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Sample Size in the Study of Behaviour
Michael Taborsky1
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An important decision at the outset of each scien-

tific study of behaviour is the choice of an appropri-

ate number of subjects. But what indeed is

‘appropriate’? What might seem like a one-banana

problem is a question with a hundred answers – at

least!

Sample size determines the probability to reject a

null hypothesis of no difference between populations

when they are indeed different. In other words,

sample size is a major determinant of statistical

power, which is a measure of the probability that a

study will detect a real difference in the data. The

complement of statistical power is b or the Type-II

error rate, which is the theoretical rate of failing to

reject a false null hypothesis (i.e., power = 1-b). A

low sample size raises the chances to commit a

Type-II error, which might be called a ‘false-negative

result’.

There are different inferential approaches in

science. Significance testing of a null hypothesis is
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Abstract

The choice of an appropriate sample size for a study is a notoriously

neglected topic in behavioural research, even though it is of utmost

importance and the rules of action are more than clear – or are they?

They may be clear if a formal power analysis is concerned. However,

with the educated guesswork usually applied in behavioural studies

there are various trade-offs, and the degrees of freedom are extensive.

An analysis of 119 original studies haphazardly chosen from five leading

behavioural journals suggests that the selected sample size reflects an

influence of constraints more often than a rational optimization process.

As predicted, field work involves greater samples than studies conducted

in captivity, and invertebrates are used in greater numbers than verte-

brates when the approach is similar. However, it seems to be less impor-

tant for determining the number of subjects if the study employs

observational or experimental means. This is surprising because in con-

trast to mere observations, experiments allow to reduce random varia-

tion in the data, which is an essential precondition for economizing on

sample size. By pointing to inconsistent patterns the intention of this

article is to induce thought and discussion among behavioural research-

ers on this crucial issue, where apparently neither standard procedures

are applied nor conventions have yet been established. This is an issue

of concern for authors, referees and editors alike.
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only one of them, and not necessarily the best one

as has been argued (e.g. Johnson 1999; Anderson

et al. 2000, 2001; Howard et al. 2000; Hobbs & Hil-

born 2006). Alternatives include information theo-

retic model comparisons, effect size statistics and

Bayesian statistics (Burnham & Anderson 2002;

McCarthy & Masters 2005; Nakagawa & Cuthill

2007; Stephens et al. 2007). What is regarded as

adequate or best is a matter of convention, however,

and significance testing of null hypotheses is by far

the most common (in fact, almost sole) approach in

behavioural studies. Regardless of the approach,

however, the sample size used in a study determines

the power to identify relationships among (statisti-

cal) populations. This can be illustrated by consider-

ation of the essential components of significance

tests: population variance, the Type-I error probabil-

ity (a), i.e., the probability to wrongly reject a null

hypothesis if the compared populations are indeed

not different, the Type-II error probability (b) that is

the complement of statistical power as outlined

above, sample size and the effect size. The latter is a

measure of the degree of difference between popula-

tions or ‘the degree to which the phenomenon is

present in the population’ (Cohen 1988, p. 9). It is

worth remembering here that the standard use of

p-values in significance tests produces an apparent

dichotomy that may actually obscure truth. Signifi-

cance tests do not simply test the presence or

absence of an effect; they are conditional on the

effect size, or degree of departure of the effect from

the null hypothesis. There are different ways to esti-

mate effect size (e.g. Rosnow & Rosenthal 2003), but

Cohen’s d (Cohen 1962, 1988) is the most widely

used. In its simplest form, for a two-tailed signifi-

cance test of a difference between two independent

groups

d ¼ ðm1 �m2Þ=r ð1Þ

where m1 and m2 denote the arithmetic means of

two samples and r represents the population stan-

dard deviation. As usually we do not know these

mean and variance estimates before conducting the

study (which is when we have to decide about sam-

ple size), often conventions need to take the place of

information (Cohen 1988).

Now it seems straightforward how to find the

adequate sample size: There are conventions regard-

ing a, b and even effect size, so the desired sample

size can be calculated if we can assess the underlying

distribution and have chosen the statistical test we

wish to use. Various computer programs are avail-

able on the internet to calculate power statistics (e.g.

Dupont & Plummer 1998; Lewis 2006; Faul et al.

2007; see links in Appendix). Naturally, the potential

and value of this approach depends on the quality

and plausibility of the conventions. The consensus is

obviously strongest with regard to a, the acceptable

level of the Type-I error probability, which in life

sciences is almost universally 0.05, or 5%. This

means that it is generally accepted that on average,

in 1 of 20 cases a significance test wrongly rejects a

null hypothesis even though the compared popula-

tions do not differ. There is more disagreement

about the acceptable level of the Type-II error proba-

bility, because the potential damage caused by not

finding a difference between populations when it

actually exists is weighted much lower than the risk

of seemingly finding it when it is not there. Often,

researchers strive for b equalling 0.2, which corre-

sponds to a power of 0.8 as recommended by Cohen

(1988; but see Jennions & Møller 2003 for a survey

revealing on average much lower power objectives

in behavioural studies). In other words, it will be

accepted that in one of five cases an existing differ-

ence will not be detected. The most disputed param-

eter in this calculation is effect size. If we do not

know means and variance of the studied populations

we must define a minimum ratio of the difference of

their mean tendency over the variance (see Eq. 1)

that we wish to detect with the given statistical

power. Cohen (1988) suggested that if no informa-

tion is available on population variance, standardized

effect size classes can be used for small, medium and

large effects, corresponding to 0.2, 0.5 and 0.8,

respectively (but see Lenth 2001; Baguley 2004). If

‘small’ effects are expected, sample size would need

to be increased to afford their detection.

As the power of a statistical analysis and hence

the desired sample size strongly depends on the

minimum detectable effect size, the prudent choice

of this parameter is of crucial importance. If we are

not happy with merely applying an arbitrary rule

such as described above, we can either collect pilot

data from the population(s) of interest, or rely on

information from published evidence. For traits with

frequency distributions measurable in ratio or inter-

val scales, for example, it may be easy to make edu-

cated guesses about population mean and variance,

and hence the calculation of adequate sample sizes

will loose some of its subjectivity. Take a study of

treatment effects on body size, for example, then the

size distribution and variance of the underlying pop-

ulation may be well known and the only challenge

to the researcher is to estimate the magnitude of the
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potential treatment effect on mean size. Choosing

effect size for sample size optimization is usually less

straightforward if behavioural measures are con-

cerned, where the statistical parameters of the

underlying population(s) are often unknown. This is

probably one reason why statistical power analysis is

apparently rarely used to determine sample size in

behavioural research.

It should be stressed that even if prospective

power analysis is a useful tool to determine sample

size before data collection (Kraemer & Thiemann

1987; Cohen 1988; Steidl & Thomas 2001), retro-

spective power calculations using collected data will

not provide meaningful information for the interpre-

tation of results. This is because the ‘observed power’

is a 1:1 function of the p value, and the post hoc cal-

culation of ‘detectable effect size’ leads to paradoxi-

cal conclusions (Hoenig & Heisey 2001). For a while,

some behavioural journals requested post-experi-

ment power calculations for non-significant test

results, but fortunately this practice has ceased

(Hoenig & Heisey 2001; Colegrave & Ruxton 2003;

Nakagawa & Foster 2004).

There are other important considerations than sta-

tistical power when choosing sample size. Nothing

comes without costs, so optimizing sample size

involves trade-offs. Improving statistical power by

opting for large samples will require more time and

money to obtain the desired information. This

aspect may be of minor importance in a study

involving standard laboratory models such as fruit

flies or certain rodent species bred for experimental

purposes, or in studies of animals produced and kept

in great numbers for commercial use. However, this

may be of important concern if the access to

animals is limited or difficult such as in many wild-

life studies, or if the observational or experimental

approach involves expensive provisions or time-

consuming procedures. In behavioural studies, this

question usually also involves an ethical dimension,

because study subjects will be involved that may

need to be disturbed, housed, manipulated or influ-

enced in various ways to provide the required infor-

mation. This is the reason that some behavioural

journals such as ‘Ethology’ and ‘Animal Behaviour’

demand from their authors that sample sizes

should be prudently chosen to avoid unnecessary

suffering. There may be also serious methodological

constraints, for example if the entire known, or cap-

tive, or available population is limited such as in

endangered, vanishing or newly detected species.

This should not stop us from performing research

that may be particularly important because of such

constraints, but rather we should be content with a

small or moderate sample size at the expense of a

higher b.

A simple example may help to illustrate the prob-

lem. Let us assume you wish to compare two inde-

pendent samples, e.g. males and females of a species

regarding their speed of locomotion during flight.

You may have reasons to expect the underlying

distribution of locomotion performance to be nor-

mal, you plan to use a Student’s t-test for indepen-

dent samples for analysis and you set the parameters

of the statistical model to the conventional levels:

a = 0.05; b = 0.2; and Cohen’s effect size d = 0.5. By

reference to the respective t-distribution (tabled

value at a = 0.05 is 1.98) you arrive at a required

total sample size of 128 for a two-tailed test, that is

64 males and 64 females. This may be practicable in

an observational study such as described given that

the animal densities are sufficient, but it may be

hard to achieve and often impossible if a more com-

plex approach is used, for example if animals have

to be trained individually to learn a task in a social

setting and the experimental conditions are demand-

ing. If we aim for a more complex statistical model

testing for several hypotheses at a time, our calcula-

tion may quickly reveal that several hundreds or

thousands of individuals must be sampled to obtain

the desired statistical power. Therefore it is no sur-

prise that a meta-analysis of studies of evolution and

ecology revealed that the average sample sizes

needed to conclude that a particular relationship is

absent with a power of 80% and alpha = 0.05 (two-

tailed) would be much larger than those usually

chosen (Møller & Jennions 2002).

There is another important aspect that must be

considered when planning a study: we should deter-

mine which population exactly is the target of infer-

ence. If we are interested in the vigilance of great

tits at winter feeders in dependence of the interspe-

cific composition of feeding flocks, for example, our

target of inference may be the great tits of a

geographical region, a population living under par-

ticular climatic conditions, great tits living in urban

or rural environments or under any other specific

ecological condition, males, females or juveniles,

great tits at feeders in early, mid or late winter, great

tits of a certain latitude or altitude, or ‘the great tit’

in general under the widest range of conditions. The

target of inference determines the sampling

approach and naturally also the projected sample

size. The primary ‘unit of study’ is another important

issue requiring choice that will influence sample

size considerations. The unit of scrutiny is mostly,
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but not always, individuals; it may be, for exam-

ple, dyads, groups, certain types of interactions,

behaviours displayed in certain situations (e.g. in a

problem solving context), time-series of treatments,

etc.

Given the potential limitations in behavioural

research to attain sample sizes matching the desired

statistical power, is there a way out of the dilemma?

Indeed, sample size is not the only determinant of

statistical power. Power depends also on effect size,

i.e. the ‘real difference’ between the populations we

wish to compare, and the amount of random varia-

tion. We have discussed the intricacies of determin-

ing effect size above. A question of great practical

utility regards the potential to influence the variance

in the data we wish to collect. The smaller the vari-

ance, the lower the number of samples we need to

obtain the desired statistical power. Therefore, alter-

natives to boosting sample size include, for instance,

to improve the experimental design (McClelland

1997, 2000; Quinn & Keough 2002; Ruxton & Cole-

grave 2006), to reduce the variance in the data by

prudent sampling and maximizing accuracy in

parameter estimation (Schwagmeyer & Mock 1997;

Maxwell et al. 2008; e.g. by using repeated measures

instead of randomized groups; Still 1982), and to

avoid omnibus tests by asking specific questions and

selecting adequate tests (Baguley 2004; Maxwell

2004; Nakagawa 2004; Brauer & McClelland 2005;

Ruxton & Beauchamp 2008). In the light of these

possibilities and the constraints mentioned above,

several factors should influence the choice of sample

size in behavioural studies. Most importantly, in

contrast to purely observational means an experi-

mental approach should afford to keep the majority

of confounding factors constant while permitting to

systematically vary the independent factor(s) of

interest. Therefore, we should predict that in

general, experimental studies show smaller sample

sizes than observational surveys. In addition, if ani-

mals are studied in the field, the number of potential

confounding factors usually exceeds those affecting

investigations in captive settings. Therefore, field

studies should be predicted to use larger sample sizes

than laboratory studies. Regarding the effect of

constraints, it is more ethical, easier, cheaper and

less time consuming to use large samples when, say,

studying invertebrates in the laboratory than when

conducting a similar study with primates. Therefore,

larger sample sizes should be used in studies of

animals that can be easily held, bred and manipu-

lated, and where ethical concern is of lower priority

than in other species.

Let us check these predictions with recent publica-

tions in ethology. Is the choice of sample size in

behavioural research indeed triggered by (1) the

approach used (experimental or observational), (2)

the location of a study (field or captive site) and (3)

taxon-specific economical and ethical constraints? To

answer these questions, I analysed the sample sizes

of a haphazard sample of articles published in 2009

in ‘Ethology’ (from the January, April, July and

October issues), and from matching issues, respec-

tively, of two other general behavioural journals

(‘Behaviour’ and ‘Animal Behaviour’) and of two

journals more specialized in the ultimate and proxi-

mate mechanisms of behaviour, respectively

(‘Behavioral Ecology’ and ‘Behavioural Processes’).

Of these issues, all full-length original articles were

considered that reported adequate data and sampling

information (N = 119 studies that fulfilled these cri-

teria, reported in 107 articles; Table 1).

Univariate ANOVA confirmed the predicted pattern

(the dependent variable was log-transformed to com-

ply with test requirements; medians and two-tailed

error probabilities are given; analyses were performed

with SPSS v. 17.0): observational studies use on aver-

age greater sample sizes than those employing an

experimental approach (34 vs. 20.9; p = 0.01; df = 1;

N = 39 observational and 80 experimental studies,

respectively), and field studies involve larger samples

than research performed in a captive setting (32 vs.

18; p < 0.001; df = 1; N = 50 field and 65 captive

studies; four human studies utilizing questionnaire-

type measures were not included). When both ‘site’

and ‘approach’ were included in the analysis, the fac-

tor ‘site’ was significant (p = 0.007; df = 1), but

‘approach’ was not (p = 0.55; df = 1) and neither was

the interaction between these two factors (p = 0.38;

df = 1). This suggests that the significant effect of

‘approach’ when tested separately was actually due to

different sample sizes used in field and laboratory

studies, because these conditions are not independent.

The model including all three main factors approach,

site and the taxonomic groups ‘invertebrates’ (N = 33;

~x = 32.5), ‘poikilothermic vertebrates’ (N = 11; ~x =

15), ‘birds’ (N = 35; ~x = 24.7), and ‘mammals’

(N = 36; ~x = 21) suggested that the taxonomic group

affected sample size (p = 0.005; df = 3), with the

greatest sample sizes used in studies of invertebrates,

as expected (questionnaire-type studies were not

included; non-significant interaction terms were

removed stepwise).

These results reveal that by and large, ethologists

are using criteria other than – or in addition to –

statistical power to determine sample size. When

Sample Size in the Study of Behaviour M. Taborsky
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studying animals under captive conditions the num-

ber of subjects is apparently reduced on average to

approx. 60% of the numbers used in field studies.

However, the difference between observational and

experimental approaches is less clear (Fig. 1); this

cannot be resolved conclusively because of the non-

independence of the factors ‘site’ and ‘approach’ in

the data set, but the analysis showed a significant

effect of ‘site’ and not of ‘approach’ when both were

included. This is surprising because if anything, an

experimental approach allows to control confound-

ing factors and therefore experiments are the

method of choice if the intention is to reduce vari-

ance in the data to economize on sample size. Also,

the range of sample sizes used is enormous (e.g. 1–

458 in the sample of experimental studies performed

in captivity). Ethical concerns and other constraints

are presumably responsible for the fact that sample

sizes in studies involving vertebrates are lower

than when invertebrates are investigated (Fig. 2;

~x = 21.8 for all vertebrates combined excluding

questionnaire-type studies, vs. ~x = 32.5 for all

invertebrates), even though with a divergence of

only one-third the magnitude of this difference is

surprisingly small. Also, studies of primate behaviour

are apparently not using exceedingly small sample

sizes (~x = 16.5) in comparison with research on

other vertebrates, which may seem contradictory to

common preconception.

Even if the general pattern matches the expecta-

tions, a closer look at the variation of sample sizes

contained in the table does not reveal a standard

procedure adopted in the choice of sample size. The

observed substantial range cannot be explained by

the criteria suggested to be useful in this decision

process, indicating scope for improvement. We

should be aware of the fact that choosing sample

size is an optimization process. ‘The more samples,

the better’ is not a sensible strategy, because it may

waste resources and undermine ethical concerns.

The sample size used in a study can be too small,

which would compromise statistical power and

might render the research effort useless, and it can

be too large: ‘while wasting time and energy on

badly designed experiments is foolish, causing more

human or animal suffering or more disturbance to

an ecosystem than is absolutely necessary is inexcus-

able’ (Ruxton & Colegrave 2006, p. 4). There may

be cases where very large sample sizes are required

because the effect size aimed to be identified is

obscure or intentionally small, the random variation

in underlying data cannot be reduced by prudent

experimentation, or because there are important

ethical, economical or societal reasons to minimize

the Type-II error (b). Such causes typically apply in

medical research, where, for instance, the intended

effects or side-effects of a new drug are to be scruti-

nized. In basic research on behaviour, however,

these conditions might be rare, and the temptation

to inflate sample size for unjustified reasons should

be countered (Still 1982).

Given there are reasons to minimize sample size,

such as ethical considerations or other severe con-

straints (Allison et al. 1997), what is the minimum

0
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Fig. 1: Medians and interquartile ranges of sample sizes used in a

total of 119 studies included in Table 1. Studies were performed in

the field or in a captive setting, and with an observational (obs.) or

experimental (exp.) approach.
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Fig. 2: Medians and interquartile ranges of sample sizes used in stud-

ies of invertebrates (inv), poikilothermic vertebrates (poi), birds (bird)

and mammals (mam). The original values are given in Table 1. There

were only two field studies of poikilothermic vertebrates in the

sample, which are represented by filled circles.
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we should be content with? There is no easy answer

to this question. One way is to apply sampling tech-

niques allowing for a permanent adjustment of sam-

ple size during data acquisition (Armitage 1975).

Such procedures using stopping rules are frequently

used in clinical trials, but they are prone to Type-I

error inflation and are limited to special conditions

that often do not apply in behavioural research.

Alternatively, a prudent decision can only be made

by considering existing information, either from pilot

experiments or previous studies, by using stringent

experimentation and standardized conditions, and by

a clear commitment to an approach that may some-

what compromise the Type-II error probability. This

means that such study may not be publishable,

because no effects can be detected by the appropriate

analyses and it may seem probable that this was

caused by insufficient statistical power. In other

words, the results are inconclusive and few journals

will devote precious publication space to their

dissemination. On the flipside, should we publish

studies based on small sample size if the latter

turned out to be sufficient to reject the null hypoth-

esis? One could argue that this increases the publica-

tion bias, which leads to an overrepresentation of

‘positive’ results in the scientific literature (Csada

et al. 1996; Gurevitch & Hedges 1999). This may be

a problem for meta-analyses that are based on

published evidence (Song et al. 2000; Jennions &

Møller 2002; Kotiaho & Tomkins 2002). However,

there are strong arguments in favour of publishing

such studies. Firstly, if authors can justify their

choice of sample size satisfactorily, revealing that it

resulted from prudent optimization instead of

unwarranted austerity or neglect, there is no reason

to conceal these results from the scientific public.

Rather, such research might be commended for its

rational proceeding. Secondly, it is unethical to with-

hold significant scientific results because this causes

inevitable waste of human, animal and material

resources. After all, these results may provide impor-

tant information to subsequent studies regarding

variance estimates and effect size (cf. Kelly 2006).

And thirdly, refusing to publish such studies would

open the floodgates to arbitrary censorship – who

will take responsibility to decide whether a signifi-

cant result was based on a ‘sufficient’ sample size,

independently of the statistical procedure? And why

then should studies not be rejected that were based

on unjustifiably large samples as well?

If the policy must be to publish significant results

even if based on small samples, what can be done

about the problem that meta-analyses will be faced

with a seemingly inevitable publication bias? Fortu-

nately, there is evidence that a potential publication

bias based on the detection of statistical significance

(sensu Gurevitch & Hedges 1999) might not be as

important as suspected (Jennions et al. 2004; Song

et al. 2009) or even point in the opposite direction

(in ecology: Koricheva 2003). In addition, there are

ways to estimate the publication bias as long as

information is provided in original research papers

that allow to estimate effect size (Møller & Jennions

2001; Jennions & Møller 2002; Cassey et al. 2004),

and there are procedures to reduce its influence in

meta-analyses based on published studies (Lortie

et al. 2007). A simple procedure is to confine the

analysis to studies above a threshold sample size,

which will reduce the number of publications that

can be utilized but at the same time alleviate the

problem. Mind that this is not a cause for not pub-

lishing studies based on small samples in the first

place – after all, the value of a publication is only

partly defined by its suitability for subsequent meta-

analytical processing.

In conclusion, the choice of an adequate sample

size in behavioural studies is neither trivial nor sim-

ple. Behavioural scientists do not appear to apply

power analyses before collecting data but often seem

to follow a ‘best guess’ strategy based on previous

knowledge, considerations of the approach used and

the costs and benefits involved in sampling. The use

of experimental scrutiny as a means to reduce data

variance seems to be of minor importance in the

choice of sample size, which is difficult to under-

stand. In any case, more transparency would be

desirable about the selection of sample size in origi-

nal studies. Preferably, this information should be

given in the ‘Methods’ section of each article, for

instance in a paragraph contained where the design

of the study is described. Too small samples may

entail inconclusive results, but it may be pointless

to demand large sample sizes if ethical or other

constraints make this prohibitive. On the other hand,

both economy and ethical considerations should pre-

vent us from undue inflation of sample size – optimi-

zation, not maximization should be the aim.

Appendix

Examples of free internet sources for power and

sample size calculations:

http://www.psycho.uni-duesseldorf.de/abteilungen/

aap/gpower3/download-and-register

http://biostat.mc.vanderbilt.edu/twiki/bin/view/

Main/PowerSampleSize
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http://statpages.org/#Power

http://www.stat.uiowa.edu/~rlenth/Power/

index.html

http://www.epibiostat.ucsf.edu/biostat/sampsize.

html
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