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1. Introduction 
 

Psychologists try to understand human behaviour and its underlying mental 

processes. Many of them use the results found in sample-based studies to 

answer their research questions. With sample-based studies we refer to 

studies in which only a part of the population of interest to the researcher 

participates in the study. In many cases, the selection processes behind such 

studies involve some kind of randomization, and in those cases statistical 

techniques are necessary to assess to what extent the findings in the sample 

can be generalised to the population from which the sample is drawn. This 

generalisation process is called inference, and the statistical techniques used 

to accomplish it are called inferential techniques.  

 The most popular inferential technique in the behavioural sciences is 

null-hypothesis significance testing (NHST). In the second half of the 

twentieth century this technique has been estimated to have been used in a 

majority of the articles published in the behavioural sciences (Kline, 2004). 

This was not always the case: In the first half of the previous century only a 

minority of articles contained at least one significance test (Hubbard & 

Ryan, 2000). 

 The method of NHST can be described as follows. First a null 

hypothesis (H0), specifying a specific effect for the population is defined. 

The probability is calculated that if H0 were true an effect at least as big as 

the one found in the sample would be found in a randomly drawn sample of 

the same size. This calculated probability is called the p-value. The p-value 

is compared to a previously determined value, called the significance level 

(abbreviated as α). If the p-value is smaller than or equal to α, the sample 

finding is said to be significant, and it is said to be non-significant otherwise.  

 The number of articles questioning the usefulness of this technique, 

published in journals in different disciplines, has increased almost 

exponentially over the last decades (Anderson, Burnham & Thompson 
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(2000: In Kline (2004))). Of the total number of about 350 articles found 

since 1940 opposing the usefulness of NHST, only a quarter were published 

between 1940 and 1980, about a quarter in the 1980s, and almost half in the 

1990s.  

NHST evolved in the late 1920s (Kline, 2004), and already in 1938 

(and more extensively in 1942) Berkson attacked it as not being useful. He 

argued that one of the main problems of NHST is the focus on the null 

hypothesis being true or untrue, rather than focussing on alternative 

hypotheses. This argument is closely related to later criticism on the 

dichotomy of the technique.  

The criticisms on NHST focus on various aspects of the technique. 

A first and crucial problem of the technique is that it is dichotomous: The 

null hypothesis is rejected or not (e.g., Rosnow & Rosenthal, 1989). In the 

behavioural sciences, p-values are usually reported when inferential results 

are presented, and given the dichotomous nature of NHST, p-values below 

the usual significance level of .05 are generally interpreted differently than 

those above that value. However, there is no qualitative distinction between 

a significant and a non-significant finding, and therefore interpreting results 

as if this distinction is essential is, in general, undesirable. As Rosnow and 

Rosenthal put it: “God loves the .06 nearly as much as the .05” (p. 1277). 

Rosenthal and Gaito (1963) referred to this difference in researchers’ 

interpretation of p-values around .05 as the “cliff effect”. The evidence for 

the existence of such a cliff, however, has not been unequivocal. Whereas 

Rosenthal and Gaito (1963, 1964) found clear evidence for this effect, 

Beauchamp and May (1964) could not replicate these findings. Poitevineau 

and Lecoutre (2001) suggested that this so called .05 cliff can be 

demonstrated , but that this was mainly explained by a minority of 

participants who showed this “all or none” interpretation of p-values, 

whereas a majority showed a more graduated interpretation.  
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The distinction between significant and not significant is strict, given 

a certain α, but it should be taken into account that α is a value chosen by the 

researcher. Although generally α is taken to equal .05, because this seems a 

reasonable proportion for making the mistake of incorrectly rejecting the 

null-hypothesis, it can take any value between 0 and 1. This makes a rigid 

interpretation of an outcome based on its significance arbitrary, because the 

same result can lead to qualitatively different interpretations, depending on 

the chosen value of α. Historically, NHST was used in agricultural studies to 

decide whether certain manures were effective (Gigerenzer & Murray, 

1987). In situations like that, in which a simple choice needs to be made, 

dichotomous decision making can be functional. It is argued, however, that 

data bases in psychological science are substantively different, and therefore 

a more balanced interpretation is required. Meehl (1978) states that the focus 

on dichotomous decision making has contributed to a lack of progress in 

psychological science. According to him, theories in psychology “tend 

neither to be refuted nor corroborated, but instead merely fade away as 

people lose interest” (p. 806).  

A second problem is the fact that the null hypothesis is by definition 

always false (Meehl, 1967; Cohen, 1994). Two group means are always 

different to some decimal place (Tukey, 1991), and the same holds for many 

statistics: Correlations are never exactly 0, and the standard deviations of 

two groups are never exactly equal.  

A third argument against NHST is that the significance test does not 

tell us what we want to know (Cohen 1994). The significance test provides 

us with a test outcome (do or do not reject the null-hypothesis) usually 

supplemented with the p-value, that is, the probability of finding an outcome 

at least as extreme as the present one. A researcher, however, is not 

interested in this particular probability, but rather in the probability that the 

null-hypothesis (also referred to as H0) or the alternative hypothesis is true, 
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given the observed data. These probabilities are not given by NHST. This 

makes NHST an ineffective tool even if it is not used in a binary way. 

A fourth and closely related problem of NHST is that, because 

researchers do not realise that NHST and specifically the p-value does not 

give researchers the probability of the null hypothesis being true given the 

data, the p-value is often interpreted as if it were this probability (see e.g., 

Oakes, 1986). The error of confusing these probabilities, also referred to as 

the inverse probability error, “is not reserved for the great unwashed, but 

appears many times in statistical textbooks” (Cohen, 1994, p. 999). Cohen 

shows that confusing these two probabilities can lead to incorrect 

conclusions. He contends that the following way of reasoning is formally 

equivalent to the reasoning used in NHST: 

 

“If a person is an American, he is probably not a member of Congress 

This person is a member of Congress 

Then, he is probably not an American (Pollard & Richardson, 1987)” 

 

This is formally exactly the same as: 

 

“If H0 is true, then this result (statistical significance) would probably not occur. 

This result has occurred 

Then H0 is probably not true and therefore formally invalid” (Cohen, 1994, p. 998) 

   

Despite these arguments against NHST, some defend its usefulness 

(e.g., Abelson, 1997; Mulaik et al, 1997; Chow, 1998). Usually, this defence 

has the following pattern: A technique cannot be blamed for being misused, 

and, instead, the user who misused this technique is to blame. As Chow puts 

it: “That a tool may be misused speaks ill only of its users. It does not mean 

that the tool itself is unsatisfactory, particularly when nothing inherent in the 

tool invites its being misused” (p. 178). 
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 Both defenders and opponents of NHST seem to agree that the 

current practice in the behavioural sciences of inference, where NHST is 

used in most instances, needs adjustments. They differ, however, as to what 

changes they consider necessary to overcome the problems with NHST. The 

most extreme critics plead for a complete ban (e.g., Schmidt, 1996), whereas 

defenders argue in favour of a more careful use of the technique (e.g., Chow, 

1998). 

 

1.1 Proposals for Change in the Practice of Inference 

 In order to stop the earlier described misuse of NHST, several 

alternatives have been proposed during the last decades. Three suggestions 

are the most prominent: adding measures of effect size, using confidence 

intervals instead of or in addition to NHST (Cumming & Finch, 2001), and 

using Bayesian methods of inference (e.g., Pruzek, 1997). Here, I focus on 

the alternatives within classical statistics (i.e., the first two alternatives), 

because classical techniques are more frequently used by researchers in 

practice in the behavioural sciences than Bayesian techniques, and are 

probably easier to learn as well. This restriction, however, should not be 

interpreted as a statement against the usefulness of Bayesian alternatives.  

It is often proposed to add measures of effect size to improve 

inferential behaviour (Harlow, 1997). Whereas the focus in NHST is on 

whether the null hypothesis can be rejected (and, as a consequence, on the 

size of the p-value), some state that the emphasis should be on the data and 

on whether the data support the scientific hypothesis (e.g., Kirk, 1996). In 

order to check to what extent this hypothesis is supported by the data, Kirk 

claims, measures of effect magnitude are required, which include all 

measures expressing the effect size and measures of strength of association. 

In the following, I will refer to all these measures as effect size, because this 

term is more commonly used in this context. In his article, Kirk describes 40 

measures of effect size. These measures include standardised effect sizes, 
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but also simple differences of means, which is an effect magnitude measure 

in Kirks terminology. The effect size measures can be used as a means of 

quantifying predictions from a theoretical model. Such quantitative models 

can be seen as a “great advance over psychology’s traditional “more than” or 

“less than” predictions” (Velicer et al., 2008, p. 591). 

Confidence intervals (CIs) are also frequently proposed as an 

alternative for or an addition to NHST (e.g., Cohen, 1994; Cumming & 

Finch, 2001). Cumming and Finch present four main reasons for using CIs: 

First, CIs give point and interval information that is accessible and 

comprehensible, and therefore support substantive understanding and 

interpretation. Secondly, they argue, CIs give the same information and 

more, compared to a single significance test, since a CI gives direct 

information on the outcomes of significance tests for all thinkable null-

hypotheses, provided that the level of confidence and the significance level 

are matched. A third advantage of CIs is their usefulness for meta-analysis. 

Fourth, CIs give information on precision, and can therefore be used as a 

more useful alternative to power analysis, which is a frequently used 

technique in the social sciences to evaluate the strength of a conducted study, 

or to calculate the number of participants needed for a study. The choice to 

use CIs is closely related to that of adding measures of effect size, because 

CIs are built around point estimates of effect size. Whereas a significance 

test can be presented without a measure of effect size, a CI includes such a 

measure. Furthermore, a CI makes uncertainty explicit by means of its 

margins of error (Fidler, 2005). It is expected that because of this, it prevents 

people from making bold dichotomous decisions about the existence of an 

effect. 

The discussion on the problems with NHST also has led to formal 

consequences. In 1996 the American Psychological Association installed the 

Task Force on Statistical Inference (TFSI), to study the controversy over 

NHST, and make a statement about a possible ban on NHST. The Task 
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Force published its findings in 1999 in the American Psychologist 

(Wilkinson & TFSI, 1999). They proposed, among other things, that for 

primary outcomes effect sizes should be given. For cases in which the units 

of measurements are meaningful on a practical level, unstandardised 

measures of effect sizes (for example regression coefficients or means) are 

preferred over standardised measures such as r or d (Wilkinson & TFSI, 

1999). The Task Force also pleaded for the use of figures, if possible 

including graphical representation of interval estimates. Furthermore, they 

encouraged the use of CIs, because “it is hard to imagine a situation in which 

a dichotomous accept-reject decision is better than reporting an actual p-

value or, better still, a confidence interval” (Wilkinson & TFSI, 1999, p. 

599). The advice of the TFSI was only partly incorporated in the fifth edition 

of the APA Publication Manual. For instance, the Manual states that CIs are 

in general “the best reporting strategy” (p. 22), and that “it is almost always 

necessary to include some index of effect size or strength of the relationship 

in your Results section” (p. 25). So the above suggestions were partly 

adopted, thus changing the prescriptions compared to the fourth edition of 

the APA manual, where there was no explicit reference to CIs, and a weaker 

statement on the need for presenting effect size was given. Nevertheless, the 

prescriptions were less definite than the recommendations of the TFSI 

(Fidler, 2002). Specifically, within the TFSI there was consensus about the 

fact that researchers ought to change their often dichotomous and erroneous 

way of using statistics for inferential problems. In the fifth edition of the 

APA Publication Manual, however, this need for statistical reform is not 

stressed, and the debate and discussion over NHST seems to be ignored. 

Because the APA Publication Manual is used as a guide for at least a 

thousand journals in the behavioural sciences (APA, 2001), a statement 

about the need for statistical reform might have had serious impact. A 

possible consequence of omitting such a statement is that, whereas 

researchers may now more often add CIs and effect sizes to their results, CIs 
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and effect sizes may only be seen as extra required statistics, not deserving 

much attention in the interpretation of outcomes. Furthermore, the fifth 

edition of the APA Publication Manual can also be criticised for the fact 

that, despite the recommendations with respect to effect size, CIs and power, 

no examples are given on how to report these measures (Fidler, 2005).  

 In the heated discussions surrounding NHST, the focus so far has 

mostly been on pointing out the alleged lack of usefulness of the technique, 

but seldom it has been explicitly studied how researchers actually use NHST 

in their practice of doing research. Some books and articles about the use of 

NHST, however, have been published. Oakes (1986) showed that most 

researchers are not aware of the correct interpretation of a significance test. 

Lecoutre et al. (2003), as well as Haller & Krauss (2002), showed that even 

statisticians are not immune to misinterpreting NHST, especially when 

interpreting non-significant findings. Finch, Cumming & Thomason (2001) 

studied inference practice in published articles and found remarkably little 

change in NHST use in 150 articles from the Journal of Applied Psychology 

with publication dates ranging from 1940 to 1999. Finch, et al. (2004) 

studied the long-term effects of a strict policy on inference in the case of 

Memory & Cognition. Geoff Loftus, the editor of Memory & Cognition from 

1994 until 1997, requested that authors not use NHST, and use figures and 

error bars instead. Despite the fact that the proportion of figures and error 

bars in articles increased during his editorship, there was a clear decline of 

this proportion rapidly afterwards. Furthermore, the error bars were seldom 

interpreted, and NHST was still used in almost every article. 

  

1.2 The Present State of the Use of Inference in Published Articles 

As stated before, in 1999 the TFSI published its report, and the 

advice was incorporated in part in the fifth edition of the APA manual. 

Given the authority of this manual concerning how an article should be 

written, one might expect some influence of the new guidelines on the 



Introduction  

  

 

17 

reporting of results in published articles Some even expected changed 

guidelines to be “the beginning of a more enlightened approach to the 

interpretation of data” (Kirk, 1996, p. 757). Little was known, however, 

about the influence of these new guidelines on inference in articles.  

In Chapter 2 a study is described in which 286 articles, 123 

submitted before and 163 after the publication of the fifth edition of the 

APA, were checked for the way results were presented and interpreted in 

order to determine whether the revised recommendations of the fifth edition 

of the APA manual had resulted in a change in reporting practice. The study 

showed that if there were any changes in the reporting, these changes were 

relatively small.  

 

1.3 Inference in Practice 

Although in published articles inferential outcomes are presented 

without following recommendations, it may be the case that researchers 

analyse data sets in their own working environment in a more well-

considered way. For a well-considered analysis and interpretation of data it 

is necessary to interpret the size of the effect at hand, and also to show 

awareness of the uncertainty that is inextricably associated with every 

inferential statement. There also seems to be consensus regarding the idea 

that, in general, giving a graphical display of the results improves a global 

understanding of the data. 

At first glance, it might seem obvious that the researchers’ mistakes 

and undesirable interpretations of inferential data found in published articles, 

will be made in their working environment as well, and one could even 

argue that in published articles the interpretations will probably be better 

than the interpretations made by researchers sitting behind their desks, 

because they try to adjust to customs in published articles, but it is not 

necessarily that simple. One could also imagine a situation in which 

researchers in general analyse their data in a careful manner: Taking 
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uncertainty and effect size into account, making figures to get a better 

picture of the exact results, and being aware of the fact that a binary decision 

may lessen the nuance that is needed for a careful way of inference. 

Nevertheless, researchers want their data to be published. Possibly, 

researchers adjust the way they write their manuscripts to the way most 

published articles are written, whether they are aware or not of the 

discussions in statistics about the desirability of such behaviour. For those 

reasons, the possibility that researchers write a manuscript without following 

recommendations on a well-considered use of inferential techniques, based 

on proper analyses of their datasets cannot be excluded. Because, to our 

knowledge, little is known about the way people use inference in practice, it 

is important to study this task behaviour. 

 In Chapter 3, a study about the way inference is used in practice is 

presented. Thirty Ph.D. students in the Netherlands were observed during the 

analysis of several data sets. It was studied to what extent the observed task 

behaviour corresponded to the way inference “should” be done. Undesirable 

task behaviour abounded: Effect sizes were seldom taken into account, the 

uncertainty that is inextricably associated with inference was hardly 

acknowledged, checks for possible violations of assumptions were seldom 

made, and making figures when analysing data was for most subjects not a 

standard procedure. It seems that there is no large gap between the way 

researchers use inferential techniques in published articles and the use of 

inferential techniques as observed in practice. 

 

1.4 Reasons for Observed Inferential Behaviour 

From the study of both published articles and research practice, it 

seems that researchers have difficulties with a proper use of inferential 

techniques. Possibly, this is due to the complexity of the reasoning behind 

the technique. Previous literature has shown that people have problems with 

probabilistic tasks (e.g., Kahneman & Tversky, 1973; Gigerenzer, 2004). 
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Since inference itself is a probabilistic task, this might explain the fact that 

so many mistakes are made when doing inference. There might, however, be 

other explanations, such as insufficient education, pressure of colleagues or 

superiors, negligence, or pragmatism. 

 In Chapter 4, results from questionnaires with 30 Ph.D. students (the 

same group as used for the study presented in Chapter 3) are presented. 

These questionnaires were used to find out which of the above explanations 

seems to be most plausible. It was found that lack of knowledge and 

carelessness play a large role in explaining the behaviour. This, however, 

does not put all the blame on the researcher: The scientific community is 

apparently tolerating this behaviour and incorrectly assuming people do their 

work in a well-considered way. 

 

1.5 Interpretations of Inferential Outcomes 

CIs, as stated earlier, are frequently mentioned as an alternative for 

NHST. Apparently, it is expected that if researchers would use CIs instead of 

NHST, fewer mistakes would be made. But is this really true? Are the same 

data presented by means of CIs interpreted differently than when they are 

presented by means of NHST? Fidler (2005) showed that when data are 

presented by means of CIs the mistake of incorrectly concluding that there is 

probably no effect is lower than when the same data are presented by means 

of NHST. Furthermore, subjects presented with CIs, rather than NHST 

results, made more interpretations of the size of the effect, as opposed to 

mere difference statements. Fidler also showed, however, that CIs lead to 

misconceptions of their own: CIs were often seen as descriptive statistics 

indicating the range of the sample data instead of as being an inferential 

instrument.  

We expected that when analysing data, researchers would usually 

like to know the probability that there is an effect in the population (besides 

being interested in the effect size in the population, in case of an effect), and 
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in the probability that a replication study will give a significant effect. These 

two probabilities are respectively referred to as “certainty” and 

“replicability”, and both cannot be obtained without making assumptions 

about the unknown population. In Chapter 5, the outcomes of an experiment 

are presented in which university students and lecturers were asked to give 

intuitive estimates of both certainty and replicability based on fictitious 

results with only p-value and sample size given. Despite large individual 

differences and a degree of inconsistency, it was found that, for fixed sample 

sizes, both probability estimates increased with decreasing p-values. It was 

also found that, on average, for fixed p-values the probability estimates 

increased with increasing sample size. Bayesian reasoning based on 

uninformative prior approximations of these probabilities, however, showed 

that this increase is unjustified for both probabilities.  

 In Chapter 6, the results of an experiment are presented in which it 

was studied how the interpretation of results presented by means of CIs or by 

means of NHST were interpreted differently. More specifically, it was 

studied whether the certainty of researchers about the existence of an effect 

depends on whether the data are presented by means of a CI or by means of 

NHST. It was found that, in general, significant results were interpreted 

more conservatively when presented by CIs instead of p-values, which 

should not be considered a statement about the correctness of those 

interpretations. Furthermore, it was found that, in general, fewer 

interpretational errors were made when the results were presented by means 

of CIs instead of by means of NHST. 

 In Chapter 7, the most important findings of this thesis are 

summarized. In brief, as far as inference in research in psychology is 

concerned, both in published articles and in the researchers’ working 

environment, undesired task behaviour and interpretational mistakes abound. 

These results corroborate the necessity of a frequently demanded change in 

the practice of inference in psychology. Replacing NHST outcomes by CIs 
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does not seem a panacea for all problems if the knowledge of researchers on 

how to interpret a CI and how the use of CIs can attribute to a better 

understanding of the data is not improved. Such changes can probably only 

be obtained with united efforts of teachers, reviewers, and writers of 

handbooks and guidelines on inference, and is probably only realised over a 

long period of time. 



 




