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ABSTRACT

There is a common agreement among archaeologists that assessing visibility in the field is essential to measure the accuracy

of their observations. Archaeologists widely expect that low visibility negatively impacts the recovery rate of artefacts and sites

during field-walking surveys. However, they hold fundamentally divergent opinions on using recorded visibility values and on

whether or how to weight the results. In this paper, I undertake a review and comparison of ground visibility assessments from
three archaeological field-walking surveys conducted in the eastern Mediterranean, all of which have published their data.
Capitalizing on the availability of open data, I recode and analyse the algorithms employed in these surveys. The results high-

light the impacts of weighting techniques, and I compare the maps produced with and without weighting. In all cases, the cor-

rections do not substantially change the interpretations of the results at the scale of site identification. As such, this data-driven

experiment contributes to the ongoing debate on how to compare effectively and integrate data from various survey projects to

study regional trends.

1 | Introduction

Field survey is one of the principal methods to document ar-
chaeological resources on the earth's surface (Banning 2002;
Knodell et al. 2023). Archaeology plays a key role in understand-
ing socioecological processes and their transformative impacts
on people at varying spatiotemporal scales by offering a vast re-
cord of human interactions. As the availability of open datasets
is steadily increasing, there is a rising potential for conducting
comparative research into human occupation of past landscapes.
Surveys and especially intensive pedestrian surveys are at the
forefront of comparing raw data from fieldwork. However, even
after over two decades, there has been widespread consensus
on the promising results of comparing different surveys, yet

few attempts have moved beyond theoretical preliminaries.
(e.g., papers regrouped in Alcock and Cherry 2004; or among
others, J. L. Bintliff 1978; Witcher 2008). Archaeologists have
conducted relatively few investigations on the methodology to
compare results from different survey projects. In this article,
I will look at a question that has been repeatedly addressed for
30years, examining the varied ways it has been approached:
How to cope with the impact of the ground visibility on the re-
covery rate of surface artefacts? This paper uses ‘legacy’ data
collected by previous large-scale, intensive field surveys that
have been published online to test the validity of two competing
models: what I call the ‘weighting model’ that implements an al-
gorithm to transform the data and accounts for visibility biases
and the ‘cautious model’, which addresses visibility but does not
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introduce an explicit weighting of the data. Consequently, this
article demonstrates the significant potential of data science to
shed new light on long-standing problems in archaeology.

I'will largely write the discussion from my point of view as some-
one who participated in a survey in western Anatolia (Strupler
and Wilkinson 2017) and lived in Turkey at the time of conceiv-
ing this article. Therefore, it refers to examples and literature
from the eastern Mediterranean region because it is the field I
know better and from which publications were more easily ac-
cessible. Specifically, it is based on the data from three surveys,
namely, the Pyla-Koutsopetria Archaeological Project (PKAP),
the Sydney Cyprus Survey Project (SCSP) and the Antikythera
Survey Project (ASP), which form three study cases (Figure 1
and Table 1). Therefore, some techniques, which are not used in
Mediterranean survey because of permit restriction, such as the
so-called shovel test, will not be addressed. Finally, in this con-
text, I am primarily interested in the diachronic identification of
sites or zones of human occupation to provide a sufficient frame-
work for historical interpretation, rather than evaluating the
exact number of sherds or any other artefacts at any given time.

2 | Assessing Visibility in Intensive Field-Walking
Survey

Archaeologists have developed methods for intensive field-
walking surveys and adopted systematic procedures for record-
ing sites and off-site artefact densities. They widely employ line
transect sampling as a method for estimating the abundance of
surface artefacts (Banning 2002; Dieudonné 1989). The basic
idea of this approach is that observers move along parallel lines
regularly dispersed through a study area, looking ahead and,
to their left and right for artefacts on the soil surface. When an

artefact is detected by an observer, it is recorded and specifically
or systematically collected for further study. Surveyors mostly
regroup lines into units according to different criteria (e.g., team
constitution, existing agricultural fields, geomorphology, or geo-
graphic grid) and record a series of data for each unit, such as
external conditions (time of day, weather), specific descriptors
(topography, soil coverage, modern land use, geomorphology,
slope, artefact density) and ground visibility (Banning 2002; J.
Bintliff 2013; W. R. Caraher, Nakassis, and Pettegrew 2006).
Transect sampling is not unique to archaeology, nor is it the
unique sampling method of survey (Stek and Waagen 2022),
but it is one of the most common. Researchers in other disci-
plines such as ecology also use this method extensively to esti-
mate biological populations (Buckland et al. 2015; Manly and
Alberto 2015).

Visibility of the ground surface has long been understood as
one of the principal variables that strongly influence recov-
ery rates of artefacts and therefore site detection (Schiffer,
Sullivan, and Klinger 1978). In daily circumstances, visibility,
for example, ‘500 m of visibility’, means the greatest distance
at which objects can be identified with the naked eye. In the
context of this article and in archaeological surveys, visibil-
ity is not measured in metres but as a percentage. Visibility,
‘ground coverage’ or ‘surface exposure’, is the degree to which
objects on the soil surface can be seen because of vegetation or
other elements covering the ground surface but excluding geo-
logical processes. It is a way to express how much of the naked
topsoil could be seen in a unit area (Gruskovnjak 2019, 71-73).
Obviously, visibility is not the only factor that influences sur-
vey results, and the impact of many other factors was already
demonstrated, such as variability in walkers' perceptions
(Hawkins, Stewart, and Banning 2003; Schon 2002), width of
surveyed line transect (Banning, Hawkins, and Stewart 2006),
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FIGURE1 | Location of the three survey projects in the eastern Mediterranean region discussed in this paper: ASP, PKAP and SCSP. See Table 1

for further details about the surveys. Map projection: WGS 84/World Equidistant Cylindrical, north-oriented (EPSG: 4087), units of measure in

kilometres. Data: Eurostat/GISCO geographical data for the administrative boundaries. [Colour figure can be viewed at wileyonlinelibrary.com]
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walking pace (Banning, Hawkins, and Stewart 2011), artefact
size or background confusion. Visibility, however, is consid-
ered one of the most influential factors. It has been widely re-
corded by different projects, thus allowing cross-analysis of
different surveys.

Two approaches have been used to test the influence of the
visibility: first, resurvey of some units, to evaluate the con-
sistency and reliability of the results (e.g., Ammerman
and Feldman 1978; Hirth 1978; Lock, Bell, and Lloyd 1999;
Pettegrew 2014; Shennan 1985; see also Banning et al. 2017,
474-476) and experimental approaches (sometimes desig-
nated as ‘seeding experiments’) where artificial units are
created to compare known total counts with recovery counts
and consequently have the possibility to test the accuracy of
survey results (Banning, Hawkins, and Stewart 2006; Clark
and Schofield 1991; Meyer and Schon 2003; Schon 2002, 2013;
Wandsnider and Camilli 1992). Researchers generally accept
that bad visibility conditions lower the recovery rate and can
lead to wrong density patterns and consequently to bias in the
final patterns of finds repartition. Not only does this affect re-
covery rate, but poor visibility also impacts other parts of the
interpretation, such as the importance of diachronic changes
(W. R. Caraher, Nakassis, and Pettegrew 2006).

To account for visibility, in the Mediterranean world (and else-
where), archaeologists started recording ground surface visi-
bility in several surveys by the mid-1980s (Knodell et al. 2023).
For example, the Boeotia Survey adopted a rating from 1 to 10
(. L. Bintliff 1985), and other projects implemented a percent-
age scale (i.e., Bevan and Conolly 2013; W. R. Caraher, Moore,
and Pettegrew 2014; Cherry, Davis, and Mantzourani 1991;
Davis et al. 1997; see also Mattingly 2000, for other references).
Although researchers quickly made recording ground visibility
a standard procedure, they continue to debate what to do with
this value. There are two main positions: (1) ground visibility
influences the data, but unpredictably. Transforming data using
this value may add more distortion to the general picture than
improve it, or (2) ground visibility must be used as a proxy to
weight the number of artefacts counted and to analyse the data;
without correcting for visibility, we do not know what we are
looking at.

In one of the first attempts to study the relationship be-
tween ground visibility and site recovery rate, The Keos
Survey researchers found that, with higher ground visibil-
ity, the recovery rate rises, but they concluded that this was
‘not overwhelming’ (Cherry, Davis, and Mantzourani 1991,
45, figure 3.6; for an opposite interpretation in a review, see
Ammerman 1993), and therefore, no transformation of the
data was implemented. The wish to find a correlation function
based on the visibility is certainly a position that is widespread
among survey practitioners and frequently stated. Lock et al.
have surveyed nine fields before and after ploughing (i.e., with
better visibility), and although they did not find any direct cor-
relation between the number of collected sherds and visibility,
they conclude that ‘this is a too small sample to base conclu-
sions on. With further re-walkings we may arrive at a better
understanding of the underlying complexities and be able to
determine a ground visibility correction function’ (1999, 60).
On a discussion of survey methodology, Martin Millet insists
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that even if archaeologists employ corrections, they must al-
ways present raw data, and then as research continues ‘dif-
ferent and more sensitive ‘filters’ will be developed to apply
better ‘corrections’ for variation in visibility’ (Millet 2000,
93). Similarly, 10years after, in a seminar on survey in cities,
Whitelaw discusses the problem of visibility based on the data
from the Knossos Urban Landscape Project. He shows that
visibility has a strong impact on artefact recovery, but that
the influence of visibility is different according to the artefact
types and their size. He concludes that ‘what we cannot do,
however, is ignore such biases, and rely on raw distribution
maps, hoping it somehow “averages out”. [...]; if we do, we re-
ally do not know what our raw distribution maps are actually
telling us’ (Whitelaw 2013, 96).

Multiple publications attempted to show that the correlation of
visibility and artefact recovery is predictable and that a correla-
tion may be found (Schon 2002, 2013; Stark and Garraty 2008).
Archaeologist developed different techniques to use visibility
for weighting the counted artefacts, especially pottery sherds.
In this article, I implement in the first study case (PKAP) one
of the earliest and widest used methods that consists of divid-
ing the number of sherds by the percentage of ground visibility
(e.g., J. L. Bintliff and Howard 1999, 53; J. L. Bintliff, Howard,
and Snodgrass 2007, 20; Gillings and Sbonias 1999, 36; J. Bintliff
et al. 2017, 30). This method brought diverse critiques such as
not having been experimentally tested (Barker et al. 2000;
Stewart 2020), or being an oversimplifying response to a com-
plex problem. To constrain subjectivity, some surveys assigned
the visibility estimate based on a reference (Burgers, Attema,
and van Leusen 2004; Van Leusen and Attema 2001, 408).
Among others, Robert Schon criticized the one-to-one inverse
relationship that is used as a multiplier factor. To address this
problem, he conducted a series of experiments to find a more
accurate correlation. He did a series of seeding experiments
in different survey projects, notably at the Corinthia Project
(Schon 2002), at the SCSP (Meyer and Schon 2003) and at the
Troodos Archaeological and Environmental Survey Project
(Schon 2013). Schon's seminal work provides insightful details
and data to better understand how archaeologists record data,
what they collect and how representative the sample of a sur-
vey is from the actual population. Based on his experiments, he
made multiple propositions to calibrate the data. He looked for
a correlation between recovery and visibility and found a linear
regression that explained well the correlation between visibility
and recovery rate (Figure 2, Schon 2002, 149-157). One of the
strengths of Schon's work is that it shows if a survey wants to
make any transformation based on visibility, it is fundamental to
have a protocol to establish visibility in a reliable way. Moreover,
Schon makes the convincing point that for any transformation,
it is necessary to calibrate the transformation based on exper-
imental results rather than a direct inverse proportion, which
has not been validated. However, in my opinion, the regression
may be overfitting the data; as it is based on three observations,
it may be necessary to be cautious about the strength of this spe-
cific correlation. (From a statistical viewpoint, making a regres-
sion with so few points is misleading, as only one outlier would
strongly influence the result. It is said—as rule-of-thumb—that
a minimum of 10 points per variable are required to make a re-
gression; see also Bevan and Conolly 2013, 48-49, for another
critique.)

On the other side, there has always been opposition to any data
transformation, claiming that the transformation of data may
worsen the situation. Mattingly expresses early concerns on
the reliability and consistency of the recorded value of visibil-
ity and therefore considers that using visibility to modify the
pottery count is ‘likely to produce distorted “corrected” maps’
(Mattingly 2000, 12; a problem addressed later by Schon 2002,
as mentioned above). Although everyone recognizes a general
tendency to count more artefacts in the landscape when the vis-
ibility is higher than when the visibility is low, the implications
have been differently interpreted. Bevan and Conolly chose to
avoid transforming the data of the Antikythera Survey because,
they argue, the impact of visibility is not predictable: There is no
linear correlation between individual artefact densities and visi-
bility at the global level or at the unit level, and visibility has little
predictive influence on site discovery (Bevan and Conolly 2004,
127-128; see also Barton et al. 2002). Moreover, many covari-
ates should be investigated, and not only visibility (Bevan and
Conolly 2013, 48-49).

If researchers discussed when and how to weight data, it is sur-
prising that they mostly set aside the impact of weighting on the
interpretation of results. Starting from this observation, this ar-
ticle seeks to offer an evaluation of the impact on the interpreta-
tion of the results, especially regarding site identifications.

3 | An Open Data-Driven Exploratory Analysis
(DEA)

To take another look at the debate surrounding survey data
weighting, instead of focusing on a particular dataset, I will
frame the problem of visibility by testing the more common
manipulation of visibility in three datasets, whose digital data
are published online and freely accessible. It is disappointing
to point out that ‘free data’ was a sufficient discriminant crite-
rion to select datasets from eastern Mediterranean surveys. As
far as I am aware, despite growing calls for FAIR data (Attema
et al. 2020; de Haas and van Leusen 2020), and projects sig-
nalling their intention to make data open (Knodell et al. 2023,
271), only a fraction have been published and are free to study,
(re)use, modify and share.

One of the earliest attempts to compare surveys is the work of
Davis (2004). However, he only compares surveys with which
he was involved and does not deliver the data. Only recently
have there been more works that undertake to compare data
(Casarotto et al. 2021; Stek and Waagen 2022; Strupler 2021).

Having open archaeological survey datasets holds signifi-
cant scientific and societal importance (Marwick et al. 2017).
Open datasets allow other researchers to replicate and vali-
date findings and promote transparency. FAIR datasets are
a valuable resource for teaching, enabling students to have
a concrete insight into survey data. Crucially for this article,
open datasets facilitate testing of hypotheses, fostering a more
comprehensive and rigorous examination of archaeological
interpretation (Strupler and Wilkinson 2017). The main data-
bases assembling information on Mediterranean surveys con-
sist of the Fasti Survey (http://www.fastionline.org/survey),
MAGIS (http://cgma.depauw.edu/MAGIS/) and, the most
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FIGURE 2 | Reproduction of Schon's graphics showing the average recovery rates against the median assessed field visibility (Schon 2002,
Chart 5.5, 151). In his dissertation, Schon does not plot or take into account the data from Field 1 and discards it from his regression because of its
high background disturbance (Schon 2002, 150). Computational Code to reproduce the graphic: Strupler (2023).

recent, The Fieldwalker.org (https://www.fieldwalker.org/),
which incorporates direct links to data if available (Knodell
et al. 2023, 271). Online repositories where scholars can pub-
lish or access digital data generated by archaeological projects
include Open Context (https://opencontext.org/), the Digital
Archaeological Record (https://www.tdar.org/), Archaeology
Data Service (https://archaeologydataservice.ac.uk/), Zenodo
(https://zenodo.org/), IANUS Datenportal (https://datenpor-
tal.ianus-fdz.de/), iDAI.geoserver (https://geoserver.dainst.
org/) or DANS Data Station Archaeology (https://archaeology.
datastations.nl/), among others.

DEA, as a specific branch of data science, seeks to check for
assumptions and test hypotheses, often using visual methods,
such as maps, and, as such, plays an important role in archaeo-
logical surveys. DEA helps to look at data to better understand
patterns within the data, detect outliers or find interesting re-
lations among the variables. Maps are arguably the main type
of data representations that archaeologists use for spatial data.
Archaeologists use maps to interpret the data by displaying spe-
cific information and identifying concrete patterns. However,
maps have a dual role. They are not only a research tool to detect
potential patterns but also serve as evidence. As visual repre-
sentation, maps are communicative devices that exert a major
impact on publishing results and framing arguments (Gillings,
Hacigiizeller, and Lock 2018; Grunwald et al. 2018). Many

publications of archaeological surveys use maps as the primary
evidence for interpretation, and findings are not necessarily
supported by statistical tests. Furthermore, computational anal-
ysis of surveys is only rarely reproducible (Strupler 2021). Even
today, maps are mainly created as static, printer-friendly ver-
sions that do not easily accommodate changes in the statistical
analysis. In this article, I argue that the inclusion or exclusion
of weighting methods before mapping should influence the pat-
terns visible on published maps, because only in this case, this
will lead to different conclusions compared with maps without
weighting methods. Conversely, if a statistical manipulation
does not significantly alter the distribution patterns (i.e., the ap-
pearance of the maps), the interpretation will remain the same
as without the weighting method, rendering it superfluous for
site identification.

This raises the question: Which data are being mapped?
Regional surveys are often classified between ‘intensive’ and
‘extensive’ categories. The latter refers to the mapping of sites,
which defines the unit of analysis, using methods to detect sites
rather than unique artefacts in the landscape (such as satellite
imagery or local knowledge). Intensive surveys define artefacts
as their unit of analysis and employ methods to systematically
recover artefacts from an area, such as transect-based pedes-
trian field-walking (Knodell et al. 2023, 266-268; Meyer 2023,
143-146). All three analysed surveys are intensive in their
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techniques, even though the level of intensity varies because of
differences in the covered area and the distance between walk-
ing lines (see Table 1). Because of their shared geography and
their focus on longue durée history, these surveys potentially
exhibit similar artefact scatters, primarily influenced by the
large number of artefacts dating from the Greek and Roman
Periods. For example, it is commonplace to discover abundant
surface material from antique rural sites, the remains of which
are now situated under agricultural fields and are continuously
exposed through modern mechanical agricultural ploughing
(Knodell et al. 2023, 266). They also share common research
questions, typically extending beyond the spatial scope of in-
dividual sites to understand changes in human-environment
relations over multiple periods. However, the interpretation of
data recorded during an intensive survey in a Mediterranean
context is a topic of intense debate (Meyer 2023). For some
projects, the primary goal is to discover and identify sites, with
artefact densities serving as a means to achieve that objective.
Other projects emphasize the importance of recording and in-
terpreting areas with lower artefact densities (referred to as
‘siteless’), which has led some to recognize the necessity of ac-
curately estimating density.

Aswell as identifying sites, the re-analysed project in this arti-
cle, the SCSP, the PKAP and the ASP project sought to under-
stand how people related to the land across the landscape. The
projects (as well as the present author) consider the sample to
be representative of the original artefact distributions, even if
the original amount of artefacts is (and remains) unknown.
Specifically, SCSP asserts that the incorporation of pottery
data (density and distribution) into maps can potentially fa-
cilitate the interpretation of evolving human activities and
the utilization of the landscape: ‘The study of pottery, then,
was the key analytical aspect in assessing the meaning and
significance of survey units, in the broadest sense’ (Knapp
and Given 2003, Overview and Methodology). Members of
the PKAP team consider that the variation of densities over
the landscape provides a coarse approximation of the areas
of least and most intensive human activity through time (W.
Caraher, Moore, and Pettegrew 2013, p. 35). Members of the
ASP team argue that ‘the discrepancies between our material
expectations and the observed record provide the real basis
for any further interpretation’ (Bevan and Conolly 2013, 50).
Therefore, the distribution maps of artefacts, especially pot-
tery, to recognize sites and zones of occupation play a central
role in the interpretation of these surveys, and their appear-
ance has a direct influence on the meaning ascribed to the
surveys. It is important to keep in mind that the evidence of
presence and activities, sites and their categorization are the
focus of these projects, as well as for most Mediterranean ar-
chaeologists (Meyer 2023). In this geographical area, few ar-
chaeologists are interested in the exact count—a single or five
nondiagnostic sherds are likely to not be treated in any great
detail. The primary interest is in the diachronic changes in
occupation and intensity. Therefore, I will focus on surveys
that align with these objectives and not on ‘siteless’ surveys,
which have different goals.

To see how strong weighting techniques change the appear-
ance of maps, I created maps with raw sherd counts side by
side with a plot of the weighted data. I use choroplethic maps

based on Jenks classification (Jenks and Caspall 1971), that is,
a classification that strives to reduce variation within a class
and maximize variation among classes. I set a maximum of
10 classes wherever possible, or the maximum that avoids re-
dundant classes. Perception studies indicate that humans are
hardly able to discriminate between patterns when more than
10 classes are used. Against intuition, simple maps with few
classes convey more information than complex maps with
many classes (Darkes 2017). Before classification, I aggregated
pottery counts on regular grids (lattices) to allow for a stan-
dardized comparison between the different projects. I selected
hexagonal grids because this type of lattice is suitable for
cluster analysis (Birch, Oom, and Beecham 2007), a common
technique for interpreting archaeological spatial data from
field survey. Moreover, the projects implemented different
collection strategies to date some of the counted artefacts. To
assess the potential impact of weighting methods on specific
questions, I selected two periods with different distributions
from each project and represented them as point patterns.
Additionally, to compare the generated maps with and without
weighting, a third map was created to illustrate cells with more
than one class of difference (i.e., a significant colour variation)
after applying Jenks classification (additional figures are pro-
vided in the Supporting Information). I use the comparison
of class changes to quantify the impact of the weighting tech-
niques, expressed in the number of cells with significant class
variation and the corresponding percentage. I generated the
maps and the diagrams with R (R Core Team 2023), the li-
braries sf (Pebesma 2018), classInt (Bivand 2022) and ggplot2
(Wickham 2016). See Strupler (2023) for the computational
code to reproduce the figures.

3.1 | Casel: The PKAP

At the inception of this project, I planned to use the data from
the Beotia Project (J. L. Bintliff, Howard, and Snodgrass 2007),
to analyse the first example to implement a weighting method.
However, the results I obtained with the data did not match
the results from the publication. This is due to some glitches
in the published data (Strupler 2021), and the latest publica-
tion does not include spatial data, but only the pottery data-
bases and other annexes (J. Bintliff et al. 2017). Therefore,
I looked for a project that provides a discussion of a similar
weighting method. The PKAP took place on the southern cost
of Cyprus and started in 2004. A key component of the re-
search program was an intensive pedestrian survey over an
area of 100ha. The archaeologists divided the area into grid
units of 40m on each side. Teams of four field-walkers posi-
tioned at 10-m intervals surveyed each grid. The research-
ers postulated that each walker covers a 2-m-wide swath
through the unit, thus representing a sampling of 20% of the
surface (W. R. Caraher, Moore, and Pettegrew 2013, 2014;
for a critique of this assumption, see Banning, Hawkins, and
Stewart 2011). Pettegrew discusses the problem of weighting
the counted artefacts in a specific chapter on the methodol-
ogy and the validity of the results (Pettegrew 2014). (Even if
this chapter discusses other kinds of bias in sampling, such
as collection and experience of observers, I will concentrate
only on the aspect of visibility. The team also tested the ac-
curacy of their sampling techniques by intensive hoovering
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the small surface of an already sampled unit and collected all
the artefacts to compare the results.) The PKAP coined the
term ‘pedestrian estimated total’, a concept that is equivalent
to the weighting of the Beotia Project (J. L. Bintliff, Howard,
and Snodgrass 2007). It represents the weighted total count of
sherds by using a weighting factor equal to the inverse of the
proportion of ground visibility. For example, a total count of
10 sherds associated with 50% visibility is transformed into
a pedestrian estimated total of 20 (10¥100/50). This dataset
therefore represents an excellent foundation to compare the
influence of weighting by visibility implementing the first his-
torical, simple weighting factor similar to the Beotia project. It
is important to mention that, although weighting is discussed
in the publication, it was not implemented in the analysis of
the artefact distribution in the publication (W. Caraher, Moore
and Pettegrew 2013). Eventually, central for the weighting is
how the visibility was assessed and recorded. Surface visibil-
ity was recorded at 10% intervals (W. R. Caraher, Moore and
Pettegrew 2014, 26), based on the covering of the surface: ‘50%
visibility indicates only half the area of the unit was visible’
(Caraher, Moore and Pettegrew 2014, 52).

Using the data and re-encoding the algorithm (for background
details, see Strupler 2021), I created two maps, one with a
raw density of artefact count (Figure 3, left) and one with the
weighted estimated density (Figure 3, centre). A comparison of
the Jenks classification (Figure 3, right) shows that 95% of the
grid (528 out of 555 cells) has less than a class difference. This
highlights that the pattern of distribution is highly similar. The
zones of distribution of artefacts and their respective intensity
are closely similar in both cases. We can admit that, based on
either map being 95% similar, the interpretation would be simi-
lar, leading to delimit high clustering and low artefact densities
in the same areas.

To address diachronique changes, the project collected the ar-

tefacts to be dated using the chronotype system in batches, de-
scribed as

Artefacts Counted

3873.0
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564.0 565.5

Count Est. Count

0 0 9 @ g WaR P

Artefacts Estimated
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Fieldwalker should collect a maximum of one rim,
base, handle, and body sherd of each chronotype in
his or her transect. If a walker has already collected
a combed-ware body sherd and an ARS Form 50 rim,
for example, she would not collect additional examples
of combed-ware and ARS Form 50 rims found in the
tract, but would count them as part of the total count
and only collect additional examples of grooved body
sherds of different thickness, color, and fabric. If four
fieldwalkers walking at 10m intervals in a 40x40m
square were to collect the unique objects visible in
their swaths, each unit should produce as many as
16 examples of a single chronotype, corresponding
to 4 rims, 4 bases, 4 handles, and 4 bodysherds of

the same kind of pottery. (W. R. Caraher, Moore and
Pettegrew 2014, 37).

Does visibility impact the visualization of sherds from specific
periods using this collection strategy? I selected two periods,
Late Bronze Age (henceforth LBA) and Early Roman (ER),
which display different patterns. The artefacts dated to the
LBA period are strongly clustered (Figure 4). The artefacts
dated to the ER period are more evenly spread (Figure 5).
In both cases, the clustering and dispersion of artefacts are
analogous with or without weighting. If we plot these data
aggregated on a hexagonal grid and use colours based on a
Jenks classification, the similarity amounts to 99% for the
LBA period (551 out of 555 cells; Figure S1) and 96% for the
Roman period (534 out of 555 cells, Figure S2). For the LBA
period, we note only some changes in the distribution in the
area where the clustering is obvious (Figure 4, right). No sig-
nificant changes are observed. Archaeologists would identify
the areas of occupation by using the maps on the left with raw
data or the maps in the centre with weighted data. An inspec-
tion of the raw numbers behind the maps shows that only the

Difference

More than 1 class apart

FIGURE3 | Collected (left) and estimated (centre) artefact distribution densities coloured according to a Jenks classification and their difference
(right) from the PK AP Project. Map projection: WGS 84/UTM zone 35N, north-oriented, units of measure in kilometres (EPSG: 32635). [Colour figure

can be viewed at wileyonlinelibrary.com]
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FIGURE4 | Collected (left) and estimated (centre) Late Bronze Age artefacts. Each point represents a collected (left) or estimated (right) artefact.

The difference (right) was computed according to a Jenks classification (Figure S1). Map projection: WGS 84/UTM zone 35N, north-oriented, units

of measure in kilometres (EPSG: 32635).
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FIGURE 5 | Collected (left) and estimated (centre) Early Roman artefacts. Each point represents a collected (left) or estimated (right) artefact.
The difference (right) was computed according to a Jenks classification (Figure S2). Map projection: WGS 84/UTM zone 35N, north-oriented, units

of measure in kilometres (EPSG: 32635).

counts associated with visibility below 30% are substantially
influenced by the weighting. However, these three groups of
visibility (from 0% to 10%, from 10% to 20%, and from 20% to
30%) represent a small part of the units defined in the survey
(respectively 3, 9 and 44 units out of 465, totalling to 12%). It is
tempting to conclude that weighting by the inverse of visibility
would not change the occupation patterns that Mediterranean
archaeologists would typically identify.

3.2 | Case 2: The SCSP

The SCSP was an intensive archaeological survey in the northern
Troodos Mountains in Cyprus (Given and Knapp 2003; Knapp
and Given 2003). Between 1992 and 1997, the SCSP surveyed in-
tensively 654 ha, with a 5-m spacing between walkers. The team
divided the area into circa 1550 units distributed in six noncon-
tiguous zones called special interest areas (SIAs). This project
also collected artefacts according to the chronotype system,
but it implemented a weighting factor for the artefacts based on

experimental data. Meyer and Schon propose an equation that
takes three values (pottery count, background visibility and
background confusion). This was based on their experimenta-
tion of five fields artificially seeded and surveyed (Meyer and
Schon 2003). They consider that the variable, visibility, does not
play an important role compared with the variable background
confusion. Background confusion is defined as ‘the extent to
which red or gray stones, for example, made it more difficult
to identify sherds’ (Given and Knapp 2003, 34). Banning (2017,
472) refers to a similar effect under the name ‘artifact obtru-
siveness’, a term already used in the 1970s (Schiffer, Sullivan,
and Klinger 1978, 6). Although ‘surface visibility’ and ‘artifact
obtrusiveness’ are two different factors, the first recording the
capacity to see the ground and the second capturing the capac-
ity to distinguish artefacts from the soil matrix, the way they
implemented the correction factor makes it almost identical
to visibility when we compare the impact of weighting. Before
implementing their equation, they rescaled visibility to range
between 75% and 100% rather than from 0% to 100%. (I could
not find any documentation about the rescaling of the visibility.
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A close look at the data to understand it shows that it is not
strictly linear, but close to the equation f(x)= 75+ 0.25x (for
further details, see Strupler 2021.) The purpose of this rescaling
was to prevent visibility from having a strong influence on the
data. Even with the lowest recorded visibility in the field (1%), it
would raise the pottery count by a maximum of 6.7% (for further
details, see Strupler 2021). Most of the weighting factor is influ-
enced by ‘background confusion’, which was recorded in three
categories (low, moderate and high confusion). Eventually, their
weighting equation for the pottery count is the inverse of the
background confusion (Meyer and Schon 2003). This provides
a good dataset to compare the effect of implemented weighting
in survey projects) though not the difference between visibility
and obtrusiveness.

In order to address the impact of the weighting algorithm on
the interpretation, I randomly selected one specific area (SIA
7) to produce detailed maps and compare them with the pub-
lication and the interpretation of the data (Figure 6). In this
case, I recoded the weighting methods from the project and
compared it with raw densities. From the global distribution of
the sherds (Figure 6, left), we observe some slight differences.
The transformation (Figure 6, centre) reduces some higher
densities in the north, which are less marked when weighted.
However, the differences are minimal. The Jenks classifica-
tion shows that 99.8% of the grid (958 out of 959 cells) has less
than a class difference, confirming that the difference is neg-
ligible (Figure 6, right). The areas with notable concentrations
remain the same. Although the comparison of specific periods
in the PKAP project did not show obvious changes (case 1),
does the specific weighting method of the SCSP project make a
bigger impact when comparing specific periods? Plotting side
by side the density of raw and weighted data for two periods,
namely, the ‘Geometric to Classical’ (GAC) and ‘Hellenistic
to Late Roman’ (HLR) periods, illustrates that only minor
differences can be noticed (Figures 7 and 8). If we plot these
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Artefacts Estimated
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data aggregated on a hexagonal grid and use colours based on
a Jenks classification, the similarity amounts to 98% for the
Geometric to Classical period (938 out of 959 cells; Figure S3)
and 99% for the Hellenistic to Late Roman period (947 out of
959 cells; Figure S4). Using the map with raw or weighted den-
sities does not change the interpretation of zones of occupa-
tion and the identification site for a specific period.

3.3 | Case 3: The ASP

The ASP was a survey focused on the 20-km? Greek island of
Antikythera, situated between the Peloponnese and Crete.
Archaeologists surveyed the island over 4 years (2005-2008) and
completed the artefact study by 2010. Following the publication
of a series of articles, the researchers made the data available
online (Bevan and Conolly 2014) and also published a data paper
(Bevan and Conolly 2012), which served as the basis for their
book synthesizing the results (Bevan and Conolly 2013). The
team conducted the general survey using line transect sampling,
with a spacing of 15m between the walkers, divided into tracts.
Each member counted all artefacts but collected only the ‘fea-
ture’ potsherds and all other finds requiring further study and
dating (Bevan and Conolly 2013, 13-15).

In their book, the authors discuss the problem of visibility and detail
why they prefer not to weight the data (Bevan and Conolly 2009,
2013, 47-50). They reveal that, depending on the number of classes
for the visibility, a different relation between density and visibil-
ity would be considered. The visibility was recorded as a percent-
age estimated between 0% and 100%. By using five even classes
to classify the percentage of visibility, we would find a linear re-
lation between artefacts counts and visibility (Figure 9), but this
is no longer evident by using 10 classes (Figure 10). They stress
that they do not believe in a simple relation between visibility and
artefacts count. They consider that many interdependent factors

Difference
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Count Est. Count More than 1 class apart
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FIGURE 6 | Overall pottery density of the SIA 7 from SCSP, without weighting (left), with weighting (centre) and difference (right). Density is
coloured according to a Jenks classification. Map projection: WGS 84/UTM zone 36N, north-oriented, units of measure in kilometres (EPSG: 32636).

[Colour figure can be viewed at wileyonlinelibrary.com]
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FIGURE 7 | Location of counted pottery (left) and estimated location of weighted pottery (centre) of the SIA 7 from SCSP. The difference (right)
was computed according to a Jenks classification (Figure S3). Pottery estimated according to the project's weighting factor for the Geometric to
Classical (1050-312BC) Period. Map projection: WGS 84/UTM zone 36N, north-oriented, units of measure in kilometres (EPSG: 32636).
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FIGURE 8 | Location of counted pottery (left) and estimated location of weighted pottery (centre) of the SIA 7 from SCSP. The difference (right)
was computed according to a Jenks classification (Figure S4). Pottery estimated according to the project's weighting factor for the Hellenistic to Late
Roman (312BC-750AD) Period. Map projection: WGS 84/UTM zone 36N, north-oriented, units of measure in kilometres (EPSG: 32636).

exist (such as the slope, soil types and interaction of humans with
the landscape), which may have consequently reduced the amount
of vegetation cover, favouring over the long-term the same places
over and over. They do not interpret the data with a weighting fac-
tor, so I implemented a weighting according to the inverse of the
visibility. (In order to have comparable results, I changed the value
of visibility to 10% when it was set to 0% to avoid division by zero
when dividing by visibility.) This allows to compare the maps and
to investigate what impact there may have been on the interpreta-
tion, had the counts been weighted.

Plotting side by side the global distribution of pottery with-
out and with weighting by a factor of the inverse of visibility
produces similar maps (Figure 11). The Jenks classification
reveals that 98% of the grid (1074 out of 1092 cells) shows less
than one class difference, confirming that the variation is
negligible. The areas with notable concentrations remain un-
changed. Even if the relationship between pottery count and
visibility is not strictly linear, the results are very similar. A
similar inference can be made if we select two periods and look
at the distribution of dated artefacts, such as the ‘Geometric to
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Relationship between visibility and mean artefact density
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FIGURE 9 | Relationship between ground surface visibility and artefact density for potsherds when visibility is classified into five classes. The
different visibility records were classified into half-open intervals, such as (0, 20], indicating an interval from 0 (exclusive) to 20 (inclusive). The
graphic replicates (Bevan and Conolly 2013, 49 figure 4.1a), and according to the authors, this could indicate a linear relationship.
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FIGURE 10 | Relationship between ground surface visibility and artefact density for potsherds when visibility is classified into 10 classes. The
graphic replicates (Bevan and Conolly 2013, 49 figure 4.1b), and according to the authors, in this representation, the same data would not indicate a

linear relationship.

Classical’ (900-325BC) Period and ‘Late Roman’ (350-650 AD)
Period. These periods have been selected because their repar-
titions are dissimilar, with one cluster in the first period and a
broader distribution in the second. The pattern of distribution
of the Geometric to Classical pottery is highly similar with
our without weighting (Figure 12). If we plot these data aggre-
gated on a hexagonal grid using colours according to a Jenks
classification, they are identical (Figure S5). The Hellenistic—
Late Roman pottery distribution shows also an identical dis-
tribution pattern with our without weighting (Figure 13). If

we were to plot using colours according to a Jenks classifica-
tion, the similarity would be 99% for the period (1081 out of
1092 cells; Figure S6).

4 | Discussion: To Weight or Not to Weight

Visibility is rightly recognized as an influential factor. Who would
argue that the cover on the ground surface does not influence
what archaeologists see? The three presented survey projects
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FIGURE 11 | Overall pottery repartition from the ASP without (left), with weighting (right) and difference (right). Pottery density is coloured

according to a Jenks classification. Map projection: WGS 84/UTM zone 34N, north-oriented, units of measure in kilometres (EPSG: 32634). [Colour

figure can be viewed at wileyonlinelibrary.com]
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FIGURE 12 | Pottery density (left) and estimated pottery density weighted according to the inverse of visibility (centre) of the Geometric to

Classical Period (900-325Bc). The difference (right) was computed according to a Jenks classification (Figure S5). Map projection: WGS 84/UTM

zone 34N, north-oriented, units of measure in kilometres (EPSG: 32634).

(PKAP, SCSP and ASP) recorded the visibility for each surveyed
unit. However, they all differ in the way they account for it. It
was treated separately in a single chapter (PKAP), integrated into
the whole interpretation (SCSP) or evaluated but not individually
used in the analyses (ASP). They demonstrate concerns over in-
terpreting ‘raw’ data from the field without looking at the biases
introduced by external modern conditions. In this, they account
for the definitive move from a purely positivist approach of the
earlier years of field survey (see Banning 2002). The influence of
the transformation—or its absence—on the interpretation was
mainly tackled at the scale of each research project. But what does
this mean, in general, and how are we to merge data to answer

questions on a bigger scale than the single research project? Few
projects that implemented a correction, as well as a few of those
that did not, demonstrate how different approaches may have in-
fluenced the interpretation of the data (Newhard 2005).

Until now, most implemented weighting techniques in-
volved applying a linear transformation to the whole data-
set. Addressing two different weighting methods, our results
demonstrate that implementing these transformations may
slightly change the data but will not significantly influence
the identification of sites or zones of activity based on maps.
These straightforward procedures modify the data using an
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FIGURE 13 | Pottery density (left) and estimated pottery density weighted according to the inverse of visibility (centre) of the Hellenistic—Late

Roman Period (350BC-650AD). The difference (right) was computed according to a Jenks classification (Figure S6). Map projection: WGS 84/UTM

zone 34N, north-oriented, units of measure in kilometres (EPSG: 32634).

TABLE 2 | Summary of class changes when artefacts are weighted.

Spatial No. class Percentage
Case Project Collection repartition No. of cells changes>1 of change
1 PKAP All Overall 555 27 5%
1 PKAP Late Bronze Age Clustered 555 4 1%
1 PKAP Roman Dispersed 555 21 4%
2 SCSP All Overall 959 1 0%
2 SCSP Geometric to Classical Dispersed 959 21 2%
2 SCSP Hellenistic Late Roman Clustered 959 12 1%
3 ASP All Overall 1092 18 2%
3 ASP Geometric to Classical Clustered 1092 0 0%
3 ASP Hellenistic Late Roman Dispersed 1092 11 1%

easily comprehensible method, allowing everyone to under-
stand the logic behind it, but they fail to substantially affect
the results of site identification (Table 2).

Analysing the three projects left me wondering if a nonlinear
transformation might be more successful in significantly trans-
forming the data. Indeed, only a more ‘local’ or ‘zonal’ transfor-
mation, which considers additional parameters, could potentially
adequately weight the data to influence the interpretation of zones
of occupation or to define sites. Unlike a transformation that af-
fects the dataset uniformly, a transformation to better identify sites
may be more successful if it is based on more highly localized fea-
tures. Nevertheless, I consider that this would necessitate testing
with different data to ascertain its robustness and avoid the risk of
overfitting one particular dataset with a transformation.

It is possible to add endless complexity and refinement in eval-
uating the data and adjust the raw data according to different

possible factors (visibility, soil, slope, walker ‘characters’, etc.).
Researchers have already proposed implementations for some
of these factors (Banning, Hawkins, and Stewart 2011; Banning
et al. 2017; Casarotto et al. 2018; Stark and Garraty 2008).
Surveys that may not have experimental data to implement
and validate a weighting method, a visibility map, as previ-
ously suggested by Terrenato and Ammerman (Terrenato and
Ammerman 1996; recently Casarotto et al. 2018), appear to be
an easy-to-produce and reliable method to present the ground
surface variable. This method clearly presents visibility, geo-
logical or other biasing information to determine whether the
recognized patterns are attributable to the earth surface con-
ditions. For example, in their publication, Bevan and Connolly
plotted the pottery density and vegetation cover on top of each
other to give a ‘rough impression of surface pottery and sur-
face visibility’ (Bevan and Conolly 2013, Plate 3); Casarotto
et al. use it to ‘asses the constraints that may affect the preser-
vation and the recording of sites’ (Casarotto et al. 2018, 188).
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5 | Conclusion

It seems ill-advised and oddly positivist to analyse raw results
and take their validity for granted. Archaeologists can easily
understand the rationale for implementing methods to balance
the influence of modern factors such as visibility. Despite mul-
tiple claims about the necessity and difficulty of transforming
the data, it is striking to observe that the production of corrected
maps is scarcer. The data science approach employed in this
article argues that projects should test and show the impact of
data transformation, independently of the chosen method, and
assess how this would modify the interpretation. This is espe-
cially valid for projects weighting their results and including it
in their pipeline.

In this article, we selected two different time settings to com-
pare the influence of weighting: a timescale including all the
recorded artefacts and two cases focused on more sharply de-
fined periods. The former provides a general overview of re-
currently more intensely used areas and indicates places where
results may have been biased because of later surface changes;
the latter is more familiar in interpreting diachronic changes.
The analysis of the three projects shows that the weighting
method would not influence the identification of sites or zones
of occupation.

I suggest that to continue exploring the influence of visibility, it
would be beneficial for projects to implement an open DEA to
set visibility weighting in a larger frame and control the valid-
ity of weighting methods (Banning et al. 2017). It is advisable
to use available FAIR data online to assess the significance of
the transformation and to keep in mind that data are not only
project-relevant but also have more potential if they are inte-
grated. Analysing how each project's data fits into a broader
framework and integrating it with Data Science practices can
advance regional cross-comparison.

Directly analysing the data, rather than reinterpretation of sur-
vey results, is indispensable for merging archaeological data
with other disciplines. This approach will significantly improve
communication of survey results to scientists from other dis-
ciplines and encourage them to take archaeological data more
seriously. This is crucial if we are to seriously address the chal-
lenges of current climate change (Kerr 2020; Kintigh et al. 2014;
Ortman 2019; Smith 2021).
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