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Abstract
In his paper “Neolithic population and summed probability distribution of 14C-dates” Torfing
opposes the widely held principle originally proposed by Rick (1987) that variation through
time in the amount of archaeological material discovered in a region will reflect variation in
the size of that local human population. His argument illustrates a persistent divide in
archaeology between analytical and descriptive approaches when using proxies for past
population size. We critically evaluate the numerous inferential mistakes he makes, showing
that his conclusion is unjustified.
Introduction
In his paper “Neolithic population and summed probability distribution of 14C-dates” Torfing
(in press) opposes the widely held principle originally proposed by Rick (1987) that variation
through time in the amount of archaeological material discovered in a region will reflect
variation in the size of that local human population. Torfing uses a radiocarbon dataset
covering the Jutland peninsula to produce a Summed Probability Distribution (SPD) to make
comparisons with studies by Hinz et al 2012 and Shennan et al 2013, in order to explore the
effects of three particular human related biases on the SPD. Specifically, he shows that the
shape of the SPD changes when the following subsets of samples are excluded: (1) samples
from shell middens, (2) samples associated with visible monuments, and (3) samples from
research conducted by one particular archaeologist, S. H. Andersen. Torfing then argues
that these differences in shape demonstrate that the SPD is detrimentally subject to three
biases: changes in subsistence strategy, changes in ritual actions, and modern research
strategies. This, he concludes “…induces a general doubt about the validity of sum
probability distributions as a population proxy”.
Torfing’s opposition illustrates a persistent divide in archaeology between analytical and
descriptive approaches. His arguments are representative of a long-standing attitude among

many archaeologists that, unless we have complete knowledge of all the factors that might
possibly affect the record available to us, which of course we never will, then we cannot say
anything at all.
Descriptive approaches have their place, but if archaeology is to be more than mere
catalogues of material then we need to go beyond them and address the factors accounting
for variation in that material, as Binford (1962) long ago pointed out. There are good reasons
to believe that changes in population size and density may be among those factors, and
indeed they have often been invoked, but the study of past population size is unquestionably
an objective and quantitative issue requiring an analytical approach. SPDs have evolved out
of the rudimentary approach of counting the number of sites per archaeologically-defined
period and have, in recent years, become an increasingly widespread method in
archaeology and more broadly in Quaternary science (Gamble et al. 2005; Johnstone et al.
2006; Buchanan et al. 2008; Collard et al. 2010; Johnson and Brook 2011; Manning &
Timpson 2014). Many early studies presented the SPD as the final product, as does Torfing,
but in doing so he ignores the key contribution made in Shennan et al. (2013), which was the
application of the scientific method of explicitly testing a null hypothesis – in our case that
European populations exhibited a steady (exponential) growth from the Mesolithic onwards –
rejecting the null only if the SPD curve significantly differs from expectation. This study
showed that the shape of an SPD is merely descriptive unless it is rigorously tested in light
of potential biases and uncertainties, such as the calibration process, ascertainment bias
and sample size.
Ultimately, Torfing’s failure to apply this scientific approach is the cause of his erroneous
conclusion. His subjective criticisms, lacking in any formal hypothesis testing, only serve to
stagnate the discipline. It is essential to critically evaluate and address the conservative
limits of Rick’s basic assumptions when using SPDs, but this needs to be done within a
scientific framework if we hope to move current methods forward. Building on other
constructive contributions to the method (e.g. Peros et al. 2010; Johnson and Brook 2011;
Williams 2012), the objective of Shennan et al. (2013) and Timpson et al. (2014) was to do
precisely that by specifically addressing recent criticisms such as taphonomic bias (Surovell
et al. 2009); spurious calibration effects (Chiverrell et al. 2011; Bleicher 2013) and temporal
resolution (Contreras and Meadows 2014).
Rather than construct a lengthy comprehensive rebuttal of every issue, the following deals
with a few of the more general inferential mistakes that Torfing has made that we consider
relevant to the broader field.
Inferential mistakes
Missing the whole point of a proxy
The presence of biases in radiocarbon sampling is undeniable. Rick himself identified many
sources of error that contribute both noise and other undesirable non-random signals that
prevent a perfect correlation with the human population level. This issue is unique to neither
radiocarbon samples, nor SPDs, but is fundamental to the nature of any proxy. A proxy is
used when the quantity we are interested in cannot be measured directly. As such, all
proxies will contain information from other processes, resulting in a less than perfect
correlation with the quantity of interest. Therefore it is unhelpful for Torfing to categorise a
proxy as either valid or invalid, since all proxies contain some information about the quantity
of interest. Consider for example, that ice cream sales correlate rather nicely with the

murder rate. It turns out this is because both are affected by temperature, along with the
shark-attack rate and sandal-wearing. So are ice cream sales a proxy for the murder rate? If
the correlation is strong then this may indeed provide an excellent proxy, even in this
peculiar example where neither is the direct cause of the other.
A careful evaluation of a particular bias can enable us to incorporate other relevant data into
a statistical model to improve how well it correlates with the quantity of interest. Even if a
model cannot be improved, the error can be estimated, to provide a confidence range.
Further work in this direction would make a valuable contribution to the archaeological toolkit
when evaluating past population proxies. Unfortunately, Torfing does not take this
progressive path. On the contrary he repeatedly dismisses this as “…a hopeless
endeavour”, since “…no dataset will be large enough to overcome this, as the bias is
naturally built into the data.” and “…we cannot with any accuracy determine how to
compensate for this systematic bias”.
Of course the subsets look different, but this doesn’t demonstrate a bias
By dividing the dataset into smaller subsets, Torfing substantially reduces the sample size
(from 463 dates to 162 dates in dataset 1, and 127 to 56 dates in dataset 2). The effect is a
massive increase in sampling error, which will change the shape of the SPD. This is
important since we should expect similar changes even if no biases exist at all, and even if
the subsets are randomly sampled from the true underlying distribution. Therefore Torfing’s
inference that the change in shape is a demonstration of a bias is completely unjustified. Of
course we are not arguing that biases do not exist – on the contrary, we are advocating
methodological improvements to deal with them. But clearly Torfing has failed to untangle
the effects of biases from the inevitable and substantial differences expected merely from
sampling. He has made no attempt to quantify the differences in shapes, let alone test if
these differences are statistically significant. One reader might subjectively interpret these
differences as substantial, whilst another might consider them small enough (given the
decrease in sample size) to be meaningless. It is unacceptable that Torfing fails to test for
sampling effects given that statistically rigorous methods which account for precisely this
problem are used in the very papers that he is criticising.(Shennan et al. 2013, Timpson et
al. 2014).
No sample is a perfect representation of the population, but larger samples from a broader
inclusion strategy are fairer.
In section 3.3 Torfing argues that one particular researcher S.H Andersen had certain
research biases, and therefore removes radiocarbon dates obtained by this researcher. This
is a fundamentally flawed approach for several reasons.
Biases are ubiquitous at the scale of individual researchers. Torfing’s approach of excluding
data from a researcher with a specific research interest has the hugely detrimental effect of
reducing the sample size. Indeed, following this approach would logically result in the
exclusion of data from every researcher until nothing remains. When we suspect a bias in
some data (or that they are otherwise unreliable/erroneous) it is tempting to assume that
their exclusion must improve the overall quality, and therefore the reliability of the inferences
drawn. Surprisingly this is rarely the case for archaeological data. There are three reasons
for this. Firstly, archaeological data are often frustratingly sparse, and this causes a large
sampling error that can easily dwarf the effects of particular biases. Secondly, all data are
subject to many different biases. By using the broadest possible inclusion criteria from

multiple sources, the Law of Large Numbers predicts that the combination of many different
biases will approach a random error. Thirdly, dirty data will have the effect of hiding (adding
noise to) any true underlying pattern. This will certainly make it harder to detect what is really
going on, but this has the desirable effect of making the null hypothesis harder to reject, thus
making the statistical test conservative.
Moreover, the effects of individual researcher bias have obvious limits. Even with the most
constrained and specific research interests, no researcher can know the date of a sample
before he/she sends it to the laboratory. After the sample has been processed, however, it
will contribute to the radiocarbon record even if it dates from a period of no interest to the
researcher. The radiocarbon record therefore has a natural tendency to mitigate the effect of
individual research interests.
Obtaining a different SPD by removing a subset does not undermine the SPD as a
population proxy.
Torfing suggests that the monumentality of some Neolithic structures makes them an invalid
proxy for human activity, and that instead only settlement data should be used. But, are we
therefore supposed to assume no relationship between the number of tombs and the
number of communities that built them and buried their dead there? If the record only
consisted of burials would Torfing conclude that it was devoid of settlement? One of Rick’s
basic assumptions was that the amount of human activity in a given region acts as a useful
proxy for the number of people undertaking those activities. Therefore, by excluding the
remains of certain activities from the landscape (especially those that represent an
investment of labour and human resources) only serves to bias the representation of human
activity. Thus, to take a relevant example, the pattern produced by looking only at the
settlement data, as opposed to all the evidence for human activity, does not correspond to
the pollen evidence for 4th millennium BCE human impact from the adjacent area of
Schleswig-Holstein, which has a similar sequence to Jutland (Hinz et al. 2012, Feeser et al.
2012), nor more generally to the pollen evidence for northern Europe as a whole (Nielsen et
al 2012). In fact, in Schleswig-Holstein Feeser and Furholt (2014) show that for the TRB
period the relationship between economic activity evidenced in pollen diagrams and ritual
activity indicated by megalithic tomb construction has an R2 value of 0.8, demonstrating that
they are extremely highly correlated and that tombs can be taken as an excellent indicator of
settlement activity.
Even if Torfing had gone to the trouble of statistically testing his SPDs and found significant
differences, would this support his conclusion that the overall SPD does not correlate with
the population? We argue that this inference is completely unjustified. A simple thought
experiment demonstrates the problem. Let us assume a hypothetical SPD for a particular
region that shows a constant level through time, with the exception of one large peak across
a 300 year period which is caused entirely by a subset of samples that are associated with
visible monuments (i.e. repeating Torfing’s approach of removing the monument samples
produces a flat SPD). Certainly we can infer that the monuments were likely only built during
this 300 year period, but can we also infer that the human population was constant through
time and the radiocarbon record was over-represented by this subset? Perhaps the
population did increase during the 300 year period, precisely in proportion to the increased
evidence from the monuments. Alternatively the monument samples might under-represent
the human population and in fact there was a much greater increase in population than the

SPD suggests. Or perhaps it over represents the population. This problem applies to the
exclusion of any individual category of samples or material type that has not been constant
through time. For example, future archaeologists may notice the sequential rise and fall of
record players, audio cassette, CDs and iPods through time, and SPDs constructed for each
separately would significantly differ from each other. However the individual SPDs would
only describe the popularity of those objects, and tell us little about the actual population
size. In contrast we can expect a combined SPD of all objects to act as a better proxy for
population size through time as it accumulates more information about human activity. This
illustrates why the broadest inclusion criteria of all samples with an anthropogenic
association is the most informative strategy.
Summary
The use of SPD analysis has become increasingly widespread and sophisticated, as more
researchers contribute intelligent methodological advancements. In contrast, Torfing’s claims
entirely lack statistical support and are riddled with inferential mistakes. He provides
descriptive arguments for the presence of three specific biases in order to raise doubts that
SPDs are a valid population proxy, but makes no efforts to either quantify these biases, or
hypothesis test his claim. As such Torfing misses the whole point of the scientific method.
Science does not progress through the accumulation of doubts until we grind to a halt in a
bog of ignorance. Instead it stacks the cards in favour of the best existing hypothesis, then
conservatively tests new ideas using the most critical tools available. Occasionally the status
quo can be rejected, and this represents a tentative new step towards a better place. We
don’t share Torfing’s nihilistic view that all progress in this area is doomed, and find no
justification for his conclusion that SPDs are an invalid population proxy. Nevertheless we
recognise that (as is the case with any proxy for a quantity that cannot be measured directly)
it is important to continue in our critical evaluation of how well SPDs correlate with true past
population, and how detrimental signals from biases or other spurious sources can be better
managed.
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