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Abstract
Understanding site formation processes are essential before we can make inferences about
human behaviour, and a key part of the inferential process is the integration of multiple,
diverse lines of evidence. The term ‘multi proxy’ has become increasingly used in studies of
use of space, particularly in geoarchaeology, to describe an approach multiple methods are
combined to reduce the impact of equifinality of interpretation. Since the early 1990s this
integration has been an aim of the reflexive methodology at the Neolithic settlement of
Çatalhöyük. Methods including sediment micromorphology, microartefact patterning and
geochemical analyses of floors and wall plasters, phytoliths and starch, alongside artefact
studies, macrobotanical and zooarchaeological analysis have all provided insights, but there
is still a gap between macroscale and microscale approaches, and integration has not always
been successful. Considering the history of analytical approaches at this site provides an
opportunity to reflect on how we acquire and interpret archaeological science data, and the
relationship between multi proxy and multivocality.

Introduction
‘progress in inferential theory is apt to be a function of the willingness of archaeologists
themselves to confront head on the need to integrate diverse lines of evidence’
Schiffer 1988.
Central to archaeology is the process of inference, reaching a conclusion on the basis of our
observations of the archaeological record via analogy and/or the application of a
uniformitarian stance. In order to do this we must understand what factors have created and
influenced the things we are observing. The record is complex with many variables, and
understanding these falls under the heading of formation processes. Schiffer divides these
into cultural and natural formation processes, both those which we hope to identify (i.e. the
nature of human activity in the past) and those which obscure (modifications to objects and
materials when they move from a systemic to an archaeological context). Archaeologists
must consider the formation processes and taphonomy of archaeological deposits before we
can make cultural interpretations (Schiffer 1983, Schiffer 1985, Schiffer 1987), as these
modify or limit the interpretation that can be made.
Binford’s definition of middle range theory suggested that correlations between material
culture and behaviour in the present could be used as a basis for interpreting specific
behaviours from material culture in the past. The aim is not to explain the behaviour, simply
to infer the presence of a specific behaviour. The explanation of behavioural patterns, beyond
evolutionary adaptations, is a concern of post-processual or interpretive archaeology, which
argues that our explanations of archaeological data are inherently subjective. Middle range
theory and post-processual archaeology have been seen as in opposition, but in fact can be
and should be complementary (Kosso 1991). As Trigger (1995) suggests, a combination of
processual and post-processual theory can greatly enhance the analytical power of
archaeology, providing both the necessary restraints on interpretation, and acknowledging
that there can be more than one way to explain any given archaeological data.
Fundamental to the process of inference, and subsequently explanation, is the accuracy and
thoroughness of the observations on which the inference is based, how these observations are
produced, and the process by which we assess and synthesise diverse lines of evidence to
produce meaningful statements about people in the past. This process is constrained by the
limitations of the evidence itself, the limitations of the methods and equipment used, and
crucially, our perception of it. These all form part of the ‘way of working’ throughout the
research process.
As the amount of observations and evidence increases, the more refined our interpretations
become. Evidence increases with further study, and refinement of analytical methods, driven
by technological progress but also led by questions the research hopes to address. Similarly,
the concept of context is central to archaeological investigation, with the essence of what we
define as a single context, and thus our units of analysis, being linked to the ability of the
investigator to identify and define multiple relationships (Llobera 2011).

The development of ‘microarchaeology’, thin section micromorphology in combination with
various geochemical analyses and often microfossil analysis, has shown that what we can see
in the field is only a fraction of the archaeological record, and that activity signals, and the
processes that modify them, often occur at the microscopic level (Matthews et al 1996). It has
provided the potential to examine the microscopic traces of artefacts and the sediments in
which they are contained, to the level of a layer of dust trapped underneath reed matting
(Shillito 2012). It has shown that our perception of a ‘single context’ in the field is
oversimplified, and that the methods we use to define this can influence the outcome. Thus
what is defined as a single context during excavation, using the the trowel, does not always fit
with a single context when the same deposits are observed using the microscope (Shillito
2015). Formation processes and post-depositional modifications may only be visible under
the microscope. But understanding the context is essential for synthesising the evidence. How
do we know materials are related? How do we synthesis and interpret the data? How are the
connections made?
Micromorphology has become a central focus in ‘multi proxy’ archaeological research, a
term used to describe approaches in which multiple lines of evidence are used simultaneously
to address a research question, particularly within geoarchaeology. Micromorphology
provides a means of visualising the relationships between materials - an ‘excavation under
the microscope’. The term ‘multi proxy’ is used frequently in Quaternary science and
palaeoecological research to describe studies which use multiple environmental proxies, to
gain a better overview of complex systems, than can be achieved through a single proxy
analysis (Birks and Birks 2006), usually in reference to the analysis of sediment cores. Whilst
early approaches focused exclusively on pollen, it is now routine to look at several proxies
simultaneously. Multi proxy archaeology integrates several analytical methods during the
process of sampling and analysis, so that results from several analyses can be directly
compared (e.g. various geochemical techniques, particle size analysis, pollen, plant
macrofossils). This avoids the problem of lack of comparability if, for example, each
analysis was conducted on a different sediment core. Whilst cores may be collected from the
same lake, it is recognised that the spatial variability complicates the linking of records.
This contrasts with traditional ways of working in archaeology which typically separate
materials for analysis. The development of archaeology as a discipline has created different
specialist identities, such as archaeobotany, zooarchaeology, human osteoarchaeology and
artefacts (itself divided into categories such as lithics and pottery). These determine to a large
extent how we approach analysis. Jones (2002) calls this the ‘explosion’ of a site, where the
constituent elements that make up the site are disengaged from each other.
The potential of a multi proxy approach is that it provides a more complete characterisation
of the archaeological material record, and the specific relationships between different
categories of materials, and thus focuses the range of possible interpretations. By examining
multiple lines of evidence together, we can better define specific activities which produce an
‘assemblage’ of signals, and identify modifications – the gap between the systemic and
archaeological contexts (Schiffer 1972). Shahack-Gross et al. (2005) for example use a
combination of mineralogical, micromorphological and phytolith analysis to identify

alternating layers of ‘floors’. One layer that was identified as a plaster floor in the field, was
seen to be a mix of micro-laminated phytoliths, in association with dung spherulites and
phosphate nodules. This combination of markers strongly supports an interpretation of animal
penning in the building, which would not be possible without the combination of evidence
being analysed together. Furthermore, the combination of methods enabled identification of a
large volume reduction due to degradation of organic material.

Çatalhöyük
Çatalhöyük was inscribed on the UNESCO World Heritage List in 2012, and is thought to be
one of the earliest ‘urban’ centres in the world, with deposits first starting to accumulate in
the aceramic Neolithic c.7100 BC (Bayliss et al. 2015), and continuing until c.6000 BC
(Marciniak et al. 2015). Since 1993 it has been excavated every year under the direction of
Ian Hodder. Hodder’s excavation was planned as a 25 year project, with the eventual aim of
presenting Çatalhöyük as a heritage attraction. The central research direction currently is to
understand the symbolism and paintings within a wider environmental and socio-economic
context. The continuous occupation provides an important case study to examine the long
term processes that led to urbanisation, including technological change, development of
agriculture and domestication, and the position of the site within the wider region in terms of
trade and other relations. These high level goals are underlain by a process of data collection
that are enviable in their extent and range. At a lower level, ‘use of space’ within and
between buildings, can be linked to most, if not all, of these themes.
As well as the long lived nature of the occupation, spanning the early pre-pottery Neolithic to
Chalcolithic, the exceptional level of preservation of buildings and occupation deposits
makes it an ideal case study for the reconstruction of past behaviours and the potential to
apply a wide range of techniques. In theory the preservation means that past activities should
be more readily reconstructed, compared to sites which have undergone greater postdepositional transformation. There is less of a gap between the systemic and the
archaeological, particularly in the deeply buried parts of the site, where deposits have escaped
the post-depositional processes that are observed in deposits closest to the surface (Shillito
and Matthews 2013). Hundreds of buildings remain with intact walls and floors, along with a
rich artefactual and eco-factual record that offer a huge scope for combining multiple
integrated methodologies to investigate the household. As Campbell (2008) notes, the aims of
the Çatalhöyük excavations have been to develop the practice of archaeology as much as the
research outcomes, with ‘integration’ being a cornerstone of the ‘reflexive methodology’ that
Çatalhöyük is known for. The aim of the reflexive methodology was to move away from the
traditional approaches that separate material and send it off for different specialists to
examine in isolation, to facilitate interdisciplinary discussions, and appropriate sampling
strategies, where materials are considered together in their depositional context (Hodder
2000). Specialists have direct access to the context of the materials they are examining, which
should avoid the ‘de-contextualisation’ process (Jones 2002). A related feature of research at

Çatalhöyük is multivocality – multiple voices in the process of doing and interpretation of
archaeology, rather than the hierarchical approach where the excavation director has the final
say in the overall interpretation of a site. Ideally it is an ongoing collaborative process, to
formalise the type of engagement that may or may not occur informally within a team (Farid
2015).
Çatalhöyük has seen what is arguably one of the most extensive programmes of
microarchaeological research and investigations of use of space over the past 25 years, and
early archive reports discuss the specific focus on ‘integration’ between methods (Matthews
1998, Rosen 1998, Middleton 1998), with initial sampling strategies devised by Matthews. It
is interesting then that Beggren et al (2015) in their review of reflexive methods at
Çatalhöyük note that “archaeology as a discipline becomes ever more fragmented into
specialised areas of knowledge” and caution that we maintain an overview of all the lines of
evidence. To what extent then has this integration been achieved? What are the implications
for interpretation of data? The history of analytical approaches to use of space at the site can
be divided broadly into three phases, and is an opportunity to reflect on the lessons that can
be learnt about how we acquire, synthesis and interpret scientific archaeological data.

Use of space
“Our choice of strategies for investigation is partially dependent on the archaeological,
logistical, social, and political contexts in which we practice household archaeology and the
extent to which the practice of different methodologies has been hindered or enabled and
encouraged” Tringham 2012:87.
‘Use of space’ in archaeology is a broad concept that sits within household archaeology and
the investigation of intra-site relationships, which can be categorised under middle range
theory, and the building of hypotheses directly linked to empirical data (Tringham 2012). As
such, investigations of the use of space in archaeology are a good example for exploring the
practice of archaeological interpretation, how we generate and synthesise different strands of
data, and how we make the links between empirical data and higher level theories about
societies. Many of the broader research themes at Çatalhöyük can be linked back to the
household, and identification of activity areas.
Many different lines of evidence can be pursued to investigate use of space, and can give
their own stories of a range of possible activities. But human behaviour is complex and rarely
produces a discrete signal. Trying to investigate ‘use of space’ in archaeology is therefore a
complex process that requires understanding of many different aspects of the archaeology
from the visible to the invisible – the buildings themselves, the floors within them, the
organic and inorganic remains within those buildings, and the chemical signals. At this level
of analysis, we are trying to make that direct link between material evidence, in its many

forms, and specific activities. The integration of evidence is difficult but essential to bridge
material specific categories and exert controls on our interpretations. The constraint of
evidence and refinement of methodology limits the bias of our interpretations (Trigger 1995).
However, as Shahack-Gross (2011) notes, there has been no household study that has
successfully integrated all aspects, the macroscopic and the microscopic, artefacts and
molecular, in order to understand activity areas.
Jones (2002) notes that different sciences have different practices which affect the kind of
knowledge generated. Within geoarchaeology, there is an inherent recognition that multi
proxy approaches provide a more nuanced picture, and the use of multiple methods in tandem
is common, such as thin section micromorphology with phytoliths and FT-IR for example
(e.g. Shahack-Gross et al. 2003, 2004, Albert et al. 1999, Sulas and Madella 2012, Shillito et
al. 2011). This is perhaps due to the fact that geoarchaeology as a specialism has less of an
obvious focus on one category of material, in the same way that zooarchaeology and
archaeobotany do with animal and plant remains respectively, and the diversity of soils and
sediments as a material category. Its close links with palaeoecology and Quaternary science,
where multi proxy methods are a standard approach in the analysis of sediment cores (Birks
and Birks 2006), may also contribute to the multi proxy perspective. The knowledge
generated is different to that of ‘single proxy’ practice.
By applying a multi proxy approach, is it possible to better understand the formation
processes – from habitation and abandonment to post-abandonment? At Çatalhöyük it is well
recognised that artefact based reconstruction of use of space is not possible, because the vast
majority of artefacts are obviously not in situ in terms of their systemic context (though see
later discussion of B52). Post-depositional process and abandonment are the source of the
majority of ‘signals’ (Diehl 1998). This is made even more problematic by the fragmentary
nature of the archaeological record, where only a fraction, if any, material record of activities
may remain. In archaeology we therefore look increasingly to the sediments themselves as
material culture (Owoc 2003, Boivin 2003). The popularity of methods such as spatial
geochemistry are the result of a recognition that artefacts are rarely suitable for reconstructing
‘in situ’ activities.
The floor, or occupation surface, has been a focus in use of space studies, in that it
supposedly can be a repository of primary activity residues, though this assumption has been
extensively critiqued (e.g. Hayden and Cannon 1983, LaMotta and Schiffer 1999, ShahackGross 2011), and it is recognised that factors such as the composition of the floor play a huge
role in their potential to record activities (Schiffer 1996). When trying to reconstruct
activities, what we are measuring are the formation processes, the material signals and,
crucially, how they have been modified, which are ‘read’ to decipher possible activities. How
do we measure these things together, and how do we know which features relate to each?
Experimental archaeology and ethnoarchaeology can provide insights here, for example the
research of Banerjea et al. (2015) which applies sediment micromorphology to house floor
deposits from three experimental houses (Butser Ancient Farm andSt Fagans, UK; Lejre,
Denmark). The observations of ‘known’ activity areas revealed interesting insights into the
types of residues that form from specific activities, but also how materials are transported and

deposited, and how they are altered after deposition. A particularly relevant observation for
studies into use of space, was the transport of micro residues on the soles of feet, leading to
the deposition of material in locations away from the site of the actual activities. The
interpretation of foot traffic as a transport mechanism has been suggested in an
archaeological example by Regev et al (2015), who identified spreads of ash on floors.
Conversely, an ethnoarchaeological case study by Milek and Roberts (2015) demonstrates
deliberate spreading of ash material on floors to dry the surfaces and act as an insecticide.
Examining how floors and other activities areas have been approached at Çatalhöyük, the
way the data has been generated and presented, can highlight both problems and potentials.
Research can be divided into three phases. During the early phase of excavation in the 1990s,
the team was relatively small, and archive reports make explicit mention of integrated
approaches. Buildings were studied by specialists including thin section micromorphology
(Matthews 1995), geochemical patterning through ICP (Middleton 2004), phytolith studies
(Rosen 2005) and microartefact distributions (Cessford 2003). Initially floors were
considered to be ‘primary activity areas’ (Matthews and Hastorf 2000). Intensive microexcavation and sampling was conducted with the aim of detecting high resolution activity
signals and different functions between rooms, but later abandoned as it became apparent that
the effort required did not deliver results that could be linked to in situ activities (Farid 2015).
A second phase, noted by Rountree (2003) began in the early 2000s, when many new project
members joined, and a new phase of work started. Some methods were abandoned, whilst
others were expanded (Anderson et al. 2014a, 2014b), and new methods such as starch
analysis were introduced (Hardy 2007, van der Locht and Hardy 2009). A third phase since
2013 can be identified, where interestingly aspects of micro-excavation have been
reintroduced, and where integration is becoming more effective (Garcia-Suarez 2013, 2014).

Changing Approaches to activity areas at Çatalhöyük
Phase 1
In the early 1990s there was an initial focus of all specialists on buildings 1 and 5. The
sampling strategies were devised largely by Matthews (1993, 1994, 1995, 1996).
Microartefact floor patterning was applied with the aim of identifying in situ activity, and
perhaps the multi-function and changeability in the use of rooms, and whether this is at all
related to the architectural segmentation of space (Cessford 2003, Hodder and Cessford
2004). The source of microartefact data is heavy residue flotation by-products from standard
30L samples, and is itself ‘multi proxy’ in that it examines all components of the heavy
residue as an assemblage, including microfaunal, botanical, lithic debitage, eggshell, amongst
others. However the materials are removed from their depositional context, separated for
quantification, and re-combined for analysis.
Microartefact studies have been highlighted as having greater potential as primary refuse, as
they are likely to escape the cleaning and deliberate removal that frequently occurs with

larger material (Hull 1987, LaMotta and Schiffer 1999, Ullah et al. 2015). The main
conclusion from this work however is that microdebitage patterning is not a reliable tool for
identification of ‘in situ’ activity, as was initially hoped. By comparing the density of
microartefacts in floors and walls (and assuming the latter would not relate to primary
activity), the analysis showed that walls actually have microartefact densities close to or
sometimes greater than those of floors, suggesting that an in situ activity signal is unlikely.
Cessford (2003) suggests that microartefact densities are in fact a result of the construction
process, and became mixed into the wall and floor material as part of the constructional
materials. The conclusion is that analysis of ‘trapped’ microdebitage from discrete features
such as post holes may be more representative of activities occurring in the building. He also
highlights the problem of using microartefact density, when this may simply be the result of
duration of occupation. This problem has been referred to as the ‘cumulative palimpsest’ or
time-averaging of deposits from multiple activities being superimposed in a certain area
(Bailey and Galanidou 2009).
Preservation of intact floors at the site would deem it ideal for studies of floor geochemistry,
which has seen extensive applications elsewhere (particularly the lime plastered floors of
Mesoamerica e.g. Terry et al. 2004, Barba 2007, Middleton et al. 2010), however it has been
relatively limited at Çatalhöyük following the first phase. Studies by Middleton (2004)
proposed that chemical signals are an important means of identifying use of space that cannot
be obtained through ‘traditional’ (i.e. artefact based) approaches. Middleton and Price (1996)
used ICP-AES to examine bulk chemical signals in the floors of B1 and B5. In Building 5
Middleton (2004) focuses on a ‘single floor’ and proposes distinctions between ‘clean’ and
‘dirty’ on the basis of geochemical patterning - a concentration of P for example near storage
bins, proposing a ‘general traffic’ area, food storage area, and ‘ash scatter’ zone on the basis
of P, Na, Mn and K along with architectural features. These studies are highly cited in spatial
geochemistry studies.
A closer look at ICP analysis of B5 reveals some of the difficulties with interpreting
geochemical signals. Middleton’s analysis shows a high concentration of P near the bins of
Space 157 and in Space 156. One observation is that the chemical signals do not seem to
align with walls, appearing to be more of a spread across areas. The low level of P around a
Fire Installation area is unexpected. The group 4 ‘ash scatter’ is not located near a hearth. It
could be that these signals relate instead to debris from the wall packing material identified in
Space 156, which frequently consists of mixed ash, charcoal and other debris. Against the
walls (F231 and blocking F249) Berggren (1998 a, 1998b) identified a concentration of small
animal bones, and an accumulation of material containing charcoal and phytoliths (3880)
piling up against F249, all of which create P signals and could be the origin of the ICP
signals. As with microdebitage, there is also a problem of intensity versus duration,
geochemical signals are also ‘averaging’ a lifetime of use signals.
Many geochemical studies focus on increased levels of P, which is correlated generally with
food preparation and refuse disposal (e.g. Fernandez et al. 2002). Middleton et al (2010) does
note that the interpretation of bulk chemical residues is problematic, given the lack of
specificity of the signals such as P, and calls for a holistic approach that combines other

evidence to identify whether we are observing a single process of cumulative activity. Later
work (Middleton et al 2010) notes that the equifinality of P means that going from detection
of chemical patterns to the identification of behaviour is not straightforward, and highlights
the importance of integrated geochemical methods that combine organic and inorganic
chemistry in the analysis of floors.
The advantage of sediment micromorphology is that it has the potential to distinguish
between individual episodes of deposition within a single area, even if the floors are too fine
to excavate and sample individually (Matthews et al 1996), and gives a coherent framework
to the different lines of evidence (Campbell 2008). Whilst ICP and microdebitage provide an
averaged picture of ‘use signals’ over the lifetime of the building, micromorphology can look
at variation over time within a single building, from construction to abandonment i.e. this is a
method that can potentially ‘unpack’ the cumulative palimpsests, and examine variability
rather than the average. Micromorphology is unique in that it examines the depositional
relationships between different categories of materials, requiring the analyst to look at all
materials simultaneously, without them ever having been removed from their depositional
context. This enables a direct observation of the specific relationships between categories of
materials that is not possible after they have been physically separated. Early
micromorphology work at Çatalhöyük was conducted by Matthews, applying an approach
developed for other urban sites in the near east (Matthews et al. 1996, Matthews 1998). The
aim of long term study of depositional sequences using micromorphology has been to
investigate the use of space and behaviour at Çatalhöyük, ideally in collaboration with
traditional architectural analysis and distribution of artefacts and bioarchaeological remains
(Matthews 1998). In reality, the different sampling strategies and processes of research have
meant the latter has only rarely been possible, and ultimately the datasets were presented
separately.
Micromorphological studies demonstrated that the type, thickness and frequency of floors
and associated occupation deposits at Çatalhöyük varies spatially within single rooms, and
also through time and the life-history of a building. Such variations can provide important
insights on socio-cultural behaviours. The ‘clean’ and ‘dirty’ areas within B1 and B5
suggested by ICP are resolved in greater detail – the clean areas with high Ca for example
being seen to be surfaces frequently replastered with calcareous sediments, whilst ‘dirty’
areas contain variable sediments with heavy trampling and organic material. Floors in B49
for example are seen to be remarkably clean for the majority of the building life, until
towards the end of use, when we see an accumulation of organic debris (Matthews et al.
2005). This could therefore mean that bulk geochemical analyses reveal an ‘end of life’
signal rather than a lifetime average. Cessford (2003) noted that microdebitage and
micromorphology seem like they should complement each other, but that the problem of
scale means these data are not directly comparable i.e. microdebitage is bulk samples from a
whole section of floors, whereas micromorphology focuses on a limited area, and analyses
successive individual floor layers. A general comparison with micromorphology data
(Matthews 1996) revealed that only certain floor ‘types’ had in situ activity, and these
activities were represented by extremely thin lenses which would be impossible to excavate

and separate from the materials of the floors themselves. This is not necessarily a problem
however. Milek and Roberts (2013) sampled the floors of a Viking house in Iceland in 1m
grids for heavy residue, with a 200ml sub sample of this being used for geochemical analysis.
Micromorphology samples were taken from exposed sections in each of the grid squares.
This enabled an effective comparison between the data sets, in particular it enabled the source
of the geochemical signals to be better understood.
Phytolith studies were also originally designed to complement geochemical analysis (Rosen
1998), but rather than looking at spatial patterning on floors, the phytolith work became more
targeted early on, focusing on storage bins and other contexts where the input of time is likely
to be more informative (Rosen 2005). Interpretation of the phytolith remains has problems
related to taphonomy, as it is often unclear what processes are responsible for the presence of
phytoliths (Shillito 2011). Again, analysis of B1 and B5 would have been enhanced by
presenting this analysis alongside micromorphology, where trampling evidence could have
refined interpretation.
Ethnographic work has similarly shown that phytolith assemblages from diverse sources can
appear similar and need to be considered alongside other proxies to understand their origin
(Shahack-Gross et al. 2004). A study into the use of space at the Neolithic site of Makri in
Greece concluded that, like the patterns in microartefacts at Çatalhöyük, phytolith
assemblages from most floors did not reflect activities, but were already embedded in them,
as they comprised material used to construct the floors (Tsartsidou et al. 2009).
Micromorphology at Makri notes the presence of potential phytolith ‘mats’ (Karkanas and
Efstratiou 2009) and shows the highly localised nature of phytoliths relating to room use. The
activity of house construction and maintenance is more visible than how the space was
subsequently used. This observation is also seen in ethnographic research, where floor
residues are related to building maintenance events rather than activities (Milek 2012). The
physical structure of the floors in thin section indicates processes such as trampling, and
artefact distributions were seen to be a result of this trampling, cleaning and abandonment
rather than primary deposition. Milek concludes that only very select activities have the
potential to leave archaeological traces. A study by Shahack-Gross et al. (2004) on
abandoned Maasai settlements likewise concluded that whilst some activities could be
detected (namely detection of features associated with ash), other features such as house
floors were not detected.
Whilst the initial aims of sampling at Çatalhöyük were to avoid fragmentation, the postexcavation process still occurred according to material categories. There is some limited
cross referencing between microartefact studies to chemical residue work and phytolith
analysis, however the relationship between the datasets is unclear without careful scrutiny of
multiple publications. Why were these analyses been so poorly integrated, when the aims
were to compare the data from different approaches? One reason could be the operational
processes, which make it difficult, and sometimes impossible, for these analyses to be
conducted on site (e.g. in comparison with macrobotanical and zooarchaeological material).
The process of publication and data presentation was therefore ‘staggered’. The lack of visual
plotting of data may also have been a problem.

The ability to integrate is limited by the problems that Birks and Birks (2006) identify for
multi proxy studies in palaecological contexts. Whilst sampling was initially devised by
Matthews, analysis occurred separately, and presented in different ways at different scales,
meaning it is difficult to compare different data. The initial publication of the different
datasets occurred on very different timescales, with some analyses being included in journal
articles (e.g. micromorphology – Matthews et al. 1997; ICP – Middleton et al.; microresidues
– Cessford 2003), and others appearing only in the site monographs (phytoliths).

Phase 2
In the second phase of research, some techniques such as ICP were abandoned, whilst others
were refined. As Farid (2015) notes, there was shift to larger numbers of isolated teams, with
work conducted largely by PhDs and postdocs with lab heads not present for an extended
period of time. Micromorphology was expanded with the aim of integrating complementary
geochemical approaches that could enhance the information that could be gained from thin
section analysis. In contrast to earlier studies, these methods were integrated during the actual
process of data collection by a single researcher, rather than conducting them separately and
trying to bring them together after analysis. Rather than using bulk techniques like ICP, these
studies have tried to integrate micromorphology directly with geochemical fingerprinting
techniques, such as micro FT-IR and XRD, to characterise individual floor layers (Anderson
et al 2014a, 2014b) and GC/MS to investigate organic residues (Wiles 2008). By
‘pinpointing’ an object visually with micromorphology, we can be much more precise about
the origin of a geochemical signal, which removes the ‘averaging’ effect of bulk techniques.
Results indicated distinct differences between layers in terms of materials used, but there are
no clear activity signals in the geochemical data.
The focus of micromorphology studies has shifted from identifying ‘use of space’ through in
situ activity signals, to characterising variations in materials within a building, and how this
may relate to use of the wider landscape resources, and cycles of building maintenance. Such
temporal cycles have been observed in ethnographic studies, and show a real link between
floor construction and lifecycles of different social groups (Boivin 2000).
Another consideration is linking these ‘micro’ methods with macroscopic techniques. The
main focus of these specialist analyses as a whole has been wider questions related to long
term changes in plant economy and domestication, trade and technology, based on material
from middens. A reason for this is that most of the buildings at Çatalhöyük do not have ‘in
situ’ artefacts as buildings were meticulously cleaned prior to abandonment (Twiss et al.
2008). More recently the work of Bogaard and others has turned back to the household, due
to the unique circumstances of B52 which has the preservation of ‘in situ’ remains due to the
burning of the building. The assemblages from this building have been interpreted as a
snapshot of use at a specific moment in the history of the building (Twiss et al. 2008). Using
GIS to spatially plot the distribution of animal and plant remains, Bogaard et al (2009)
identify what are interpreted as assemblages of consumption and ritual located in different

rooms, showing the strength of presenting data together. It is unclear whether the burning of
B52 was deliberate. Carter (2011) argues that a deliberately burnt building does not
necessarily reveal actual patterns of activity, and that they may represent a ‘staged’ scenario
rather than a systemic context of materials.
A strength of microstratigraphic approaches is the ability to observe taphonomic processes
which are otherwise unseen, and indicates exactly where signals are coming from. However,
despite the convincing arguments put forth by Matthews with regards to plant remains
(2010), there has never been a true integration between microstratigraphic analysis and
archaeobotany at Çatalhöyük. One question that could have been resolved through
micromorphology in the earlier discussion of B52 for example, is whether dung fuel was
present that could have acted as an accelerant. Bogaard et al state that dung reduced to ash in
the fire is ‘invisible’, yet this material can be easily observed in thin section through the
distinctive morphology of the ash crystals, and presence of calcareous spherulites (Matthews
2005, Canti 1999). The problem here again is the operational process of these different
methods. Whilst botanical analysis is conducted almost exclusively on-site on a unit by unit
basis, micromorphology requires collection of samples to be exported and prepared before
analysis can take place. Results may not be available in time to be incorporated into other
studies. It is unfortunate that the microarchaeology of B52 has not been studied.
Floors are just one aspect of buildings with the potential to reflect activity and the use of
space; the analysis of hearths and other features within the buildings has also seen a suite of
methods. Understanding activities within a site requires a holistic approach that considers the
movement and cycling of materials around the site, from storage and use, to disposal, and reuse. Examination of the buildings can therefore not occur in isolation from the analysis of
midden deposits and other external areas. Microanalysis has shown direct links between
material within buildings, and that seen in the midden deposits, with materials such as floor
sweepings being seen in the latter (Matthews 2005). These clues enable us to reconstruct
patterns of movement, and the high resolution nature of microanalysis offers the potential to
determine activity patterns in annual, seasonal, or even daily cycles. This is the scale at which
individuals interact with and perceive the landscape, and the scale of the household
‘experience’. At Çatalhöyük, external areas include spaces between building clusters, where
midden accumulates, and it is also thought that activities occurred on the roofs of the
buildings (Matthews 2005). There are no ‘streets’ in the way that we generally use this term,
though the external spaces certainly functioned in a similar way.
Middens can be seen both as ‘indirect’ indicators of activity, being the end product of
activities that presumably occur in houses (Hodder and Cessford 2004), but also as locations
of primary activities – the presence of ‘fire spots’ of various sizes attests to the use of the
midden as an occupation surface (Bogaard et al. 2014, Shillito et al. 2011). Matthews’ work
recognised the limitations of only using ‘visual’ methods such as micromorphology, and as
methods developed later studies of middens, like buildings, aimed to integrate microbotanical
and geochemical methods with micromorphology (Shillito and Matthews 2013, Shillito et al.
2011). The aim here was to better understand the formation processes, and therefore the
activities that are represented.

Middens are more complex than floors, in that they have a high spatial heterogeneity, and are
composed of diverse materials. A method of ‘microsampling’ thin section blocks before
impregnation was developed, so that the data could be directly compared (Matthews et al.
2004, Shillito et al. 2011, Shillito 2011). Whilst useful for providing a highly detailed and
specific ‘excavation under the microscope’, these studies have been limited by the ability to
integrate other proxies (Shillito et al. 2011), particularly plant macroremains. Middens
comprise a large volume of ash i.e. plant remains in another format, and by themselves are
only part of the available evidence. Such work also needs to be better contextualised by
broader phytolith studies, such as the work of Ryan (2011), which has provided a more in
depth analysis of broader patterns of phytolith change over time. But how do we combine
these two approaches?

Phase 3
Shillito and Ryan (2013) demonstrated the advantages of integrating phytolith analysis and
micromorphology to identify changes in the use of space in an outdoor area, which shifted
from being a ‘typical’ finely stratified midden, to an area of intense trampling and activity.
By integrating micromorphology directly with phytolith analysis of selected deposits, a
detailed characterisation of specific layers was achieved, which was able to identify trampled
surfaces alongside the plant and dung component of ash rich deposits. Although successful to
an extent, this study also shows the limitations of sampling strategies that were devised
separately - only a small number of samples were comparable. These external areas were
obviously not cleaned in the same way the internal areas of buildings were, and could perhaps
be the focus of future attempts to understand use of space through multiproxy approaches.
Starch analysis was also introduced towards the end of this phase (van de Locht and Hardy
2009, Hardy et al.). Starch for example in B.77 sp.336, shows the ‘expected’ pattern of clean
floors, with starch only being recovered in significant quantities near storage bins (Hardy et
al. 2014), confirming a function that is readily observable from architectural features, but
providing additional information of the types of products stored within the bins. Despite
starch being analysed from the same buildings as micromorphology, little cross referencing in
the publication of the data. Again, a result of operational processes and lack of extended
presence of researchers on site.

Relationships between ‘multiproxy’ and ‘multivocal’
“despite the best intentions, this ideal was not fully realised” (Farid 2015: 66).
Whilst Çatalhöyük has seen the application of an enviable suite of methods over the past 25
years, we have seen that the integration of these methods has been sporadic, despite early
reports stressing the aims of integration. Micromorphology (and associated geochemical

work), despite its potential as a linking tool and its ability to resolve individual activities, is
one of the most poorly integrated analyses. And yet, when we look at these data it is clear that
the greatest interpretative power comes when they are considered together. Farid notes that
lab heads not being present, and relying on a rotation of students for sample collection and
analysis was a hindrance (2015). This is certainly the case in the second phase of research,
where in my own experience it was difficult as a new team member to fit in to a large, very
busy and overwhelming process. The time it takes to become familiar with a huge project and
huge numbers of researchers, means it can easily become too late to plan sampling in a
complementary way, until it is too late for effective integration.
There is also some tension between multiproxy and multivocal aims. Multivocality
encourages all who have an interest to be involved in the process of data production and
interpretation. An example from the second phase of research is the three chapters on
architecture, each conducted independently and involving various types of analysis of
mudbricks (Tung 2013, Love 2013, Stevanovic 2013). These three different narratives could
be seen as multivocality, in the process of data production,, but each is based on a different
set of analyses and data, with no dialogue. The fact that the data itself is contradictory
indicates a problem with individual or limited proxy approaches. What would be revealed if
these data were brought together? A further chapter on other architectural materials
(Matthews et al. 2013) provides building biographies at a different scale. It is near impossible
to integrate the data from these different studies, to see whether the different analyses could
have worked together.
As well as the ethical argument, Hodder’s multivocality is also epistemic - inclusive practice
will enrich our understanding of the past, though it is stressed that competing narratives need
to fit the evidence. Wylie notes “if multivocality is to be sustained as an operational
practice…it will be crucial to establish grounds on which to warrant (and contest) both the
claims about the past…and reflexive claims (2007, p203).
It is not just the timescale of the operational processes, but also perhaps the ‘ownership’ of
the data from different proxies that makes integration difficult. It may not be a coincidence
that the only studies where data are published together are those conducted by a single
researcher, or a small team. Whilst multivocality requires data sharing, it is inevitable that
methods which are quicker and which produce data that is easier to understand, will
dominate.
One approach that was developed to facilitate data sharing was the priority samples approach,
where certain bulk units are selected for focused analysis by all the specialists. This method is
heavily focused on macros, and not suitable for micro approaches. Micro analyses routinely
identify multiple micro-units within a single context, with huge variability within a small
area, and may have for example hundreds of data points with a ‘single’ unit. Data cannot be
easily linked with the microstratigraphic observations as the samples analysed are often from
different contexts, or from different microstrata within the same context. The important
message than can be taken from this exampleis that the sampling strategies for different
methods need to be devised together.

The reflexive approach at Çatalhöyük, whilst envisaged as on ongoing discussion, has been to
bring the data together after specialist analysis has been conducted, through the use of
discussion groups, and joint writing of chapters, based around priority units, for ‘formalised’
interpretation. In reality materials were still separated (Berggren and Nilsson 2015).
In some ways the project was ahead of its time. The absence of cross referencing and
integration between individual reports noted by Campbell (2008) in phase 1 is perhaps due to
practical issues of collaboration in the analysis and writing process, at a time when digital
communication was not as common. In the early 1990s presentation of micromorphology
data was also difficult, as digital cameras were not routinely available, and production of
analogue images was time consuming and expensive. The lack of spatial plotting of data
made it difficult for others to understand the data, and the relatively slow production meant
that data was not available in time to be incorporated into other studies. We begin to see this
integration happening in phase 2, but it is not until relatively recently that micromorphology
has been directly included in thematic discussions. Now, the possibility of digital cameras in
the field changes this, as does recent advances in procedures for producing thin section slides
in the field (Asscher and Goren 2016).
It is virtually impossible to be fully involved with materials that cannot be analysed in the
field. Berggren and Nilsson, in their review of reflexive methodology (2015) also note that in
practice teams and labs have different priorities, focusing on their own questions which may
or may not be linked to the broader project goals, meaning integration can be difficult to
achieve when time is limited. Whilst multivocality encourages multiple interpretations of the
data, multiproxy aims to reduce the range of possible interpretations by integrating different
lines of evidence, and the requirements of sampling that are needed to properly integrate data.
Birks and Birks suggest a requirement of successful multi proxy analysis is an overall leader
who manages the process of integration (2006), but this contradicts the multi-vocal aims at
Çatalhöyük.
Goldberg and Aldeia (2016) recently reviewed the role of micromorphology in archaeology,
suggesting that observations and data from microstratigraphy are typically underutilised, due
to problems of both the producers and consumers. They and others have noted that data
presentation of micromorphology can be dull and incomprehensible. At Çatalhöyük it is
incredibly impressive that Matthews was able to link descriptive and photographic data
despite technological limitations, and at least with the second phase (Shillito and Matthews
2013, Shillito et al. 2011, Matthews et al.), authors moved away from text heavy descriptions
to give greater emphasis to visual/spatial presentation of data. This could be why the most
recent phase of microarchaeology is becoming more integrated - the “dynamic dialogue’
suggested by Goldberg and Aldeia (2016) has parallels with Hodder’s idea to have specialists
on site, and Aroa Garcia-Suarez has been involved in excavation as well as
micromorphology.
Many of the limitations of integrating data that have been discussed come about from the
nature of excavations at Çatalhöyük. Initially planned as a process of excavation and data
collection, the lack of an overarching strategy for archaeological science, and especially for

the integration of different datasets at a different degrees of resolution, has meant that
sampling for different techniques has passively developed over time, driven by the agendas of
individual researchers and teams rather than an overall ‘vision’ for how these methods might
complement each other. New developments that have come along in recent years have been
difficult to retrofit onto data and approaches from the early days of excavation. Without clear
questions, we run the risk of collecting data that is not informative for the questions we are
asking.
Whilst there is some conflict here between multivocality and multiproxy, they could be seen
as two ways of looking at the same thing. Multiproxy in the process of data gathering, under
a ‘soft’ direction to manage comparability, and multivocality in the process of interpretation.
Multiproxy enables a better comparison of data and can focus interpretations. But meaning of
these signals still requires interpretation. It is this part of the process that needs multiple
voices. Perhaps the hybrid approach suggested by Atalay, stressing that different stories can
be true at the same time, but constraining the stories through the most robust consideration of
evidence. Processes described by Hodder, lend themselves to a focused, question driven
archaeology, with those questions driven by communities as well as scholarly interest.
Reflecting on this reminded me of the phrase Ante-disciplinary Science’, a reflection on
organisational models for team science. Though focusing on biomedical research, the issues
are similar to those of archaeological science. The push for ‘interdisciplinary research teams’,
with individuals of ‘proper credentials’ from different disciplines is seen as problematic, the
author instead advocates for interdisciplinary individuals, who are able to synthesise and
think in new ways, and create new fields, a reorganisation of the discipline (Eddy 2005).
Hodder (2008) emphasises that it is “duty to contest interpretations which violate material
data”, doing so requires an ability to understand the nature of the evidence. Jones (2002 p30)
argues that in order to critique scientific facts, it is necessary to carry them out yourself, or at
least to have experience and understanding of how the facts are produced. Otherwise the
process of data creation cannot be easily criticised. Killick (2015) goes as far as suggesting
that there is a “refusal to learn basic principles of technology” for some types of techniques.
If we do not understand the basics of how a method works, and where the data is coming
from, it is impossible to come up with our own interpretation of that data. We have to rely on
the interpretation of others. What are the implications of this for multivocality?

Whither multi proxy?
You want to go where a question takes you, not where your training left you” (Eddy 2005)

Is a multi proxy approach always necessary? When/how should they be combined, with each
other and with macros? It is clear that ‘multi proxy’ approaches can offer a great deal of
insight, and are an important means of reducing the equifinality of interpretations, but it
depends on the questions. Certainly we do not need ‘all the methods, all the time’. Different
analytical techniques are not always applicable in different contexts. Analyses at Çatalhöyük

have shown that some methods arguably do not produce useful data, or tell us things other
than what we hoped. We need to be willing to change our focus on a particular method, and
focus on the question being asked. Indeed, the strength of multiproxy analysis is its ability to
provide multiple data around a particular question.
Studies at Çatalhöyük and elsewhere have shown that ‘over exposure’ of new methods can
lead to them being discredited when answers are not as clear as was hoped. A recent critique
of geochemical mapping (Oonk et al. 2009) discusses the problems in distinguishing
archaeological signals from modern ones, and how best to integrate geochemistry with other
methods. The authors suggest caution in the use of geochemistry as a ‘mapping’ tool, and
Çatalhöyük shows that other methods are more effective in terms of the detail they can
provide. However, as Canti and Husimann (2015) note, such problems can be overcome by
asking the right questions, both in terms of what is meaningful archaeologically, but also with
regards to the level of detail a method can provide. Spatial geochemical mapping is arguably
not very informative if our interest is in defining activities, but it can provide focus for other
techniques. The use of ‘spot tests’ to target areas of interest is proposed as a screening
method for more time consuming techniques such as ICP and GCMS (Middleton et al. 2010),
and pXRF also provides possibilities for rapid screening. All of this would enable the most
productive sampling for micromorphology.
A third phase of micromorphology and high resolution geochemistry work began in 2013.
Although the full results of this are not yet available, the aims of the work are to have a
greater integration between micro methods and macros (Garcia-Suarez 2013, 2014, 2015). A
new pilot study (Madella 2014) also proposes to address the use of space question brings
together geochemical (ICP), starch and phytolith proxies, lipid and protein residues, with
spatial analysis. A renewed interest in geochemical patterning is welcomed, especially the
simultaneous application of techniques rather than separate sampling strategies. This new
approach builds on previous research at Çatalhöyük, where such an approach was aspired to
but not achieved. Whilst it is unclear how this will account for the taphonomic problems
identified by Middleton and Cessford in linking these data to specific activities, and
distinguishing materials versus activities, it will enable a real multiproxy data comparison,
and allow us to assess which of these methods is most informative.
It is clear that whichever techniques we choose, it is essential that they are integrated from
the beginning if we want to be able to meaningfully compare the data. Çatalhöyük can be
compared with the Central Zagros Archaeological Project (CZAP), chosen as it is one which
the author has experience of, and was also designed by a PI with experience of Çatalhöyük
(Matthews et al. 2013). The Central Zagros Archaeological Project, designed as a 4 year
project, aimed specifically to use a multi proxy approach at the micro and macro scale. The
sampling strategies of the CZAP project were designed to address a set of specific questions,
including use of space within buildings and the wider settlement. The smaller team size and a
focused set of aims and objectives enabled a sampling strategy to be designed which had a
real integration of the different methods. Thin section micromorphology blocks were subsampled at a high resolution for geochemical analysis, and ash layers were sampled at a high
resolution alongside block collection in the field. A combination of phytolith analysis, and

organic geochemical analysis enabled an identification of stratified layers of human and
animal dung. Likewise, phytolith analysis could distinguish between animal dung layers and
other types of ash deposits – a distinction that could only be made through combining with
thin section micromorphology. The experience of working at Çatalhöyük, combined with the
smaller team size and focused direction undoubtedly played a role in the efficiency.
Integration between micromorphology, phytoliths and organic geochemistry provided a very
powerful suite of evidence for the change in use of space of a building, and some of the
earliest evidence for animal penning (Matthews 2013, Shillito et al 2013). This type of
focused study would not be possible with a more exploratory approach, or if the sampling for
different methods occurred separately. CZAP makes it clear that reflexive methods are
possible, and powerful, and a very efficient way to get the most out of smaller scale projects.
New GIS approaches have seen the biggest drive to multi proxy approaches. We are better
able to visualise the relationships between data, including that not generated by ourselves
(Forte et al 2015). The 3D digging project established in 2009 has created 3D models of
houses, and has the potential to map multiple datasets, and hopefully these will eventually
incorporate microstratigraphic data. It is interesting to see that the early inspiration for the
project came from microstratigraphic analysis, and the problem of creating artificial units
(Forte et al. 2012). The visualisation of in situ relationships is something that
micromorphology has long aimed to promote, but has been limited. If geoarchaeology wants
to be integrated into routine analysis, we need to focus on ways of addressing different scales,
and understanding of our data (Aldeia and Goldberg 2016).
The GIS model is almost like a thin section, but at the macroscale, and with a spatial
dimension. It is possible that in future geochemical mapping could be plotted alongside
microstratigraphy, enabling a better comparison between the spatial resolution offered by the
former, and the focused and high resolution temporal detail offered by the latter, whether this
data tells us about materials or activities. It is frustrating that such possibilities have arisen
towards the end of excavations, but at the same time indicates exciting possibilities for the
future in archaeology. Such visualisations perhaps will enable a better understanding of the
data for those who did not produce it, which in turn will enable a ‘data constrained’
multivocality.

Conclusions
So what are the key lessons for archaeological epistemology that we can learn from the history of
multivocality and multi proxy approaches to use of space at Catalhoyuk? Central to archaeological
theory is interpretation, and the process by which we collect, synthesise and assess the evidence
is crucial to interpretation. The diversity of materials we work with and the nature of most
archaeological training, means there is a tendency to gravitate towards particular disciplines, which
impacts the practice of archaeology and how we design archaeological projects. Interpretation
cannot be separated from the methodological process, it is a dynamic system where all parts are
interlinked, and the process of archaeology needs to reflect this.

Raab and Goodyear argue that ‘middle range theory’ is primarily methodological, and does not deal
with the problems of cultural dynamism. Yet archaeology is a methodology, a way of using the

material evidence of the past to address questions that are also the concern of present day
anthropology, geography. The nature of archaeological knowledge cannot be separated from
the method of doing archaeology. The closer we look, the more complex things get, and
‘middle range’ remains a useful concept to show how interpretation links to data
Part of the aims at Catalhoyuk were to show the strengths of materials being considered together and
that multivocality is achievable and necessary (Farid). The history of how this has been approached in
relation to activity areas demonstrates that interpretation depends heavily on our way of working, and
that the hardest part of multiproxy analysis is putting it into practice. How do we best collect and
integrate evidence, and how can teams of specialists (and other stakeholders) work together in this
process? In earlier phases, the process of doing multiproxy analysis was hindered by methods

of data collection that meant data was not always comparable, but also the practicalities of
interpretation and publication. In the 1990s the project was ahead of its time, and we are only
just realising the potential of digital technology for recording and visualization that can help
deal with complex multiple data. However we also need to ensure that everyone gets fair
acknowledgement for their contributions in a profession where ‘reward’ is highly centred on
individual achievement, a related but separate discussion.

Both formation processes and behaviour can be most effectively understood through multi
proxy approaches, where all available lines of evidence are considered together, throughout
the whole research process, not just at the point of interpretation. Later multiproxy
approaches at Çatalhöyük have shown that formation processes of floors and activity
surfaces, are simply not related to the activities that were occurring in them. The signals that
we read are the result of other processes, such as construction and maintenance. Thus ‘use of
space’ is not, as initially hoped, any easier to determine through micro approaches as through
traditional macro approaches. The insights from geoarchaeology show its key role as a
linking tool, but we still have a way to go in determining how best to bring together data from
different scales of analysis.

It is notable that early research at Catalhoyuk was not driven by questions as much as methods, and a
commitment to reflexivity and multivocality (Farid). The most successful integrations have been
where smaller groups have come together to address very focused questions. There are similarities

again with Birks and Birks’ (2006) requirements for successful multi proxy research in
palaeoecology. An exploratory approach that initially focused on the practice of archaeology,
rather than strict research questions (Farid 2015), has generated a huge amount of data and
making this meaningful is a challenge (Berggren et al. 2015). As numbers of researchers
increased, so did multiple agendas, with integration hindered by a lack of overall umbrella to
archaeological science. The results of the third phase remain to be seen, though it seems that
better integration may be achieved (Barański et al. 2015).
A question driven approach to research, where a team is managed closely by a PI enables more
effective data integration, but runs the risk of reducing multivocality. What do we want to know

about the past, and why do we want to know it? Who will it impact and how can we
incorporate those views? From the phase of research design, we should ask why we are doing
archaeology, and what outcomes we want to achieve for different stakeholders, beyond the academic
interest. With the increased emphasis on impact in the UK setting, the ‘so what’ question is becoming
more important. Catalhoyuk centred this with its focus on multivocality and involvement beyond
academia
How can archaeologists and other stakeholders undertake their own interpretations of multiproxy data,
if they do not understand the nature of that data (and its limitations) and how it has been generated?
We can only truly understand the possible meanings of the data if we understand the nature of the data
and how it has been produced. There is an aspect of training here, and also one of transparency. We
need to have less emphasis on being specialists, and ensure that our data is presented in a way that
makes it easy for all stakeholders to understand. Multivocality requires antediscplinary thinking,
where multiple voices can access and appreciate the data. This is different to simply borrowing the
conclusions from other research.
An ‘ante-disciplinary’ approach should be the central focus of developing archaeology. Our strength
is the potential to take a diversity of materials and data, and to understand how that diversity can tell
us something specific about the human past. Processual and post-processual archaeology are a
continuum. Archaeology is both a science, in that it applies methods and concepts from science, and
an art, in that it requires consideration of the data in light of human complexity. Archaeology is a
process which includes both (semi) objective data gathering, and a diversity of explanations,
recognising that even ‘scientific’ data are influenced by our sampling, methods, and equipment limits,
as well as our own situations.
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