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Editorial

Beyond the Significance Test Ritual

What Is There?

Peter Sedlmeier (Guest Editor)

Chemnitz University of Technology, Germany

The mindless use of null-hypothesis significance testing –

the significance test ritual (e.g., Salsburg, 1985) – has long

been criticized. The main component of the ritual can be

characterized as follows: Once you have collected your da-

ta, try to refute your null hypothesis (e.g., no mean differ-

ence, zero correlation, etc.) in an automatized manner. Of-

ten the ritual is complemented by the “star procedure”: If

p < .05, assign one star to your results (*), if p < .01 give

two stars (**), and if p < .001 you have earned yourself

three stars (***). If you have obtained at least one star, the

ritual has been successfully performed; if not, your results

are not worth much. The stars, or the corresponding numer-

ical values, have been door-openers to prestigious psychol-

ogy journals and, therefore, the ritual has received strong

reinforcement.

The ritual does not have a firm theoretical grounding; it

seems to have arisen as a badly understood hybrid mixture

of the approaches of Ronald A. Fisher, Jerzy Neyman,

Egon S. Pearson, and (at least in some variations of the

ritual) Thomas Bayes (see Acree, 1979; Gigerenzer & Mur-

ray, 1987; Spielman, 1974). For quite some time, there has

been controversy over its usefulness. The debates arising

from this controversy, however, have not been limited to

discussions about the mindless procedure as sketched

above, but have expanded to include the issues of experi-

mental design and sampling procedures, assumptions about

the size of population effects (leading to the specification

of an alternative hypothesis), deliberations about statistical

power before the data are collected, and decisions about

Type I and Type II errors. There have been several such

debates and the controversy is ongoing (for a summary see

Balluerka, Gómez, & Hidalgo, 2005; Nickerson, 2000;

Sedlmeier, 1999, Appendix C). Although there have been

voices that argue for a ban on significance testing (e.g.,

Hunter, 1997), authors usually conclude that significance

tests, if conducted properly, probably have some value (or

at least do no harm) but should be complemented (or re-

placed) by other more informative ways of analyzing data

(e.g., Abelson, 1995; Cohen, 1994; Howard, Maxwell, &

Fleming, 2000; Loftus, 1993; Nickerson, 2000; Sedlmeier,

1996; Wilkinson & Task Force on Statistical Inference,

1999).

Alternative data-analysis techniques have been well-

known among methodologists for decades but this knowl-

edge, mainly collected in methods journals, seems to have

had little impact on the practice of researchers to date. I see

two main reasons for this unsatisfactory state of affairs.

First, it appears that there is still a fair amount of misun-

derstanding about what the results of significance tests real-

ly mean (e.g., Gordon, 2001; Haller & Krauss, 2002; Mit-

tag & Thompson, 2000; Monterde-i-Bort, Pascual Llobell,

& Frias-Navarro, 2008). Second, although alternatives

have been briefly mentioned in widely received summary

articles (such as Wilkinson & Task Force on Statistical In-

ference, 1999), they have rarely been presented in a non-

technical and detailed manner to a nonspecialized audi-

ence. Thus, researchers might, in principle, be willing to

change how they analyze data but the effort needed to learn

about alternative methods might just be regarded as too

great.

The main aim of this special issue is to introduce a col-

lection of these alternative data-analysis methods in a non-

technical way, described by experts in the field. Before in-

troducing the contents of the special issue, I will briefly

outline the ideal state of affairs in inference statistics and

discuss the difference between mindless and mindful sig-

nificance testing.

The Ideal State of Affairs

Significance tests help us make inferences about popula-

tion parameters, such as determining if population means

differ or if two variables are really correlated. We use

them to provide us with some information about what we

do not have direct access to. What would be the ideal state

of affairs when making an inference about population pa-
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rameters? Obviously, the maximum possible knowledge

would be to know the exact parameter values. This is a

somewhat sobering thought, because what researchers and

recipients of research results often really want to know is

what their results mean – for instance, whether the differ-

ence between the means or the amount of correlation is

practically significant or “really meaningful.” Although

the results of significance tests per se are sometimes in-

terpreted as if they could answer questions of meaningful-

ness of results, of course they cannot. It is up to the judg-

ment of the researcher or of the research community to

interpret a given effect. This kind of judgment can only

sensibly be made if it is grounded in knowledge of the

subject matter.

What remains is the attempt to get as close as possible

to the ideal state of affairs with statistical methods: Making

estimates of population parameters as precisely as possible

or at least having some information about how precise these

estimates are. Often, however, simple estimates for popu-

lation parameters will not do, because of the complexity of

the research question. Especially in these cases, but also in

simpler analyses, graphs can help us understand empirical

data and reach tentative conclusions about the correspond-

ing population values. Even more important and, in fact,

indispensable for making sound inferences, are theoretical

deliberations before a study is run. Such attempts to in-

crease precision and detail will be discussed below, but

first, let us have a look at how significance testing itself can

be made more meaningful.

Mindful Significance Testing

R.A. Fisher, who arguably was the most influential figure

in introducing significance tests to methodologically un-

sophisticated researchers, would certainly not have agreed

with the significance test ritual as described above. Fisher

regarded significance testing as a task that requires con-

siderable methodological skill and profound knowledge

about the subject matter, and he also spoke against giving

single results too much weight (e.g., Fisher, 1929). His

tenet that the null hypothesis can only be refuted and not

accepted has become part of the significance test ritual,

although J. Neyman and E.S. Pearson showed that signif-

icance testing (they called the procedure “hypothesis

test”) can be symmetrical (the null hypothesis can, in prin-

ciple, also be accepted) by including an alternative hy-

pothesis (e.g., Neyman, 1950). In their approach, before

conducting an experiment, it is absolutely necessary to de-

liberate extensively about the possible effects of Type I

and Type II errors (deciding against the null hypothesis if

it is true or deciding against the alternative hypothesis if

that is true), which are the basis for choosing the right

sample size. The decision analysis contained in the Ney-

man-Pearson approach is rarely needed in psychological

research and this might be one reason why the approach

is not so widely used (see Hager, 2005). However, the hy-

brid approach that is more or less established in psycho-

logical research can also be conducted in a mindful way

that, for instance, allows one to accept the null hypothesis

(e.g., Aaron & Aaron, 2003; Rosenthal & Rosnow, 1991;

Sedlmeier & Renkewitz, 2007).1

There have been several other suggestions for using

significance tests in a more mindful way (e.g., Jones &

Tukey, 2000; Killeen, 2005; Wainer, 1999; Westermann,

2000). One of the most useful extensions of the standard

approach is the use of alternative hypotheses that are as

specific as possible. One prominent example is contrast

analysis (Rosenthal, Rosnow, & Rubin, 2000). However,

even if significance tests are performed in a mindful way,

the result, which can be seen as a yes/no answer to the

question “Can the deviation from the expected value

(specified by the null hypothesis) still be interpreted as

being the result of chance?” is of limited usefulness. In

most cases, this piece of information is far from the ideal,

that is, exact knowledge about the population parameters

in question.

Beyond the Ritual: Higher Precision,
More Detail

Effect Sizes and Confidence Intervals

How can we get closer to this ideal? Two ways have been

prominently proposed: Confidence intervals instead of p-

values, and effect sizes. Rosnow and Rosenthal (this issue)

will introduce the different varieties of effect sizes, includ-

ing the calculation of effect sizes for contrast analyses, and

simple confidence intervals for effect sizes. Cumming and

Fidler (this issue) will then provide a comprehensive tuto-

rial on confidence intervals, including a discussion of more

sophisticated confidence intervals for effect sizes and a

comparison of different ways to calculate them. There have

been many studies on misunderstandings of significance

test results but there is still little known about how well

confidence intervals are understood by researchers and stu-

dents. Fidler and Loftus (this issue) report evidence regard-

ing the understanding of confidence intervals that may be

seen as grounds for some optimism.
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1 One central problem that prohibits mindful significance testing seems to be a common misunderstanding about what sampling distributions

are and how sample size influences the shape of sampling distributions, and, therefore, statistical power (e.g., Oakes, 1986; Sedlmeier, 2006).

Insight into the nature of sampling distributions might be fostered by performing computer simulations or using programs that show the

impact of sample size on power (see Faul, Erdfelder, Lang, & Buchner, 2007; Sedlmeier, 2007).



Illustrations and Graphs

When one compares the relative prevalence of signifi-

cance tests versus graphs in the “hard” (natural) sciences

(e.g., chemistry, physics, and biology) with that in “soft”

sciences (e.g., psychology, economics, and sociology) one

finds that the hard sciences rely much more on graphs to

communicate research results, whereas the soft sciences

still heavily rely on significance tests (Smith, Best,

Stubbs, Archibald, & Roberson-Nay, 2002). Interestingly,

Smith et al. found the same situation in psychology: More

graphs (and less significance tests) in journals that report-

ed on results in “hard” areas of psychology (e.g., Behav-

ioral Neuroscience and the Journal of Experimental Psy-

chology: Animal Behavior Processes) than in journals that

cover “softer” areas (e.g., the Journal of Educational Psy-

chology and the Journal of Clinical Psychology). Does

this mean that if data are softer, that is, if it is more diffi-

cult to find convincing results, graphs are not suitable for

showing these results but significance tests are? I don’t

think so. Surely, more often than not, graphs are “better

than a thousand p-values” (Loftus, 1993) for drawing con-

clusions from one’s data, especially if they contain some

ambiguity; and there is no better way to find details in the

data than by using graphs or semigraphical displays

(Tukey, 1977). There already exists a substantial collec-

tion of methods for visualizing data (e.g., Cleveland,

1994; Tufte, 1983; Wainer, 2005) that is still much under-

used in the analysis and communication of psychological

research results. Kwan, Lu and Friendly (this issue) add

one more valuable graphical tool that is well suited to the

analysis of multivariate procedures, such as confirmatory

factor analysis and goes well beyond the information one

can get from significance test results.

More Precise Predictions

Being trained in the use of simple significance tests, such

as t-test and analysis of variance, apparently has the po-

tential to prompt researchers to develop simple theories,

as well (Gigerenzer, 1991, 1998; see also Loftus, 1996):

The world begins to look like a collection of m × n designs

that can be easily examined by applying significance test-

ing. In some cases, such as treatment-effectiveness stud-

ies, it might not be possible or even very necessary to de-

rive more precise predictions, but most areas in psychol-

ogy would certainly benefit from more precise theories

(even if there is no significance test that fits). This in-

creased precision can be accomplished with the use of

mathematical models and computer simulations. Marew-

ski and Ohlsson (this issue) give many details on how this

can be achieved.

What Else is There Beyond the Ritual?

This special issue takes a look beyond the significance test

ritual but, of course, it omits much more than it covers.

There is, for instance, no treatment of special approaches

to significance testing such as sequential methods (Wald,

1947) or randomization techniques (e.g., Efron & Tibshi-

rani, 1993; Edgington, 1995); nor is meta-analysis covered

(see, however, the 2007 issue of this journal Zeitschrift für

Psychologie/Journal of Psychology, 215[2]). We also have

completely omitted the “other world of inference statis-

tics,” Bayesian statistics, which was introduced to a wide

audience of psychologists in 1963 by Ward Edwards and

colleagues (Edwards, Lindman, & Savage, 1963) but still

plays only a marginal role.2

All kinds of inference statistics rely on preconditions

and assumptions that have to be at least partly fulfilled to

allow a sound interpretation of the results (e.g., Hager,

2000; Haig, 2005; Westermann, 2000): We do not have

much to say about these important issues either, because of

space limitations. In addition, there are single-case designs

(e.g., Kazdin, 1982), and qualitative methods (e.g., Smith,

2003) that can reach well beyond what significance test

results can tell us. The long list of omissions should make

clear that there is much to be found beyond the significance

test ritual. There is, however, no single best solution in data

analysis and there is definitely no ritual that could and

should replace the significance test ritual. Experts in the

field should continue to try to reach consensus through

thoughtful consideration of the best methods available.

This special issue makes some suggestions that may lead

us in that direction.
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