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Abstract


This is an essay on problems of quality in Statistics education in India. We spell out our view of the flaws in current practice and propose that creative analysis of interesting, real life (preferably Indian) data sets is one possible step to improve quality. We describe a “data book” prepared by us to help teachers who may wish to practice the ideas presented here. The ‘book’ is available for free download.
Background
Statistics is a relatively young discipline and most of the modern developments in the subject have occurred in the 20th century. Research in statistics began in India quite early, 1933 being the year in which Indian Statistical Institute (ISI) was founded. Work done in ISI was superb and within a couple of decades India became a frontline country in research and application of statistics, comparable in stature with UK, USA and USSR. Statistics research carried out in India was a good blend of theoretical and applied work. Professor P C Mahalanobis, the founding father of Statistics in India, took up many problems of immediate relevance to the society including (a) analysis of rainfall and flood data (b) survey of jute farming in Bengal (c) study of similarity and differences among ethnic groups in India. The last problem motivated development of the D2 statistics, a methodological innovation proposed by him and now in use all over the world. In fact, most methodological innovations in statistics, whether developed in India or elsewhere, arose in response to problems faced by decision makers in various fields of human endeavor. One of the oldest and most prestigious journals in statistics is named ‘Biometrika’ since it was meant to give a platform for quantitative work useful in biology.

This heritage naturally gets reflected in education of statistics, or that is what one expects. Reality however, is somewhat different. Purpose of this article is to bring out the divergence between a historic perspective of statistics and actual teaching of the subject in India today. We will conclude with some suggestions for change and offer help in that direction.

Statistics education in India

This can be divided in three groups. First group is 10+2 i.e. high school and junior college education. Second group is college and university students taking one or two courses of statistics as a supplement to the principal area of study being pursued. Lastly, we have students who take up statistics as their principal subject for a bachelor or master’s degree program.

At the 10+2 level, time devoted to statistics is quite small and as a consequence, coverage is also minimal. This is understandable since there are many subjects and topics competing for attention. The material on statistics is included under the broader umbrella of mathematics. The contents include summarizing of data and some elementary calculations of probability. Students get to know terms like mean, median, mode and variance. Perhaps because of such exposure, many people equate the subject of statistics with the troika of mean-median-mode. A few may even remember relevant formulas. What no one remembers or recalls is learning something new about the data set for which mean etc are calculated. What did we discover about the data? Was there anything surprising/ unexpected?  Such questions are not even asked. This need not be so.

There are many books on elementary statistics which show, without fancy mathematics, how statistics can play a very active role in day-to-day life. These may not be conventional texts but certainly are excellent introductions to the subject. We will mention two of them. 

Huff, Darrell(1954) How to Lie with Statistics, W. W. Norton, NY.

Zeisel, Hans (1985) Say It with Figures, Harper and Row, NY.

On the subject of averages, Huff points out that one has to be careful in interpreting them. ‘Otherwise you are as blind as a man choosing a camp site from a report of mean temperature alone’. Oklahoma City has an average temperature of 60.2 0 F which seems very pleasant but hides the fact that it can get as cold as -170 F and as hot as 1130 F. So the important message is that average values can misguide unless accompanied by some indication of variability. This message is completely lost if the focus of attention is all the formulas for grouped and ungrouped data etc. Hence in our classes, either the students are lost in the maze of rules or even if they survive, acquire no skill to put the knowledge to use.

 Zeisel does a wonderful job with simple cross tables. In a data set of 14030 car drivers, 62% have never had any accident while the remaining 38% had at least one accident while driving. What factors may characterize accident free drivers, he asks. One possible factor is gender and a cross table answers the point.

	
	Men

%
	Women 

%

	Never had an accident while driving
	56
	68

	Had at least one accident while driving
	44
	32

	Total
	100
	100

	Number of cases
	7080
	6950


It appears that women are safer drivers than men. Zeisel then recommends that before closing the case we should consider introducing additional factors, which may modify the conclusion or at least give some warning. He proceeds to include a factor namely ‘amount of driving’ He introduces two categories, those who drive more than 10k miles annually and those who drive less. Now we can compare genders within each of these sub-categories. The result is surprising.

	
	Men
	Women

	
	Drove above 10k miles/yr
	Drove 10k or less 
	Drove above 10k
	Drove 10k or less

	% of persons in that group with at least one accident
	52
	25
	52
	25

	Number of persons
	5010
	2070
	1915
	5035


It appears that there is hardly any difference between genders. The earlier apparent difference is attributable to the fact that women generally tend to drive less than men. 

Now this involved no boring calculations or slippery concepts and the lesson is clear as a day light. This can easily be taught to high school students. It is meaningful and useful. Why can we not use and write such books? Why do we make the subject mechanical and devoid of human interest? We will get back to this issue later.

There is ample opportunity to touch a curious mind while teaching statistics. Consider the following question: When do you call someone in your class very fat (or tall or skinny or smart)? A simpleminded answer is the person with maximum weight. Some discussion may persuade students to use not the absolute weight but weight/height ratio. The real difficulty, however, lies in the fact that there is always a maximum value in any group, but the person need not be ‘fat’. A fancy answer is to use some ‘standard’. But that only begs the question of how to decide the standard. This is often not clear. Sometimes, a readily available standard developed for a different society is used. In any case the logic of a standard seems unclear. In fact, elementary statistics offers an easy and elegant way out. We can generate a yardstick from within the data themselves.[This is indeed the main strength of statistical methods. Standards are developed anew for each data set. They reflect the variability within the data.] A graphical tool that can get a quick answer is the so called ‘box plot’. It identifies outliers in the data set. A person should be called fat if the value for this person is an outlier on the higher side within the reference group. Let us not mystify the matter. By current convention, a value that is far above the 3rd quartile (75th percentile) is regarded as an outlier (more than 1.5 times the inter-quartile range). 

Our contention is that if the subject is to be attractive and study is to be rewarding, students must get involved in situations and data that relate to their daily life. It is not the mechanics but the emerging message that needs to be emphasized. Here is the opinion of an expert group in UK: introductory teaching should ‘not have a heavy emphasis on theory nor should it emphasize computational methods but should make basic concepts clear and show how these are used in the interpretation of experimental and observational data. Children should become aware of and appreciate the role of statistics in society; i.e. they should know about the many and varied fields in which statistical ideas are used including the place of statistical thinking in other academic subjects…. They should know the sort of questions that an intelligent use of statistics can answer, and understand the power and limitations of statistical thought.’ [Holmes P.(2003) 50 years of statistics teaching in English schools: some milestones (with discussion) Journal of the Royal Statistical Society series D (The Statistician) v.52 no. 4 p.439-474]

This idea seems equally applicable to the second level of teaching, namely service courses for students of other disciplines. Why are students from disciplines like biology or social science required to take a course in statistical methods? Because model syllabi given by the University Grants Commission include such a course! What decides the topics that go into it? Very often the detailed syllabus is nothing but a list of chapter headings from some book with the title ‘Statistics for …’. How does one decide relative importance of various topics? One doesn’t bother. In fact it is an easy matter. Things that are needed more often are more important. But if we apply this criterion, perhaps nothing is important. For, in most cases no teacher uses statistics in his/her research (if there is ongoing research activity!). This leads to some very warped situations. No one in his/her right mind memorizes all formulae in statistics. Yet students are expected to do that. Why? We do not have the system of open book tests. In fact now with availability of software packages, the ability to use the formulas for realistically large data sets is also not crucial. It suffices if students can apply the formulas to tiny data sets to demonstrate that they understand what the formulae mean. So giving an examination in which students have to rush through computations on a big data set is also unnecessary. In real life they have all the time in the world and will very likely use a computer and a software package. Then what is crucial? Diagnostics, decision-making and interpretation! What is the nature of the data or the problem? How to take some exploratory steps to arrive at good understanding of the problem? How to select a suitable statistical tool? These are matters in which it is hard to find help. Our courses mostly remain clueless in this regard. If teachers in the domain of application are not practitioners of statistics, they are helpless. What about teachers of statistics? They are not of much help either. Why? Because often they are not practitioners either! It is our estimate that more than 95 % of college and university teachers of statistics in India, goes through their entire professional life without a single occasion to put statistics into practice. It is a vicious circle. Teachers from fields like biology and social science do not use statistics and hence do not call upon teachers of statistics for help. Since no one expects help from statistics teachers, they continue to reproduce material from textbooks on black boards. Hence their skills as consultants remain infantile {untested}. Since their discourses are not hampered by their lack of familiarity with domains of application, they never wonder how a method is going to be applied in a particular situation. 

The last level of statistics teaching is for students who specialize in statistics at B.Sc. and M. Sc.  Here too, it is possible to exist without any meaningful application of the tools of trade. At this level also our education is passive. Here is a triplet of sayings that describes limitations of passive learning. ‘I hear and I forget. I see and I remember. I do and I understand.’ We will add a fourth item or perhaps modify the third. ‘I slip, I fall, I get a bloody nose and then the lesson is permanent’.

Relating Statistics to other subjects
Subject of statistics has two faces, ‘Statistics as information’ and ‘statistics as inference’. Admittedly statistics as a scientific methodology (grammar of science) refers to the second aspect. But total neglect of the first aspect, as is happening in Indian colleges and universities today, is detrimental to statistics education. Firstly, some pieces of information should be known to all students, those of statistics or otherwise. This is just for becoming a good citizen. These include per capita income, level of poverty, shortage or surplus of food, size of population, sex and age composition etc. Secondly, some knowledge of the domain in which to apply statistics is essential to understand statistical methods. We teach theory of sample surveys without any participation in a survey. Students learn concepts of design of experiments without designing a single experiment. A lot of time is spent on regression analysis including interpretation of residuals. The related ‘practicals’ include the mechanical steps but fail to give a flavor of decision-making since neither students nor teachers are ‘involved’ in the data being analyzed. 

Even from a purely pragmatic viewpoint of enhancing employability, paying attention to statistics as information can make a big difference. Consider the Reserve Bank of India. This huge organization has a separate division for statistical analysis and many officers are recruited at master’s and Ph.D. level in the field of statistics. Here, a competent statistician may find her/him at a disadvantage compared to an economist with some statistical training. The statistician often has no idea about the functions of RBI and role of statistics in it. It is not widely known in the academic statistics community that many Nobel prizes in economics have gone to economic statisticians such as Simon Kuznets, Wassily Leontif and Laurence Klein. In fact, over the years, econometrics has almost disappeared as a statistics specialization in Indian Universities. This is because hardly any professors of statistics have any serious interest in economics. And interface between statistics and economics cannot be taught without some familiarity with basics of economics. 

Many years ago at the Inter-science/pre-professional year, everyone studying mathematics (the so called A group) at Universities in Maharashtra, also had to study economics and English literature. Further in University of Bombay, almost 40 years ago, students taking statistics at B.Sc. were required to study economics as the so-called ‘subsidiary’ subject. In addition, topics like econometrics and psychometrics were part of the statistics syllabus. This made a lasting impression on students. It is not essential to study these very subjects or topics to complement study of statistics. Any discipline, which benefits a lot from application of statistical methods will provide a good background. These include botany, zoology, microbiology, geology, atmospheric science, anthropology, education etc. To our knowledge, combining study of such subjects with statistics (in college) is virtually impossible in India. Why is that so? A college that offers statistics as a subject usually does have degree programs in one or more of the other subjects mentioned above. So why should a combination not be possible?

The difficulties are of many kinds, mostly of our own making and mostly ludicrous. First is rigidity of structure. Statistics is usually classified as a ‘science’ subject and economics and psychology are classified as ‘arts’ subjects. And it is heretical to want to take arts subjects if you are in science. Our structure often does not allow taking up topics across ‘faculties’. This can be easily remedied at the university level by listing economics and psychology under arts as well as science, just as mathematics, statistics and geography are. This is rarely done. In fact we know only one example. It is that of North Maharashtra University at Jalgaon. It’s first Vice-Chancellor, Dr.N.K.Thakare, a mathematician, ensured that all necessary resolutions are passed in appropriate bodies. [Sadly, however, not a single college in that University took advantage of it]. The second difficulty is the divide within ‘science’. Mathematical sciences and biosciences allow no truck with each other. Our biology students are required to (and are happy to) keep away from mathematics and vice versa. Since statistics falls in the mathematics group, it is unimaginable to combine statistics with biology. This is totally contrary to modern trends and also antithetical to the spirit of interdisciplinary research. The current trend is to acknowledge that societal problems do not recognize artificial partitions created by academicians. You have to use concepts, methods and expertise in many disciplines to solve them. But we seem to pay only lip service to the notion of interdisciplinary study. Third difficulty is administrative. Our colleges are overloaded with students and have inadequate laboratory and class room space. Hence scheduling classes and practicals is a difficult task. An easy way out is to rule out unconventional subject combinations for study. So, we find most Principals of colleges following the path of least resistance. The last reason is deep rooted and perhaps the most difficult to rectify. Our universities are autonomous to a considerable extent as far as syllabi are concerned. So ‘Board of Studies’ designs statistics syllabi. College teachers often dominate this committee. In many universities, statistics teachers have ensured that students taking statistics as a principal subject take only statistics papers and nothing else. So the backdoor entry of other topics such as econometrics or psychometrics is also not possible. Why so? Sometimes this is due to lack of awareness. But often it is deliberate. The purpose is very down to earth. It increases the ‘work load’ of statistics teachers and hence leads to more appointments in statistics. An outright parochial trade union attitude! We find the attitude outrageous since it puts academic interests of students on the back burner. All this ends up with students taking physics and/or chemistry as subsidiary subjects along with statistics. Physics may be a very exciting subject in its own right. But it is not one in which statistics is used routinely. 

A possible solution
Of late college recruitment scene has changed dramatically. Many state governments are in a dire financial situation. With an empty treasury, they are very reluctant to make new appointments in colleges. In fact vacancies created by retirements often remain unfilled. Programs are being rolled back. There is almost a sense of panic among college teachers. So, those tactics for expanding statistics pool are not workable any more. But that does not mean change in syllabi and systems. Under the circumstances, a pragmatic approach would be to appeal to those interested in enhancing quality in statistics education to adopt new ways and to offer tools for the same. We offer here a ‘book’ [posted on the website of the Department of Statistics, University of Pune and freely available] with over hundred data sets to be used in statistics teaching.

We emphasize again that this study tool will contribute something only if teachers participate actively in the process of learning through discovery. At present this element is virtually absent in education, which has become a process of rote and mechanical ‘learning’. Why should it be so? The reasons lie at least in part in our examination system. There is nothing wrong in trying to evaluate learning. But ours is a case of tail wagging the dog. All attention is focused on examination. Students only want to know what is important and what is very important (i.e. quite likely to be asked as a question in the final examination) and they limit their effort to memorizing answers to these potential questions. This is the reason for the popularity of ‘guides’ over scholarly texts. An extreme situation is one in which students of literature would not even read the novel meant to be studied, but stick to only a compendium of questions and answers about the novel. Even senior teachers feel weighed down by the examination system. A proposal for a change in syllabus may be ruled out because it is difficult to set questions on the new topics. This approach ignores the crucial fact that education is a total experience. Lectures, discussions, practicals, fieldwork, tests, co-curricular activities, hobbies, they all contribute to the shaping of the young mind. Once we make examination the sole focus to the exclusion of all other aspects, academic life loses much of its meaning. Why attend classes? Just read the guide. So you find more students outside the lecture halls than inside. Why study the whole syllabus? Only half of the questions in the paper need to be attempted. So skip study of half the topics. Why solve problems? Restating the theory will suffice to answer half of each question. This is a downhill path with zero attention to quality in education. We need to move away from this course. Our contention is that correct use of data sets can be helpful in restoring, to some extent, quality in statistics education.

A book with data sets is not a new idea in statistics. One such book is already available. ’A handbook of small data sets’ by Hand, D. J.,F. Dal, A.D. Lunn, K.J. McConway and E. Ostrowski, Chapman and Hall , London (1994)] Another book which gives many data sets and develops statistical methodology around them is ‘The Statistical Sleuth : A course in methods of data analysis’ by Ramsey F.L. and Schafer D.W. (1997), Duxbury Press. Title of this book reflects an approach to statistical analysis that we endorse fully. Aim of analysis is better understanding of a situation and finally discovery of that lynchpin which makes clear the whole story. Another analogy is a logjam. When a lot of stuff flows down a river, occasionally it creates a block or jam. Shifting one piece in a critical place restores normal flow. To discover such a piece is the climax in analysis. All kinds of forces have to be mustered towards that one end.

If books exist in multiplicity, why write one more? Our reasons are the usual ones and perhaps well known. First reason is access. The above books are expensive and hard to get for a typical college and certainly for an individual student/teacher in India. Our website will bring the material within easy reach of any net surfer. Second reason is familiarity with the background. If problems are based on Indian reality, students are more likely to relate to them. If we wish to study time series of share prices, it is better not to use the example of Intel Corporation. Instead, Infosysis Technologies may prove to be more useful. A student may encounter a news item about this company or may see a TV program connected with it. Or some one around may be familiar with history of the company and may know the reason behind some dip (or surge) in price. All these bits constitute important inputs in analysis and interpretation and learning. If such information is not readily available, it is possible to ask students to search for it and there is a reasonable chance that it can be done. So, a majority of data sets here are connected with the Indian scene. Third reason is that we have tried to highlight interactive research in which we have been involved. 

How do we expect readers to use the data sets? We offer a brief description of the problem and its background. Some discussion on these features (and perhaps even some reading or internet surfing) among teachers and students will be useful. This should lead to a precise and meaningful formulation of the problem and hence a smart choice of the tools to be used. A plan of statistical analysis should then be evolved. It implies discussion of available tools and their suitability, assumptions implied in different methods and their applicability. We suspect that some interaction with teachers in the domain of application will be not only useful but even necessary. That is a good beginning of a genuinely interdisciplinary study. A short report should be written about the whole endeavor once it is decided that work on a data set is over. The report should be intelligible to the person from domain of application consulted during discussions. 

Many of the data sets are suitable for undergraduate students. In some cases the statistical methods appropriate are generally studied only in M.Sc. courses. Those can be used to give students a glimpse of what lies ahead. Often people lack any comprehension of the boundaries of knowledge and hence do not know what constitutes research. The tendency is then to assume that as you go up the ladder, it is more of the same. We can alleviate such misunderstanding by showing problems for which answers do not exist in text books at a lower level.

We have tried to include problems, which will require the whole range of statistical methods available. We have also attempted to include examples from many different domains of application. However, there is a dominance of examples from the area in which we are active, namely biostatistics (and in particular, ecology). But this is perhaps inevitable. It would be easy to launch a discussion group and expand the collection using expertise of others who are willing to help. We invite interested readers to send us more data sets (in our format, i.e. data in EXCEL and description in MS word) for possible inclusion in the ‘data book’.
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