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Abstract :

Universal access to quality education becoming a legal right of all child citizens of India, poses a number of problems.  Firstly, the definition of quality in “Quality education for All”. Secondly, ascertaining reliably the current status of the problem in the nation today. Thirdly, setting standards for and defining RTE compliance. And most importantly, the problem of how can RTE compliance be achieved systematically in the shortest feasible time period at various levels, from a single classroom to the entire nation?  

We first propose that the problem of universalization of quality education must first be taken on the agenda as a scientific problem, and engaged with the same seriousness as some other mass scientific programmes had been taken up in history.  When universalisation of primary mathematics is comprehensively examined as a scientific problem, it is evident that math pedagogy- curriculum, syllabus, teaching-learning materials, classroom practice etc- is only one of its important aspects. The other aspects like systems, administrative support, logistics for mass implementation, assessments, capacity building, motivation and community participation are no less important in delivering, or not delivering, outcomes.  The achievement of seed successes in realistic situations and the systematic generalization of these seeds is the key to achieving universalization in practice. We discuss some specific experiences and problems with implementing mass programmes. 

The RTE Act 2009, along with the notification of the National Curriculum Framework 2005 as the curriculum framework for RTE provides the foundation and vision for the programme of universalization. NCF 2005’s five guiding principles- contexualizaton of all learning, discouraging rote learning, linking learning to real life and the world outside the classroom etc.-  are not merely desirable. They are necessary conditions for universalization.

The question of universalizing quality science education is central to the problem of math universalization.  The concept of the whole real world as a school science laboratory is crucial to universalizing science. ‘Universalizing the universe’ is possible in every school at a cost that no school cannot afford.  Every school can become a discovery school. We discuss how a terra-sun laboratory can be set up in every school.  Low cost and no cost non trivial experiments, like measuring the size of the earth, the size of the sun and the distance of the sun can make world class science education accessible to every child. Mass science campaigns around events like the Transit of Venus can play a catalytic role in significantly upgrading science and math education.
Part 1. 

The Quality mandate of RTE 2009

The Right of Children to Free and Compulsory Education Act 2009 (RTE 2009) came into effect all over India, except J&K, from April 1, 2010. Though it has many lacunae and shortcomings, which we do not discuss here, it contains some very important and specific mandates for quality education for all.

Before RTE 2009 the mandate for quality in education was only implicit in the right of Indian citizens under the Indian constitution for equality of opportunity. However, with RTE 2009, this right has become explicit. We first point out how quality education has now become a legal right.

Under Section 7(6) of RTE 2009, 
the Central Government shall

· a. “develop a framework of national curriculum …”,  

· b. “develop and enforce standards for training of teachers” and 

· c. “provide technical support to the State Government for promoting innovations, researches, planning and capacity building”.
Under Section 8 (g) of RTE 2009, 
the appropriate government must

·  “ensure good quality elementary education conforming to the standards and norms ..”

Under Section 29 of RTE 2009, 
an academic authority specified by the State Government must lay down a curriculum and evaluation procedure which must take into consideration 

· a. Conformity with the values enshrined in Indian Constitution

· b. all round development of the child, 

· c. building up child’s knowledge, potentiality and talent, 

· d. development of physical and mental abilities to the fullest extent  and

· e. learning through activities, discovery and exploration in a child friendly and child centered manner.
As is immediately obvious, section 29 has far reaching implications for science and math education. However, the legal mandate for quality after RTE 2009 is even deeper. The National Curriculum Framework 2005 has been notified as the “framework of national curriculum” referred to in Section 7(6). NCF 2005 stipulates a rigorous requirement for quality in the context of the Indian constitution and its commitment to equality. NCF 2005 links quality to equality. Some excerpts from NCF 2005 make this clear:

From NCF 2005

The formal approach, of equality of treatment, in terms of equal access or equal representation for girls, is inadequate. Today, there is a need to adopt a substantive approach, towards equality of outcome, where diversity, difference and disadvantage are taken into account. A critical function of education for equality is to enable all learners to claim their rights as well as to contribute to society and the policy. We need to recognise that rights and choices in themselves cannot be exercised until central human capabilities are fulfilled. Thus, in order to make it possible for marginalised learners, and especially girls, to claim their rights as well as play an active role in shaping collective life, education must empower them to overcome the disadvantages of unequal socialisation and enable them to develop their capabilities of becoming autonomous and equal citizens. 1
The NCF document clearly explains that quality is a systemic characteristic rather than only a feature of instruction or attainment. The attempt to improve the quality of education will succeed only if it goes hand in hand with steps to promote equality and social justice2. Equality in education can be brought by enabling all learners to claim their rights as well as to contribute to society and the polity. Quality education should promote these social values necessary for a democratic society such as ours..3
The above definition of quality education as quality needed to ensure equality of outcomes sets a high standard. The quality of education that children must receive in school should be sufficiently high to overcome the disadvantages that they are born into on account of class, caste, gender, community etc. 
Thus, the objectives of RTE can be put in simple words as :


An education of equitable quality 



To 100% children,



In 100% schools,



By 100% teachers,



With sustainability.

The Role of Sarva Shiksha Abhiyaan : (Based on SSA Quality framework document)

The Sarva Shiksha Abhiyan (SSA) has been given the responsibility for implementation of the RTE Act. The SSA documents also specifically acknowledge the quality mandate of the RTE Act. The following are some relevant excerpts from recent SSA documents.

Sarva Shiksha Abhiyan is the flagship program of the Government of India for Universalisation of Elementary Education [UEE]. Ensuring education of satisfactory quality is a key SSA goal. In order to achieve the goals of RTE, complete integration of SSA and Elementary Education Department structures is necessary, but may take some time. 4
It has been discussed at the national level and also within the states that harmonization of six components, curriculum, syllabus, text and other materials, trainings, evaluation and community participation, is crucial to quality education becoming a reality for every child.

RTE compliance in every classroom:

As there is no proven system for achieving quality education for all (QEA) in existence anywhere in the world which can serve as a model for a large country like India it is clear that the RTE Act has opened up uncharted territory which we have to traverse. The RTE Act has made it necessary to define a course of action for approaching the objective of QEA. It would have to be performed in mission mode. Some necessary conditions are outlined below:

1. It is necessary to define a concept of “RTE Compliance”. “RTE Compliance” would apply to a classroom, a school, a cluster, block, district. This would be defined in terms of attainment of standards well defined in measurable and verifiable indicators. There would also be qualitative indicators. RTE compliance would need to be defined both quantitatively as well as qualitatively.

2. These ‘RTE compliance’ criteria would need to be proposed, discussed and defined and refined by a rigorous and transparent process at the outset of this mission. The RTE standards and criteria could be developed in phases. In the beginning there will be RTE1 Compliance. Satisfactory completion of RTE1 norms would prepare the stage for setting higher, RTE2 norms.

3. The methodology of approaching QEA would be to establish seed RTE compliant structures, stabilize these and then expand and generalize these proven structures on a wider scale. Along with establishing RTE compliant structures at the ground level, activities would also have to be conducted to create a positive facilitating environment through mass campaigns, media, advocacy, etc. which would facilitate the process of upscaling and generalization. 

RTE Quality Compliance should be clearly defined. Beginning with its achievement in the seed ‘demo’ classrooms by pathfinder teachers, RTE compliance would be attained in phases in every classroom and school in the state. For exceptional cases among the children with special needs, we may have to define ‘completion of elementary education’ differently. This is a separate problem and is not the subject of this discussion.  

The importance of proving success in achieving RTE Compliance in several classrooms in realistic situations cannot be overemphasized. One of the most serious obstacles in achieving QEA is the mindset that “quality education is not possible in the real circumstances on the ground, so let us do what is possible”.  This is a prescription for business as usual and passing the buck. Government Officials blame the teachers for failure, teachers blame the parents and the children’s domestic circumstances… and so on. The only way to break this mindset is to show practical achievement of RTE compliance, verifiable and measurable, at the ground level in a number of classrooms and schools in realistic circumstances. In the absence of proven successes there will be strong pressures to dilute and lower standards to bring about ‘legal’ compliance. It need not be reiterated that ‘quality for equality of outcomes’ requires the setting of, achievement and maintenance of high standards. The role of pathfinder teachers and seed schools achieving high standards of compliance is therefore crucial as the first step.  A group of educationists working with SSA Maharashtra during 2010-11 with a proactive State Project Director had worked out such an intensive ‘demo’ model and identified 14 pathfinder teachers in each block in the State of Maharashtra. 
Demo Model
RTE implementation in a state like Maharashtra would require the capacity building of several lakhs of teachers in more than 60,000 schools.  The ‘cascade’ model of training has been found to be ineffective. Therefore a ‘demo model’ for capacity building was proposed to replace it.  Some 6800 Pathfinder teachers , carefully selected , 14 in each block, for the demo model from the government schools  would receive direct training, mentoring and continuous ongoing interactions with members of  State resource groups formed for each subject from committed and competent educationists. Pathfinder teachers would play an important role in implementing in their classes, evaluating and giving critical feedback and suggestions and validating in practice textbook draft materials, assessments and other materials developed de novo for RTE in keeping with the principles of NCF 2005. In this process these pathfinder teachers would themselves develop and enhance their capacity for taking responsibility for quality enhancement and act as exemplars for the RTE compliance process in their schools and blocks. These same pathfinder teachers would participate in capacity building of their colleagues in the other schools in their clusters and blocks.
Development of draft materials, their classroom use by pathfinder teachers, feedback, modification based on feedback, improvement of materials in several  such rounds- before giving final shape to the materials, this was the process  envisaged for the  development of new textbooks and other learning materials. 
When implementation of the quality mandate is seen as a scientific problem, the harmonization of six functions mentioned above is seen as necessary conditions for its achievement. In the seed demo model and the formation of subject-wise state resource groups,  harmonization of   five key aspects- curriculum, syllabus, textbooks, assessments and capacity building- was planned,  with community participation and involvement  facilitated by an independent process.
The above process was discontinued by administrative decision in 2011-12. No comprehensive alternate model has replaced it till the time of writing (November 2011). No road map for achievement of the quality mandate of RTE 2009 by a scientific process has been placed in the public domain for scrutiny. Preparing such a road map remains an important item on the RTE agenda.

Achievement of success, identification  of and generalization of  best practices, rigorous assessment, and continuous improvement are the principles on which every mass programme for quality improvement across a wide variety of areas have been built. This approach was key to the mass quality improvement programmes associated with the names of Edward Deming and Juran in the field of manufacturing and industry. The setting of criteria for RTE compliance by a rigorous and transparent process, reliable assessments, and achievement of and generalization of successes are necessary conditions for achievement of the quality mandate of RTE 2009. 

TQM and Continuous Improvement in education. Quality Processes. Systems for building motivation and systems for accountability of all stakeholders:

Education, however, is not a process of industrial production of inanimate products. There is no role for motivation in the output of industrial machinery and this does not affect the productivity of machines. However, implementation of quality education on the wide scale necessary for RTE is not possible without the conscientious efforts of a community of highly motivated teachers and officers.
It needs no emphasizing that RTE compliance for the whole state will not be possible without the conscientious efforts of teachers and administrators and other stakeholders on a very large scale. It will in fact require the universalization of conscientious and intelligent effort. Understanding the importance of motivation for RTE implementation and making special efforts to build motivation of all the stakeholders is essential in a scientific approach to this problem. 

Systems of accountability would need to be developed hand in hand with systematic efforts to build motivation and conscientious effort among all stakeholders. Formal and fictitious compliance “for the record” must be replaced by substantial compliance and conscientious effort. It is important that the RTE Rules recently notified for Maharashtra provide for assessment of, and accountability of education functionaries at all levels, upto the highest level.

Rigorous and systematic processes and systems for the above at all levels and for all stakeholders are necessary. Any shortcoming in any component will become an obstacle for the achievement of the objective. Therefore quality processes will have to be defined for all components from school management committees to block, district and State level functions.

We are envisaging a broad social process for building quality. The initiative of all human players involved in the process plays an important role in this.

Mass teacher Participation 

The mass participation of the teacher community is, of course, critical to achieving universalisation. Teacher capacity building is an important component but is obviously, not the only important factor. Given the commitment and accountability of all major stakeholders, it is possible to conceive a nationwide systematic programme which will over a period of four years cover all four classes of primary school. How can capacity building for hundreds of thousands of teachers be conducted in an effective, relevant and scientific manner? These are the questions which have to be addressed in preparing a road map for the quality mandate of RTE 2009.

Part 2.  

Achieving RTE  compliance, i.e. Universalization of Quality  in the context of  elementary mathematics education :

We now turn to the specifics of mathematics education in the context of RTE 2009.

What do we mean by universalization of elementary mathematics? We adopt for the sake of this discussion, a simple criterion: By universalization we mean that all children, except a few who have special learning difficulties, must be proficient in math. By proficiency in math at a given class level we mean that the student should be comfortable with the math concepts, should feel confident that she/he has understood each concept, should be able to correctly perform the math skills and operations and should be able to correctly represent and transform simple real life problems into math problems at that level. The student should have two-way translation skill, representing real life problems with things and in numbers and narrating a real life situation for a given math expression. Basically, by the end of primary school, the child should be comfortable and able to work with the counting numbers of three and more digits, performing the basic operations of addition, subtraction, multiplication and division with these numbers, and should understand and be able to work with fractions and decimals. She/he should understand simple measurements in space and time and should be introduced to basic sizes and shapes for geometry.

Quantitative Measure of Universalization

We can target 100x85 in the first phase of RTE compliance. Hundred percent of children of a given class level should be proficient in at least 85 percent of the math competencies prescribed in the national/state curriculum for that class level. Let us therefore define ‘proficiency’ as achieving a score of 85% or better in a comprehensive assessment designed for testing understanding and competency (For exceptional cases among the children with special needs, the prescribed competencies at that level may be different). In India, achieving universalization of elementary math would require approximately 19 million children in each class to score 85% or better in well designed math tests.

The proposition of this paper is that Universalization in the above sense is feasible if we tackle it as a scientific problem. This means that it must be taken up with the same seriousness with which we send humans into space, or rockets to the moon, or with which we eliminate diseases like polio and small pox. 

A Pedagogy for Elementary Math Universalisation

Achieving universalization in India, would necessitate that each year 22.2 million children enrol, and remain in primary school and that all of these children in each class achieve proficiency as already defined. This in turn would require that all (100 %) elementary school teachers in the country be comfortable with elementary math. Is this possible? Based on our experience with pilot projects in Maharashtra and Goa in realistic situations we believe that it is feasible to make systematic incremental improvements to approximate the targets in a span of about four to five years. But it will require the solution of problems at two levels: the pedagogical and the logistical. We begin with a discussion of the pedagogical problem.

The key : Math by understanding

The pedagogical problem of math universalisation can be addressed if every child learns math by understanding and only by understanding. This requires a solution of problems at both the conceptual level as well as at what we may call the’ math linguistic’ level. 

The Math Linguistic Problem : Maths is not only alphanumerics.

Math has many languages: thing language, the language of actions, individual and group activity, the language of shape and size, picture language, sound language… and of course, the language of pencil and paper, slate board and chalk, of numerals and symbols. We may term this latter language as the alphanumeric language of math.

Alphanumerics is not mathematics. It is only one of the languages of math. For children, the alphanumeric language is a new and unfamiliar language. The difficulty that children have with primary math is mainly at the math linguistic level with the alphanumeric language, rather than at the conceptual level. 

A Two-Stage Process

Therefore the learning process must be broken up into two stages. First, the stage of conceptual understanding, where the child learns and understands the concept in a familiar language. The second stage is the stage of translation of this understanding from the familiar language into the unfamiliar alphanumeric language. Over the four years of primary school, the child must steadily develop knowledge of and comfort with the alphanumeric language (representation). To that extent, towards the end of primary school, one can increasingly work directly with alphanumerics as the child develops familiarity with this math language.

For the first stage of understanding a concept, the child must encounter the concept in a familiar language. Since doing and understanding are closely related, this first encounter must be in the language of doing. Things language, actions language, the language of shape and size, are universal and familiar languages for children. These are the languages in which the child must first encounter a new concept. This is illustrated with three examples.

Some examples : 1. Addition is Joining

Almost all of primary mathematics can be built on a single concept which is: Addition is joining. Things can be joined. Shapes can be joined. With jodo blocks (a math manipulative) the child learns how to represent 3+1 and 2+2. With jodo blocks the child also learns to use the symbols >, < and = which represent bigger, smaller and same size. With this the child can discover that 3 + 1 = 4, in the language of things. After achieving complete familiarity and understanding with these operations of making and comparing, the understanding can be translated into alphanumerics. Addition is thus discovered by a process of making and comparing things. All concepts of primary math can be traversed by a process of performing activities, working with things, and problem solving in a carefully designed sequence. 

2. Multiplications means rectangles

Multiplication is repeated addition of the same number to itself. In the things language of addition as joining of jodo blocks, joining the same number to itself repeatedly generates a rectangular shape.

Making rectangles is another way of understanding the multiplication tables. The three times table on the mathemat is all the rectangles with one side made with three plugs. The student constructs, counts and writes the multiplication table.

3. Fractions is not a new subject, but a part of division.

Fractions can be made and understood by dividing length, or area, or volume, using a length of cord, or tiles/paper, or bottles of water respectively. Addition of fractions is encountered in the same way : Addition is joining. Once understood with things, the next problem, the more difficult one, of translation into alphanumeric language can be addressed separately. If we collapse the two problems of understanding and of alphanumeric representing into a single problem, understanding fractions becomes difficult and almost impossible. By separating the two problems, and addressing each separately, with understanding in things language coming first, universal proficiency with fractions becomes possible.

4. The Rectangular doorways to Algebra and Geometry. 

As W.W. Sawyer shows in his “Vision in Elementary Mathematics”, the routines of algebra are none other than the routines of multiplication as understood via constructing and dividing rectangles into component rectangles. Similarly most of school geometry ( and much of mathematics ) can be built on the proposition that the area of a triangle is half that of a rectangle. We do not discuss this in detail here.

Universal Active Math

The above examples, are only specific illustrations of a comprehensive and general, two stage method: Learning a new concept by a structured sequence of solving problems with things, shapes and sizes. After conceptual understanding is gained in this familiar, universal, things language, the second stage of translating into pen and paper representations of pictures and alphanumerics is achieved by another structured sequence of problem solving.

In the first stage the children construct material structures in a manner which facilitates the formation of appropriate mental structures. In the second stage they are helped to translate these mental structures into the pencil-paper symbols of the alphanumeric language.

With this two-stage approach it is possible to make every mainstream student understand and be comfortable with all the competencies of elementary school math including fractions, decimals, negative numbers, algebra and geometry . Thus we can propose and construct a comprehensive pedagogy for universalisation of primary math, which we call Universal Active Math.

Three connotations of ‘Universal’

The term ‘Universal’ here has three different connotations. 

Firstly, a pedagogy for achieving universalisation under existing real conditions. 

Secondly, the use of a universal language- the language of things, for the child’s first encounter with a new concept. 

Thirdly, math as a universal language of the natural and social sciences. 

It must be emphasized here that the above pedagogy does not require change of syllabus. However it does change the manner in which the syllabus is transacted. 

However, pedagogy by itself will not result in universalisation. Universalization needs something more than subject enrichment in the classroom. It necessitates systems for mass implementation and rigorous methodology. It requires the harmonization of six functions mentioned earlier. We now discuss these systems/ logistical aspects of the problem.

Mass implementation: Suggested Operating Practices

For universalization the comprehensive pedagogy must be implementable on a mass scale. This means that it must be converted into suggested operating practices (SOPs). The important question here is: Can math by understanding be converted into SOPs? Or is it something that will always be the privilege of only the few students who are fortunate to be taught by gifted and inspired teachers? Without SOPs there can be no mass programme, encompassing tens of thousands of schools.
A carefully designed activity kit in every classroom, teachers trained in the use of activity for learning math, workbooks for helping children to translate hands-on understanding into pencil and paper language, comprehensive assessment modules for continuous diagnostic assessment, and good manuals for both teacher and students separately, constitute the five elements of an SOP package.

Can we measure universalization?

Assessment plays an essential and defining role in achieving universalization. In mathematics it is possible to assess very accurately, by properly and scientifically designed questions, students’ understanding of the subject. This can be done at an individual level, classroom level, or at a mass level. Whether at the district level, state level or national level, progress, or lack of it, towards universalisation, has to be continuously and objectively assessed. In math this can be done quantitatively, accurately and rigorously. This fact makes it possible to make step by step incremental progress towards achieving universalization at a school level, cluster level, block level and district level . The method of benchmarking, widely used in industry, and the method of successive approximations, well known in science, are of direct relevance for taking systematic incremental steps towards universalization.

What kind of test?

The assessment test must consist of all three components- practical, oral and mental math, and written. Since it is a well known principle that teachers will teach what is on the test, giving teachers well designed sample tests can also help shape both desired classroom practice and enhance non-rote, activity based learning. The unit tests and semester exams can become critical diagnostic tools for every teacher and school to proceed systematically forward, identifying and remedying weaknesses in student’s understanding. To perform this function the assessment tests must be developed with the complete participation and confidence of the teachers and be specifically designed as a diagnostic tool, testing for understanding. 

Neglect of a basic necessity

It is unfortunate that continuous and comprehensive assessment is not receiving the importance that it deserves, at all levels, from school to national. It is difficult to understand this lacuna in national and state educational policy and practice. The NCERT performs tests only biannually, and that too only at class 3 and class 5 level in some sample districts. Both the NCERT as well as the ASER tests do not meet the standards of ‘comprehensive testing’ needed for RTE compliance . In fact scientific assessment must be done at all levels , in all classes , in a transparent manner. This must be done both by the teachers as well as by independent bodies. The NCERT tests for mathematics at class 5 level show wide disparity between districts and states. With well designed universal tests, the best performing districts can serve as engines to pull the rest of the nation towards universalization by benchmarking.

Reliable diagnostic assessments based on trust, independent verification and aiming for continuous incremental improvement must be an integral part of the programme . 

In mathematics it is possible to assess understanding competency wise, without complicated tests, and arrive at a very detailed understanding of the status of the class, block, district, or state. It is also possible to design a carefully weighted test such that the average score for the constituency which is being assessed by itself will give one a good idea of the status of the constituency. Independent end of year testing is necessary, and can reliably establish the progress towards, or distance from, the universalization norm. Our experience in a number of different situations shows that achieving a progress of 10% each year in the average score, over the previous year, is a target which is entirely feasible.

Teacher capacity building for the intensive universalization programme

Our experience in 3 blocks in Goa indicate that teacher capacity building necessary for this programme can take place with a  four days intensive WS followed by one-day sessions every six weeks. These interactions were linked to a programme of diagnostic CCE . This was done within the Sarva Shiksha Abhiyan parameters so that it could become completely replicable. The demo model would entail a different model of capacity building. There are various options available for capacity building on the scale necessary for RTE. These can be worked out in practice and the best practices adopted. 

The strength of the learning by doing approach, which is the cornerstone of the universal active math programme, is that teacher skills continuously improve as they implement the programme. Our experience in implementing this programme in many hundreds of schools in different states has emphasized the need for continuous school and classroom visits by a resource person to facilitate the teacher. The Block resource persons and cluster resource persons can be trained to perform this function. Where the programme has been rigorously implemented average achievement levels have improved from the first year itself. In classrooms where rigorous implementation has taken place the norms defining universalisation have been reached and bettered.

From the above discussion, which is based on experience in implementing programmes in realistic situations, we can assert optimistically that the necessary and sufficient conditions for achieving universalization of primary math and elementary math are feasible. Universalization of primary and elementary math in the limited sense that we have defined, is attainable, within the available resource parameters. The results of an year end assessment for one taluka in the state of Goa show that substantial progress can be made in a single year of purposeful and serious implementation.

Part 3 :

Universalization of Elementary Science and its role in Math education. 

It is in the nature of math as a subject that it is possible to define quite precisely, quantitatively, what we mean by universalization. We can also measure progress towards universalization in math accurately and reliably. 

With elementary science the situation is not so well defined. To begin with, there is no commonly accepted science syllabus. We will therefore use the word ‘Universalization’ differently in the following discussion on elementary science. 

We first define “Science” as “Learning about the Universe around and within us by doing and questioning”.

Universalization of science becomes : “Everybody doing and questioning”. With this approach, universalization of good quality science education can play a very significant role in math universalization. Math universalization will require intensive work – discussed earlier , through the demo model. In addition it will require extensive work involving all children, all teachers and all schools. We discuss such an extensive quality science education campaign in the following.

Universalizing the Universe : IYA 2009, TOV 2012

The International Year of Astronomy IYA 2009 presented us with a wonderful opportunity for universalizing science. Dr. Sabyasachi Chatterjee, of Indian Institute of Astrophysical Science, aptly encapsulated the collective task with the slogan  “Universalizing the Universe”. Universalizing the Universe is the key to quality science education. In the context of school science education, Navnirmiti has been developing non trivial experiments which satisfy the following conditions :

1. They should be simple, but non trivial

2. They should be low cost or no cost

3. Children should be able make the equipment themselves at home and  in every school.

4. For mathematics education we can add an additional condition- the experiments should have mathematical interpretations.

Mathematical physics can play an important role in math education from the stage of primary school. Daytime Astronomy satisfies all the four conditions above.

We have been focusing on Daytime Astronomy, because schools function during the day. In a recent national workshop organized at Indian Insttiute of Astrophysical Sciences, Bangalore,  it was decided to target every state in the country. Within our long term programme “Sunderstanding”, Navnirmiti has developed a set of activity cards on Daytime Astronomy for this purpose. We now describe some of these activities.

Imaging the Sun

Imaging the sun is a highly instructive exercise. With the simple pinhole projector one can discover a number of things, including learning about angle, area, intensity, the inverse square law, and that the sun is about 100 times as far, as it is big. The Navnirmiti Surya Sandesh card is an exercise in science as well as in combating religious and communal bigotry.

The Magic Mirror

The magic mirror experiment is a simple but non trivial toy based on the same principle. When developed as a tool for projecting the sun, a simple five-rupee pocket mirror can be converted into a powerful solar telescope which can be set up in every school. Long distance projection with the pinhole mirror projector delivers large images of the sun which can show sunspots without the use of lenses. 

The Ball Mount 

Long distance projection throws up technical problems which the students need to solve with ingenuity. From cheap plastic balls, filled with sand, stable ball mounts can be made by the students with their own hands. Portable darkrooms can be constructed from used cartons. The ball mount is a powerful scientific and mathematical tool which every student can construct for herself.

Measuring Local Latitude 

The ball mount offers some interesting simple but non trivial applications. Mounting a hollow tube through which one can take a fix on the stars, shows that the north star is fixed, while all other stars move. With an angle dangle meter, local latitude can thus be measured. With measurement of local latitude by students in different parts of the globe, the size of the earth can be calculated.

The Geosynchron 

The same principle is used to construct the ‘geosynchron’, which is a model of the earth which is always parallel to the real earth with its motions in space of rotation and revolution. Solar time on the geosynchron is the same as the solar time on earth as can be seen by placing a miniature sun dial on the geosynchron next to a real earth sundial. As if one were observing the earth from a geosynchronous satellite, one can see the line of sunrise and sunset move across the earth. Every school globe can be easily converted into a geosynchron with the ball mount. The children can learn about geography, time, seasons in a new way.

Imaging the Sun by Telescope Projection

Imaging the sun can also be done by telescope projection. Telescope making workshops can be held for 50 children where each makes his/her own telescope with a low cost lens kit and mountboard. The ball mounting combined with this simple telescope makes an easy to use projector for sun imaging which gives crisp and clear images of the sun.

Very Long Focal Length Lens

The ball and mirror projector, combined with a Very Long Focal Length (VLFL) convex lens gives yet another way to construct a solar telescope in every school. With the above low cost tools, which the students make with their own hands, the students can begin to do a number of non trivial experiments.

Measuring the rotation of the earth 

The image of the sun at around 50 m is seen to creep across the screen as we watch. Measuring the amount of creep at different distances is easy and makes tangible the angular motion of the sun due to rotation of the earth. 

Two of the ten most important measurements in the history of physics are the measurement the radius of the earth and the distance of the sun from the earth. With their low cost observatory both these measurements can be made by each child in every school. Only simple school geometry is necessary for this. Learning geometry is an important by- product of this exercise. 

Earth’s radius can be measured by school students in different ways, the simplest being to measure the latitude at two different points north-south of each other separated by a few hundred kilometers. With the Indian railways, this is not difficult to plan and organize during a school tour trip.

Distance Finding with a telescopic aperture and angle dangle meter.  Measuring how far is the sun 
Distance finding with a simple telescopic aperture is a beautiful introduction to school geometry. Every child will enjoy this exercise. Measurement of height with an angle dangle meter is another exercise of school mathematical physics which every child can perform. The measurement of the sun’s distance is such a non trivial problem that even Galileo and Newton did not know this number. With a simple assumption (which is correct to within 10 %), that Venus and Earth are approximately the same size, every child can measure the distance of the sun by himself/herself. This can be easily done from the photographs taken from the 2004 Transit of Venus, and doing a simple experiment around March 15th next year. For every child to measure the sun’s distance first hand will be possible during the next transit of Venus which will be seen  at sunrise next year on 6th June 2012.

The Nanosolar system

How big and how far are the sun ? How big and how far are the planets ? If we shrink the solar system to nano scale, we can model these numbers in sizes, shapes and distances that every child can comprehend and feel. They can be modeled with fruits, seeds and grains, or with dough, or with beads, marbles, balls and balloons, or just mudballs. 

Building a Mass Campaign for TOV 2012. Set up a terrasun lab in every school.

This is the year for building an international education campaign which will reach every school in every country for TOV 2012. A dress rehearsal of such a campaign took place in India through All India Peoples’ Science Network in 2004 in which thousands of students from urban, rural and tribal schools successfully participated. The simple low cost tools outlined earlier provide the experimental apparatus necessary for many such experiments. A low cost terrasun lab can be built in every school by the students themselves. It is significant that Vigyan Prasar, IIASc and many other organizations met recently at Bangalore and decided to promote a nationwide campaign on daytime astronomy for TOV 2012. It is also significant that the Sarva Shiksha Abhiyan, Maharashtra is planning to hold science fairs in all blocks in 2012 where children will perform daytime astronomy experiments. 

World Class Universal Science Resources are Everywhere.

The Sun is a first class science resource which is available everywhere at no cost. Water, Soil, Rock, seed, leaf, worms and bugs, the animal and human body, the human mind and senses… the list of first class science resources which are available everywhere at low cost, and no cost, is long. All the world is a science lab. Universalizing the Universe is the key to universalizing science. There is a wide range of “Wow” experiences in daytime astronomy. When children want to go desperately from ‘wow’ to ‘why’ and ‘how’, the doors, and minds, open to math universalization. 
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