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STATISTICAL AND EMPIRICAL

CONCEPTION OF NORMALITY AND NORM IN BIOLOGY

Notions of normality and norm belong to the most important notions in biology. However, their sense is neither unambiguous nor clear, and typical i.e. statistical way of using them can arouse and really arouses reservations. My dissertation concerns just normality and norm notions and its aim can be formulated as following: assessment of theoretical and practical value of widespread in biology statistical conception of normality and alternative conceptions.

It should be explicated what statistical conception of normality is, and what alternative conceptions can be. There are two main ways of assessing biological traits with regard to their normality (Fig. 1):

1) First way concentrates on the formal, numerical aspect of a trait. It consists in comparing the value of the trait in examined individual with other values. Usually, the value is compared with values of the trait in other individuals. Sometimes, the value is compared with values of the trait in the same individual in other phases of development or with values of other traits in the individual.

2) Second way concentrates on the empirical, material aspect of a trait. The value of the trait is compared with empirical phenomena: how is the value of the trait connected with the function performed by this trait in an organism; how does the value of the trait influence the level of adaptation (or adjustment) of an organism to environment (on distinguishing adaptation from adjustment: see below); does the value of the trait represent a desirable form of the trait (culturally desirable, in an aesthetic sense or essential in sexual mating).

These two ways of assessment of biological traits result from two types of the conception of normality, or else, can lead to them:

1) Statistical conception of normality: comprehends normality of an examined object in terms of proximity of values of its traits to population mean values.

2) Empirical conception of normality: comprehends normality of an examined object under concern on account of an empirical characteristic of the object.

The biological norm for a trait is a set of values of the trait, such that values of the trait belonging to the set are considered normal, and values not belonging – abnormal. Ways of determining the set can be various so there are different types of norms. One can distinguish the statistical norm that derives from statistical conception of normality, and the empirical norm based on empirical conception of normality.

Methods of constructing and using statistical norms are well known and defined by a formula “mean ( k standard deviations”, or alternatively, by a range between certain centiles, for example, 3rd and 97th centile. To create an empirical norm one has to make some essential decisions, first of all determine which empirical feature is to be a criterion for an assessment of investigated phenotypic traits. It seems that the empirical criterion of normality can be first of all established in the two following manners:

1) Adaptation criterion: a value of a trait is normal if it determines sufficiently high level of adaptive value (= biological fitness = expected evolutionary success).

2) Adjustment criterion: a value of a trait is normal if it determines sufficiently high level of adjustment value (= ecological success) that consists of health, longevity, physical fitness, intellectual potential, social adjustment etc.

The adjustment criterion differs from the adaptation one in that it is confined to individuals’ ability to function in the environment, and omits the problem of passing genes through generations. Though the choice of adaptation (evolutionary) criterion is rather obvious in species other than human being, in humans the matter is more complicated. There is growing tendency in technologically high-developed populations not to have children, but to achieve other goals. In such a situation the choice of the adjustment, not adaptation, criterion can prove correct.

Fig. 2 shows a hypothetical relationship between the statistical and empirical norm. There is shown a distribution curve for a trait and a curve depicting dependence of the adaptation (or adjustment) value on the value of the trait. The mean value of the trait falls on the apex of the distribution curve (normality of distribution assumed) and it is a starting point to construct statistical norms. The value of the trait determining the highest degree of adaptation (or adjustment) I call the optimum value. The optimum value can be crucial in constructing empirical norms. The mean value can be greater or lesser than the optimum value, or both values can be equal. The difference between these values can be higher or lower.

The statistical norm is constructed on the basis of the distribution curve as a certain range around the mean value. The empirical norm is constructed on the basis of the adaptation curve so that the range of the norm contains the value of the trait that determines suitably high adaptive values. Statistical and empirical ranges can overlap to a greater or lesser degree. An individual’s phenotypic value of the trait can belong to ranges of both norms, or only to the range of statistical norm, or only to the range of empirical norm, or to neither of the ranges. Two circles on the graph, representing individual values, do not belong to any range of norm. The square belongs only to the range of statistical norm, rhombus – only to the range of empirical norm, and triangle belongs to both ranges.

The most interesting situations are those when the phenotypic value belongs to only one of these two ranges of the norm. Such situations provoke to ask two questions:

1) Which norm is better, which should be used, on the basis of which norm the values of traits should be classified as normal or not?

2) Can discrepancies between statistical and empirical norm, shown on Fig. 2, occur at all? If so, then do these discrepancies in fact occur in biological reality?

In order to answer these questions we must realize that the statistical conception of normality can occur in two versions: as a statistical definition of normality and as a statistical criterion of normality. The statistical definition of normality defines normality as something close to the average, thus the average is the sense of normality. In the statistical criterion of normality, however, the average is only a criterion, sign of identification of what is normal. The average is a sign of normality, but not its sense. The sense, meaning of normality, can be something completely different, for example adaptation to the environment (Fig. 3).

As regards the statistical definition of normality it is inadequate because the sense of normality is not being an average. It is evidenced by both specific cases of use of the concept and theoretical papers analyzing the meaning of the concept (Ryle 1947; King 1954; Boorse 1977; Goosens 1980; Wolański 1994; Davis, Bradley 1996). Besides, understanding normality just in this way bears some unfavourable consequences:

1) If for each trait several percents of its extreme values are abnormal then considering many traits in one individual, at least one of them will be abnormal. Thus every individual is abnormal in respect of some trait. Therefore there are no normal individuals. This anti-statistical argument is well known in literature. Below I add two my own.

2) Defining normality statistically makes prophylactic and therapeutic work pointless. Since the range of the norm by definition includes 95% of the population then neither progress of medicine nor improvement of living conditions can change the percentage of abnormal cases.

3) Since the range of the norm depends on the mean value of a trait in a population then it is possible that A value of the trait is normal and B value is not, or B value is normal and A value is not; only because the mean in the population is such as it is.

The statistical criterion of normality has similar consequences, but in this case the most important is its usefulness just as a criterion of normality – is the average a good sign of identification of what is really normal. If the sense of normality is a high level of adaptation then the question is: do average phenotypic values of traits agree with values determining the highest fitness. If one takes normality as a high level of adjustment then one should check whether average values ensure the highest adjustment.

Let’s consider the situation where the meaning of normality is high fitness. In this case the main factor making, in long time, average values equal optimal ones is natural selection. Though recently some fast changing factors could disturb the equality. They are: secular trends, changes in natural environment and changes in cultural environment (for instance progress of medicine or sexual mating).

If one comprehends normality not as high fitness, but for example as a high level of adjustment, then operation of natural selection does not have to lead to equality of average and optimal values. Yet natural selection maximizes biological fitness (adaptation level), not adjustment. Thus it makes average values equal the adaptive optimum, but not the adjustment optimum. The adjustment optimum can be quite different from adaptive one.

Discrepancies between average values and optimal ones (according to any definition) are thus possible and have theoretical justification. But do they really occur? This question can be answered only after conducting suitable empirical research. Before conducting such research some theoretical problems have to be solved:

1) Normality must be defined unequivocally, as high level of adaptation or high level of adjustment or in a different way.

2) There must be accepted a manner of measure of a trait indicating normality. Problems with measuring biological fitness are known, but soluble, because at least it is recognized that the number of offspring and its survival rate must be examined. The matter of measuring the adjustment level is much more complicated, because it is difficult to give an operational definition of adjustment.

3) The method of determining limits of normality (limits of the range of the norm) must be established. Yet the definition itself does not determine where normality ends and pathology begins.

4) Statistical methods of analyzing relationships between phenotypic traits and indicators of normality, between the mean value and optimal value and between statistical and empirical norm ranges must be worked out.

Empirical data I had access to did not enable measuring individuals’ adjustment – no matter how the concept of adjustment would be specified. So the study was limited to examine effects of some phenotypic traits on some aspects of adjustment. The research was aimed at checking whether there are discrepancies between mean values of the traits and their optimal values, and whether there are discrepancies between statistical and empirical norm ranges. Besides, the research was an occasion to show statistical methods proposed to find such discrepancies.

Four types of relationships were investigated in the study:

1) Body height and reproductive success (number of offspring). Female height showed no connections with the number of children, but shorter males proved to have more children than taller ones.

2) Growth curve and health status. Length, frequency and severity of colds were examined. People with longer and later-ending adolescent growth spurt had tendency to have shorter colds.

3) Physique and social adjustment. Boys who at the age 6-10 years had been heavier and had higher values of Quetelet and Rohrer indices, at the age 18-20 declared better social adjustment.

4) Physique and physical fitness. In this case the sample was most suitable – its number (over 900 individuals of each sex) and number of morphological traits examined (18) allowed more thorough analysis than in other cases. The trait ‘physical fitness’ was calculated as an arithmetical mean from standardized results of five fitness tests: 5 meters run, figure eight run, vertical jump, depth of forward bend, Montoy test (it measures endurance of an organism).

The study concerning physical fitness had three aims:

1) To find shape of relationship between morphological traits and fitness ones (= results of fitness tests and physical fitness).

2) To find relation between mean values of morphological traits and its optimal values (determining the highest physical fitness).

3) For each morphological trait to check correspondence of statistical and empirical norm ranges.

The data was divided into four samples according to sex and age categories. For each combination of the morphological trait and fitness one in each of these samples three above-mentioned issues were analyzed.

Different results were obtained for various combinations. The shape of relationship between traits took forms: no relationship, linear relation or nonlinear relation. The optimal value of a morphological trait either agreed with its mean value, or differed from it to a greater or lesser degree (sometimes it fell on extreme values of the trait). At last, the range of empirical norm in some cases agreed with statistical one almost perfectly, and in some other was different to the maximum possible degree (according to the employed methodology of constructing these norms).

An example of relationship between traits is shown in Fig. 4. It is dependence of vertical jump on muscular circumference of shin in a group of younger boys (6.7-11.5 years). This relation is curvilinear because square (parabolic) regression equation explains significantly more variation of vertical jump than linear regression equation does. The mean value of muscular circumference of shin is not equal to the optimal value because the best fitted parabola explains more variation of vertical jump than parabola with apex falling on the mean. Statistical and empirical norm ranges overlap only partially.

Let’s sum up above described division of conceptions of normality. Conceptions of normality divide into statistical and empirical ones. The statistical conception of normality leads to creation of statistical norms, the empirical conception of normality results in the empirical norm. The statistical norm can appear in two versions: as a statistical definition of normality that is inadequate (because the sense of normality is not being an average), and as a statistical criterion of normality that is not right (because the mean value does not point the optimal one accurately). Two main variants of the empirical norm is adaptive and adjustment one.

Now we can answer questions asked at the beginning of the paper:

1) Discrepancies between statistical and empirical norm ranges not only can occur theoretically but also occur in reality, at least for some pairs as: trait – adjustment aspect.

2) The empirical norm appears to be more appropriate than statistical one. The definitional version of the statistical norm is inadequate because its basis, statistical definition of normality, is inadequate (the average is not the sense of normality). Further, the criterial version of the statistical norm is unreliable because its basis, statistical criterion of normality, is unreliable (the mean value does not point the optimal one accurately).

As the empirical norm is more appropriate than statistical one, then why statistical approach to normality is so widespread in biology and empirical norms actually are not used? It is first of all because of theoretical simplicity and practical easiness of constructing statistical norms. In order to create the range of statistical norm it is sufficient to measure values of a trait in many individuals and calculate the mean and variance of the trait. When constructing an empirical norm one has to solve many problems discussed above. Then it would be possible to establish empirical norms and compare them with existing statistical ones.
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Value of the trait is compared with:

Value of the trait is compared with:

- values of the trait in other individuals

- function of the trait in an organism

- values of the trait in other phases of development

- contribution of the trait to adaptive value of an organism

- values of other traits

- desirable forms of the trait





ASSESSMENT

Fig. 1. Statistical and empirical way of assessment of biological traits.

[image: image2.wmf]Fig. 2. Relationships between statistical and empirical norm – hypothetical situation. X axis – phenotypic value of examined trait. Black curve depicts distribution of the trait, gray curve – dependence of adaptive (or adjustment) value on phenotypic value of the trait. Both curves are bell-shaped. Left Y axis (frequency) refers to distribution curve, right Y axis – to adaptation (or adjustment) curve. There are shown statistical (A-C) and empirical (B-D) norm ranges made respectively on the basis of distribution and adaptation curve. Five individual values of the trait are drawn with two circles, square, triangle and rhombus.
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Fig. 3. Division of biological norms.
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Fig. 4. Vertical jump and muscular circumference of shin in a group of younger boys (6.7-11.5 years). Black curve is the best fitted parabola to empirical data, gray curve is the best fitted parabola with apex falling on the mean. Black and gray ranges at the bottom are ranges of empirical and statistical norm respectively.
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