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    PREFACE


    Since the beginning of my unceasing activity as a teacher determined in providing students and biomedical professionals a clear conception of an abstract discipline, usually considered inaccessible due to the mathematical basis that supports it, I caressed the project of editing a few pages in which, without a single equation, I would be able to convey the philosophical contents of the Statistical Method as a irreplaceable weapon in the struggle of the researcher against Life’s variability.


    Many years have had pass until this project could acquire the form of reality that today, with the humility of whom presents a small job, but well meditated, I submit to the consideration of those that with it will be able, by means of a purely conceptual knowledge of the Method, to love Biostatistics a little more.


    J. L. C.

  


  
    1.

    BIOLOGICAL VARIABILITY

    and SCIENTIFIC METHODOLOGY


    Nothing is further from the Statistical Method’s true essence than “statistics” traditional concept; being these understood as recounts, arithmetical means or graphics representing, better or worse, a data array. Whoever aspires to penetrate into these thoughts about STATISTICAL REASONING IN THE SCIENCES OF LIFE must forget the solely descriptive sense of simple techniques that provide global and simplified visions of a biological phenomenon that a child, counting with his fingers, would be capable of presenting; and begin admitting -maybe discovering- that Statistics (with a capital letter) is the sole methodological tool for quantifying that, which apparently, has no measure: Biological variability.


    With a usually mistaken, or at least incomplete, judgement from the start, it is of no wonder that Statistics is vastly unknown inside the research world of sciences of life: And, even so, this world cannot survive without it now. This unsustainable situation is the reason for which, more and more each time, the researches (those of us who manage biological information), try to introduce ourselves with much fear, if not dislike- into mathematical paths of intricate appearance that allow us to enlarge our vision and perspective of the phenomenon studied. Intricate pathways may interlace places and horizons very diaphanous. It is the main objective of these pages to permit the reader to approach the Statistical Method conceptual field, ample but simple, as a measure and control of the variability of life, by means of knowing the main principles through which the human mind structures a scheme of reasoning that permits, paradoxically, to measure inaccurate and fluctuating magnitudes with something as rigid as mathematics. If to know is to love, at the end, we will have succeeded in falling a bit in love with a discipline that, in its inner nature, is not a philosophy of life, but Life’s Philosophy in as much as it has of variable.


    Statistics, the great unknown. We read a paper in which the mean of the age of death in car accidents in high-roads is 40 years. We should admit that it is usual to think that, if we have this age and we are about to venture on a trip by car, we must go trembling. But let us analyse the news; Why is 40 years old the arithmetical mean? Can it because, in a high-road, many whom die are 40, 39, 41...years old; and only a few are much younger or older? In this case, having 40 years of age we should go on being afraid. But, cannot it be that with a 40 years old mean, in the high-road die many children and old people?; in which case we would be able to travel in an easy state of mind. What a paradox! The same notice, given as an arithmetical mean, can lead to contradictory conclusions. The explanation to this paradox cannot be simpler: The poor arithmetical mean, on its own, says nothing. For it to be able to say something it must always go accompanied by another statistical index capable of informing us if our study’s data are centred around 40, or if they are very dispersed: A measure of data dispersion. The reader has already guessed that it is no other than a measure of the variability. This highly important conception of dispersion is called standard deviation and, close to the mean, the former allows the latter to provide much more information. Without it, the mean is one too many. A notice given by an arithmetical mean alone (and this is usual), if not tendentious, it is, at least, ignorant.


    But, of what variability are we talking about? Which is the true statistical meaning of the biological variability on which this Method is engaged? Let us, now, imagine that we are undertaking a study to analyse the statures of a collective. Many individuals 1.60 and 1.70 m tall; few giants, few dwarfs. The distribution should adjust itself to a bell-shaped curve and what we see may not be like this. Biology has nothing to blame for this, nor does Statistics; the blame probably falls on the researcher, who has mixed men and women in-the study and, as sex influences in stature, the distribution’s regularity changes, being bell-shaped no more. If the paper were to analyse the visual acuteness, not influenced by sex, the mixed test would have been well designed. Let us separate men from women and perform the study once again: Now the distribution looks more like a bell-shaped curve. Maybe not quite bell-shaped, as we have mixed ages. Let us take only boys and of 20 years of age: each time, a better adjustment. Moreover, the regularity improves if they all are of the same race; and the same nourishing regime..., and of all of what the scientific knowledge defines as stature’s “factor of risk”. When science can do no more, in the homogeneous subgroup that is left, the individuals do not display the same height, but its distribution has an amazing bell-shaped regularity (the Gauss curve). This residual variability, when the researcher is unable to achieve more homogeneity in his group, is what we call random variability; being the Statistical Method the one to occupy itself on this subject. Of course, scientific advances give successive bites at chance. For example, in past times, the fact that nutrition had influence on height was, maybe, unknown, and the researcher was not struck by the idea of separating its groups because of this factor.


    It is not always known or possible to achieve gaussian distributions of data: for that reason Statistics has had to develop the so called non-parametrical techniques, by force more coarse and less precise, which make possible treating these data collections without trusting, too much, values of less regularity; in opposition to the parametrical techniques that, because they manage reliable data, provide much more precision. Of course, appropriate tests allow the researcher to recognise if he is before.a gaussian distribution or not.


    But the biological variability so defined is not is not, indiscriminate. Something, or Somebody, has it under control: There are no two fingers alike; neither are there fingers a meter long. And the manner to know something about the fingers’lenght will, obviously, pass by.. measuring many of them and finding the distribution of their lengths: To reiterate again and again is, therefore, the basis to vanquish variability.


    It is not unusual to hear the frivolous remark that “with statistics it is possible to prove anything”. Those of us who are related, directly or indirectly, with research, know that with this methodology many things cannot be proved; but we also know that whatever is proved is unquestionable. And this is so because it does it with something essential in Science: the quantification of the probability of error. It is impossible to define the Scientific Method in fewer words: “An assertion becomes a scientific truth when whoever declares it so is capable of quantifying the probability of it been untrue”. What occurs is that to quantify with severity this probability of error is not so easy. The Statistic Method teaches how to do so. And we know that, being able to present a conclusion with a probability of error of less than 5% (p<0.05), the world of Biology will accept this result as “statistically significant”, and the conclusion will have been proved.


    Once these ideas have become fixed, we are in a position of understanding, in an effort of synthesis, that the Statistical Method applied to the Sciences of Life develops, in essence, any of the four following possibilities: DESCRIBE, ESTIMATE, COMPARE and RELATE. The first constitutes the group of simple techniques of which we have talked at the beginning of this paper, and which many reduce to: Descriptive Statistics. However, the last three conform the Method’s true essence: Analytical Statistics. We will occupy ourselves on each of these four areas, all through the remainder of this book.


    It should be added that, due to all that has been said, it can be deduced that the Statistical Method must take part in researching development phases, from its gestation till its publication. It must take part in the planning phase, fixing the basis of experimental design, analysing the viability of a hypothesis of work already established, predetermining the size of the necessary samples and defining the characteristics of homogeneity and randomness. It should take part in the phase of attracting information, guaranteeing the homologation of the data colected, quantifying the magnitude of all possible mistakes, valuing the influence of eventual absence of data and following, step by step, the fulfilling of what was planned. It has to take part directly in the phase of exploiting information, defining the adequate statistics tests, developing all necessary complex calculations and obtaining as many significant results as can be provided by the study. And, last of all, it has to take part in the phase of presenting the results, normalising their communication and judging the quality of the conclusions, taking in account that not all that is statistically significant has to be biologically relevant. Thus, it intervenes in the chain’s four links that give form to a work of research considered as an information system: planning, obtaining, analysing and communicating; links that, to attain a scientifically balanced system, should present the same rigorous consistency.

  


  
    2.

    REASONING in

    BIOLOGICAL DESCRIPTION


    Representing a biological variable measured from a homogeneous sample of individuals (a data collection experimental distribution) can be done up to three levels of increasing conceptual complexity: The first level would be based on the point-by-point graphic of all data obtained during the experiment. Thus, one can achieve bell-shaped diagrams that collect, for each of the variable’s value, the number of individuals that presented it. A more advanced step would be to substitute all data by some indexes faithfully representing the complete collection, and allowing the researcher to operate with them equally or even better than if treating the collection of values as a whole. Statistics makes possible this simplification by means of only three indexes: the studied sample’s size; the arithmetical mean, as a centralization measure (around what value does data group itself); and the standard deviation, as a measure of dispersion (how does it group itself, too concentrated or too dispersed). A third level would be obtaining the theoretical Gauss law that more faithfully adjusts itself to the data collection. This will always be the ideal level: the substitution of experimental distribution by a continuous equation that, in the researchers hands offers him the complete management of the studied phenomenon. In effect, the whole mathematical apparatus totally applied to the equation will allow to answer to as many questions as can be thought of concerning the characteristics of the substituted experimental series. What is really attractive about this third level is the extremely easy way of
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