत जानकारी से जोड़ने में विफल रहते हैं। यह अनमुान जनन और उत्तरों के केिल 
प्ासवंगक भागों का चयन करने की योगयता के सा् जडु़ी कविनाइयों को बताता ह।ै अधययन 
के पररराम अ ््णपरू्ण प्वतपवुषट प्सततु करने के वलए पाि-आिाररत जानकारी के सा् विशि 
ज्ान का उपयोग करके अनमुान जनन कौशलों को बढािा दनेे के हते ुशकै्वरक विवि यों का 
उपयोग करने पर बल दतेा ह।ै

Keywords: Narrative comprehension, Medium of Instruction (MoI), 
inference generation, propositional inference, pragmatic inference, 
world knowledge.
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Introduction
In a vast multilingual country like India, primary education 
is offered in different languages as Mediums of Instruction 
(MoI) to support the state languages and foster social justice in 
education (Mohanty 2018; Enever 2018). However, a country 
that has a vast linguistic diversity with 462 spoken languages, 
MoI is available only in 31 languages, and has been reduced  
from 67 languages in the 1970s, as reported in a study by 
Meganathan (2011). 

A large number of Indian schools, run by central or state 
governments, at the primary level offer at least two or three 
languages. But learning needs to happen mostly through the 
medium of instruction. Many learners from low SES families fail to 
reach grade appropriate comprehension skills in MoI because there 
is less or no overlap between home and school language, which 
creates a linguistic barrier and leads to poor learning outcomes. This 
has been widely documented in the recent years by ASER survey 
reports (Pratham, 2014, 2017) and research in Indian classrooms 
(Meganathan, 2011).  Another critical learning problem came out 
in recent research in Indian classrooms is that independent study 
skills are underdeveloped because the classes are teacher-centric 
with a lot of read aloud and repetition exercises and assessment 
being based on rote learning of prescribed answers to questions 
that test content knowledge (Alcott and Rose, 2017; Banerji, 
2017; Lightfoot et al., submitted). Furthermore, since children 
and teachers are multilingual, language mixing in classrooms is 
an often pedagogical strategy, though much of the multilingual 
practices are not planned to support learning the target language; 
they largely stay at the level of literal translation (Clarke, 2001, 
2003; Wei, 2017; Brinkmann, 2018; Mathew et al., submitted). So 
both home environment and classroom practices are not conducive 
to the development of knowledge of MoI in children from low SES 
families (Jhingran, 2009; Mohanty, 2018). 

Challenges in Developing Comprehension Skills in Primary 
Schools in India
Primary schools running by state governments in India frequently 
face the challenge to develop comprehension skills in the medium 
of instruction (MoI). Language textbooks contain a higher number 
of narratives and a few expository texts that serve as inputs 
based on which decoding and comprehension skills in the MoI are 
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expected to develop. Comprehension is an important school skill 
as it helps learners process information and understand concepts 
across subjects and lay a strong foundation of education. However, 
to develop comprehension skills it becomes incumbent on one’s 
vocabulary, phonological awareness and morpho-syntactic 
knowledge in the Medium of Instruction (MoI) as well as word 
decoding skills. A majority of the urban poor and rural Indian 
children who come from low SES families live in multilingual 
environments, but their parents are not able to support them 
with literacy practices at home. Quite naturally their academic 
proficiency in MoI is low and development of higher order study 
skills such as decoding and comprehension, either oral or print, is 
negatively affected (Jhingran, 2005).

In addition to low proficiency in MoI, another factor that 
hinders development is instructional and assessment practices. 
Indian teachers in low cost government schools are found to 
heavily depend on textbooks and focus more on memorisation of 
factual information, read aloud sessions and translation of content 
instead of developing independent comprehension and critical 
reading skills (Clarke, 2003; Banerji, 2017; Mukhopadhyay et 
al., 2020). Indian school education policy documents bring out 
the lack of transacting knowledge through comprehension in 
class. A compelling document identifying that ‘the load of non-
comprehension’ in school going Indian children ‘is a pernicious 
burden’ causing poor quality of education was brought out in the 
1993 government of India report, Learning Without Burden (also 
known as Yashpal Committee Report). Similar arguments echo in 
the Position Paper of the National Focus Group on Indian Languages 
and Position Paper on the National Focus Group on English (NCERT, 
2006), and the National Curriculum Framework (2005). Poor word 
decoding and reading comprehension outcomes have also been 
reported by ASER studies conducted with 6,00,000 children across 
India. The ASER reading test has shown that more than half of 
all children in Class V could not read a Class II level text fluently 
(Pratham, 2017). This results in poor learning outcomes and school 
dropouts, affecting girls more than boys (Unesco’s Education Report, 
2015). In practice this problem continues to impact students in 
low cost government schools. This paper makes an attempt to 
study critical issues in the development of comprehension ability 
of learners in schools that have Hindi as the medium of instruction 
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in the state of Bihar. The study would look at comprehension 
difficulties of young Indian learners who are from low SES families 
and lack literacy exposure and parental support at home.

Assessing Comprehension
Successful comprehension, either in the oral or print mode, 
involves a higher-level skill — inference generation — which allows 
learners to develop a deeper understanding of the text. It helps 
in expanding and paraphrasing messages in more than one way, 
learning to understand new content, and make connections 
between old and new information. As teaching and assessment in 
India are largely approached as product based learning (Clarke, 
2003; Chand, 2011; Smith et al., 2005), teachers are not always 
trained to assess learners’ comprehension skills in a constructive 
manner. So they fail to draw estimates of individual differences in 
comprehension levels. Thus, when learner responses do not match 
the teacher key, they are often considered erroneous and therefore 
discarded (Brinkmann, 2018; Milian Winch, 2019). It is essential 
for teachers to appreciate that being able to infer is proof of growth 
in the learner’s cognitive-linguistic skills because they can now 
‘access’ and ‘generate’ ideas to fill-in information that is implicit 
or unsaid in a text (Kendeou, 2015; Cain et al., 2001). It also 
enhances a child’s social cognition, as inferences can be guided 
by their experiential knowledge helping her assign mental states 
to herself and others (Astington and Jenkin, 1995). So, inference 
generation skills are likely to give rise to individual differences 
in comprehension skills and most importantly teachers need to 
recognise and handle such differences effectively.

Assessing individual differences in comprehension skills and 
improving pedagogical practices to develop such skills has been 
a neglected area of research in the Indian context. This paper 
attempts to explore this gap by assessing comprehension skills 
and analysing variations in responses to understand how to give 
feedback to develop inference generation skills. So, in this paper 
individual differences in comprehension will be examined in 
primary level low SES Indian children for the first time. Through 
an in-depth analysis of learner attempts to derive inferences within 
a range of variation from the constructed key of the narrative tool, 
the paper in a novel approach aims to also raise teacher awareness 
of how variation in individual responses can provide material for 
constructive, meaningful feedback.
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The MultiLiLa Project
Recent research in India led by the University of Cambridge in 
collaboration with Indian universities has revealed that children 
from low SES and challenging contexts have better learning 
outcomes when the MoI overlaps with at least one of their home 
languages (Tsimpli et al., 2020). This research is carried out within 
the Multilingualism and Multiliteracy (MultiLiLa) project (Tsimpli et 
al, 2019) which aims to increase awareness and knowledge about 
the link between learning levels of literacy and numeracy, cognitive 
abilities and the languages of instruction that multilingual children 
in India are exposed to. The project is a four-year longitudinal study, 
beginning in 2016, and operates across three research sites— 
Delhi, Hyderabad (Telangana) and Patna (Bihar). In addition to 
administering a series of language, numeracy and cognitive tasks 
to the children, the project also involves observations of lessons 
in the schools these children attend. Broadly, these observations 
seek to explore within 30 minutes of lessons— (i) what languages 
are being used by the teacher and the learners, (ii) at what stages 
during the lesson and (iii) accompanying what types of activities.

Evidence from the MultiLiLa project from language 
comprehension, oral and written, of a large cohort of 498 learners 
in Class IV enrolled in Hindi MoI schools in Patna and in Delhi has 
revealed interesting discrepancies between the two modalities. The 
children were tested on reading comprehension using the ASER 
literacy tool, which was supplemented with two novel comprehension 
questions about a story corresponding to the highest level of reading 
skill. The results from the reading assessment show that learners 
show good letter and word decoding skills (85 per cent accuracy) 
but drop in sentence and text reading (72 per cent) while score 
lowest in story comprehension (67 per cent) (Balasubramanian et 
al., 2020). In the same study, the same cohort of children was 
tested in oral comprehension skills using picture-retelling tasks 
taken from the MAIN manual (Gagarina et al., 2012). In contrast 
to reading comprehension scores, oral narratives showed better 
comprehension skills.

The present study focuses on a small set of 30 children from 
the larger cohort of children studying in Patna schools with the 
aim to compare narrative oral comprehension with reading 
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comprehension responses more closely. The study focuses on 
inference generation, a higher order comprehension skill, and 
how children use a combination of text-based situation model and 
world knowledge to draw inferences (Perfetti and Stafura, 2015).

Inference Generation
During reading, the reader constructs meaning at various levels, 
which might be accurate or near accurate with respect to the text’s 
content (Chikalanga, 1992; Cain et al., 2001). Text understanding 
is reflected through a variety of inferences according to the learner 
abilities to make connections between ideas presented in a text (text-
based inferences) or to retrieve and connect background knowledge 
(from long term memory) during the meaning making process 
(world knowledge based inferences). Thus, inference generation 
involves three cognitive processes— (a) access background or world 
knowledge, (b) integrate it with text information to (c) generate links 
that are not explicitly stated in the text (Kendeou, 2015; Cain et al., 
2001; Perfetti and Stafura, 2015).

Inference generation can be further subdivided to help language 
teachers design questions for assessing this skill by taking into 
account different comprehension needs and levels of learners. To 
substantiate this need of designing inference generation questions 
at different levels of complexity, Chikalanga proposes inference 
generation taxonomy with two categories (p. 698):
• Propositional inferences (ProIs) also called text-based inferences 

are considered ‘true-inferences’ because these are generated 
from the content of the text. ProIs are ‘convergent’ in nature 
since only one acceptable answer is available based on the 
linguistic input provided in the text; thus within a contextual 
setting or story structure, disagreements on ProIs are less likely.

• Pragmatic inferences (PraIs) or world knowledge based 
inferences, on the other hand, are considered ‘not always true’ 
because they depend upon prior knowledge or world experience 
which are arbitrary; PraIs are ‘invited inferences’ as these 
inferences are beyond the linguistic input given in the text, and 
‘divergent’ in nature since there is always a possibility of more 
than one answer or variation in the inferences because of prior 
knowledge, individual differences, and shared communicative 
context.
Since PraIs rely upon the understanding of both the text and 

the context of the text, they involve a higher level of cognitive 
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processing. This is also one of the reasons that PraIs are more 
difficult than inferences that are ProIs. Therefore, although PraIs 
are considered ‘not always true’, they can assess learners’ higher 
level of meaning making abilities while comprehending a text. 
But such inferences can also give rise to individual differences in 
inference generation abilities.

Assessing Inference Generation Abilities
The human mind has information about people, actions, events, 
objects, nature and abstract concepts. This information is based 
on a person’s family, social and academic experience and referred 
to as one’s world knowledge structure. This knowledge contributes 
to one’s inference generation abilities. While comprehending a 
text on a familiar topic, a reader derives world knowledge based 
inferences as they relies on various information sources like prior 
knowledge or real-world experience.

Similarly, the reader forms a situation model, i.e., constructs a 
micro-world of the text information with links in between ideas (e.g., 
characters, actions, events), which helps to select and track what is 
important in the text to comprehend. This creation of a micro-world 
resembles everyday experience from the real-world which nobody can 
take away or detach the reader from. As a result, if these structures 
are activated in the process of text comprehension and the reader 
incorporates world-knowledge related content, chances are higher 
for accurate text-based inference to take place (Perfetti and Stafura, 
2015). Therefore, to aid learners’ comprehension abilities, the key 
assumption is the need to create a substantial number of inference 
generation opportunities to help them make a rich representation 
of the text in mind. Also, to validate the inferences generated by 
learners by reflecting on their world knowledge structures, there is a 
need to create or use tasks that account for their world knowledge as 
well as take into account different responses of learners (Aukerman 
et al., 2017). Using a verbal protocol analysis to understand learners’ 
engagement with their thought processes (Cote et al., 1999), asking 
them questions to have an estimate of their understanding of the 
text in parts (Long and Golding, 1993), and assessing representation 
of story grammar in the extended text (Gagarina et al., 2012; Taylor 
2013) are a few ways to assess skills of both propositional and 
pragmatic inferences.

To summarise, in using inference generation learners are likely 
to show individual differences and it is crucial for teachers to 
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gain awareness about how to accommodate variations in learner 
responses to recognise different levels of these abilities and provide 
meaningful feedback (Cain et al, 2001; Aukerman et al., 2017). This 
paper presents, through an in-depth analysis of learner responses, 
how individual differences in inference generation can be identified 
and treated.

The Study
The study reported here is part of the four year MultiLiLa project 
presented above. Here we report on the comprehension of 30 Hindi 
speaking learners studying in four primary schools in Patna, the 
capital of Bihar, India. In Bihar state, Hindi is the local language, 
although people also speak Magahi, Maithili, Bhojpuri, and Urdu, 
which make many of the learners bi or multilingual (44 per cent).

Research Questions
The study addresses the following research questions:
1. Do language comprehension questions presented in the oral 

and the print modality help learners generate inferences equally 
well? 

2. Do comprehension skills differ in boys and girls?
3. Do learner responses vary across different types of inference 

generation?
4. Are there individual differences in inference generation for 

narrative comprehension and if so, which are they?

Method

Participants
Thirty learners (M=16; F=14) from Class IV participated in this 
study. Their age ranges from 8 to 11 years (mean age = 9.44; SD 
= 0.89). Of the 30 learners, 27 reported as Hindi to be their L1 (90  
per cent), while 1 reported Bhojpuri (3 per cent) and 2 reported 
Urdu (6 per cent) to be their L1. Note that though 90 per cent of 
the children reported that they speak hindi at home, the variety 
is different from the standard variety used as MoI in schools they 
are enrolled. The variety of hindi used for school instruction is 
considered ‘shudh’ or standard and the learners are expected to 
develop academic proficiency in it. The absence of use of standard 
variety of hindi and use of other dialectical variations of it at home 
is likely to create a gap between home and school language and 
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this may put the children at a disadvantage. Of the 30 learners, 
13 learners (44 per cent) used more than one language at home, 
whereas 17 learners (56 per cent) stated they knew only one 
language, namely hindi.

Table 1: Learner profile

City 
(State)

Medium of 
Instruction 

(MoI)

Number 
of 

Children 
(N)

Age 
(Range 

in 
years)

Age 
Mean 
(SD)

Child 
bilingualism

MoI 
(Hindi) 
overlap 

with 
home 

language

Parent 
occupation 

(with 
literacy 

practices)

Patna 
(Bihar)

Hindi 30 
(F=14; 
M=16)

8 years 
4 
months 
to 11 
years 8 
months

9.44 
(0.89)

44 % 100% 53.33%

In the study, a child questionnaire was used with subsections on 
child bilingualism and on socio-economic details and it was found 
that the learners were from lower socio-economic (SES) background 
families whose parents work mostly as daily labourers, vegetable 
vendors, auto rickshaw drivers and so on. These professions are 
without much involvement of literacy practices and serve as a low 
indicator of parental literacy.

Tasks Used

Narrative Comprehension Task
The Cat Story from the MAIN (Gagarina et al., 2012, pp. 111–117) 
was adapted to an informal oral variety of Hindi and an Indian 
male voice was used to record the audio input. The story had a 
setting (time and place) and three short episodes each comprising 
story structure elements such as — Goal, Attempt and Outcome. 
The three episodes were presented through a sequence of three 
picture panels and each panel had two pictures in it. So, the three 
episodes were depicted through six pictures (refer to Appendix 1 
for the story details). The story had nine comprehension questions 
to draw upon inference generation abilities (refer to Table 5 in 
Appendix 1).

For assessing comprehension skills, scoring sheet was used 
to assess performance on the comprehension questions and the 
key provided in the MAIN manual (refer to Tables 2 and 3 below). 
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These comprehension questions were in sync with story structure 
elements (refer to Table 5 in Appendix 2). For example, three 
questions (Questions 1, 3 and 4) targeted three goals (Cat, Boy, and 
Cat). The other six questions elicited answers around internal state 
terms, i.e., terms expressing physiological (e.g., hungry, thirsty), 
perceptual (e.g., see, hear), emotional (e.g., happy, sad), linguistic 
(e.g., say, tell), mental (e.g., think, believe) and consciousness terms 
(e.g., alive, awake, asleep) (see Gagarina et al, 2012 for details).

For the purpose of examining two types of inference generation, 
the questions were classified into two categories:
• Propositional inference (ProI):  Questions 1, 2a, 3, 4, and 5a
• Pragmatic inference (PraI):  Questions 2b, 5b, 6a, and 6b

The comprehension questions to which answers can be 
logically derived from the audio and video input were classified as 
propositional inference. For example, for Question 3 (Why does the 
boy hold the fishing rod in the water?) the answer can be logically 
derived from the text (At the same time the boy began pulling his 
ball out of the water with his fishing rod). The comprehension 
questions which did not have explicit answers in the audio text 
are categorised under the PraI category. For example, Question 6b 
(Imagine that the boy sees the cat, how does the boy feel?) does not 
have its explicit answer in the linguistic input provided in the text.

The researcher read out the questions to each learner in hindi 
one at a time and participants answered in the same language. If 
any answers or responses were not convergent with the answer 
key, the researchers noted down such responses under the 
comment section in the scoring sheet. Based on the differential 
answers provided by the children in response to the questions, we 
will analyse these answers and consider if such answers can be 
improved with the help of feedback.

ASER Literacy Task
The ASER literacy tool in hindi (Pratham 2014, 2017) was used 
which measures: letter naming (10 items), single word reading 
(10 words), reading of sentences (4 sentences), reading of a story 
(9 sentences), and two novel propositional inference questions (2 
questions). This paper reports, results from the two propositional 
inference questions each carrying one mark.
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Results
Results on learner performance according to the four research 
questions (RQs) are reported.

Research Question 1 and 2: Impact of modality and gender on 
comprehension
Learner performance on narrative comprehension across two 
modalities — oral and print (ASER test) in boys and girls are 
presented in Figure 1.

Figure 1: Performance on ASER test and oral narrative comprehension
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Figure 1 shows a gender effect on narrative and reading 
comprehension scores. Specifically, girls performed better at 
81 per cent than boys at 74 per cent across oral and written 
modality although this difference was not found to be significant 
on a one way within group ANOVA test (Gender X Test type) on the 
ASER comprehension (df =1.28, F =0.109, p<0.74) or the narrative 
comprehension (df =1.28, F = 0.802, p<0.37) tasks. Performance 
on narrative comprehension (78.14 per cent) was higher than 
performance on reading comprehension (75.42 per cent); this 
difference was found to be significant on a t-test (df=29, t= 23.05*, 
p<0.05). But performance in the two tasks was not correlated  
(r = 0.05, n.s.) meaning that a higher level of oral comprehension 
did not predict better performance in print comprehension, 
contrary to previous findings that oral skills correlate with print 
skills corroborating the simple view of reading (Cain et al. 2001).
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Research Question 3: Impact of levels of difficulty of inference on 
comprehension 
Learner performance on narrative comprehension under two 
types— (i) propositional inference and (ii) pragmatic inference are 
compared with (iii) propositional inferences from the ASER test 
and presented in Figure 2.
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Figure 2: Performance on propositional (oral vs print) and pragmatic inference

Propositional inferences in the narrative task was highest  
(82 per cent) followed by pragmatic inferences in the same task  
(74 per cent) while lowest performance was in propositional 
inferences in the reading task (64 per cent). The three measures 
significantly differed in a one-way GLM repeated measures test 
(1X1X1: inference type) (df=2, F=4.16*, p<0.05). Oral propositional 
inferences correlated significantly positively with oral pragmatic 
inference (r=0.55* , p<0.02). But surprisingly propositional 
inferences in the oral and reading tasks were not correlated (r=0.14, 
n.s). This implies that within the same modality, here oral, there is 
a positive correlation between a lower and higher level of inference 
generation performance.

Research Question 4: Individual differences in learner responses in 
inference generation
An in-depth qualitative analysis of instances of the range of learner 
responses — from more to less accurate — was made to understand 
what gives rise to individual differences in inference generation. 
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The range of responses were analysed to look at the proportion of 
responses that do not converge with the answer key and how this 
can form material for teachers to provide constructive feedback. 
Note that this analysis is with respect to only the oral narrative 
comprehension task. Since, the print comprehension task had only 
propositional inference, such an analysis was not undertaken. The 
analysis of learner errors across the questions for propositional 
inference (Figure 3) and pragmatic inference (Figure 4) are presented.

Figure 3: Propositional inference
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 Figure 4: Pragmatic inference
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The errors are presented as percentage frequency count in a 
decreasing order across the two inference categories. Note that 
learners are less accurate with more demanding inferences as 
indicated in Figure 4 in comparison to Figure 3 above.

Let us now look at some examples of actual learners responses 
from propositional and pragmatic questions in a qualitative manner 
to understand what gave rise to individual variations in narrative 
comprehension.

Qualitative Analysis of Propositional Inference Questions
Table 2 contains the frequency and range of answers for each 
propositional question divided into four categories — (i) correct (ii) 
partial situation knowledge, (iii) world knowledge and (iv) irrelevant 
or incorrect answers.
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Table 2: Learner differences in propositional inference questions

Propositional 
Questions Correct

Partial 
situation 

knowledge

World 
knowledge Irrelevant

Q1: Why does the cat 
jump or leap forward? 
Ans: wants/to get/
catch/chase the 
butterfly/to play with 
the butterfly 

25

On seeing the 
butterfly

It liked the 
butterfly

2
On seeing the 

butterfly

Q2a: How does the cat 
feel? 
Ans: Angry/ bad/ 
disappointed/ hurt

21

Will catch it 
again It was hungry

1

To catch the 
butterfly

It felt like eating 
the butterfly

I will catch 
the butterfly 

again

It felt like eating

It is tasty

To eat the 
butterfly

Q3: Why does the boy 
hold the fishing rod in 
the water? 
Ans: Wants/ to get his 
ball back

28 0 0 2

Q4: Why does the cat 
grab the fish? 
Ans: Decided/wants 
to eat/have/steal the 
fish/takes the chance/
opportunity when the 
boy is not looking

20 It was hungry Because the cat 
likes the fish 0

It became 
greedy after 

seeing the fish

It likes the fish 
so much

It could 
not get the 
butterfly so 

started eating 
fish

It felt good to 
see the fish

It was hungry
Because cat 

was feeling good 
to see the fish

It was feeling 
sad

The felt good to 
see the fish
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Q5a: how does the boy 
feel?

Ans: good/ fine/ 
happy/ please

29 0 0 1

Of the five questions, answers to two questions — 2a and 
4 — have more instances of divergent answers. For instance, for 
Question 2a, 30 per cent of the learners were either not able to 
integrate reaction of the cat when it fails to catch the butterfly; they 
either expressed a partial situation model that the cat would try to 
catch the butterfly again or they used world knowledge of another 
episode where a cat can eat a fish and linked it to the butterfly and 
this is a faulty inference. For Question 4, the intension or goal of 
the cat is to be expressed. But 34 per cent of the learners were not 
able to build this inference that the cat in his mind decides to steal 
and eat the fish. They either gave the mental state of the cat being 
hungry or greedy, which is a partial situation model integration or 
they used world knowledge that cats like fish.

Qualitative Analysis of Pragmatic Inference Questions
Table 3 contains individual differences in answering the 
pragmatic questions presented in four categories as mentioned for 
propositional inference based responses in Table 2.

Table 3: Learner differences in pragmatic inference questions

Pragmatic Questions Correct Partial situation 
knowledge

World 
knowledge Irrelevant

2b: Why do you think 
the cat is feeling 
angry/bad? 
Ans: Because cat 
could not catch the 
butterfly/fell into the 
bush/it hurts to fall 
into a pricky bush 

10
 

The cat had 
thought of eating 
the butterfly

Because the 
butterfly 
was yellow 
in colour

6
 

So that it can 
eat

Because 
there was 
a beautiful 
butterfly

How to eat it Because the 
butterfly 
was very 
beautiful

Because cat was 
still hungry
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The cat wants 
to eat

The cat wanted 
to catch the 
butterfly to eat

Because it will 
be very delicious 
to taste and eat

Became greedy 
by seeing the 
fish

Because there 
was a fish

Because the 
butterfly was 
sitting on the 
bush

So that the cat 
eat

5b: Why do you think 
the boy is feeling 
good/happy? 
Ans: Because he has 
got the ball back

27 So that he can 
play again with 
that ball

1

He used his 
fishing rod aptly.

6a: How does the boy 
feel? 
Ans: Bad/angry/ 
mad

26 = 
angry: 20; 

bad: 5; shows 
displeasure:1

sad: 4 0

6b: Why do you think 
the boy feels bad/
angry/mad, etc.? 
Ans: Because the cat 
ate/ is eating/ took/ 
has taken his fish

22 Because he 
struggled hard

It is not 
good 
manners to 
eat others’ 
things

Because he 
struggled to get 
the fish and 
wanted to eat

Because he 
struggled to 
get, but the cat 
enjoyed
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The boy was 
catching the fish 
for a long time 
but could not 
eat it

Because he 
worked hard to 
catch fish and 
that cat came

Because he 
struggled hard 
to catch the fish

To answer the pragmatic questions leaners needed to access 
and link world knowledge to the text or the episodes to complete 
the situation model. These questions were, therefore, more difficult 
to answer than the propositional inference ones. A question like 
2b shows variation in inference generation at 47 per cent — there 
are responses listed in partial situational model where learners 
have related the causality of the cat’s reaction to eating the fish, 
which is faulty. The fish is irrelevant in this episode. The cat is 
feeling bad because the butterfly escaped and the cat fell on the 
bush. Mentioning the fish or eating the butterfly basically shows 
that the child was unable to focus on the previous episode. The 
child already knew how the story ended so the child could not 
inhibit herself from making reference to a later episode of the story 
and focus only on the episode that the question was about. Some 
of the responses listed under world knowledge show that these 
learners have been able to only access how the butterfly looks like 
and fail to generate episode specific inference. Again in a question 
like 6b, learner variation in inference happens because they focus 
on the boy’s failed attempts and not link the boy’s reaction to the 
act of the cat (stealing and eating the fish). These are instances of 
building partial text model.

Feedback
Learner responses on the propositional and pragmatic inferences 
that show partial and world knowledge inferences can be taken 
up as partially correct answers. They can also serve as material 
for constructive feedback. Teachers can guide learners to generate 
more accurate inferences by helping learners ‘notice’ what is 
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missing or what needs to be selected. Thus, the proportions of 
learner responses on which feedback may be provided are listed 
in Table 4.

Table 4: Reassessment of Performance

Percentage of correct 
responses

Percentage of 
responses that 

require feedback

Percentage of 
correct responses

Propositional Inference

1 83% 11% 6%

2a 70% 27% 3%

3 94% - 6%

4 67% 33% -

5a 97% - 3%

Pragmatic Inference

2b 34% 47% 20%

5b 90% 7% 3%

6a 87% 13% -

6b 73% 24% 3%

In Table 4 it can be seen that the learners’ use of alternative 
forms of propositional inferences has led to a decrease in total 
percentage of incorrect responses for three questions and they 
are as follows— Qs4 (34% to 0%), Qs2a (from 30% to 3%), and 
Qs1 (from 17% to 6%). The error rate for pragmatic inference has 
decreased for the questions 2b (67% to 20%), 6a (13% to 0%) 6b 
(27% to 3%) and 5b (10% to 3%).

Discussion
A reassessment of learners’ inference generation abilities was 
brought about on the basis of our analysis of the learners’ ability 
to generate alternate responses as interim solutions before forming 
accurate inferences. Let us look at why some of the inferences are 
incomplete.

One reason for providing deviant answers is the inability to 
form a complete and appropriate episode wise situation model to 
answer questions like 1, 2a, 4 (propositional inference) and 2b and 
6b (pragmatic inference). The learners have been able to create a 
partial representation of the model and therefore their answers are 
not fully accurate. If given feedback to notice the situation details 
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and complete their responses bridging world knowledge with the 
specific events in the narrative or providing additional information 
to complete the justification of the response, learners are likely to 
improve. We also observe that some of the deviant answers refer to 
later episodes in the story instead of the one the question is about 
(e.g., when the child responds to question 2b with reference to the 
cat noticing the fish which is a later part of the story). Given that the 
children have re-told the narrative, they are aware of the full story 
and seem to focus on the more recent developments rather than 
focus on the event asked about. This is also part of feedback that 
could be offered to the children that would enhance their ability 
to focus on details of the story as it unfolded and inhibit the more 
salient reference to the final episode where the story concludes.

A second reason for giving responses that do not match with 
the key are because the learners use world knowledge that is more 
generic in nature (e.g., cat liking the butterfly, or finding the fish 
tasty, etc.). Therefore answers to questions 1, 2a and 4 (pragmatic 
inference) and 2b and 6b (pragmatic inference) are based on 
learners' world knowledge. In such cases, learners need feedback 
to pay attention to combining the background or world knowledge 
they access with the situation specific or episode specific features 
to formulate answers that are coherent.

Figure 5 presents the answers that need feedback due to partial 
responses or world knowledge in contrast to the correct answers. 
The answers that need feedback are now separated from the 
incorrect responses. So we find that the percentage of errors has 
come down because 17 per cent of the responses can be improved 
based on the teacher feedback.

Figure 5: Differences of inference generation abilities
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By comparing Figure 5 with Figures 3 and 4, it can now be 
concluded that a consideration of learners’ partial situation 
model and/or world knowledge through which they access text 
comprehension clearly shows that their inference generation 
abilities are at work but at three levels:

correct   <    feedback required   <      incorrect
A study by Shepard-Carey (2019) shows a few methods in which 

emergent bilingual learner responses can be developed by way of 
scaffolding to arrive at appropriate text based and world knowledge 
based inferences. She uses pre-reading activities in small groups 
to help the learners predict the content to be read, focus on lexis 
to express inferences and activate background knowledge required 
to draw inferences for expository texts. Similar scaffolding methods 
can be adopted to give structured feedback once teachers are 
able to identify trends in responses. Without training to handle 
inference-based responses, teachers may look at divergent answers 
as instances of inference failure. The reason for them to do this 
would be that the variation in responses does not match with the 
key. Thus, variations in learner responses as we have presented 
through Tables 2 – 4, can be materials on which teachers can build 
constructive feedback and create learning opportunities.

In sum, the qualitative analysis of individual variations in this 
paper shows that of the total number of inappropriate responses 
to comprehension questions, many refer to experiential or world-
knowledge inferences but fail to link them to the specific story-based 
information. This indicates difficulties with inference generation 
and the ability to select only the relevant parts of the response is 
what gives rise to individual variations in inference generation in 
young learners.

Conclusion: Pedagogical Implications of the Assessing 
Inference Generation Abilities
In this paper variations in responses of the learners have been 
analysed to demonstrate how comprehension development and 
feedback can be built into instructional practices of teachers. The 
kind of analysis of individual differences that this paper has reported 
is a novel approach to assess and develop comprehension skills and 
has not been attempted before. A narrative based comprehension 
task from the MAIN manual was used to find that the learners were 
able to tap into the mental states of the characters and were able to 
bring out inferences within the text (e.g., propositional inference), 
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new inferences that build up new events in the story (e.g., pragmatic 
inference) (Chikalanga 1992), interpret intentionality and make 
inferences about aspects of stories that support the creation of a 
situation model of comprehension (Perfetti and Stafura 2015).

Taken together, performance on both comprehension tasks 
seems to be good at an average of 77 per cent. This high performance 
on comprehension can be attributed to the high degree of overlap 
between the learners’ home languages with the MoI (Hindi) at  
90 per cent (refer to Table 1) (Tsimpli et al. 2020). It was also 
observed that 70 per cent of the learners who were successful 
in sentence and paragraph decoding ability also showed good 
comprehension skills in the print and oral.

The fact that oral propositional inference is the most successful 
type of inferential comprehension gives evidence that the process 
of comprehension is guided by the levels of difficulty of inferences 
(Cain et al. 2005) and the modality of comprehension. A reason 
for higher success in oral narrative comprehension could be 
because oral inference skills are found to develop earlier than print 
comprehension owing to one’s variety of life experiences (Kendeau 
2015); also the text had visual support, whereas in the print (ASER) 
test-t comprehension was more abstract as there was no visual 
support and it involved decoding skills. Thus, print modality added 
more challenge than oral modality.

A reason why oral propositional inference did not correlate 
highly with print propositional inference could be because absence 
of sentence level decoding skills in 30 per cent of the learners, 
which was an impediment to conscious attention towards reading 
comprehension. So, though this ability is found to be present in 
the learners in the oral modality and they are able to transfer it 
to the print modality, albeit not at a very high rate, given the fact 
that the print story was at a difficulty level appropriate for grade  
two learners.

Based on the findings in the qualitative analysis of individual 
differences in answering causal questions we can conclude that in 
comprehending a text better, a learner may be encouraged to create 
more fine-tuned situation models along with accessing their world 
knowledge. Teachers need to help learners focus on specific details 
of episodes and inhibit reference to final outcomes of the story. 
Teachers also need to gain awareness to treat learner differences 
in a constructive manner. These would create conditions for a 
gradual development of text-based as well as world knowledge-
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based inferential skills in primary level of education in the Indian 
context (Swinney and Osterhout, 1990; Aukerman et al. 2017; 
Shepard-Carey 2019).
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Appendix 1

The Cat Story (MAIN Manual, pp. 111–117)

Table 5: Types of Inference Generation through Narrative 
Comprehension Questions

Episodes NRT — Story 
Structure Elements

Comprehension 
Questions

Type of 
Inference

Episode 1 Goal— Cat 
(e.g., cat wanted 
to catch/get the 
butterfly)

Question 1
(Why does the cat jump/
leap forward?)

Propositional
(Logical 
Explanatory)

IST as Reaction
(e.g., cat was angry/
bad)

Question 2a
(How does the cat feel?)

Propositional 
→ Pragmatic
 (Evaluative)

Attempt
(e.g., cat jumped 
forward/up)

Question 2b
(Why do you think the cat 
is feeling  angry/bad?)

Pragmatic
(Evaluative)

Episode 2 Goal— Boy
(e.g., boy wanted to 
get his ball back)

Question 3
(Why does the boy hold 
the fishing rod in the 
water?)

Propositional
(Logical 
Explanatory)
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IST as reaction — Boy 
(e.g., boy was glad/
happy)

Question 5a
(How does the boy feel?)

Propositional
(Evaluative)

Outcome— Boy
(e.g., boy got his ball 
back)

Question 5b (causal)
(Why do you think the boy 
is feeling good/happy?)

Pragmatic
(Logical 
Explanatory)

Episode 3 Goal— Cat 
(e.g., cat wanted to 
eat the fish)

Question 4
(Why does the cat grab the 
fish?)

Propositional
(Elaborative 
Explanatory - 
Causative)

Additional* Extrapolative Question 6 (perspective 
taking + causal)
Imagine that the boy sees 
the cat
6a How does the boy feel?
6b Why do think the boy 
feels bad/angry/mad etc.?

Pragmatic 
(Evaluative)
Pragmatic 
(Evaluative)
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AbstrAct

The Rights of Persons with Disabilities Act, 2016 has specified 21 
disabilities in its schedule where haemophilia has been added as 
one of the disability. Haemophilia is a bleeding disorder. A profile 
study of a school going child with haemophilia was conducted 
to identify the difficulties faced by the child in learning as well 
as carrying out day-to-day activities. A qualitative single case 
research design was adopted. Self designed research tools were 
administered to collect information. The findings revealed that 
there was very low or no awareness among stakeholders regarding 
haemophilia, its causes, symptoms, diagnosis, treatment and overall 
management. The child was facing lot of difficulties in learning due 
to his persistence absences from school and restricted participation 
in school activities because of his inconsistent episodes of internal 
or external bleeding, injuries and consecutive treatment. The school 
did not have any guidelines, specific educational intervention as 
well as individualised support programme for taking care of his 
health emergency, safety, education and coping with stress and 
pain. Teachers and parents, both, expressed their needs for training 
and support with regard to education and management of children 
with haemophilia

Keywords: Haemophilia, disability, chronic health impairments, 
blood disorder, inclusive education. 
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सार
दिव्यांगजन अदिकयर अदिदन्म, 2016 में दिदिनन 21 प्रकयर की दिव्यांगतय को दनदिदिष्ट 
दक्य ग्य ह ैदजनमें से हीमोदिदि्य एक ह।ै हीमोदिदि्य एक अदिरक्तस्तयि की अिस््य 
ह।ै एक हीमोदिदि्य से प्रियदित बच् ेके समक्ष दिन-प्रदतदिन की गदतदिदि्ों को परूय करने 
में आने ियिी कदिनयइ्ों के सय्-सय् अदिगम सांबांिी ्नुौदत्ों कय अनिेषण करने हते ु
्ह पयश् िदि-अध््न दक्य ग्य । इस अध््न में एकि व्दक्त-दिशषे गणुयतमक अनसुांियन 
दिदि को अपनय्य ग्य। सू् नय एकत करने के दिए स्िदनदमदित अनसुांियन उपकरणों कय 
प्र्ोग दक्य ग्य। इस अध््न से ्ह ज्यत हुआ दक हीमोदिदि्य के कयरणों, िक्षणों, रोग-
दनियदिरण, उप्यर और समग्र प्रबांिन के बयरे में अांतससंबांदित िोगों के बी् बहुत कम ्य कोई 
जयगरूकतय नहीं ्ी। अपनी अांत: ि बयह्य रक्तस्तयिों, जखमों और दनरांतर उप्यर प्रदरि्य की 
िजह से िह बच्य दिद्यि् से ज्यियतर अनपुदस््त रहतय और कई गदतदिदि्ों में उसकी 
ियगीियरी िदजदित ्ी, दजसके कयरण सीखने में उसे कई कदिनयइ्ों कय सयमनय करनय पड़ रहय 
्य। दिद्यि्ों में हीमोदिदि्य से प्रियदित बच्ों से सांबांदित दिदशष्ट शदैक्षक सेियओ ां ि 
व्दक्तगत सहय्तय कय द्िरिम की रूपरेखय तै्यर करने-जैसी कोई दिशयदनिदेश नहीं ्ी, जो दक 
बच् ेकी स्ियस््थ्-सांबांिी आपयतकयि की दस््दत में, उसकी सरुक्षय ि दशक्षय हते ुत्य उसके 
मयनदसक तनयि और शयरीररक पीड़य से दनपटयरे में सहय्क हो। दशक्षकों और मयतय-दपतय, िोनों 
ने ही हीमोदिदि्य ियिे बच्ों की दशक्षय और प्रबांिन के सांबांि में प्रदशक्षण और सहय्तय की 
आिश््कतय व्क्त की।

Introduction
While playing football, cricket, bicycling and many other games, 
children do get easily injured. So scratches, cuts and bumps are 
regular part of a child’s life and generally heal with little or no care. 
But what if it does not heal and bleeding from cuts does not stop, 
then it indicates a serious concern. Children with haemophilia 
cannot afford to get these everyday cuts and scratches.

India has enacted the Rights of Persons with Disabilities 
(RPwD) Act in 2016. This Act proclaims to ensure full and effective 
participation of children (persons) with disabilities and their 
inclusion in society without any discrimination and respect the 
rights of children with disabilities to preserve their identities. 
Inclusive Education is defined in this Act as a ‘system of education 
wherein students with and without disabilities learn together and 
the system of teaching and learning is suitably adapted to meet 
the learning needs of different types of students with disabilities’. 
The RPwD Act, 2016 has specified 21 disabilities in its schedule 
where Haemophilia has been added as one of the disability under 
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the category ‘disability caused due to chronic blood disorders’. 
Haemophilia is incurable, rare and genetic blood disorder in 
which blood does not clot normally and properly due to the lack 
or defectiveness of a specific Factor VIII, a clotting protein which 
helps in clotting after bleeding occur. When blood can’t clot 
properly, excessive bleeding externally and internally occurs after 
any injury or damage. Incidence of 1 per 10,000 births progressing 
to chronic disability and premature mortality has been reported in 
studies. Indian haemophilia (bleeding disorder) registry has close 
to 20,000 haemophilia patients all over the country (Phadke, 2011; 
Ghosh and Shukla, 2017), though its estimated number swell near 
50,000–100,000 (Kar, et al, 2014 and Ghosh and Shukla, 2017), 
when availability of investigative techniques, i.e., coagulation 
laboratories are available across 750 districts in the country 
(Ghosh and Shukla, 2017). Haemophilia can be mild, moderate 
and severe depending on the factor availability in the blood. Mild to 
severe complications include internal bleeding leading to swelling, 
risk of organ failure due to bleeding, easy bruising, targeted joints, 
damaging joints, numbness and pain of limbs, bleeding that does 
not stop after biting lip, nosebleed, tooth extraction, scratch and/
or paper cut. Having a disorder like this, affects the education of 
children while going through treatment and management of the 
disorder. High treatment cost of the disease leads to financial 
burden that also results in poor maintenance of regular treatment 
as well as child’s physical inability to attend classes regularly in 
schools. These challenges directly or indirectly affect the education 
of children. So, the school life of children and their participation 
in school activities in school are also considered as an important 
yardstick for their quality of life. Keeping the complications of these 
children in view and the impact of the disorder on education of the 
child affected by the haemophilia, a study was conducted.

Objectives
1. To study the nature and severity of haemophilia in the child 

causing disability. 
2. To identify the difficulties faced by the child with disability due 

to haemophilia in learning as well as carrying out day-to-day 
activities.
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Research Method

Research Design
The design of this study was qualitative (single case design) in the 
nature.

Sample
A child with haemophilia studying in an elementary school of 
Dang District in the State of Gujarat, his parents, two teachers 
and a health care provider were interacted for in depth study to 
investigate the implications of haemophilia on learning and day to 
day functioning of the child and the family.

Research Tools
For collection of the information from primary sources, five 
research tools, i.e., Child Profile Sheet, Information schedule for 
Parents, Child and Health Care Providers and a Questionnaire for 
Teachers were designed. Child Profile Sheet was used to obtain 
information about the child with haemophilia. It consisted of nine 
sections for obtaining detailed information on socio-demographic 
clinical profile of the child. This profile sheet was used in collecting 
disease related specific information, present complications, 
previous consultations, record of investigations, childhood history, 
nature of physical illness, immunisation history, daily routine of 
the child, school history, play profile, familial composition and 
family history of this disease, social and neighbourhood ecology, 
specific management problems faced by the parents and parental 
report of the child. Interview Schedule for Parents was used to 
collect information regarding the child’s health, education and 
overall management of the disorder. This interview schedule had 
29 items with 10 open ended items restricted to record responses 
in maximum four to five sentences and 19 yes/no type items with 
space to query reasons for ‘yes/no’ responses. Interview Schedule 
for Child was also used to collect information from the child 
regarding his own health, education and his engagement in day to 
day activities. This interview schedule had 15 items with nine open 
ended items restricted to record responses in maximum four to five 
sentences and six yes/no type items exploring specific reasons for 
‘yes/no’ responses. Interview Schedule for Health Care Providers 
was used to collect information from the treating doctor regarding 
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the child’s health, his illness, treatment and overall management 
of the disorder. This interview schedule had 18 items with eight 
open ended items restricted to record responses in maximum 
four to five sentences and ten yes/no type items having spaces to 
enquire reasons for ‘yes/no’ responses. Questionnaire for teachers 
was used to collect information regarding the child’s education and 
his participation in school activities. This questionnaire had 19 
items with eight open ended items restricted to record responses 
in maximum four to five sentences and eleven yes/no type items 
having spaces to enquire reasons for ‘yes/no’ responses. The items 
and questions of all the tools were distributed unevenly across the 
tool in order to minimise the mental set and carry over effects. 
These research tools were reviewed jointly by a team of registered 
medical practitioners, trained in treatment of haemophilia and 
other blood disorders, licensed rehabilitation practitioners, trained 
in education and rehabilitation of children with disability and 
group of educationists, sociologists and psychologists, who had 
more than twenty years of experiences in their respective field. 
The items or questions appeared ambiguous or in which there was 
poor agreement among the different reviewers were reworded or 
replaced with more suitable items or questions. Content validity 
for the questionnaire was further established through detailed 
discussion with medical practitioners, rehabilitation professionals, 
social workers, teachers and clinical counsellors.

Profile Study of Participant
An eleven years old normal appearing pleasant hemophilic male 
child belonging to tribal rural lower socio-economic class, studying 
in Class VI in an elementary school of Dang District in the State of 
Gujarat in India was selected for this study. His previous history 
revealed that during infancy, once he fell down from bed and had a 
bump on his forehead. Local doctor made a cut on it for blood flow 
and bleeding stopped normally at that time. He was first diagnosed 
with haemophilia at the age of four years after a bleeding episode 
in which bleeding did not stop consecutively for eight days after a 
minor cut by a blade on the right side of nose. At that time, he was 
taken to local doctors who were not aware of disorder. Later he 
was taken to Civil Hospital which is around 150 km away from his 
home and doctor diagnosed him with Haemophilia A, Factor VIII 
deficient. His family members were already aware of some of the 
symptoms of haemophilia disorder as child’s cousins were suffering 
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from the same disease and leading a manageable life. The child had 
one elder brother who had not shown any signs and symptoms of 
haemophilia and never underwent any test to rule out haemophilia 
too. Maternal grandfather also had Haemophilia. Child’s mother 
and aunt were sisters and married in the same family to younger 
and elder brother respectively, both were carrier of the disorder 
as established in a medical report. Since, the child’s father was 
aware of some of the symptoms already, hence while admitting the 
child in the present school, father explained headmaster and other 
teachers about the disorder and ask them to take extra care of this 
child. He requested his teachers not to bother much if he did not do 
well in studies. As per father’s verbatim, ‘teachers used to take care 
of child like a fragile glass’. He previously got admission in Eklavya 
Model Residential Schools (EMRS) after passing the state level 
examination for admission in Class VI of EMRS. He was staying 
in the hostel of EMRS but as he regularly required Factor VIII four 
times in a month, he had to withdraw himself from the school and 
hostel. He was a bright, intelligent and curious student and used to 
ask a lot of questions while in class as reported by his teachers and 
father, though he was facing various challenges in his day-to-day 
life. He used to remain absent from classes for around 12–15 days 
in a month to attend medical interventions for his disorder during 
which he always missed out most of the parts of his syllabus, 
resulting lower achievement than the expected level. He showed 
poor academic achievements almost in all subjects, as reported. 
Parents were worried about his learning, academic achievements 
and his future since he was a bright child otherwise. There were no 
special provisions or plans prepared either by the school or by the 
teachers to cover up his missed out syllabus. He was dependent on 
his classmates’ class-notes only. He could not sit for long periods 
of time in the class. His wrist and elbow joints used to get frozen 
while writing continuously and sometimes bulged up. He could 
not afford to miss his examination due to risk of failure. He was 
always fearful of being retained in same class for the next year in 
case he would fail, or his school would be changed as happened 
earlier. During examination, whether he had pain or in the need of 
Factor VIII of the blood, he used to appear in his examination and 
never tried to escape from attempting to write examination paper 
because of his illness. After finishing his examination paper, he 
used to leave for hospital to receive Factor VIII infusion, if required. 
He also abstained from playing sports due to the fear of getting a 
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bleeding episode. Even a little pat on his shoulder by friends while 
playing used to develop swelling in those areas and ended up with 
requirement of Factor VIII infusion. He did not participate in most 
of the school activities as his classmates. His school was around 
1.5 km away from his home and he had to walk down to reach the 
school. He could not carry his own school bag on his shoulders 
since due to weight of the bag he could develop swelling and it 
sometimes, became an emergency case for immediate Factor VIII 
infusion. He could not stand for long period of time (more than half 
an hour) constantly. He could not walk continuously and travel 
for a long distance otherwise swelling usually appears in his both 
feet. His favourite hobby was cycling but due to this disorder, 
he used to avoid cycling. Swelling was present around his ankle 
joints of the left leg during case work up and limping while walking 
was also observed. He could not consume mid-day-meal within 
the limited time period, since he was facing difficulty in chewing 
and swallowing the food items due to affected jaws because of the 
disorder. 

Teachers of the present school were not aware about the disorder 
and did not know about emergency remedies if required, though 
father had explained to child’s teachers, headmaster and classmates 
during admission. Teachers expressed their need for training on 
education and management of children with haemophilia in schools 
and other similar disorders. Frequency of bleeding episodes occurs 
2–3 times in a month; 500 mL quantity of Factor VIII was required 
through infusion, but generally 250 mL remained available at the 
hospital (as reported) due to the shortage or unavailability of factor. 
Every time parents had to make request to avail 500 mL of Factor 
VIII. Child had to travel for more than 4 hours in a public bus to get 
factor injected or sometimes ended up getting no infusion due to 
unavailability of Factor VIII in the hospital. He and his family were 
found struggling for availing Factor VIII, spending money, time 
and energy again and again. Sometimes he used to get irritated 
and angry due to his disorder and became obstinate during pain 
episodes. While in severe pain, the child used to cry a lot, scream 
and start crawling on the floor. Now he started developing self 
coping mechanism to live with the disease. He tried to avoid taking 
risk of any physical injury on his own. He used to share his feeling 
of stress with his peers. His classmates started visiting his home in 
the evening hour almost daily. They used to play simple and easy 
indoor games together and also share the activities of the class 
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with the child and his parents. Parents were assisting the child 
in learning activities at home as his classmate started sharing the 
class-notes and activities. Parents, after intervention of School 
Management Committee and resource teacher, were maintaining 
regular contact with his teachers for ensuring his participation in 
classroom activities. They tried to collect his homework during his 
period of absentees to cover up the missed out syllabus. However, 
due to poor financial condition, parents were found struggling with 
their daily hassles of livelihood. Family could not afford specific 
food suggested by the doctor. Commutation expenses and visit to 
doctor did cost them 4–5 thousands monthly, for meeting these 
expenditure father had to take financial help from acquaintance 
due to his low economic status. Father was not satisfied with the 
treatment due to the unavailability of factor remained in spite 
of his and family effort for requesting the medical fraternity in  
the hospital.

Discussion
World Health Organisation considers disability, not just a health 
problem, but it is a complex phenomenon, reflecting the interaction 
between features of a person’s body and features of the society in 
which he or she lives. People with disabilities may face difficulties 
while interacting with persons, objects or activities in his 
immediate environment. It requires interventions to remove these 
environmental and social barriers. For a long time children with 
disabilities were studying in secluded schools and then in separate 
classes after movements towards integrate them in regular schools. 
After enforcement of the Right of Children to Free and Compulsory 
Education Act, 2009 in India, education became fundamental right 
of every student including children with disability in inclusive setup 
as endorsed in the Rights of Persons with Disabilities Act 2016. 
Haemophilia is one of the disabilities caused due to chronic blood 
disorders. Haemophilia is rare and inherited bleeding disorder 
where blood does not clot normally after internal or external bleeding 
usually affecting only male but transmitted by women to their male 
children. Although the genetic basis of this disorder has been well 
studied in India, data on the number of individuals, trends of the 
disorder in India, have not been properly reported. Available data 
and studies are mainly from the field of medical science related to 
treatment procedures. Very limited studies are available in literature 
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on challenges faced by these children from socio-psychological and 
educational perspectives. There is very low or no awareness among 
the health care providers, parents, teachers and community at 
large regarding haemophilia, its causes, symptoms, diagnosis, 
treatment and overall management. Referring to this study family 
was not aware of the causes of haemophilia that it is inherited; 
mother could be the carrier of the disorder, which could have been 
pretested or prescreened before birth of the child while having two 
other persons in the family already suffering from haemophilia. 
Females are rarely severely affected or suffer the symptoms. They 
are the carrier of the disorder. Ghosh and Shukla (2017) quoted in 
their study not to forget carrier mothers, sisters and daughters and 
occasional female sufferers of this disease. The manifested child 
and the family were found suffering and struggling for Factor VIII 
due to its unavailability in the hospital as quoted in earlier study 
as ‘high cost low volume disease’ (Ghosh et al., 2008). Human body 
have 13 clotting factors which help in clotting blood and having 
defective or lack of Factor VIII and IX, causes haemophilia. There 
are mainly two types of haemophilia, Haemophilia A where Factor 
VIII is deficient and Haemophilia B where Factor IX is deficient. 
General indication is bleeding, which is often spontaneous into 
joints and soft tissues (Barr et al., 2002). Children are more prone 
to bleeding due to movement oriented activities.

Availability of medical product is a one of the major problem 
in many countries (Shapiro et al., 2001). In this case too, it was 
found that the lack of resources, even in the metro city like 
Mumbai, seem to be an important cause of mismanagement in 
health, causing adverse impact on education and the whole life of 
the affected child as reported in many studies. From educational 
point of view, managing education of haemophilic child seems 
challenging. The effect of haemophilia on the educational aspect 
has also been interest of researchers. Haemophilia can result in 
a wide range of physical, social, and academic activities among 
school-aged children (Shapiro et al., 2001). Here in this case the 
child lost his residential school facility due to his bleeding disorder. 
His previous residential school as well as the present government 
school did not have any specific guideline for taking care of such 
children’s health, safety and security. He had to change his school 
from residential set up of EMRS to general government school due 
to this blood disorder.
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Thies (1999) had reported that around 58 per cent of school 
children with chronic conditions routinely remain absent from 
school and 10 per cent miss more than 25 per cent of the year. 
This child was also unable to attend the classes regularly due to 
bleeding episodes and consecutive treatment protocols supporting 
the findings of earlier studies too, highlighting higher rates of 
absenteeism in school children suffering from hemophilia than 
others (Markova and McDonald, 1980; Woolf et al., 1989; Colgrove 
et al., 1994) and inconsistencies between student’s ability and 
academic achievement as they progress through higher classes 
(Olch D., 1971). A Multicenter Hemophilia Growth and Development 
Study (HGDS) report provided insight on interconnection between 
long-term hospitalisation and poor achievement test scores in 
reading as well as spelling, resulting lower achievement than the 
expected level based on IQ (Loveland et al., 1994) of the child. 
Most of the times in spite of being in school, this child missed 
out a number of school activities to participate, especially physical 
(e.g., movement) in nature restricting his opportunities to learn by 
different modes and means supporting the findings of Irwin and 
Elam, 2011 that chronically ill children can experience various 
multiple issues associated to their illness that interfere with 
school activities. Children with hemophilia may be generalised to 
other chronic health impairments and associated conditions to 
some extent, contributing to school absenteeism, interfering with 
physical function, and the child’s ability to take part in regular 
tasks of childhood (Shapiro et al., 2001).

It was reported that teachers did not have any individualised 
support programme as recommended in the RPwD Act, 2016; as 
seen in the report of Department of Education, Government of UK 
that there was no specific programme of educational intervention 
existed in schools for such children with persistent absences (DoE, 
2019). Persistent absence from schools by children with chronic 
disease could certainly interfere with children’s educational and 
social development as reported in earlier studies also (Weitzman M, 
1986). Children with such chronic health impairments could have 
remarkable impact on the academic performance due to waxes 
and wanes in attendance, lack of ability to engage in standardised 
measures, and poor performance on assessments due to low school 
participation. The child and family did not get any educational 
support from teachers and schools. The child used to feel isolated 
causing low self esteem and low level of confidence. This study has 
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raised an important interconnection between the number of bleeding 
episodes experienced and scholastic achievement in a school-aged 
child with severe hemophilia as found in earlier study (Shapiro 
et al., 2001). Moreover, the high treatment cost of the disease 
leads to financial burden that also results in poor maintenance 
of regular treatment as well as child’s physical inability to attend 
classes regularly in schools. Subsidised treatment services were of 
limited availability causing significant out of pocket expenditure 
for parents affecting quality of life of the child and the whole family.

Conclusion and Recommendations
Disability is a form of social diversity. Society, therefore, has 
responsibility to educate and take care of children with disabilities. 
Every child with or without disability has the right to get equal 
educational opportunities to achieve his or her academic potential. 
Haemophilia is a chronic blood disorder causing disability, where 
cure is not attainable due to limited resources. There are limited 
systematic epidemiological data on Haemophilia. Treatment is 
prolonged, unpleasant and repetitive. The treatment processes 
affect a child’s physical and mental health, education and life 
satisfaction. Today’s researchers are more concern about the child’s 
education and quality of life and are trying to improve their life 
standards by different medical as well as educational intervention 
options. There is an urgent need to develop specific guidelines for 
school on educational intervention and individualised support 
programme for these children with chronic health impairments. 
Sensitisation of teachers on haemophilia is utmost important. 
Capacity building of the in-service teachers through nationwide 
programme is also the need of the hour. This is also required to 
revisit the pre-service teacher education programmes both in the 
area of general teacher education programme regulated by National 
Council of Teacher Education as well as in special teacher education 
programme regulated by the Rehabilitation Council of India. Beside 
these, community awareness programme may also be organised 
at local level so that the community would be aware of the needs 
and strengths of the affected child and mobilise resources (may 
be through E-village, medical home, etc.) to the family. The health 
care system may introduce digital platform to notify the availability 
of the resources and factors, particularly in such type of cases. 
Today, it becomes essential for educationists and rehabilitation 
professional to develop educational assessment measures to 
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determine the learning and other needs of these children so that an 
appropriate educational intervention programmes can be developed 
in order to prepare them to confront independently with each and 
every situation appear their life.
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Construction and Validation of an 
Aptitude Test for Pre-service Teachers 

on Inclusive Education

H.S. MiStry*

AbstrAct

This paper describes the development and validation of a measure of 
pre-service teachers’ teaching aptitude towards inclusive education 
of students with disabilities. Five factors, namely— knowledge 
about inclusive education, perceived ability to identify disabilities, 
attitude towards teaching children with disabilities, perceived 
ability to adapt inclusive teaching methods and skills to manage 
the inclusive classroom were tested. Fifty items were constructed 
under the listed five factors and the test was implemented on 552 
pre-service teachers of Gujarat state. The test was found to be a 
reliable and valid tool for measuring pre-service teachers’ teaching 
aptitude towards inclusive education. 

सार
यह लेख दि वययांग छयत्रों के समयवेशी दशक्य के प्रदि सेवयपवू्व अधययपकरों के दशक्ण अदि क्मिय 
के एक मयप के दवकयस और दवदि मयनयकरण कय वण्वन करिय ह।ै पयांच कयरकरों, अरय्वि समयवेशी 
दशक्य के बयरे में ज्यन, अशक्िियओ ां की पहचयन करने की कदरि योगयिय, दि वययांग बचचरों को 
पढयने के प्रदि अदि वदृति, समयवेशी दशक्ण दवदियरों को अनकूुदलि करने की कदरि योगयिय 
और समयवेशी कक्य के प्रबांिन के दलए कौशलरों, कय परीक्ण दकयय गयय। सचूीबद्ध पयांच 
कयरकरों के अांिग्वि 50 एकयांशरों कय दनमय्वण दकयय गयय रय और परीक्ण को गजुरयि रयजय के 
552 सेवयपवू्व दशक्करों को दियय गयय रय। परीक्ण को सेवयपवू्व अधययपकरों के समयवेशी दशक्य 
के प्रदि दशक्ण अदि क्मिय को मयपने के दलए एक दवश्वसनीय और विै उपकरण पययय गयय।  
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Introduction
Inclusive Education has been started to break the isolation between 
special and general education, to bridge the gap between them 
and to mainstream Children with Disabilities (CwD) into general 
education to learn with their peers. But despite policies and 
provisions, inclusive education has not achieved desired success 
due to lack of supporting system (Shevde, 1997), lack of awareness 
about policies and provisions among general educators (Zaveri, 
2001), negative attitude towards CwD (Philips, 2007) and attention 
of teachers towards CwD in classroom (Nayak, 2008). These may 
be the reason for exclusive system of education and unreachable 
goal of Education for All.

Many academics in the field of inclusive education consider 
teacher education is essential for the implementation of inclusive 
education in the classroom (Ainscow, 2005; Booth et al, 2003; 
Sandhill and Singh, 2005). In recent time, the general teacher 
education diplomas and degree courses available nation wide do 
include an optional ‘special education’ paper to train and prepare 
teachers to identify and assess disability. However, it was not an 
integral part of the training and it does not train teachers to deal with 
the challenge, diversity and negative attitudes (Singhal, 2005). This 
resulted in distrust in both the special and mainstream education 
systems which led some parents to keep their CwD at home for the 
fear of their abuse or neglect in the classroom (Zulka, 2005). Since, 
the National Council of Teacher Education (a statutory body of 
Government of India) Regulation (2014), inclusive education is an 
integral part of the second year curriculum of the two-year B.Ed. 
course. Many surveys have found that teachers’ attitude towards 
inclusion is not particularly positive (Ellins and Porter, 2005) 
and they expressed concern about their lack of preparation for 
inclusion and for teaching all learners (Forlin, 2001). Thus, there 
is a need to make changes in the selection of teachers who can be 
helpful for the inclusive education programme. The persons with 
high inclusive education teaching aptitude should be spotted out 
through proper testing and advised to join inclusive school after 
providing the training. Thus, admitting candidates with aptitude for 
inclusion can benefit in making the inclusive education successful.

Human working efficiency is not easily measured as it varies 
across a number of factors such as aptitude for task involved, 
adequacy of training for the task, motivation and condition of 
work, etc. Aptitude is a quality in an individual which is indicative 
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of the probable extent to which a person will tend to acquire under 
suitable training. If a person has an aptitude for teaching that means 
she or he has capacity to acquire proficiency in teaching under 
appropriate conditions and will succeed in teaching. Many factors 
are involved with teaching aptitude like knowledge, communication 
skills, academic achievement and personality traits (Kaur, 2007).

When we say a person possesses an aptitude for teaching in an 
inclusive set-up, it is assumed that she or he has a good proportion 
of the traits required for becoming successful as an inclusive 
education teacher. The magnitude of these traits may differ from 
person to person or even the number of traits possessed by each 
person may also differ. A number of traits required for being 
successful teacher in inclusive education compose as a whole the 
aptitude for teaching in inclusive education. Thus, the high or low 
aptitude for teaching in inclusive education is in proportion to the 
number of traits possessed by an individual. It also depends on the 
nature of the traits possessed.

Thus, estimating the aptitude for teaching in inclusive setting 
requires assessing it through a proper test. By constructing the 
present inclusive education teaching aptitude test, an attempt 
is made to satisfy a felt need of such test. Unlike other tests 
constructed so far meant for general teaching aptitude, the aptitude 
test for pre-service teachers on inclusive education is specifically 
prepared to measure aptitude for teaching in inclusive education 
and termed as Inclusive Education Teaching Aptitude Test (IETAT).

Existing Teaching Aptitude Instruments in India
The number of published instruments to measure teaching aptitude 
is less and all of them are meant for measuring general teaching 
aptitude. In 1961, Shah developed aptitude test for secondary 
school teachers. This test has five dimensions, attitude towards 
children, mental ability, interest in profession, adaptability and 
professional information. The reliability and validity of the test was 
estimated to be 0.80 and 0.533, respectively. Based on the line of 
Shah’s test, Singh and Sharma (1998) developed another teaching 
aptitude test battery with the same five dimensions. The test 
consisting 120 items and was standardised on 1,090 pupil teachers 
of primary teachers’ training institutions. The test constructed by 
the Pandey (1970) measures professional knowledge, vocabulary, 
inferential, reasoning, number series, numerical reasoning, logical, 
general information and reading comprehension and was tested on 
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1,190 secondary school teacher trainees. Teaching aptitude test 
by Prakash and Srivastava (1973) has 10 sub-sets viz. cooperative 
attitude, kindliness, patience, wide interest, fairness, moral 
character, discipline, optimism, scholarly taste, and enthusiasm. 
The test provides 150 Likert type items for secondary pre-service 
teachers to respond on a five point scale. The reliability of the 
test was found 0.891 (split-half method) and 0.91 (Guttman 
and Spearman-Brown Prophecy formula) and quite satisfactory  
validity (0.5).

The teaching aptitude test battery by Karim and Dixit (1986) 
aims to measure teaching aptitude of high school teachers in 
eight areas — cooperative nature, consideration, wide interest and 
scholarly taste, fair mindedness and impartiality, moral character 
and discipline, optimistic attitude, motivational aspect and dynamic 
personality. The test provides 80 items and the respondents need to 
respond on a 3 point scale. The reliability of the test was estimated 
by applying split-half method (0.85) and Guttman and Spearman 
Brown’s prophesy formula (0.91). Gakhar and Rajnish in 2004 
developed teaching aptitude test which has shown good validity 
(0.68), internal consistency and test-retest reliability (0.74). This 
four point Likert type instrument measures six dimensions of 
teaching aptitude, namely— teaching profession, interest towards 
students, social contexts, innovations regarding activate standard, 
professional ethics and teaching potentialities. Based on the  
test result, the teachers can be classified as right, good and 
dedicated teachers.

The teaching aptitude instruments developed so far are 
meant for measuring general teaching aptitude only. So, a test to 
particularly measure teaching aptitude towards inclusive education 
is required.

Method

Construct of IETAT
Based on the review of the standardised general teaching aptitude 
tests developed in past and available materials on teaching in 
inclusive classroom, a list of traits to be covered under IETAT was 
prepared. For arriving at a convenient and workable list of traits 
that might be regarded as proofs of possessing the teaching aptitude 
for inclusive education by a pre-service teacher, a rating scale was 
prepared. The prepared list was sent to 16 subject experts (SEs) in 
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the field of teacher education, inclusive education and psychology 
of education for their rating on the importance of traits for being 
a teacher in inclusive school. The experts were requested to rate 
the traits on five-point scale and also suggest trait(s) that can be 
included under the IETAT. Some of the inter-related and similar 
traits were merged and the following five factors were identified.
1. Knowledge about Inclusive Education
2. Perceived Ability to Identify Disabilities
3. Attitude towards Teaching CwD
4. Perceived Ability to Adapt Inclusive Teaching Methods
5. Skills to Manage Inclusive Classroom

Participants
Data from 552 pre-service teachers of first year B.Ed. course from 
the 13 Teacher Education Institutions of the Gujarat state, India, 
were collected and used to standardise the IETAT. Most of the 
participant pre-service teachers were females (n=480) and younger 
falling the age group of 21 to 25 years (n=500). More than half of 
the respondents were from urban area (n=302) with postgraduate 
qualification (n=278) and from arts (n=298) field. A vast majority of 
the pre-service teachers neither had any previous contact with the 
persons with disabilities (n=522) nor had any previous teaching 
experience (n=464).

IETAT Development

Item Writing
The objective type (stem followed by four alternatives) items were 
written related to above mentioned five factors. Equal numbers 
of items (10 items) were framed under each factor comprising a 
total of 50 items with difficulty values between 93.4 and 13.4 and 
validity indices ranges between 0.26 and 0.82.

Scoring
The pre-service teachers were required to encircle to the alternative 
selected as correct. One mark was assigned to every correct 
answer and no mark assigned to the wrong answer (maximum 
score ranging between 0–50). The highest score obtained in the 
test was ‘35’ while the lowest score was ‘7’. Thus, the IETAT yields 
seven separate score ranges viz. above 35 (very high), 30–34 (high),  
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25–29 (above average), 20–24 (average), 15–19 (below average), 10–
14 (poor) and below 10 (very poor).

Item Analysis
Item analysis was done using the content validity method suggested 
by Lawshe (1975). Content Validity Ratio (CVR) for each item was 
calculated. Items with high CVR were included in the test. Also, 
items with internal consistency index were found out and all the 
items were re-arranged as per their difficulty value (D).

Results
Items with high CVR ranging from 0.25 to 1 and those items with 
internal consistency index (r) 0.20 or more were selected in the 
final version of the test. Item wise CVR, difficulty value and internal 
consistency index (r) of final IETAT are given in Table 1. The range 
of the difficulty values of the items selected was between 93.4 and 
13.4. Items in each section were re-arranged as per their difficulty 
value (D) so that the easiest items were on the top and hardest items 
at the bottom. The final test consists of 50 items (Annexure-1).

Validity
The items were included in the test on the basis of CVR and internal 
consistency index so the test has content and construct validity 
in relation to the teaching aptitude towards inclusive education. 
Criterion related validity of the test was found out by correlating 
the scores of IETAT with the examination scores of the pre-service 
teachers in the subject of Creating Inclusive School in a sample 
of 110 pre-service teachers. The validity coefficient was found to 
be 0.52.

Table 1

CVR, Difficulty Value (D) and Internal Consistency Index (r) of the 
Items Selected in the Final Version of IETAT

Section Item No. CVR D r
Section I

(Knowledge about inclusive education)
1 0.88 86.7 0.51

2 0.25 73.4 0.34

3 0.5 73.4 0.70

4 0.38 68.4 0.42

5 0.63 61.7 0.26

6 0.5 56.9 0.53
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7 0.63 46.7 0.29

8 0.75 33.4 0.61

9 0.25 33.4 0.61

10 0.75 20 0.42

Section II
(Perceived ability to identify disabilities)

11 0.88 61.7 0.28

12 0.25 61.7 0.25

13 0.38 60 0.54

14 0.75 53.4 0.62

15 0.5 46.7 0.53

16 0.75 46.7 0.53

17 0.88 40 0.40

18 1 20 0.42

19 0.63 20 0.42

20 0.25 13.3 0.29

Section III
(Attitude towards teaching children with 

the special needs)

21 0.88 86.7 0.50

22 0.75 86.7 0.54

23 0.5 73.4 0.32

24 0.5 60 0.82

25 0.75 40 0.38

26 0.88 40 0.71

27 1 40 0.38

28 0.63 13.4 0.29

29 0.88 13.4 0.29

30 0.5 13.4 0.29

Section IV
(Perceived ability to adapt inclusive 

teaching methods)

31 0.88 73.4 0.32

32 1 60 0.80

33 0.63 53.3 0.41

34 0.5 53.4 0.60

35 1 40 0.38

36 0.63 33.4 0.33

37 0.75 26.7 0.51

38 0.38 26.7 0.51

39 0.63 20 0.42

40 0.63 13.4 0.29
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Section V
(Skills to manage the inclusive classroom)

41 0.5 93.4 0.38

42 1 73.4 0.31

43 0.38 66.7 0.45

44 0.88 60 0.29

45 0.25 40 0.69

46 0.88 33.4 0.29

47 0.25 33.3 0.29

48 0.63 20 0.42

49 0.63 20 0.42

50 0.5 13.4 0.29

Reliability
The reliability of the test was established by the application of ‘split-
half’ method (0.97), K-R formula (0.65) and Hoyt’s method (0.62). 
Thus, the reliability of the IETAT can be fixed at 0.75. Index of 
validity and index of reliability indicate that the IETAT has validity 
and reliability for measuring the pre-service teachers’ teaching 
aptitude towards inclusive education.

Table 2

Mean, Median, Mode and SD of the Scores in IETAT

N Mean Median Mode SD

552 20.57 20.55 20.51 5.45

Table 2 shows that there is not much difference between the 
mean, median and mode. Hence, the distribution is normal and the 
selected sample is representative of the population.

Conclusion
The present research was conducted to develop and validate a 
test to measure pre-service teachers’ teaching aptitude towards 
inclusive education. The result from item analysis and estimation 
of validity and reliability indicates that the present IETAT is 
capable to measure pre-service teachers’ teaching aptitude towards 
inclusive education. The description of the scores obtained by the 
pre-service teachers is normal and it suggests that a majority of the 
pre-service teachers coming under the average group do possess 
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some kind of aptitude for teaching in an inclusive setting. The test 
may also helpful to stakeholders involved in admission at pre-
service teacher training courses in general teacher education.
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Annexure-1

Aptitude Test for Pre-service Teachers on the Inclusive Education
Dear Friend,
This Inclusive Education Teaching Aptitude Test (IETAT) is 
constructed for measuring your teaching aptitude for inclusive 
education. Fifty items related to your thought about the Inclusive 
Education are given in this booklet. Four alternatives are given 
with every item. Read every item carefully and give your answer by 
encircling the option     in the given separate answer sheet.

For example, suppose your answer is ‘a’ then encircle on the ‘a’ 
option, i.e.,

Please read these instructions carefully before giving answers.

Instructions
• Provide all the general information about your age, gender, 

stream, level of education, teaching experience by encircling the 
appropriate alternative given with every item.

• There are 50 items given under five factors viz., Knowledge about 
Inclusive Education (10 items), Perceived Ability to Identify 
Disabilities (10 items), Attitude towards Teaching Children with 
Disabilities (CwD, 10 items), Perceived Ability to Adapt Inclusive 
Teaching Methods (10 items) and Skills to Manage Inclusive 
Classroom (10 items).

• Do not leave any item unanswered.
• There is no time limit for completion of this test. But work 

rapidly as much as you can.
• The main purpose of this test is to measure your aptitude only. 

There are no marks for this test and this test will not affect your 
result or academics.

• Besides answering write difficulties (if any) in answering and 
your suggestions or opinions for further improvement of item(s).

• Research studies are useful only when reliable and accurate 
data are collected. So, please give honest and sincere answers. 

• Return the answer sheet along with the test-booklet to test 
administrator after answering all the items.

a
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You are assured that all the information provided by you will be 
kept strictly confidential and used for the research purpose only.

Thanking you,
Dr. H. S. Mistry

Abbreviations Used
• CwD Children with Disabilities
• EMR Educable Mentally Retarded 
• CwOI Children with Orthopaedic Impairment
• CwVI Children with Visual Impairment 
• CwHI Children with Hearing Impairment 
• CwMR Children with Mental Retardation 
• CwD Children with Disabilities 

General Information

Name of the College/Institute: ______________________________________________

Name of the University: _____________________________________________________

Age:  a. 21 to 25 years  b. 26 to 30 years  c. More than 30 years

Gender: a. Male b. Female c. Third Gender

Habitat: a. Urban b. Rural

Caste Category 
a. General
b. Other Backward Class (OBC)
c. Scheduled Castes (SC)    
d. Scheduled Tribes (ST)

Stream: a. Arts b. Science c. Commerce d. Other (please 
specify) ......................

Educational Qualification  

a. B.A.  e. M.A.   i. M.Phil.

b. B.Com.  f. M.Com   j. Ph.D.

c. B.Sc.  g. M.Sc.   k. Other ______

d. Other ______ h. Other _____

Teaching Experience:  a. Yes b. No

• If yes, year of experience:

a. Less than 1 year c. 3 to 5 years 

b. 1 to 2 years d. More than 5 years



Construction and Validation of an Aptitude Test...

Indian Educational Review, Vol. 58, No.1, January 202092

• Type of school
a. Government c. Private Un-Aided 

b. Private Un-Aided

Experience in Teaching Children with Disabilities (CwD):   a. Yes b. No

• If yes, type of disability 

a. Hearing impairment

b. Mental retardation

c. Orthopaedic impairment

d. Visual impairment

e. Other (mention) ___________________

Item
No.

Section I
Knowledge about Inclusive Education

1. In inclusive education, teacher needs to recognise students’

a. individual differences
b. physical differences
c. mental differences
d. age differences

2. As an inclusive school teacher, you need to have strong skill in 
conducting

a. action research
b. historical research
c. correlation research
d. descriptive research

3. As a new teacher in inclusive school, you will not

a. participate in academic forums on inclusive education
b. work collaboratively with other teachers
c. participate with experienced teachers
d. criticise other teachers work

4. Inclusive education programme does not focus

a. inclusion of all types of children in school
b. providing adequate infrastructure facilities to CwD
c. accommodation of CwD into a general school setting
d. the restructuring of schools to accept and provide for the needs of   
 CwD

5. The ultimate goal of inclusive education is to teach

a. all students together
b. minority students
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c. slow learners
d. CwD

6. Inclusive education does not mean

a. including all CwD in the special schools
b. determining the placement of CwD in general classroom
c. creating an environment that supports and include all types 
 learners
d. providing the home based education to all CwD

7. Enrolling CwD in general schools can

a. affect the quality of education
b. lead to less enrolment of other students
c. affect the performance of other students
d. realise their potentials as other students

8. Inclusive education involves

a. grouping the CwD with their disabled counterparts
b. providing the home based education to all CwD
c. keeping the CwD in segregated classrooms
d. keeping the CwD in general classrooms

9. Learning in inclusive classroom should not be

a. active
b. passive
c. in group
d. participatory

10. As an inclusive classroom teacher, which opportunity will you prefer 
most to give to parents of CwD?

a. To collaborate in decision making about the placement,  
 information and services of their child.
b. To share the information about the achievement of their child.
c. To take care in completing the home assignments of their child.
d. To participate in the school functions.

Item
No.

Section II
Item No. Perceived Ability to Identify Disabilities

11. Observe the given figures carefully.

 I  II  III  IV
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Select the correct alternative that depicts the types of disability.

a. I—Blindness, II—Deafness, III—Orthopaedic handicap,  
 IV—Mental retardation
b. I—Deafness, II—Orthopaedic handicap, III—Mental retardation,  
 IV—Blindness
c. I—Mental retardation, II—Blindness, III—Deafness,  
 IV—Orthopaedic handicap
d. I—Orthopaedic handicap, II—Mental retardation, III—Deafness,  
 IV— Blindness

12. The teachers will not show remarkable readiness to enroll and teach the 
CwD unless they are

a. highly qualified
b. aware of disabilities
c. kind and sympathetic
d. interested in social service

13. Which among the following is not the feature of Rights of Person with 
Disabilities Act (2016)?

a. Mental Health of the CwD
b. Full participation of the CwD
c. Equal opportunity to the CwD
d. Protection of rights of the CwD

14. Which among the following represents the functional relationship of the 
terms?

a. Impairment → Disability →  Handicap
b. Handicap →  Disability →  Impairment
c. Disability →  Impairment →  Handicap
d. Impairment → Handicap →  Disability

15. One of your students who cannot see properly because of faulty image 
formation is an example of

a. impairment
b. retardation
c. disability
d. handicap

16. Mental retardation is not a

a. disease
b. disability
c. condition
d. impairment
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17. IQ range of the Educable Mentally Retarded (EMR) is

a. 1–19
b. 20–39
c. 40–54
d. 55–70

18. Suppose one of your student is having trouble in hearing and 
understanding soft speech in noisy background. Which among the 
following hearing loss he will have?

a. Moderate hearing loss
b. Profound hearing loss
c. Severe hearing loss
d. Mild hearing loss

19. Children with Orthopaedic Impairment (CwOI) should not be over 
protected in class because

a. it may develop the habit of demanding extra attention
b. it may develop the habit of demanding extra materials
c. it may develop the habit of demanding more learning
d. it may develop the habit of demanding leave

20. Match the column A with column B.

Column A

(Type of Disability)

Column B

(Supporting Device)
A Children with Visual 

Impairment (CwVI)
I Visual and tactile aids for 

learning

B Children with 
Orthopaedic 
Impairment (CwOI)

II Sign language

C Children with Hearing 
Impairment (CwHI)

III Calipers

D Children with Mental 
Retardation (CwMR)

IV Abacus for mathematics 
learning

a. A–I, B–II, C–III, D–IV
b. A–II, B–III, C–IV, D–I
c. A–IV, B–III, C–II, D–I
d. A–III, B–IV, C–I, D–II
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Item 
No.

Section III
Attitude towards the Teaching Children with Special Needs

21. Quality of life of CwD in their adulthood cannot be improved unless they 
are provided educational support at the stage of

a. higher education
b. primary schooling
c. secondary schooling
d. higher secondary schooling

22. Suppose a visually impaired student studying in Class VII is residing in 
your neighbouring area. And parents request you to teach her after your 
college hours. What will be your response?

a. I will advise them to recruit special teacher for their child
b. I will accept as it will help me to gain some experience 
c. I will tell them about my busy schedule
d. I will reject their request as it’s not my duty

23. After your training at the B.Ed. level, you get a job in an inclusive school 
where CwD are enrolled. You will

a. accept the job as teaching all types of students is teacher’s duty
b. reject job by thinking that it’s burden to teach CwD
c. not join job and will start private coaching
d. search job in other schools

24. Which among the following categories of students will you prefer to teach 
in your classroom?

a. Gifted
b. CwD
c. All students including CwD
d. Socially and economically weak 

25. Respect and support to CwD cannot be best taught to non-disabled 
students of classroom unless teacher

a. tells stories on disability
b. orders normal students
c. show videos on disability
d. models the same

26. Given an opportunity to teach in inclusive class, you will not remain 
much focused on students’

a. understanding
b. weaknesses
c. strength
d. interest
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27. Excellent educational infrastructure, articulated educational policy, 
well resourced programme and effective inclusion must not take place 
without

a. meaningful instruction delivery by the teachers
b. good administration of school principal
c. cooperation of community members
d. expertise of supporting staff

28. According to you, which factor is not contributing to the achievement of 
CwD in inclusive school?

a. Class size
b. Quality of teacher
c. Class background
d. Supporting services

29. Engaging CwD in co-curricular activities is most important because

a. they can learn some activities.
b. they can receive entertainment.
c. their social skills can be improved.
d. their academic burden can be lessened.

30. Now-a-days, various disability specific softwares are available but 
suppose the school where you are working has not installed that 
software yet. As an inclusive school teacher, you will

a. request the concerned authority to procure such software.
b. blame school principal for not making the software available.
c. wait till the software is installed.
d. not bother as it is not your duty.

Item 
No.

Section IV
Perceived Ability to Adapt Inclusive Teaching Methods

31. For successful application of assistive technologies for the CwD, which 
among the following parameter will you not take care?

a. Knowledge of CwD about technology
b. Types of technological innovations available
c. Ways that empower the CwD for mainstream life 
d. Potential of CwD for the better use of that technology 

32. Suppose you have 30 children alongwith 3 CwDs (1CwVI, 1CwOI and 
1CwHI) in your classroom and you are assigning a task by dividing the 
entire class into three groups (10 children in a group) viz Group A, B and 
C. Which of the following groups will you create to make your classroom 
inclusive?
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a. A (7 Non-disabled children + 3 CwD), B (10 Non-disabled  
 children), C (10 Non-disabled children)
b. A (10 Non-disabled children), B (8 Non-disabled children + 1 CwD  
 (CwOI), C (9 Non-disabled children + 2 CwD (CwVI&CwHI)
c. A (10 Non-disabled children), B (8 Non-disabled children + 2 CwD  
 (CwOI&CwVI), C (9 Non-disabled children + 1 CwHI)
d. A (9 Non-disabled children + 1 CwOI), B (9 Non-disabled children  
 + 1 CwVI), C (9 Non-disabled children + 1 CwHI)

33. The plus curriculum is generally recommended for children with

a. blindness 
b. mental retardation
c. hearing impairment
d. orthopaedically handicap

34. Total communication method could be best suitable in teaching students 
with

a. mental retardation
b. visual impairment
c. hearing impairment
d. orthopaedic impairment

35. Which among the following, will you not consider for adjusting 
curriculum to suit theCwD?

a. Interest towards learning
b. Learning aptitude
c. Learning needs
d. Ability to learn 

36. In inclusive education, individualised instruction does not mean

a. individual instructions as and when required for teaching- 
 learning
b. individual teaching to CwD as per their learning need
c. permitting child to pursue a preferred mode of learning
d. teaching by individual teacher

37. Which among the following aspects you will not consider for evaluating 
success of CwD in inclusive education?

a. Academic achievement 
b. Attitude towards learning
c. Interaction with teachers and peers
d. Inability to participate in some co-curricular activities

38. For teaching a blind or a low vision student in inclusive classroom, there 
must be no change in
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a. Content of lesson
b. Curricular activities
c. Instructional method
d. Strategies of teaching

39. For learning to meet the diverse needs of all students, which among the 
following design will you use?

a. Programmed design of learning
b. Universal design of learning
c. National design of learning
d. State design of learning 

40. Which among the following, will you not consider for adjusting 
curriculum to suit the CwD?

a. Interest towards learning
b. Learning aptitude
c. Learning needs
d. Ability to learn 

Item 
No.

Section V
Skills to Manage Inclusive Classroom

41. You as a teacher will not attach label ‘disabled’ to the Children with 
Disability (CwD) because labelling has adverse effects on their

a. social aspect
b. language aspect
c. economical aspect
d. philosophical aspect

42. Why does a teacher require adequate training in classroom management 
practices for inclusive education?

a. To meet the requirements of inclusive practices for students with  
 special needs.
b. To manage and administer the behaviour of CwD.
c. To discipline the CwD.
d. To handle the CwD.

43. Arrange the following categories in order that teacher must have for 
professional development in inclusive education.

I Basic knowledge of the characteristics of CwD and understanding 
 of their role and responsibility in the inclusive education process.
II Understanding how to differentiate instructions to meet the needs  
 of CwD.
III Effective classroom management strategies to promote academic  
 engagement and pro-social behaviour while minimising   
 disruptions to the learning environment.
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IV Learning strategies to communicate and collaborate effectively 
 with resource teachers or special educators.

a. I, II, III, IV  
b. IV, III, II, I
c. III, II, IV, I
d. II, III, I, IV

44. Suppose you are working as a full time teacher in general school and 
two CwD are enrolled in your class. You will provide the work in small 
group because 

A. all students including CwD can be more active
B. all students including CwD can be more involved
C. all students including CwD can form their group
D. all students including CwD can be supportive to each other

a. A, B and C
b. A, B and D
c. A and B only
d. B and D only

45. For effective classroom management in inclusive education, a teacher 
does not require proficiency in the analysis of students’

a. outcomes
b. behaviour
c. performance
d. mental condition

46. As an inclusive school teacher, which among the following strategies will 
you use to promote friendship among your students?

a. Ordering students to make friendship
b. Selecting activities that involve competition
c. Creating rituals that involve some students of the class
d. Selecting activities that involve cooperation and collaboration 

47. Suppose your school is not yielding satisfactory result for inclusive 
education, which among the following issue will you not address for 
improving the result in inclusive education?

a. Need of curriculum Modifications
b. Lack of infrastructural Facilities
c. Lack of playing Equipments
d. Lack of educational Materials

48. Which among the following will not be helpful to an inclusive school 
teacher for identifying and assessing the CwD?
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a. Observing them in various settings  
b. Administering paper-pencil tests
c. Administering psychological tests
d. Examining school records

49. Which of the following types of seating arrangement will you use for the 
CwD in your classroom so that each one of them can be easily observed 
by you?

a. S
b. T
c. U
d. Z

50. Which among the following competencies is least important for the 
regular school teachers in inclusive classroom?

a. Interaction with CwD
b. Teaching PLUS curriculum
c. Managing behaviour of CwD
d. Creating learning environment 
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AbstrAct

Various cultural groups have their specific ways of acquiring 
the useable functional mathematics. They unconsciously apply 
mathematical skills in their everyday life without realising its 
significance. Position Paper of National Focus Group on Teaching of 
Mathematics, NCERT, New Delhi, states that in Indian villages, it is 
commonly seen that people who are not formally educated use many 
modes of mental mathematics. These practices of mathematics at 
local level may be treated as indigenous, oral (vedic), hidden (frozen), 
and folk mathematics. These different concepts are a part of ethno-
mathematics and provide a right of practice to every individual. 
This paper looks at mathematics used by Kumhar (also known as 
Prajapati) community, involved in their traditional activities like pot 
making, carving and selling in different areas of Varanasi district 
of Uttar Pradesh state. This paper will discuss the steps involved, 
things used and pattern followed in different types of practices used 
in pot making and the mathematics embedded in it like the concepts 
of angle, geometry, mensuration, symmetry, sequencing, Operations 
Research, reasoning, spiral, conic section, etc. An interview 
schedule having questions from five areas— biographic information, 
traditional activities, logic used and Culture, inventory control, and 
marketing is used and an observation was made for each practices 
in a naturalistic setting to gather the evidences. Results have 
implications for teaching of mathematics in a cultural context.

Keywords: Ethno-mathematics, kumhar community, vedic and 
frozen mathematics.

सार
विविन्न सांस क्ृ वि् समहूों ्े पास प्रयोजय ्ायायातम् गविि प्राप्ि ्र्ेन ्े अप्ेन विविष्ट 
िरी्े हैं। िे अ्नजा्ेन में गवििीय ्ौिलों ्ा अप्ेन द्ंैनवद्न  जीि्न में उपयोग ्रिे हैं। 
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ए्नसीईआरटी, ्नई वदलली ्े ्ेनि्नल फो्स ग्रुप ्े टीविगं ऑफ मथेैमवेटकस ्े ऊपर 
पोवजि्न पेपर में ्हा गया ह ैव् िारिीय गांिों में आमिौर पर दखेा जािा ह ैव् औपिारर् 
रूप से विवषिि ्नहीं होिे हुए िी गविि ्ा उपयोग ्ई िरी्ों से ्रिे हैं।  सथा्नीय सिर पर 
गविि ्ी इ्न प्रथाओ ं्ो सिदिेी, मौवख् (िैवद्), अप्रतयषि (अिरूद्ध) और लो् गविि 
्े रूप में मा्ना जा स्िा ह।ै ये विविन्न अिधारिाए ंएथ्नो-गविि ् ा ए् िाग हैं और प्रतये् 
वयवकि ्ो अभयास ्ा अवध्ार प्रदा्न ्रिी हैं। यह लेख र्ु महार (वजसे प्रजापवि ्े ्नाम 
से िी जा्ना जािा ह)ै द्ारा प्रयरुकि गविि ्े अधयय्न पर आधाररि ह,ै जो उत्तर प्रदिे राजय 
्े िारािसी वजले ्े विविन्न षिेत्ों में वमट्ी ्े बिया्न ब्ना्ेन, ्नक्ािी और बेि्ेन जैसी अप्नी 
पारंपरर् गविविवधयों में पारंगि हैं।  इस लेख में वमट्ी ्े बिया्न ब्ना्ेन में प्रयरुकि विविन्न प्र्ार 
्े अभयासों में िावमल िरिों, उपयोग ्ी गई िीजों और पैट्नया िथा इसमें सवन्नवहि गवििीय 
संप्रतयय जैसे व् ्ोि, जयावमवि, मनैसरुरेि्न, समरूपिा, अ्नरुक्रमि, संवक्रयातम् अ्नरुसंधा्न, 
ि य्ा , सवपयाल, िां्ि खडं आवद ्ी अिधारिाओ ंपर ििाया ्ी गई ह।ै अधयय्न में ए् पंि 
िागीय साषिात्ार अ्नरुसिूी; जीि्न-संबंधी जा्न्ारी, पारंपरर् गविविवधयाँ, प्रयरुकि ि य्ा  
और संस क्ृ वि, माल व्नयंत्ि, और विपि्न ्ा उपयोग व्या गया। साथ ही सिू्नाओ ं्ो 
इ्ट्ा ्र्ेन ्े वलए एिं प्रा क्ृ वि् सेवंटग में वक्रया्लापों ्े अधयय्न ्े वलए ए् अिलो््न 
अ्नरुसिूी ्ा प्रयोग व्या गया। पररिामों ्ा व्नवहिाथया ए् सांस क्ृ वि् संदिया में व्नवहि 
जा्न्ारी ्ा गविि विषिि में उपयोग पर बल दिेा ह।ै

Introduction
The word ethno-mathematics has two parts ‘ethno’ and 
‘mathematics’ — To understand its etymological meaning we can 
consider these words separately and then together. The word 
‘mathematics’ comes from Greek term ‘mathema’ which means 
knowledge, study, learning, science and arts. The Greek prefix 
‘ethnos’ stands for a group of people living together. This can be 
explained as something belonging to a particular social group 
or ethnic group. This is only etymological description of ethno-
mathematics, practically the word ethno refers to the specific 
working process to solve the problem and the second term refers 
to the logical terms and conditions used to arrive at the result of 
the problem.

The Brazilian Educator and Mathematician Ubiratan 
D’Ambrosio introduced the word ethno-mathematics to the world 
in 1977, after launching his ethno-mathematicalprogram as a 
methodology to track and analyse the processes of generation, 
transmission, diffusion and institutionalisation of mathematical 
knowledge in diverse cultural systems or groups (D’Ambrosio, 1985, 
1990, 2001). While using the word for the first time D’Ambrosio 
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(1985) expressed that ‘the term requires a dynamic interpretation 
because it describes concepts that are themselves neither rigid 
nor singular namely, ethno and mathematics’. The term ethno 
describes, ‘all of the ingredients that make up the cultural identity 
of a group— language, codes, values, jargon, beliefs, food and dress, 
habits, and physical traits.’ Mathematics expresses a ‘broad view 
of mathematics which includes ciphering, arithmetic, classifying, 
ordering, inferring, and modeling’. In contrast to ‘academic 
mathematics’, i.e., the mathematics which is taught, practiced 
and learned in schools and universities, D’Ambrosio called it 
ethno-mathematics. He expressed that so many children fail in 
mathematics due to, “the mechanism of schooling that replaces 
these practices by other equivalent practices which have acquired 
the status of mathematics, and have been expropriated in their 
original forms and returned in a codified version”.

D’Ambrosio, while giving its first definition stated, “Ethno-
mathematics is the mathematics which is practiced among 
identifiable cultural groups such as tribe societies, labour groups, 
children of certain age brackets and professional classes”. Ethno-
mathematics explores the diverse expressions of mathematical 
ideas. Now-a-days it also involves the deliberations on issues 
related to society and culture and their impact on teaching and 
learning. The consonance of Ethno-mathematics and mathematics 
education goes to explore the fact that mathematics learning is a 
cultural and social process.

Apart from the above ethno-mathematics may also be introduced 
as part of cultural and traditional practices. ‘Ethno-mathematics 
can be understood as the region of intersection between cultural 
anthropology and academic mathematics that utilised mathematical

Figure 1 : Concept of the Ethno-mathematics

Academic 
Mathematics

ETHNO-MATHEMATICS

*Cultural
Anthrolpology **Mathematical

Modeling

*is a branch anthopology focused on the 
study of cultural variation among humans. It 
is in contrast to social anthropology, which 
perceives cultural variation as a subset of the 
anthropological constant.

**is a description of a system using mathematical 
concepts and language. The process of developing 
a mathematical model is termed mathematical 
modeling. It may help to explain a system and to 
study the effects of defferent components, and to 
make predictions about behaviour.
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modeling to solve the problem taken from reality’ (D’Ambrosio, 
1990 and Rosa, 2010, cited in, Abiam et.al. 2016). Figure 1 depicts 
it clearly.

In India, few researches have been done in this area though 
our country contains high level of social-cultural diversity and 
mathematical practices. Some eminent scholars and institutions 
are working in this area. Information Technology (IT) Education 
department of International Institute of Information Technology 
(IIIT) Hyderabad, India has developed a tool to teach fractions; 
based on ethno-mathematics principle. Gupta (2009) used many 
riddles from stories and instances to solve the reasoning problems 
in mathematics. 

Background of the Study
The study is based on the investigator’s  doctoral work on the topic 
‘Ethno-mathematics: An Investigation of an Approach for Teaching 
Learning Mathematics (TLM) from the Traditional Activities of the 
Kumhar Community of Varanasi District’. The study was conducted 
on Kumhars classified as Other Backward Community (OBC), in 
Varanasi district of Uttar Pradesh. An economically middle class 
and politically active community, women also play a significant 
role in family (Kotte and Surendra, 2016). In their Anthropological 
Study, Kotte and Surendra (2016) introduced many other names 
of Kumhar like Prajapati, Kummar, Machavaram, Mannepalli, 
Pathipati, Kulluru, Chejerla, Kondapati, Chirivella and Yadavalli in 
relation to different cultural and linguistic profile. 

Ascher (1991) stated in his study that people are unconsciously 
applying mathematical skills in everyday life without realising 
its importance. There is a great probability that such skills, if 
incorporated in teaching learning practices in schools could 
advance the outcomes of learning mathematics. The main 
reason behind taught mathematics at schools is to sharpen real 
life practices such as counting, ordering, sorting, measuring, 
weighing, etc. Therefore, the skills of those applying mathematics 
in their cultures, without any formalised training, could contribute 
positively towards improving performance by the learners in the 
classroom (Bishop, 1988; Gerdes, 1996; Zaslavsky, 1975). 

Mogege (1999) investigated the relationships between cultural 
games and the teaching and learning of mathematics. The main aim 
of his work was to look at various cultural and traditional games 
that are found in different cultural settings, with a view towards 
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making use of these games in the mathematics classroom. Likewise, 
Gerdes (2000) noted that one of the principles of good teaching is 
to give importance of understanding the cultural background of 
the pupils and relating the teaching and learning process to it. He 
enlisted some non-academic aspects of academic mathematics, like 
socio, informal, folk, hidden, and oral mathematics. Bishop (2002), 
observed that every classroom now a days is characterised by the 
ethnical, linguistic, gender, social and cultural diversity. Teachers 
should have to deal with the existing cultural diversity since 
mathematics is defined as human and cultural knowledge deeply 
in comparison to any other field of knowledge. Significant effect of 
ethno-mathematics approach on students achievement and interest 
in geometry and mensuration has been reported (Kurumeh, 2004; 
Abiam et al., 2016). Both the studies were carried out in Nigeria 
and approaches were developed from cultural experiences and 
observations. Kurumeh developed the approach from the culture 
of Nasukka area of Nigeria and suggested the useful aspects of 
Indigenous Mathematics to the curriculum planner, policy makers 
and administrators of the Nigeria. Abiam et al. (2016) recommended 
that ethno-mathematics based instructional approach should be 
adopted in the teaching of geometry. Hara-Gaes (2005) investigated 
the mathematics embedded in the cultural activities of the Damara 
people in the Khorixas areas of Namibia in real setting. He traced 
out many mathematical concepts from the traditional activities, 
house construction, sewing place and others. He also investigated 
the concepts of measuring, triangles, breadth, length, equality and 
counting from their activities. 

The Indian curriculum reforms (i.e., National Curriculum 
Framework, 2005) also suggested the need for developing the ability 
for mathematisation in the child. The Position Paper of the National 
Focus Group on Teaching of Mathematics (2006, p. 11) indicates 
many problems regarding teaching-learning of mathematics, such 
as students fear and failure, phobia, boring classroom setting, 
disappointing curriculum, traditional ways of teaching mathematics, 
etc., and further provided many recommendations to solve these 
hurdles. One of the recommendations was to enable children to the 
relate mathematics to people’s lives. Position paper states that in 
Indian villages, it is commonly seen that people who are not formally 
educated use many modes of mental mathematics, it may also be 
called folk algorithms. The study was conducted on the Kumhar 
community who use lots of mathematical concepts in their work.
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Description of Keywords
Ethno-mathematics: Ethno-mathematics is the study of 
mathematics as embedded in the cultural and traditional activities 
of the Kumhar community of Varanasi district.

Kumhar and Kumhar Community: Kumhar belongs to the Hindu 
religion, caste wise they belong to Other Backward Class (OBC) by 
the Government of India. Kumhar is also known as Prajapati in 
Varanasi district. Kumhar live as a community and are involved 
in their traditional activities like pot making, carving  and selling 
in different areas of Varanasi district (Sankuldhara, Kandawa, 
Naibasti and Tarna). In this paper researcher has used evidences 
form Naibasti area of Varanasi district.

Traditional Activities: The indigenous practices and procedures 
of the Kumhar community adopted by their forefathers and 
practiced in their cultural, communal or professional activities will 
be treated as the traditional activities of the Kumar community of 
Varanasi district.

Objectives
The present study aimed to identify the mathematical concepts 
embedded in the traditional activities of the Kumhar community 
of Varanasi district.

Method
The method of research used in this study was mainly qualitative 
in nature with naturalistic inquiry of ethnographic approach. 

Sample
The research was conducted on the Kumhar community of Nai Basti 
area of Pandeypur region of Varanasi district of Uttar Pradesh.  The 
observation was made on eleven families who lived as a community. 
These Kumhar families were identified through snowball sampling 
technique. Eighteen people of these families, who were involved 
in the traditional pot making, were selected purposively for the 
interview. 

Tools
Observation schedule and self made semi-structured interview 
schedule were used for collecting the data. Interview schedule 
contained four sub areas, i.e., Biographic Information, Traditional 
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activities, mathematics (logic) and culture, marketing related to the 
Kumhar community. Digital camera and video recorder were also 
used for data recording. 

Miles and Huberman (1994) model of qualitative data analysis 
technique was used to draw inference from the collected evidences. 
The obtained evidences through observation and interview were 
analysed in three steps as shown in the Figure 2. The first step, 
i.e., data reduction was related with the simplifying, abstracting, 
and transforming the data that appears from the field notes with 
a view to make the information intelligible. For example, there 
were many other evidences of ethnophysics in query making 
but the investigator has not mentioned it. The second step was 
matrix display and examination, used to provide an organised 
and compressed collection of information that permits conclusion 
drawing and verification. All four areas of information taken from 
interview were displayed and organised well to complete this step. 
Last step was related to give common statement for displayed data 
and assess their implications for the research question, ‘What type 
of mathematical concepts areembedded in the traditional activities 
of the Kumhar Community of Varanasi district?’

Figure 2 : Data Analysis Cycle

Data Reduction

Data Analysis

Matrix Display 
& Examination

Conclusion Drawing & 
Verification

Results and Discussion
The study aimed to describe the mathematical concepts embedded 
in the traditional activities of Kumhar community. Based on the 
information obtained from all the respondents and observation by 
the investigator, the several activities and different types of pots were 
identified as mathematical evidences. The evidences of procedure 
of making pots, tools used and other information regarding 
marketing and storing have been discussed with collaborators and 
mathematics education practitioners.
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Educational Implication: This study highlights the useful aspects 
of cultural mathematics and traditional practices of Kumhar 
community to the curriculum planer and textbook writers in Indian 
school setting. This will also enhance teachers to adopt innovative 
strategies of teaching mathematics to learners. All mathematical 
concepts stated in Table can be used for teaching-learning of 
mathematics and some points can be specified as:
• The mathematics embedded in the tools used by the Kumhar 

community can be used as an example during teaching the 
concept of angle, supplementary angle, concept of volume, 
length, width, and area. Further rectangular, cylindrical and 
spherical shapes can also be introduced.

• From the use of a model of Chaak or with discussion the circular 
motion of the Chaak, the teachers can develop the concept of 
00 to 3600 in the students, also the concepts of acute, obtuse, 
straight and reflex angle.

• The mathematics teacher can use the process of kneading 
and making paste for color as an example of commutative and 
associative law. The concept of symmetry can also be developed 
from carving done on the pots by the Kumhar.

• The different types of pots can be used as an example of 
identification of geometrical shapes.

• Preparation of anwan includes many scientific steps; some of 
them can be elaborated with students for teaching ‘sequencing 
the things’ at lower classes.

• Kumhar Community has indigenous knowledge about 
estimation of price of the pots, unitary method and profit-loss. 
The mathematical problems of profit-loss can be framed by 
using the practices of Kumhar people.

Conclusion
The National Curriculum Framework (NCF, 2005) has suggested the 
need for developing the ability for mathematisation in the child and 
provided many recommendations to solve the hurdles and one of 
them is to enable children to observe  the relevance of mathematics 
to people’s lives. This paper is also reflecting the same ideas 
and advocates multi-cultural and ethnomathematical aspect of 
teaching learning mathematics from Kumhar community. On the 
basis of the above discussions and analysis we can conclude that 
if in a single community like Kumhar, these  several mathematical 



Ethno-mathematics: Mathematics Embedded in the...

Indian Educational Review, Vol. 58, No.1, January 2020 117

concepts are embedded, then in the country like India where the 
huge cultural diversity exists, such type of investigations are 
needed. Many people are unconsciously applying mathematical 
skills in everyday life without realising its importance. There are 
great probabilities that such skills, if transferred to schools, could 
advance the teaching and learning of mathematics. Therefore, the 
skills of those people who applying mathematics in their cultures 
without any formalised training, could contribute positively towards 
better performance of the learners in the classroom.
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AbstrAct

Promotion of mental health includes the growth of psychological 
resources including improvement in quality of life, preventing mental 
disorders and increasing satisfaction and happiness. In today’s 
world of stress and competition, students are required to imbibe 
some kind of skills, which can enhance their well-being and mental 
health and enable them to adapt and get the right direction in life. 
Well-being for life lies in feeling comfortable, healthy and happy.
Present study takes into account the role of life skills in predicting 
well-being among adolescents. A group of 300 adolescents with an 
age range of 12–16 years from a CBSE affiliated school of Kaithal 
district in Haryana formed the sample of study. Tools used for 
present study were Life Skills Assessment Scale and Well-being 
Manifestation Scale. Results of the study showed high correlation 
between well-being and different components of life skills. The 
regression analysis of data showed that different variables of life 
skills were significant predictors of well-being of students. The study 
has implications in terms of organising programmes on training of 
life skills for students in schools. The study also emphasises on the 
development of modules of life skills for adolescents. 

Keywords: Life Skills, well-being and adolescents. 

सार
मानसिक स्ास्थ्य को बढा्ा दनेे हते ु जी्न की गणु्त्ा में िधुार, मानसिक स्कारों 
का सन्ारण, िंतसु्टि और खशुी में ्सृधि िसहत अन्य मनो्ैज्ासनक िंिाधनों का िमा्ेश 
आ्श्यक ह।ै आज के तना् और प्रसतस्पधाधा की दसुन्या में, छात्ों को कौशलों को आतमिात 
करने की आ्श्यकता होती ह,ै जो उनके कल्याण और मानसिक स्ास्थ्य को बढा िकते हैं 
और उनहें जी्न में िही सदशा प्राप्त करने में िहा्यक होते हैं। स्स्थ जी्न के सलए आराम 
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और प्रिनन महििू करना आ्श्यक ह।ै ्तधामान अध्य्यन सकशोरों के जी्न कल्याण की 
भस्््य्ाणी करने में जी्न कौशलों की भसूमका ्पर कें सरित ह।ै हरर्याणा में कै्थल सजले के 
एक िी.बी.एि.ई. (CBSE) िंबधि स्द्ाल्य िे 12–16 ्रधा की आ्य ुिीमा के 300 सकशोरों 
के एक िमहू ने अध्य्यन में भाग सल्या। ्तधामान अध्य्यन के सलए लाइफ ससकलि अिेिमेंटि 
सकेल और ्ेल-बीइगं मसैनफेसटेिशन सकेल नामक उ्पकरणों का उ्प्योग सक्या ग्या। अध्य्यन 
के ्पररणामों में जी्न कौशल के स्सभनन घटिकों और कल्याण के बीच उचच िहिंबंध ्पा्या 
ग्या। प्रदत् के प्रसतगमन स्शलेरण िे ्पता चला सक जी्न कौशल के स्सभनन चरों का छात्ों के 
कल्याण में महत््पणूधा भसूमका ह।ै प्रसततु अध्य्यन स्द्ाल्यों में छात्ों के सलए जी्न कौशलों 
के प्रसशक्षण हते ुका्यधाक्रमों के आ्योजन की सिफाररश करता ह।ै ्यह अध्य्यन सकशोरों के सलए 
जी्न कौशलों के मॉड््यलू के स्काि ्पर भी जोर दतेा ह।ै

Introduction
Young people represent the future of the country. The parents, 
teachers, and all others concerned try to inculcate confidence, 
values, health, happiness and many more positive traits among 
them. But what we consider a source of happiness and good 
mental health for our young ones like unconditional love, good 
grades, and fulfilling their wishes may not be enough. Therefore, 
the efforts need to be made to capitalise the strengths of this period 
and foster positive attributes among them. Efforts are required 
for strengthening of psychological resources including awareness 
about self, improvement in quality of life by developing critical and 
creative thinking, preventing mental disorders by dealing with 
stressful situations of life with interpersonal skills and effective 
communication skills and eventually leading to satisfaction and 
happiness in life. 

Well-being is a multi-dimensional concept, extended and 
context specific too. It is as outstretched as livability, abundance, 
social support, community credential, social adherence and the 
interception of mental ailment. It has functional utility and is a 
crucial element of the World Health Organisation’s interest. A state 
of well-being leads to mental health in which an individual becomes 
aware of their own potential, can handle normal stresses of life, 
can work effectively and fruitfully, and is capable to contribute 
to the community (WHO, 2012). In recent years, evidence point 
out to the pivot determinants of young one’s well-being like  
adult-child relationships, a positive self-esteem, a sense of 
belonging, opportunities in given responsibilities and involvement 
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in decision-making (Bernard, Stephanou, and Urbach,2007; 
Eckersley, 2008).

A positive behaviour that encompasses a mix of knowledge, 
behaviour, attitudes and values and designates the possession of 
certain skills and know-how to do something positively, or reach a 
goal is referred to as life skills. Strength of this behaviour depends 
upon the depth of the skills acquired by the individual. Over the 
past few years, educators and policy makers are giving considerable 
emphasis on life skill training programmes as a potential tool 
to nourish young people for a successful and happy life in this 
fast changing and a globalised world. There is an ever growing 
urgency for life skill training to help youth to manage smooth 
transitions in different strata of life like home to school, school to 
work and managing personal life events, etc. Life skills are instilled 
as a product of formative churning of knowledge, impressions, 
encounters and experiences at both phases individual as well as 
social. They are part of one’s day to day life and work. Life skills 
are in continuous evolution in both the individual contexts of 
personal and that of the economic, social or cultural. World Health 
Organisation has given a list of ten life skills that are the core of 
skill dependent resourcefulness to promote the health and well-
being of children and adolescents. Ten core life skills, according to 
World Health Organisation (1996) are— self awareness, empathy, 
effective communication, interpersonal relationships, creative 
thinking, decision making, problem solving, coping with stress, 
and coping with emotions.

Life skills education is an emerging area of scientific study. They 
are essentially those abilities that help in promoting well-being and 
competence in young people as they face the realities of life. For 
young people, life skills are the abilities which prepare them to deal 
with age and experience appropriate challenges. In view of the role 
of life skills as an important factor in enhancing well-being, the 
present study investigated the relationship of different variables of 
life skills with well-being. It also analysed the role of life skills in 
predicting well-being among school going students.

Objectives of the Study
The study was conducted with the following objectives.
• To examine the relationship between well-being and various 

dimensions of life skills.
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• To study the possible role of dimensions of life skills in 
determining well-being.

Method

Sample
In this study, a sample of total 300 students studying in Classes VII, 
VIII, IX and X was selected from CBSE affiliated Public Schools of 
Haryana situated at district Kaithal. The age range of the students 
varied from 12 to 16 years.

Tools
The following tools were used to collect the requisite data for the 
study:
1. Well-being Manifestation Measure Scale (WBMMS): This scale 

was developed by Masse, Poulin, Dassa, Lambart, Belair and 
Battaglini in 1998. The scale includes 25 items having six 
factors. It is a five point rating scale from 1 to 5. The six factors 
or subscales of the WBMMS are Control of Self and Events  
(4 items); Happiness (5 items); Social Involvement (4 items); 
Self Esteem (4 items); Mental Balance (4 items); and Sociability  
(4 items). Total score range lies between 25 to 125. The 
participants respond on a five-point frequency scale (Never, 
Rarely, Half the Time, Frequently, Always). An overall Cronbach’s 
alpha of 0.93 for the scale, and a range of 0.71 to 0.85 on the 
subscales has been reported.

2. Life Skills Assessment Scale (LSAS): Developed by Nair, Subasree 
and Ranjan (2010), this scale consists of 100 items measuring 
10 dimensions of life skills, viz. Self-Awareness, Empathy, 
Effective Communication, Interpersonal Relationships, Creative 
Thinking, Critical Thinking, Decision Making, Problem Solving, 
Coping with emotions, Coping with Stress. Each item is 
responded on the 5-point scale. It has both positive and negative 
items. Items are scored individually as well a global score of 
life skills. Split-half reliability of scale is found to be 0.82. The 
final summated scale had a correlation coefficient of 0.84. The 
criterion validity was established by conducting structured 
interview with teachers and students on high and low scorers in 
life skills. The correlation between percentage obtained by each 
student in each skill and the teacher’s judgment on each student 
were calculated which indicated 89 per cent concurrence.
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Procedure
In the initial stage, the participants were contacted in their 
respective classes and their willingness to participate in the 
study was obtained. Subjects were first administered Life Skills 
Assessment Scale and thereafter Well-being Scale was administered 
to them. All subjects were assured that their responses would be 
kept confidential.

Results and Discussion
The coefficients of correlations were computed to study the 
relationship of wellbeing with different variables of life skills using 
Pearson Product Moment method. In order to have a prudent 
picture of contributions of different dimensions as the predictors of 
well-being, step-wise multiple regression analysis was done.

The correlations are shown in Table1. A careful analysis 
of Table 1 depicts significant positive correlation between  
well-being with Self Awareness, Empathy, Effective Communication, 
Interpersonal Relationships, Creative Thinking, Critical thinking, 
Decision Making, Problem solving, Coping with Emotions, Coping 
with Stress and Global scores of life skills.

Table 1: Correlation of Well-being with Life Skills

Life Skills

 Well-being

Self 
Esteem

Mental 
Balance

Social 
Involvement Sociability

Control 
of Self & 
Events

Happiness
Overall 
Well-
being

Self Awareness 0.19** 0.19** 0.19** 0.22** 0.28** 0.17** 0.29**

Empathy 0.08 0.18** 0.20** 0.15** 0.20** 0.09 0.21**

Effective 
Communication

0.15** 0.08 0.16** 0.09 0.14* 0.12* 0.17**

Interpersonal 
Relationships

0.27** 0.11* 0.21** 0.20** 0.18** 0.18** 0.27**

Creative  
Thinking

0.12* 0.15** 0.17** 0.16** 0.23** 0.11* 0.22**

Critical  
Thinking

0.24** 0.28** 0.30** 0.26** 0.36** 0.18** 0.38**

Decision  
making

0.23** 0.18** 0.28** 0.11* 0.27** 0.13* 0.27**
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Problem  
Solving

0.22** 0.23** 0.24** 0.22** 0.32** 0.20** 0.34**

Coping with 
Emotions

0.12* 0.16** 0.19** 0.18** 0.15** 0.16** 0.23**

Coping with  
Stress

0.16* 0.04 0.13* 0.03 0.09 0.13* 0.14*

Global Score 0.33** 0.29** 0.36** 0.31** 0.41** 0.28** 0.47**

N=300, **p<0.01,*p<0.05

The significant correlations between Well-being and life skills 
ranged from 0.11 – 0.47. Results revealed that self awareness 
was positively related to self esteem, mental balance and social 
involvement (r=0.19), sociability (r=0.22), control of self and 
events (r=0.19) and happiness (r=0.17). The results depicted that 
empathy was associated positively with mental balance (r=0.18), 
social involvement (r=0.20), sociability (r=0.15), control of self 
and events (r=0.20). Another dimension of life skills, i.e., effective 
communication was also significantly positively related to self 
esteem (r=0.15), social involvement (r=0.16), control of self & events 
(r=0.17) and happiness (r=0.12). Similarly various dimensions such 
as interpersonal relationships, creative thinking, critical thinking, 
problem solving, decision making, and coping with emotions were 
also significantly positively related to different dimensions of well-
being. However coping with stress was significantly positively 
correlated to self esteem, mental balance, social involvement and 
happiness but not significantly correlated to sociability and control 
of self and events. The results revealed that life skills were positively 
associated with well-being. 

The global life skills score was positively related to self esteem 
(r=0.33), mental balance (r=0.29), social involvement (r=0.36), 
sociability (r=0.31), control of self and events (r=0.41), happiness 
(r=0.28) and overall well-being (r=0.47). Thus, results showed that 
adolescents’ life skills are positively related to their well-being. 

Although correlation is very useful statistical tool for observing 
the associations between the variables, yet it does not serve any 
information regarding the predictors of variables. The step wise 
regression was used, while taking Well-being as dependent variable 
and different dimensions of life skills viz. Self Awareness, Empathy, 
Effective Communication, Interpersonal Relationships, Creative 
Thinking, Critical thinking, Decision Making, Problem solving, 
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Coping with Emotions Coping with Stress as independent variables. 
Table 2 shows the results of stepwise regression analyses. 

Table: 2 Predictors of Well-being as Shown by Stepwise Multiple 
Regression

Step Predictor Variables
Multiple

R
R2 Β

F
Value

Coping with Stress 0.14 0.02 0.14 6.35

Effective Communication 0.17 0.03 0.17 9.84*

Empathy 0.21 0.04 0.21 14.58**

Creative Thinking 0.22 0.05 0.22 15.64**

Coping with Emotions 0.23 0.05 0.23 17.00**

Interpersonal Relationships 0.27 0.07 0.27 24.71**

Decision making 0.27 0.07 0.27 23.67**

Self Awareness 0.29 0.08 0.29 28.99**

Problem Solving 0.34 0.11 0.34 38.93**

Critical Thinking 0.38 0.14 0.38 50.76**

N=300, *p<0.05,**p<0.001

It is apparent from Table 2, that there are nine significant  
predictors of well-being with an overall multiple R of 0.38. 
Critical Thinking multiple R for predictor is 0.38 and R2=0.14 
(F= 50.76, p<.001), which means that critical thinking has 
contributed for 14 per cent of variance in well-being. Likewise, 
Problem solving is another factor, contributed for 11 per cent, 
Self awareness has contributed (8 per cent), Decision making 
and Interpersonal relationship contributed (7 per cent, each) 
and creative thinking and coping with emotions contributed (5 
per cent each), Empathy contributed (4 per cent) and Effective 
communication contributed respectively 3 per cent to well-
being. Composite contributions of these variables were found to 
be 66 per cent of variance in wellbeing. However, well-being was 
not significantly influenced by coping with stress dimension of  
life skills. 

The results of the present study have found support from 
other studies (e.g., Holopainen, Lappalainen, Junttila and 
Savolainen, 2012; Haji, Mohammadakhani and Hatami, 2011; 
Nair, Ravindranath, and Thomas, 2013; Seth and Sharma, 2017).
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Conclusion
The concept of Well-being is multidimensional and is generally 
connected to the notions of health, happiness and life satisfaction. 
According to the World Happiness Index, India is at 140th Position 
out of 156 countries (Helliwell, Layard and Sachs, 2019). This report 
clearly represents the grave situation as it is the clear indicator of 
mental health of our country. Due to increasing complexities in 
modern societies, emphasis is given more on preventive approach to 
mental health. Most of the risk taking behaviors and psychological 
problems among children and adolescents emerge during adolescent 
period which can be preventable through universal preventive 
programs and promotion of school mental health programs. 
Promoting competencies has the potential to prevent high risk 
behaviours, psychological problems and enhance resilience among 
the children and adolescents. The present study drives the focus 
on life skills as predictors of well-being among adolescents. It 
draws attention of mental health professionals, psychologists and 
policy makers to work on life skills of adolescents for enhancing 
their wellbeing and mental health. Since the individual rather 
than the system is recognized as the basic unit of the society, it is 
essential and a must to help adolescents to develop skills to handle 
a wide variety of choices, challenges and stressors in their lives 
and work towards better health. Life skills education programs in 
schools, colleges and universities are essential measures to assist 
our young ones to develop a more healthy and positive approach 
for life. It is a recommended tool, which has to be implemented at 
policy level with more firm actions.
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Introduction
The study was undertaken to examine the role of language across 
the curriculum and to understand if, and how, classroom talk can 
help children learn to use language effectively as a tool for thinking 
collaboratively. It was conducted in the five representative schools 
of Delhi. The representative schools were KV, JNV, NDMC, RPVV 
and one private school, i.e., DAV. This pilot study was designed as 
a multi-phase experimental study. The key variables of ‘classroom 
talk’ and ‘critical thinking’ were studied through a mixed method 
approach. This included qualitative exploration using in-depth 
interviews, focus group discussions and field observation along 
with quantitative mapping of classroom practices. Both anecdotal 
and observed data contributed to the analysis of this study. 

The importance of Language across the Curriculum (LAC) has 
been recognised widely in the literature. The National Curriculum 
Framework (2005) has also stated that, ‘every teacher ipso facto 
is first a language teacher and then a subject teacher’ that 
recommends across the curriculum approach towards language 
development.’ Furthermore, when students listen, talk, read, and 
write in non-language classes their linguistic skills come into play, 
and can be critical for success. This is why greater interdisciplinary 
synergies need to be identified and tapped. 

Therefore the motivation for the study came from — (i) the 
growing recognition of Language across the Curriculum (LAC) as 
both an important concept and a policy and (ii) a desire to evaluate 
the current state of LAC in the Indian classroom context through a 
study on the prevalence, and quality, of ‘Classroom Talk’. At a more 
foundational level ‘Classroom.talk’ is an epistemological position 
(Mercer: 2016, Lefstein: 2010, Wegerif: 2010) that believes that 
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dialogue lays the true foundation of learning. When teachers and 
learners both express their thoughts, classroom dialogue becomes 
generative, i.e., gains the power to generate and produce knowledge. 
When teachers and learners both express their thoughts, classroom 
dialogue becomes generative, i.e., gains the power to generate and 
produce knowledge. 

Objectives of the Study
The objectives of the study were to:

1. understand the nature of ongoing classroom discourse across 
curricular areas (Science, Social-science, Mathematics, 
English)

2. establish and map the relationship between classroom talk 
and critical thinking among students in LAC curriculum

3. study the potential and impact of learner-centered pedagogy 
on students’ experience of teaching-learning

4. explore how teachers’ preparedness and understanding of LAC 
impacts classroom practices.

Method
The study was conducted in three phases. Phase I established the 
baseline through stakeholder interviews and focus groups. Phase 
II gave interventions through workshop and FGD, and develop 
activities or tasks as exemplars for the classroom teaching learning 
process with teachers, and Phase III was concerned with going 
‘back to the classroom’, and observe the impact of interventions 
through workshops and LAC training. The researcher had access 
to eight classes across English, Math, Science, and Social Science 
from Classes 6–8 per school. Overall 38 classes were observed by 
the researcher and of these 20 were revisited as the experimental 
group. Also, there were no children with special needs in the classes 
which were observed in the selected schools. 

Results

Opportunity to Use Classroom Talk More Effectively 
The results revealed that classroom talk in the selected schools 
was largely bilingual interaction. The primary type of talk included 
teacher and pupil conversations such as the teacher’s explanation 
of a topic, teacher’s questions, teacher’s feedback, and modification 
of the teacher’s speech; as well as, responses and questions by 
students. Student to student interaction was limited. 
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The students generally adjusted their language while responding 
to questions to match the language used by the teachers while 
asking questions. In instances where questions were translated into 
their mother tongue, students assumed that the questions were in 
english. Similarly, the students strived to adjust the language of 
their questions to the language used by the teachers for explaining 
concepts or questions. 

For example in Phase I, it was common to see teachers using 
conclusive statements while teaching and students giving choral 
(yes or no) responses. However, in Phase III of the study, teachers 
were successful in making learner involvement more visible by 
phrasing classroom questions differently and designing tasks that 
entail recapping, reformulating, elaborating, and questioning — 
thereby expanding the range of classroom talk. 

By no longer restricting themselves to ‘what, when’ type of 
interrogative words to assess students’ use of language and 
conceptual clarity teachers in Phase III were able to also evaluate 
their critical thinking abilities. Invitational cues like — Explain, 
Describe, Examine, Discuss — addressed the quality of classroom 
talk, language proficiency, conceptual clarity, and HOTs. This 
was reinforced in responses by students. They cited boredom and 
difficulty, due to ‘lack of comprehension’, as common reasons for 
disliking a particular subject or class. For such subjects, their 
responses clearly showed that there was little space for classroom, 
talk or dialogue or discussions or any kind of learner centred 
activity in the form of peer or group work. It is evident that LAC can 
provide opportunities for teachers to address these issues because 
linkages across subjects can motivate learners to participate in 
subjects that may not be their personal favourites. 

Heads of institutions identified— (i) gaps in english language 
skills among teachers and (ii) lack of appropriate teacher-talk 
affecting skills or learning of students. They expressed the need 
for correlating a teacher’s classroom pedagogy and expression with 
learners’ performances and going beyond designating a specific 
language as the focus of input. The respondents unanimously felt 
that teachers should be motivated through trainings, openness in 
accepting bilingualism as a stepping stone to articulation in english 
and through using ICT within the school and beyond. Designing 
activities that encourage discussion on engaging topics was seen 
as simple and low-barrier intervention. 
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In overall terms, the study suggests that classroom based tasks 
or activities are necessary to make classrooms learner centred. It 
reveals opportunities for teacher trainers to introduce the teachers 
to tools and techniques for leveraging classroom talk for learning. 
For teachers, it highlights the benefits of designing activities keeping 
in view learners potentials to enhance critical thinking. We must, 
however, also acknowledge that this can only be fostered when 
activities within a classroom are aligned with the rest of the school. 
Achieving a common vision though requires engaging students in 
reflection oriented processes. Schools would require hand holding 
and training for developing a LAC pedagogy. That said, the spirit 
of exploring the expectations and goals of their students, displayed 
by some teacher, is a sign that there is desire for an effective and 
positive learning environment from all stakeholders.
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Introduction
In order to live life to the fullest and in an effective way, quality of 
education is very important. Teachers are liable for delivering best 
knowledge for the welfare of people, society and the whole nation. 
Pedagogical Content Knowledge (PCK) helps teachers to transmit 
their knowledge to the students in an effective way. Having in-
depth knowledge and understanding about the content is not 
enough to be a good teacher, they should be able to communicate it 
with the students effectively. Therefore, the knowledge of pedagogy 
is crucial for classroom instruction. Teachers should possess the 
skills to deliver the content in the most simple and easy way that 
can be understood by the students. In the process of teaching 
and learning it’s not only students whose lack of understanding 
of concepts sometimes create misconception, it may also be due 
to the teacher’s wrong delivery of concepts, especially in subjects 
like arithmetic. Misconceptions are not new in arithmetic but in-
depth understanding and vigorous skills of teachers will help to 
eliminate those misconceptions. According to Shulman (1987, 
p. 8), PCK is that special amalgam of content and pedagogy that 
is uniquely the providence of teachers, their own special form of 
professional understanding. PCK identifies the distinctive bodies of 
knowledge for teaching. It represents the blending of content and 
pedagogy into an understanding of how particular topics, problems, 
or issues are organised, represented, and adapted to diverse 
interests and abilities of learners, and presented for instruction. 
PCK is the category most likely to distinguish the understanding 
of the content specialist from that of the pedagogue. Arithmetic 
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is a part of primary school curricula. In the technological era it 
is an applied subject. The usefulness of arithmetic for daily life 
is important, its instrumental role in other disciplines, the need 
for a basic knowledge in many professions and the important role 
of arithmetic in developing critical reasoning cannot be ignored. 
There is increasing emphasis on the importance of teaching 
arithmetic skills in primary schools. Today’s mathematics teachers 
are experiencing major changes not only in subject content they 
teach but also in the way they teach.

The present research focused on developing a framework 
on pedagogical content knowledge for primary school teachers 
teaching arithmetic. Pedagogical Content Knowledge (PCK) is a 
set of special attributes helping someone transfer the knowledge 
of content to others. It entails knowledge of how to structure 
and represent academic content for direct teaching to learners, 
knowledge of learners thinking, including the common conceptions, 
misconceptions, and difficulties learners encounter when learning 
particular content and knowledge of the specific teaching strategies 
that can be used to address learners learning needs in particular 
classroom circumstances.

Objectives of the Study
The study was undertaken with the objectives:
1. To analyse the competence, confidence and preparedness  of 

primary school teachers in Mizoram for teaching the arithmetic.
2. To identify the difficulty in arithmetic faced by the teacher.
3. To identify conception, misconception and alternative 

conceptions of teachers on arithmetic.
4. To analyse and explore the special characteristics of PCK 

contributing to it being better teacher knowledge for primary 
school teachers of Mizoram in arithmetic. 

5. To design and develop a framework to guide and inform the 
development of PCK for primary school teachers of Mizoram 
on arithmetic.

6. To understand the effect of emerging framework for the 
development of PCK for primary school teachers of Mizoram 
on the their classroom experiences.

7. To analyse the challenges in the implementation of the new 
PCK framework.
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Method
From all the primary schools in the eight districts of Mizoram, 20 
primary schools and 160 primary school teachers (one from each 
school) were selected to participate in the study. Also, eight teacher 
educators who were dealing with the pedagogy of mathematics from 
eight DIETs were included for the study. Further, one best school 
from each district was selected for implementing the framework 
on an experimental basis. The questionnaire was used to examine 
the competence and the confidence of teachers in the teaching of 
arithmetic. After that, based on the data that emerged from the 
baseline study, a PCK framework was developed for arithmetic in a 
workshop. The observation method was followed to understand how 
the emerging framework for the development of PCK for primary 
school teachers impacted the teacher’s classroom experiences.

Findings of the Study
Findings from this research indicated that the complexity in 
teaching arises due to a lack of conceptual understanding of the 
teacher, lack of interest, and extended syllabus. It was also found 
that there is a need for regular curriculum revision from time to 
time so that problems faced by the teachers and students can 
be resolved. The research highlighted that pedagogical content 
knowledge plays a vital role in preparing teachers for effective 
teaching and learning. It further revealed different areas in which 
the students were having alternative conceptions. Majority of the 
teachers in the study expressed that they try to clear student’s 
misconceptions or alternative conceptions while teaching arithmetic 
in the class.  Chances of arithmetic errors depended both on 
teacher and student, teachers are required to have conceptual 
understanding about the content they were dealing in the class in 
order to avoid ambiguity. When asked about different procedures to 
clear student’s misconceptions or alternative conceptions, majority 
of teachers responded they use different methods of teaching in 
order to clear the doubts of the students.

 Results showed that teachers were more comfortable with 
an activity based approach in teaching arithmetics. It involved 
students as active participants rather than passive learners and 
focused on learning by doing. It made the classroom environment 
more vigorous and fruitful that might be the reason teachers 
were more comfortable with this approach to teach in the actual 
classroom situation. It highlighted different basic strategies used 
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by the teachers to help students to overcome their misconceptions 
or  alternative conceptions. These strategies included lesson plan,  
re-plan, probing student’s thinking, variety of teaching and learning 
strategies to explain concepts, skill in questioning techniques, 
usage of language of teaching and learning, time utilisation (flow 
and pacing according to learner ability). All these strategies were 
used by the teachers at one or the other point of time, but majority 
of the teachers opined that they used a variety of teaching and 
learning strategies to explain concepts to the students. The use 
of different teaching aids in the class helped to create and draw 
student’s attention in the lesson especially at the primary level. 
It was found that schools should provide financial support for 
developing teaching-learning materials which would make the 
classroom environment interesting and effective. 

The study further revealed that the majority of teachers perceived 
that there was less need to emphasise on basic computational skills 
in teaching arithmetic due to calculators. While some primary 
teachers emphasised on computational skills and use of their 
ability and experience in teaching arithmetic rather than using 
calculator in solving basic mathematical problems. Lastly, the 
research clearly showed that the majority of teachers expressed low 
confidence in dealing with certain concepts of arithmetic. Though 
in some areas like, addition and subtraction, multiplication and 
division, and tables, etc., teachers expressed high confidence but 
there were teachers who showed their unwillingness to teach some 
areas of arithmetic if given an option. When a teacher teaches a 
particular topic that is out of the interest or having less knowledge 
of content, there is a chance of error. Specific training on arithmetic 
is needed as revealed in the previous findings in order to eradicate 
the errors in the learning teaching process of arithmetic.

Policy Implications
The research recommended teachers’ orientation and refresher 
programme with the right kind of pedagogy to handle difficult 
areas of arithmetic. Further, it recommended the inclusion of 
pedagogical content knowledge framework in pre-service and  
in-service elementary school teacher training programmes. The 
research suggested that the professional development programmes 
must provide atmosphere allowing autonomy to both teachers and 
learners to make teaching-learning interesting and fruitful.
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