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ome further aspects of sampling: Comment on Williams and Bornmann

. Introduction

I greatly appreciate the article by Williams and Bornmann (2016), which highlights the importance of sampling in biblio-
etric analysis in its different facets. This contribution further develops ideas from a paper by Bornmann and Mutz (2013) to

he same topic, particularly by introducing the statistical concept of power analysis as a method among others for calculating
ample sizes. Although I am in full agreement with this account, I want to emphasize the importance of four specific aspects
elevant to this approach: Sampling and statistical inference, sampling and bibliometric data, observed power analysis, and
tatistical modeling.

. Sampling and statistical inference

Sampling is an important tool in statistics (Levy & Lemeshow, 1999), especially in classical frequentist statistics with its
lear notion of parameter and of probability (Gelman et al., 2014). While a parameter is regarded as a fixed quantity or point
stimate, probability is defined as a long-run relative frequency. The relative frequency of heads, for instance, obtained by
ossing a fair coin an infinite number of times approaches the probability of 0.5. If the assumption of repeated samples or
epeated events is justified in principle, and the sampling process is random, the estimated parameter value approximates
he true parameter in the population with increasing sample size. Therefore, it is compelling to discuss sampling within the
ealm of classical frequentist statistics, as the authors implicitly do by introducing the more sophisticated power analysis
ool discussed in the realm of null hypothesis statistical testing. In my  view these ideas of repeated sampling and asymptotic
ehavior make sense in bibliometric analysis, as well. Another and quite different kind of statistical inference, equipped with

 clear notion of probability and parameter as well, is offered by Bayesian statistics. In this regard probability is the degree
f subjective belief about a parameter value. A parameter is not a fixed value, but a random variable following a pre-defined
tatistical distribution, which expresses the uncertainty of the parameter. Bayesian parameter estimation is more or less

 learning process in the sense that a prior belief of a parameter is updated by the data (likelihood) to obtain a posterior
elief of a parameter. Bayesian statistics is, therefore, not restricted, as frequentist statistics, to random sampling, but can
e applied to populations or to arbitrarily drawn samples as well (Berk, Western, & Weiss, 1995, p. 433f., also mentioned by
illiams & Bornmann, 2016). Then again, sampling is not restricted to a certain kind of statistical inference.

. Sampling and bibliometric data

Sampling in bibliometric analysis should take into account the special nature of bibliometric data. Publications are not
er se independent units, but interwoven, for instance, with bibliographic coupling. If two publications cite a common
hird publication, bibliographic coupling occurs. The more references two publications share, the more similar the two
ublications are (e.g. field, content), probably with respect to their bibliometric data, as well. Doubling of publications in data
nalysis due to co-authorship might provoke further dependency in measurements. Indeed, simulation studies are required
o assess the statistical behavior of tests and parameter estimations (e.g. bias in mean, bias in standard error) under certain
ampling conditions (e.g. varying percentages of doublets of publications in the data). Williams and Bornmann recommend
ootstrapping as a tool to estimate the standard error. In addition, bibliometric data are characterized by different sections

r strata, for example, scientific fields. Within a scientific field bibliometric data (e.g. citations) are assumed to be distributed
ore homogeneously than between fields. This heterogeneity in the population requires samples not to be drawn by a

imple random sampling but rather by a stratified sampling procedure, which takes into account the different strata within
he population.
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4. Observed power analysis

The well-known statistical procedure of power analysis was  provided by Williams and Bornmann for prospectively
planning the sample size of a bibliometric study. This procedure reflects a more sophisticated treatment of null hypothesis
significance testing (NHST), which is usually approached in empirical studies by simply flagging an empirical result with a
star. Often observed power analysis is recommended by journals and reviewers in order to estimate the power of empirical
tests in already published studies. From a statistical point of view the post hoc calculated power does not provide any useful
information and should be avoided (Sun, Pan, & Wang, 2011; Yuan & Maxwell, 2005). “. . .[T]he present study demonstrates
that observed power is usually not as informative or helpful as we think because (a) observed power for a nonsignificant
test is generally low and, therefore, does not provide additional information to the test; and (b) a low observed power does
not always indicate that the test is underpowered.” (Yuan & Maxwell, 2011, p. 81). Even if an observed power analysis is
not fruitful, a statistically non-significant test result, under the condition of high sample size and high power, most likely
indicates no effect at all.

5. Statistical modeling

Last but not least, a statistical modeling approach appears to be more appealing than classical standard tests in bibliometric
analysis, which might capture the various statistical problems (e.g. measurement dependencies, Mutz & Daniel, 2015). Simple
statistical tests could be replaced by model comparison tests with information criteria (e.g. Akaike’s Information Criterion)
or Log-likelihood Ratio Tests (e.g. Bornmann, Mutz, & Daniel, 2013). In this regard sampling could be important as well.
The use of bibliometric data for comparison purposes and (world-wide) rankings (e.g. Leiden Ranking), respectively, or
for the analysis of research networks requires huge and complex structured data. In light of these enormous data statistical
computation could easily run out of memory. By reducing the sample size, sampling could facilitate more complex statistical
modeling (be it Bayesian or frequentist) without significant loss of estimation accuracy.

6. Conclusion

Beyond question sampling is an essential tool in statistics. It is the merit of Williams and Bornmann to have posed
sampling issues in bibliometrics. However, further empirical and simulation studies are required, which should address
the special properties of bibliometric data (e.g. bibliographic coupling, doubling of publications) and their impact on the
sampling and statistical estimation process.
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