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We believe Cls, rather than p values, should often provide the major justification for
conclusions drawn from data. Therefore Cls should be reported, and also interpreted. Rouder
and Morey (2005) distinguish ‘arelational’ CIs (e.g., CIs around single sample means) and
‘relational’ Cls (e.g., CIs around mean differences or standardized effect sizes). They argue that
the former are not suitable for inference and that researchers are justified in not interpreting such
intervals. Yet, the purpose of research using samples is almost always to make inferences to
populations. Cls—including ‘arelational’ Cls—are, by design, inferential statistics and can
legitimately serve to justify inferential conclusions.

Rouder and Morey argue that, rather than using arelational CIs for inference, authors
should exploit the fact that they “provide a rough guide to the variability in data, a coarse view of
the replicability of patterns, and a quick check of the heterogeneity of variance” (p. 1). We
believe there are problems with these three suggestions.

First, variability in data is represented directly by descriptive statistics, such as the
standard deviation (SD). A CI, by contrast, is often based on a standard error (SE) and
influenced by sample size. Similar levels of variability will give CIs of very different widths,
depending on group size, so Cls should not be relied on to give even a rough guide to variability
in data.

Second, Cls do give information about replicability, but Cumming, Williams and Fidler
(2004) reported that a majority of researchers, seeing a CI, markedly underestimate the true
extent of variability over replications. Further, Maxwell (2004, p. 157) pointed out that, in many
realistic research situations, the pattern of results shown by Cls is unstable over replication.

Finally, to examine heterogeneity of variance, descriptive rather than inferential statistics
are again needed: SDs rather than SEs or ClIs. Only if group sizes are equal will CIs give an
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accurate guide. Rouder and Morey’s comments reinforce the need to report SDs, but do not
justify non-interpretation of Cls.

CIs are rarely reported in journals outside medicine (Kieffer, Reese, & Thompson, 2001).
Even in medicine, where they have for two decades been routinely reported, they are rarely
interpreted (Fidler et al, 2004). We believe this is because guidelines for and examples of good
practice are lacking, and we support research to develop and evaluate better guidelines for use
and interpretation of Cls.

Thompson (2002) noted "It is conceivable that some researchers may not fully understand
statistical methods that they (a) rarely read in the literature and (b) infrequently use in their own
work" (p. 26). For example, it is widely believed (Belia, Fidler, Williams, & Cumming, 2005;
Schenker & Gentleman, 2001) that two 95% Cls having zero overlap—just touching end to
end—is equivalent to statistical significance with p=.05. In fact 95% ClIs on two independent
means that overlap by about one quarter of the total length of one interval correspond to p about
.05 (Cumming & Finch, 2005; Saville, 2003; Wolfe & Hanley, 2002).

Rouder and Morey argue that: “Arelational confidence intervals... do not reflect between-
group information and cannot be used for direct comparison” (p. 1). This is true for repeated
measure designs, where Cls on separate cell means do not provide the relevant information for a
comparison, but it does not hold for independent groups. For two independent groups the
difference between the means has a p value of about .05 when the separate 95% ClIs overlap by
about 25% of the length of either interval, and a p value of about .01 when the two intervals just
touch end-to-end (Cumming & Finch, 2005, who discuss the breadth of applicability of these
rules). The terms ‘arelational” and ‘relational’ might be useful in describing the type of Cls
reported. However, such distinctions should not be used to determine the use of CIs. Of course,
thought should be given to what is the most appropriate CI for the situation; as for statistical tests
(Wilkinson et al., 1999). Depending on the effect of primary interest, CIs may be placed around
single cell means, mean differences, interaction effects, variance accounted-for measures and so
on.

Rouder and Morey rightly point out further work is required. There are no guidelines, for
many situations, about how Cls should be calculated, presented and used to interpret effects.
There are two main issues: Which effect (e.g., cell mean, difference, contrast, or interaction)
should be plotted as a point estimate? Then, how should the relevant interval estimate be
displayed?

Gardner and Altman (1986) advised that “the major contrasts of a study should be shown
directly, rather than only vaguely in terms of the separate means” (p. 748). They advocate
plotting mean differences rather than separate means, as in Rouder and Morey’s plotting in
Figure 1, right panel, of point estimates of effects of interest (except, perhaps, for the effect sizes
being standardized, but that is another issue).

Estes (1997) recommended that a CI should only be attached to a point estimate if it is
calculated from the variability of the data on which that point estimate is based. Following Estes’
policy would mean that Error Bars C should not be attached to the cell means in Figure 1, left
panel.

Loftus and Masson (1994) and Mason and Loftus (2003) recommend attaching CIs
calculated for a repeated measure variable to all of the cell means involved; this violates Estes’
(1997) recommendation, but is consistent with Rouder and Morey’s display of Error Bar C in
Figure 1.

These remain issues for debate. The advantages of CIs make the debate worthwhile.
First, looking at Cls across studies should facilitate a meta-analytic approach, leading eventually
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to a true parameter value, even if our original expectations were wildly wrong (Schmidt, 1996).
Second, a focus on estimation should improve the way psychologists theorize, and plan and
conduct empirical research.
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