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Introduction: Questions

• Our duty as quantitative researchers?

• To provide evidence?

• To provide conclusions?

• To decide?



Questions

• P-values = Evidence? Decision Tool?

• Hypotheses Testing = Evidence? Decision Tool?

• Confidence Intervals = Evidence? Decision Tool?



‘Conclusions’

• “A conclusion is … usually the acceptance for the time 

being of a hypothesis” (IJ Good 1961, p. 273)



‘Conclusions’

• “A conclusion is a statement which is to be accepted as 

applicable to the conditions of an experiment or 

observation unless and until unusually strong evidence to 

the contrary arises.” (Tukey 1960, p.425)



‘Decisions’

• “The possible actions are defined, their consequences in 

various "states of nature" are understood, and some evidence 

about these states of nature is at hand. In each instance the 

individual must judge whether to act as if the reward from 

alternative A will indeed prove to be greater than that from 

alternative B, (which we may abbreviate "A > B"), or whether 

the opposite is true ("A < B").” (Tukey 1960, p.424)



‘Decisions’

• “What has been done is simple and specific. The evidence 

concerning the relative rewards from the alternatives has been 

weighed: The consequences in the present situation of 

various actions (not decisions!) have been assessed. We have 

decided that, in this single specific situation, the particular 

action that would be appropriate if A were truly > B is the 

most reasonable action to take.” (Tukey 1960, p.425)



‘Decisions’

• “When we say "act as if A > B", we have made no judgment 

as to the "truth“ or "certainty beyond a reasonable doubt" 

of the statement "A > B". […] Thus what we have done is to 

weigh both the evidence concerning the relative merits of A 

and B and also the probable consequences in the present 

situation of various actions (actions, not decisions!).” (Tukey 

1960, p.424)



‘Conclusions’

“Conclusions typically reduce the spread of the bundle of those 

working hypotheses which are regarded as still consistent with 

the observations.” (Tukey 1960, p.426)

“…conclusions must be reached cautiously, firmly, not too 

soon and not too late” (Tukey 1960, p.426)

“must be judged by their long run effects, by their "truth", 

not by specific consequences of specific actions” (Tukey 1960, 

p.426)



‘Conclusions’

• “First, the conclusion is to be accepted. It is taken into the 

body of knowledge, not just into the guidebook of advice for 

immediate action, as would be the case with a decision. It is 

something of lasting value extracted from the data.” (Tukey 

1960, p.425)



‘Conclusions’

• “the conclusion is to remain accepted, unless and until 

unusually strong evidence to the contrary arises.” (Tukey 

1960, p.425)



‘Conclusions’

• “Third, a conclusion is accepted subject to future rejection, 

when and if the evidence against it becomes strong enough.” 

(Tukey 1960, p.425)

• “It is taken to be of lasting value, but not necessarily of 

everlasting value.” (Tukey 1960, p.426)



Conclusions vs decisions

• Conclusions and decisions about statistical procedures 

(Tukey 1960)

• Conclusions and decisions about research process and 

research results (Tukey 1960)



Statistical Conclusions & Research Conclusions

• Statistical Conclusions (Tukey 1960)

• Experimenter’s Conclusions: “weaker than the statistical 

ones” (considering all research errors) (Tukey 1960)



The Significance Testing (Fisherian) 
Approach

RA Fisher

• One Hypothesis (Null Hypothesis) HO

• Test of Significance

• Test statistic

• P-value

• Reject null hypothesis if the P-value is small





Why?

“The statistician cannot excuse himself from the duty of getting 

his head clear on the principles of scientific inference, but 

equally no other thinking man can avoid a like obligation.” (Fisher 

1966 The Design of Experiments p.2)

“The statistician cannot evade the responsibility for 

understanding the processes he applies or recommends.” 

(Fisher 1966 The Design of Experiments p.1)

Fisher RA. The Design of Experiments. Eighth Edition. New York: Hafner Press, 1966. [Reprinted in Fisher RA. A 

Re-issue of Statistical Methods for Research Workers, The Design of Experiments, and Statistical Methods and 

Scientific Inference, Edited by JH Bennett. Oxford: Oxford University Press, 1990.]



Why?

“The contribution to the Improvement of Natural Knowledge, 

which research may accomplish, is disseminated in the hope 

and faith that, as more becomes known, or more surely know, 

a great variety of purposes by a great variety of men, and 

groups of men, will be facilitated. No one, happily, is in a 

position to censor these in advance. As workers in Science we 

aim, in fact, at methods of inference which shall be equally 

convincing to all freely reasoning minds, entirely 

independently of any intentions that might be furthered by 

utilizing the knowledge inferred.” (Fisher 1973 Statistical 

Methods and Scientific Inference p. 107)



Our Duty

“We have the duty of formulating, of summarising, and of 

communicating our conclusions, in intelligible form, in recognition 

of the right of other free minds to utilize them in making their 

own decisions.” (Fisher 1955 Statistical Methods and Scientific 

Induction, p.77)

Fisher RA. Statistical Methods and Scientific Induction. Journal of the Royal Statistical Society. Series 

B (Methodological). 1955; 17(1): 69-78. 



The Significance Testing (Fisherian) Approach

“It is important that the scientific worker introduces no cost 

function for faulty decisions, as it is reasonable and often 

necessary to do with an Acceptance Procedure. To do so would 

imply that the purposes to which new knowledge was to be 

put were known and capable of evaluation. If, however, 

scientific findings are communicated for the enlightenment of 

other free minds, they may be put sooner or later to the 

service of a number of purposes, of which we can know 

nothing.” (Fisher 1973 Statistical Methods and Scientific 

Inference p. 106)



The Significance Testing (Fisherian) Approach

“In the day-to-day work of experimental research in the natural 

sciences, they [tests of significance] are constantly in use to 

distinguish real effects of importance to a research 

programme from such apparent effects as might have 

appeared in consequence of errors of random sampling, or of 

uncontrolled variability, of any sort, in the physical or 

biological material under examination. [...] The conclusions 

drawn from such tests [my bold italics] constitute the steps by 

which the research worker gains a better understanding of his 

experimental material, and of the problems which it presents.” 

(Fisher 1973 Statistical Methods and Scientific Inference p.79)



The Significance Testing (Fisherian) 
Approach

“we may […] apply a test of significance to discredit a hypothesis 

the expectations from which are widely at variance with ascertained 

fact. If we use the term rejection for our attitude to such a 

hypothesis, it should be clearly understood that no irreversible 

decision has been taken; that, as rational beings, we are prepared to 

be convinced by future evidence that appearances were deceptive, 

and that in fact a very remarkable and exceptional coincidence had 

taken place.” (Fisher 1973 Statistical Methods and Scientific 

Inference p.37)

Fisher RA. Statistical Methods and Scientific Inference. Third Edition, Revised and Enlarged. New York: Hafner 

Press, 1973. [Reprinted in Fisher RA. A Re-issue of Statistical Methods for Research Workers, The Design of 

Experiments, and Statistical Methods and Scientific Inference, Edited by JH Bennett. Oxford: Oxford University 

Press, 1990.]



The Significance Testing (Fisherian) 
Approach

“Though recognizable as a psychological condition of 

reluctance, or resistance to the acceptance of a proposition, 

the feeling induced by a test of significance has an objective 

basis in that the probability statement on which it is based is a 

fact communicable to, and verifiable by, other rational minds. 

The level of significance in such cases fulfils the conditions of a 

measure of the rational grounds for the disbelief it engenders. 

It is more primitive, or elemental than, and does not justify, 

any exact probability statement about the proposition.” 

(Fisher 1973 Statistical Methods and Scientific Inference p. 46)



The Significance Testing (Fisherian) Approach

“In general, tests of significance are based on hypothetical 

probabilities calculated from their null hypotheses. They do not 

generally lead to any probability statements about the real world, 

but to a rational and well-defined measure of reluctance to the 

acceptance of the hypotheses they test.” (Fisher 1973 Statistical 

Methods and Scientific Inference p. 47)



The Significance Testing (Fisherian) Approach

“The force with which such a conclusion is supported is logically 

that of the simple disjunction: Either an exceptionally rare 

chance has occurred, or the theory of random distribution is not 

true.” (Fisher 1973 Statistical Methods and Scientific Inference 

p.42)



‘Reasonable’ interpretations of P-values

• P-value less than 0.01: very strong evidence against the null 
hypothesis

• P-value from 0.01 to 0.05: moderate evidence against the null 
hypothesis

• P-value greater than 0.05 and lower than 0.10: suggestive 
evidence against the null hypothesis

• P-value 0.10 or greater: little or no real evidence against the 
null hypothesis (Burdette & Gehan 1970, p.9 cited by Royall 1997, p.62)



The Significance Testing (Fisherian) 
Approach

P > 0.1 = reasonable consistency with H0; 

P = 0.05 = moderate evidence against H0; 

P < 0.01 = strong evidence against H0

“A verbal definition of P is that it is the chance of getting a 

departure from H0 as or more extreme than that observed, the 

chance being calculated assuming H0 to be true.” (Cox and Snell 

1981, p.37)

Cox DR, Snell EJ. Applied Statistics. Principles and examples. London: Chapman and Hall, 1981.



The Significance Testing (Fisherian) 
Approach

Evidence against H0

0.10 = borderline; 

0.05 = moderate; 

0.025 = substantial; 

0.01 = strong; 

0.001 = overwhelming (Efron 2010, p.31)

Efron B. Large-Scale Inference. Empirical Bayes Methods for Estimation, Testing, and Prediction. 
Cambridge: Cambridge University Press, 2010.



Comments by Fisher

“It is usual and convenient for experimenters to take 5 per cent. as a 

standard level of significance, in the sense that they are prepared 

to ignore all results which fail to reach this standard, and, by this 

means, to eliminate from further discussion the greater part of the 

fluctuations which chance causes have introduced into their 

experimental results. No such selection can eliminate the whole 

of the possible effects of chance coincidence... and we thereby 

admit that no isolated experiment, however significant in itself, 

can suffice for the experimental demonstration of any natural 

phenomenon; for the <one chance on a million> will undoubtedly 

occur, with no less and no more than its appropriate frequency, 

however surprised we may be that it should occur to us. [..] 

(Fisher, 1971)



Comments by Fisher

• “In relation to the test of significance, we may say that a 

phenomenon is experimentally demonstrable when we 

know how to conduct an experiment which will rarely fail 

to give us a statistically significant result.[...] Every 

experiment may be said to exist only in in order to give the 

facts a chance of disproving the null hypothesis” (Fisher, 

1971)



Comments by Fisher

• “Convenient as it is to note that a hypothesis is contradicted at 

some familiar level of significance such as 5% or 2% or 1% 

we do not, in Inductive Inference, ever need to lose sight of 

the exact strength which the evidence has in fact reached, 

or to ignore the fact that with further trial it might come to 

be stronger, or weaker.” (Fisher, 1971)



The Significance Testing (Fisherian) Approach

“[...] in fact no scientific worker has a fixed level of significance at 

which from year to year, and in all circumstances, he rejects 

hypotheses; he rather gives his mind to each particular case in the 

light of his evidence and his ideas. It should not be forgotten that the 

cases chosen for applying a test are manifestly a highly selected 

set, and that the conditions of selection cannot be specified even 

for a single worker; nor that in the argument used it would clearly be 

illegitimate for one to choose the actual level of significance 

indicated by a particular trial as though it were his lifelong habit to 

use just this level.” (Fisher 1973 Statistical Methods and Scientific 

Inference p.45)



The Significance Testing (Fisherian) Approach

“It is important that the scientific worker introduces no cost 

function for faulty decisions, as it is reasonable and often 

necessary to do with an Acceptance Procedure. To do so would 

imply that the purposes to which new knowledge was to be 

put were known and capable of evaluation. If, however, 

scientific findings are communicated for the enlightenment of 

other free minds, they may be put sooner or later to the 

service of a number of purposes, of which we can know 

nothing.” (Fisher 1973 Statistical Methods and Scientific 

Inference p. 106)



The Significance Testing (Fisherian) Approach

• “The concept that the scientific worker can regard himself as 

an inert item in a vast co-operative concern working according to 

accepted rules, is encouraged by directing attention away from 

his duty to form correct scientific conclusions, to summarize 

them and to communicate them to his scientific colleagues, 

and by stressing his supposed duty mechanically to make a 

succession of automatic “decisions” […] the Natural Science 

can only be successfully conducted by responsible and 

independent thinkers applying their minds and their 

imaginations to the detailed interpretation of verifiable 

observations.” (Fisher 1973 Statistical Methods and Scientific 

Inference p. 104)



The Significance Testing (Fisherian) Approach

“An important difference is that Decisions are final, while the 

state of opinion derived from a test of significance is 

provisional, and capable, not only of confirmation, but of 

revision. An acceptance procedure is devised for a whole class of 

cases. No particular thought is given to each case as it arises, nor 

is the tester’s capacity for learning exercised.” (Fisher 1973 

Statistical Methods and Scientific Inference p. 103)

“A test of significance on the other hand is intended to aid the 

process of learning by observational experience.” (Fisher 1973 

Statistical Methods and Scientific Inference p. 103)



The Significance Testing (Fisherian) Approach

“On the whole the ideas (a) that a test of significance must be 

regarded as one of a series of similar tests applied to a succession 

of similar bodies of data, and (b) that the purpose of the test is 

to discriminate or “decide” between two or more hypotheses, 

have greatly obscured their understanding, when taken not as 

contingent possibilities but as elements essential to their logic.” 

(Fisher 1973 Statistical Methods and Scientific Inference p.45-

46)



The Significance Testing (Fisherian) Approach

“In what it has to teach [a significance test] each case is 

unique, though we may judge that our information needs 

supplementing by further observations of the same, or of a 

different kind. To regard the test as one of a series is artificial; 

the examples given have shown how far this unrealistic attitude is 

capable of deflecting attention from the vital matter of the 

weight of the evidence actually supplied by the observations 

on some theoretical question, to, what is really irrelevant, the 

frequency of events in an endless series of repeated trials which 

will never take place.” (Fisher 1973 Statistical Methods and 

Scientific Inference p. 104)



Fisherian Theory of Significance Testing (P-
value procedures)

• "A p-value is supposed to indicate 'the strength of the evidence against 

the hypothesis' (Fisher, 1958, p.80)" (Royall 1997, p.62)

• It is supposed that Significance tests address the question 'How should 

I interpret these observations as evidence?' (Royall 1997, p.64)



Fisherian Theory of Significance Testing (P-
value procedures)

• Significance tests fail in their attempt to 'quantify the strength of 

statistical evidence' because "they rest on the faulty foundation of the law 

of improbability" (Royall 1997, p.81)



Fisher on Likelihood

“… extensive observations may best be summarized in terms 

of the likelihood function calculable from them. […] Apart 

from the simple test of significance, therefore […] the 

Mathematical Likelihood of all possible values can be 

determined from the body of observations available.” (Fisher 

1973 Statistical Methods and Scientific Inference p. 77)



Fisher on Likelihood

“For all purposes, and more particularly for the 

communication of the relevant evidence supplied by a body of 

data, the values of the Mathematical Likelihood are better 

fitted to analyse, summarize, and communicate statistical 

evidence of types too weak to supply true probability statements; 

it is important that the likelihood always exists, and is directly 

calculable.” (Fisher 1973 Statistical Methods and Scientific 

Inference p. 75)



Fisher on Likelihood

“The likelihood supplies a natural order of preference among 

the possibilities under consideration. […] The Method of 

Maximum Likelihood is indeed much used and widely 

appreciated in the statistical literature, without, I fancy, so much 

appreciation of the significance of the system of likelihood 

values at other possible values of the parameter. In the theory 

of estimation it has appeared that the whole of the information 

supplied by a sample, within the framework of a given 

sampling method, is comprised in the likelihood, as a function 

known for all possible values of the parameter.” (Fisher 1973 

Statistical Methods and Scientific Inference p. 73)



Fisher on Likelihood

“In the case under discussion a simple graph of the values of the 

Mathematical Likelihood expressed as a percentage of its 

maximum, against the possible values of the parameter p, shows 

clearly enough what values of the parameter have likelihoods 

comparable with the maximum, and outside what limits the 

likelihood falls to levels at which the corresponding values of 

the parameter become implausible.” (Fisher 1973 Statistical 

Methods and Scientific Inference p. 75)



Correct interpretation of Confidence Intervals

The computed [observed] 95%CI: “this estimate is reached by a procedure that 

gives correct results 95 percent of the time” (Hacking 1980, p.152)

Ref: Ian Hacking. The theory of probable inference: Neyman, Peirce and Braithwaite. In Mellor DH (editor). Science, belief and 

behaviour. Essays in honour of RB Braithwaite. Cambridge: Cambridge University Press, 1980.



Correct interpretation of Confidence Intervals

Carry out your experiment, calculate the 95% confidence interval, and state that 

the true value of the unknown parameter belongs to this interval. In the long 

run your assertions, if independent of each other, will be right in approximately 

a proportion of 95% of cases. [Modified version based on IJ Good 1950 p.102,  

reference to Neyman 1941, p.132-3.]

“If you are asked whether you ‘believe’ that the true value belongs to the 

[computed/observed] confidence interval you must refuse to answer.” (IJ Good 

1950 p.102)

Ref:  Good IJ. Probability and the weighing of evidence. London: Charles Griffin, 1950.



Confidence Intervals

• Is it valid to interpret the confidence intervals procedures as 
techniques for representing "what the data say"? "If a good 
confidence interval procedure leads to the interval (a, b), does 
it mean that the data are evidence that the parameter lies 
between a and b? And do the confidence coefficients 
"measure the strength of the evidence? "All of these 
questions have the same simple answer - no." (Royall 1997, 
p.45)



Confidence Intervals

• When using a confidence interval we cannot "conclude", or 
we cannot "believe" that the true value of the unknown 
parameter is between the observed computed lower limit 
and upper limit of the computed confidence interval
(Neyman 1941, p.133)



Confidence Intervals

• When using a confidence interval, after observing the 
computed lower limit and upper limit of the computed 
confidence interval, we may decide to behave as if we knew 
that the true value of the parameter was between the 
computed lower limit and upper limit of the computed 
confidence interval (Neyman 1941, p.134)



Confidence Intervals
• “…. the purpose of confidence intervals is for inference, that is, as Lehmann 

says (p. 4), "providing a convenient summary of the data or indicating what 
information is available concerning the unknown parameter or distribution." 
[…] What has made the confidence interval popular is "indicating what 
information is available." […] But does it? By the formal definition, it no 
longer does, once we insert numerical values for the endpoints. Then no 
probability (except 0 or 1) can be attached to the event that the interval 
contains the parameter: either it does or it doesn't. Unfortunately we don't 
know which. We think, and would like to say, it "probably" does; we can 
invent something else to say, but nothing else to think." (Pratt 1961, p.165)

Pratt JW. Testing Statistical Hypotheses by E. L. Lehmann. Book Review. Journal of the American Statistical Association, Vol. 56, No. 293 
(Mar., 1961), pp. 163-167.



The Hypotheses (Neyman-Pearson) Approach

Neyman & Pearson

Two Hypotheses; H0 (Null Hypothesis); H1 (Alternative 
Hypothesis); 

Hypotheses Tests; Test Statistic; 

Type I and Type II Errors; Power;

Select the significance level alpha based on the seriousness of a 
type I error

Make alpha small if the consequences of rejecting a true null 
hypothesis are severe

Reject null hypothesis if the test statistic is in the critical region. 

NO P-value involved



Alpha, Beta, Power

• The significance level (denoted by alpha): the probability that 
the test statistic will fall in the critical region when the null 
hypothesis is actually true; Type I error: reject a true null 
hypothesis

• The critical region (or rejection region): the set of all values of 
the test statistic that cause us to reject the null hypothesis

• If the test statistic falls in the critical region, we will reject the 
null hypothesis, so alpha is the probability of making the 
mistake of rejecting the null hypothesis when it is true

• the probability of a Type II error occurring is denoted by beta 
β; 1−β is the probability of correctly rejecting a false null 
hypothesis, is termed the power of the test  



Fisher on Neyman-Pearson Approach

“In scientific work it is necessary to be able to assess the 

strength of the evidence that a particular hypothesis, single or 

composite, appears to be untenable.” (Fisher 1973 Statistical 

Methods and Scientific Inference p. 94-95)

“Warnings that the strength of the evidence is not to be 

measured by the frequency observed in “repeated sampling 

from the same population” have not, on the whole, been well 

received by the authors of this formula.” (Fisher 1973 Statistical 

Methods and Scientific Inference p. 95)



Fisher on Neyman-Pearson Approach

“The rather wooden attitude adopted by this school [Neyman and 

Pearson] seems to stem only from their having committed 

themselves to an unrealistic formalism.” (Fisher 1973 Statistical 

Methods and Scientific Inference p. 95)

“It is to be feared, therefore, that the principles of Neyman 

and Pearson’s “Theory of Testing Hypotheses” are liable to 

mislead those who follow them into much wasted effort and 

disappointment, and that its authors are not inclined to warn 

students of theses dangers.” (Fisher 1973 Statistical Methods and 

Scientific Inference p. 92)



Tests of statistical hypotheses

• "The problem of testing a statistical hypothesis occurs when 
circumstances force us to make a choice between two 
courses of action: either take step A or take step B, with no 
other course of action contemplated. Moreover, in order to 
speak of a test of a statistical hypothesis, it is necessary that 
the desirability of actions A and B depend on the frequency 
function p(e) of some observable random variables and that 
p(e) be uncertain." (Neyman 1950, p.258)



‘Rule of inductive behaviour’

• "The term 'rule of inductive behavior' was introduced with 

reference to situations where the desirability of the several 

actions contemplated depends on the nature of the frequency 

function of some observable random variables. This term was 

used to describe any rule for choosing an action in 

accordance with the particular values of these random 

variables determined by observation. It follows that a test of a 

statistical hypothesis is a rule of inductive behavior." 

(Neyman 1950, p.258)



Accepting a Hypothesis

• "The terms 'accepting' and 'rejecting' a statistical hypothesis 
are very convenient and are well established. It is important, 
however, to keep their exact meaning in mind and to discard 
various additional implications which may be suggested by 
intuition. Thus, to accept a hypothesis H means only to 
decide to take action A rather than action B. This does not 
mean that we necessarily believe that the hypothesis H is 
true." (Neyman 1950, p.259)



Rejecting a Hypothesis

• "if the application of a rule of inductive behavior 'rejects' H, 
this means only that the rule prescribes action B and does 
not imply that we believe that H is false." (Neyman 1950, 
p.260)



Tests of statistical hypotheses

• "consider a hypothesis H and its negation H and assume that 

action A is preferable to B in all cases when H is true, and that 

action B is preferable to A in all cases when H is true. Let R be 

some rule of inductive behavior which uniquely determines 

which of the two actions A or B to take in accordance with any 

possible outcome of the observation. Obviously there are four 

possible situations resulting from the application of rule R. " 

(Neyman 1950, p.261)



Tests of statistical hypotheses

• "I. Hypothesis H is true (and, therefore, H is false), and the 

action taken is A.

• II. Hypothesis H is true (and, therefore, H is false), and the 

action taken is A.

• III. Hypothesis H is true (and, therefore, H is false), and the 

action taken is B.

• IV. Hypothesis H is true (and, therefore, H is false), and the 

action taken is B. “(Neyman 1950, p.261)



The four situations represented in a four-fold table 

(Neyman 1950, p.261)

True Hypotheses H H

Action taken Description of Situation

A: accept H satisfactory error

B: reject H error satisfactory



Two different kinds of errors

• "It will be seen that out of the four possible situations, two are satisfactory 

and the other two are not. In fact in situation II the action taken is A

(=acceptance of the hypothesis) while the preferred action is B (=rejection 

of the hypothesis). Situation III is the reverse: the preferred action is A

while the action taken is B. In cases II and III we say that the application of 

rule R results in an error. It is essential to notice that there are two different 

kinds of errors. The adoption of hypothesis H when it is false is an error 

qualitatively different from the error consisting of rejecting H when it is 

true. This distinction is very important because, with rare exceptions, the 

importance of the two errors is different, and this difference must be taken 

into consideration when selecting the appropriate test." (Neyman 1950, 

p.261)



Two different kinds of errors

• “… we will use the expression error of the first kind to 

describe that particular error in testing hypotheses which 

is considered more important to avoid. The less important 

error will be called the error of the second kind. In the rare 

cases where the two kinds of errors are of exactly the same 

importance, it is immaterial which of them is called error of 

the first kind and which the error of the second kind." 

(Neyman 1950, p.263)



Error of the first kind 

• "In the problem of testing a drug, the error of the first kind 

consists in marketing a drug which is dangerously toxic. The 

rejection of a nontoxic lot of the drug is the error of the second 

kind." (Neyman 1950, p.263)



Hypothesis tested 

• "This convention of labeling the two kinds of errors is 

supplemented by a parallel convention concerning the use of 

the term hypothesis tested. Let H be a statistical hypothesis and 

H its negation. The term hypothesis tested is attached to H or 

H in such a way that the rejection of the hypothesis tested 

when it is true is an error of the first kind." (Neyman 1950, 

p.263-264)



The hypothesis tested and the error of the first 

kind

• "In the problem of testing a drug the hypotheses H and H are: 

'The drug is toxic' and 'The drug is nontoxic', respectively. In 

accordance, with the above conventions the hypothesis tested 

is 'The drug is toxic', the error of the first kind is marketing a 

toxic drug, and the error of the second kind is rejecting a safe 

drug." (Neyman 1950, p.264)



Error of the first kind

• "With the two conventions and the terminology adopted, we 

can make the following general statements: (i) The error of 

the first kind consists of an unjustified rejection of the 

hypothesis tested (i.e., of the rejection of the hypothesis 

tested when it is true); (ii) The error of the first kind is at 

least as important to avoid as the error of the second kind." 

(Neyman 1950, p.264)



Error of the first kind

• "What are the circumstances in which we commit an error of 

the first kind? They are: (i) the hypothesis tested is true; and 

(ii) the sample point E falls within the critical region w, 

whereupon Ho is unjustly rejected. It follows that the 

probability of an error of the first kind must be calculated on 

the assumption that Ho is true" (Neyman 1952, p.57)



Error of the second kind 

• "For an error of the second kind to be committed it is 

necessary (and sufficient) that the hypothesis tested Ho be 

wrong and that the sample point fail to fall within the critical 

region selected. But if Ho is wrong, then some other 

admissible hypothesis H' must be true." (Neyman 1952, p.57)



Power

• "Obviously, instead of considering the probability of 

committing an error of the second kind, we may consider the 

probability of avoiding it [avoiding an error of the second 

kind], […] described as the power (the power of detecting the 

falsehood of the hypothesis tested) of the region w with 

respect to the alternative hypothesis H'." (Neyman 1952, 

p.57)



Hypotheses Tests and the Three Questions 
in Statistics

• Is it valid to use Neyman-Pearson Theory and interpret the 
procedures of hypotheses testing as techniques for 
"representing 'what the data say'? " "For instance, if a good 
procedure for testing H1 versus H2 leads to acceptance of H2, 
does this mean that the data are evidence supporting H2 
over H1? [...] All of these questions have the same simple 
answer - no." (Royall 1997, p.45)



Summarizing the evidence 

• “The main reason is that analysis is a task within each 

research project, something for an investigator to at least 

understand, if not necessarily carry out personally, whereas 

inference is not a concern specific to the investigator(s). In the 

end, inference, which is inherently subjective, will be made 

by readers of the study report, independently (ideally at 

least) of the investigator(s)' own inference." (Miettinen 

1985, p.127)



Summarizing the evidence 

• "In this chapter, data analysis is viewed as the process of 

summarizing the evidence in the data with reference to the 

research problem, that is, as the process of deriving, under a 

chosen statistical model for the origin of the data, suitable 

statistics as a basis for inference. Although elements of 

inference are also introduced, a sharp distinction between 

analysis and inference is maintained, and more emphasis is 

placed on analysis than of inference. (Miettinen 1985, p.127)



Summarizing the evidence 

• “… the information in the data, … is summarized in the 

LR [likelihood ratio] function, for testing and for estimation. 

If that function is reported by the investigator(s), or if it can 

be deduced from the 'frequentist' statistics that are given, the 

reader of the research report has the opportunity to engage 

in the inherently personal, subjective task of quantitative 

scientific inference - a meta-analytic challenge." (Miettinen 

1985, p.128)



My Position

• It is not our role TO DECIDE

• It is NOT our main task TO CONCLUDE

• Our Main Duty: TO PRESENT /SUMMARIZE THE 

EVIDENCE

• Our Main Duty: TO PRESENT WHAT THE DATA SAY

• Our duty: To facilitate the “interpretation of verifiable 

observations” (Fisher!)

• Our main task is improvement of knowledge



My position

• P-values = Evidence

• Hypotheses Testing = Decision Procedure

• Confidence Interval = Decision Procedure

• The information in the data is summarized in the LR 

likelihood ratio function (Fisher! Miettinen!)



Recommendations

• First, present evidence that may used by others 

• PRESENT WHAT THE DATA SAY

• Second, provide your conclusions 

• Third, clarify that evidence is not conclusion, and that 

conclusion is not decision

• Specify and clarify the “weight of the evidence actually 

supplied by the observations” (Fisher!)

• Provide measures of “the rational grounds for the disbelief “ 

(Fisher!)



Recommendations

• The essence of quantitative research: a “process of learning 

by observational experience” (Fisher!)

• “Scientific findings are communicated for the enlightenment 

of other free minds” (Fisher!) 

• Scientific findings “may be put sooner or later to the service 

of a number of purposes, of which we can know nothing” 

(Fisher!)



Recommendations

Formulate and of communicate your conclusions in intelligible 

forms, in recognition of the right of other free minds to utilize 

them in making their own decisions” (Fisher!)



Discussions Q&A


