
Chapter 4

Null-Hypothesis Testing with the T-Table

1 General Purpose

In the previous chapter we discussed that the patterns of Gaussian curve from

biological data have a constant frequency distribution and that this phenomenon

is used for making predictions from your data to future data. However, this is only

entirely true with large samples like samples> 100. In practice many studies

involve rather small samples and in order for your data from small samples to

adequately fit a theoretical frequency distribution we have to replace the Gaussian

normal distribution with multiple Gaussian t-distributions which are a little bit

wider.

In the twenties the USA government employed wives of workless citizens in the

Work Project Administration US. With the help of Monte Carlo Models, and a

pocket calculator not yet available at that time, the numerical characteristics of the

best fit Gaussian curves for any sample size was calculated. These characteristics

were summarized in the famous t-table, which is still the basis of any statistical

software program. This chapter is to assess how the t-table can be used for null-

hypothesis testing.
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The above graph shows members of the family of t-distributions: with n¼ 5 the

distribution is wide, with n¼ 10 and n¼ 100 this is increasingly less so. This

chapter is to show how the t-table can be used for testing null-hypotheses of no

effects in your data.

2 Schematic Overview of Type of Data File
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3 Primary Scientific Question

Is the result of our study significant different from the null-hypothesis? At what

level of statistical significance?

4 Data Example
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The above graph gives an example of experimental data is given with sample size

(n)¼ 19 and mean result¼ 2.9 SEMs (SEM-units), and a t-distributed instead of

normal frequency distribution. Any result larger than approximately 2 SEMs is

statistically significantly different from 0 SEMs at p< 0.05. However, our mean of

2.9 SEMs is pretty far away in the <5 % tail, and, so, the chance of being so far

away may be a lot smaller than 5 %. Our p-values may be a lot smaller than 0.05.

The t-table can be more precise regarding the level of significance, and is given

underneath.
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5 T-Table

The t-table has a left-end column giving degrees of freedom (�sample sizes), and

two top rows with p-values (areas under the curve¼ p-values), one-tail meaning

that only one end of the curve, two-tail meaning that both ends are assessed

simultaneously. The t-table is, furthermore, full of t-values, that, with 1 degrees

of freedom, are equal to z-values (Chap. 36). The t-values are to be understood as

mean results of studies, but not expressed in mmol/l, kilograms, but in so-called

SEM-units (Standard error of the mean units), that are obtained by dividing your

mean result by its own standard error. With many degrees of freedom (large

samples) the curve will be a little bit narrower, and more in agreement with nature.

A t-value of 2.9 with 18� of freedom (19 patients and 1 group means we have

19–1¼ 18� of freedom) indicates that we will need the row no. 18 of the table. The

t-value 2.9 is left from 3.197 and right from 2.878. Now look right up to the second
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of the two upper rows: we are right from 0.01 and left from 0.005. The p-value

equals <0.01.

6 Conclusion

In the previous chapter we discussed that the patterns of Gaussian curves from

biological data have a constant frequency distribution and that this phenomenon is

used for making predictions from your data to future data. However, this is only

entirely true with large samples, like samples >100. In practice, many studies

involve rather small samples, and in order for your data from small samples to

adequately fit a theoretical frequency distribution we have to replace the Gaussian

normal distribution with multiple Gaussian-like t-distributions which are a little bit

wider. The t-table summarizes the numerical characteristics of these frequency

distributions of any size. It helps us to predict precisely the chance and level of a

statistically significant effect. E.g., a p value< 0.002 means that we have less than

0.2 % of finding such a result if there would be no effect in your data. In clinical

term this indicates that your treatment was very efficaceous, and that the chance that

this conclusion is erroneous will be less than 0.2 %, at least, if your null-hypothesis

is true.

7 Note

More background, theoretical and mathematical information of null-hypothesis

testing is given Statistics applied to clinical studies 5th edition, Chaps. 1–3,

Springer Heidelberg Germany, 2012, from the same authors.
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