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Abstract
The Danish-German Jerash Northwest Quarter Project revealed a robust and striking
pattern of the extreme dominance (>99%) of locally produced ceramics over six
centuries and across different depositional contexts (in total over half a million pottery
sherds). The archaeology of Jerash points towards an exceptional degree of self-
sufficiency in craft products: why? The project team implemented a full quantification
approach during excavation, manually and digitally recording and counting all pottery
and other classes of artefacts. This enabled a full analysis of trends in production and
use of ceramics throughout the archaeologically documented history of Jerash and
revealed the unexpected pattern of the extreme dominance of local pottery. Archaeol-
ogists formulated a set of hypotheses to explain this pattern, and we developed an
agent-based model of simple customer preference driving product distribution to
evaluate several explanatory factors and their potential interactions. Our simulation
results reveal that preference for locally produced ceramics at Jerash might be a
plausible theory, but only if its intrinsic value was considered rather high in comparison
to other goods, or if it was preferred by a majority of the population, and there was a
tendency to follow this majority preference (or a combination of these factors). Here,
we present a complete research pipeline of a full quantification of ceramics, analysis
and modelling applicable at any archaeological site. We argue that transparent methods
are necessary at all stages of an archaeological project: not only for data collection,
management and analysis but also in theory development and testing. By focusing on a
common archaeological material and by leveraging a range of widely available com-
putational tools, we are able to better understand local and intra-regional distribution
patterns of craft products in Jerash and in the ancient eastern Mediterranean.

Keywords Ceramics . EasternMediterranean . Roman archaeology . Data analysis . Open
science . Agent-basedmodelling

Introduction

The full quantification of ceramics from the Northwest Quarter in Jerash, ancient
Gerasa (Jordan) (Fig. 1) reveals a striking pattern: over 625,000 sherds across diverse
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contexts show the dominance (>99%) of locally produced tableware, coarse ware and
cooking ware. This pattern is evidenced from at least as early as the second century AD
and throughout the history of the city as it was consecutively part of the Roman,
Byzantine and Umayyad empires, until the mid-eighth century AD when it was hit by
an earthquake leading to an occupation hiatus at the Northwest Quarter. During all that
time, imported ceramics from the region or other parts of the world are rare. The local
ceramics cover all functional categories required for daily use but are limited in their
typological diversity. Moreover, a reliance on local production is demonstrated in the
excavated glass artefacts as well as metal objects (Barfod et al., 2018; Orfanou et al.,
2020), architecture and sarcophagi produced in the local limestone, as well as the
generally low amount of imported amphorae. The archaeology of Jerash points towards
an exceptional degree of self-sufficiency in craft products: why?

Jerash, is a mid-sized urban centre in the Roman province of Syria, and later, Arabia.
It was part of the Decapolis league of cities—the only nominally ten most prominent
cities of the Roman Southern Levant brought together by their shared language, cultural
and political similarity (Lichtenberger 2003; Raja 2012, 137-189). The monumental
architecture, imperial visits and the size of the urban area suggest that Jerash constituted
an important regional centre in terms of the administrative, cultural, religious and
economic life of the area (Lichtenberger and Raja 2020a; Lichtenberger and Raja
2020b). Its location in the region’s interior, fairly far from the coast and not directly
on the Via Traiana Nova, meant that long-distance trade through the main arteries of
the region would not go through Jerash but a network of secondary roads provided
connectivity instead. Jerash was a well-known local ceramics production centre, and

Fig. 1 The Jerash Northwest Quarter excavations with trench letters (© Danish-German Jerash Northwest
Quarter Project)
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the distinct so-called Jerash bowls and lamps are regularly found on sites across the
region (Uscatescu 2019; Bes et al., 2020).

The peculiar ceramic data pattern could be explained by a range of theories,
including Jerash’s limited integration in ancient transport systems and distance from
the coast, and the great local conditions for pottery production. Among credible
explanations, we also need to incorporate another element: a simple preference for
the local ceramic products over other types of ceramics. Testing such explanatory
efforts faces challenges: hardly any quantitative information of ceramic assemblages at
sites in the wider region has been published and our current state of knowledge about
the morphological and geochemical signatures of the local Jerash products is limited.

Here, we show how a data-driven research strategy can leverage the potential of a
common archaeological material, enabling the evaluation of complex social theories
about product preference and a better understanding of intra-regional distribution
patterns of craft products in the eastern Mediterranean even in the face of these
limitations. Although it is not possible to fully reconstruct the social and economic
history of the region on the basis of pottery stemming from an individual site, the
relevance of this comprehensive approach lies in the development of a research pipeline
which takes the most common archaeological material group and uses it to examine
specific mechanisms of product preference. This pipeline is generalisable enough to
facilitate future explanatory efforts at Jerash but also at similar projects at other sites in
the region, and as such, it will further future research agendas and approaches.

In this paper, a statistical description of the ceramic data pattern we aim to under-
stand is followed by a discussion of the context of ceramic production and distribution
in Jerash and its wider region. Theories of individuals’ preferences for the local Jerash
products are formulated, and we explore their long-term implications by comparing
agent-based simulation with the ceramic data pattern to identify plausible theories of
product preference.

Ceramic Data Pattern

Seven hundred fifty-eight thousand ceramic sherds (includes over 100,000 topsoil
finds) from all trenches excavated between 2012 and 2016 by the Danish-German
Jerash Northwest Quarter Project were documented (Lichtenberger and Raja 2019; Fig.
1). This strategy of full quantification was adopted in light of the need to better
understand local and regional ceramic production in the Decapolis region and the
knowledge that any other collection strategy would favour fine tableware and imported
pottery counts (which can be used for identifying long-distance contacts and serve as
dating evidence). Instead, full quantification allows for an analysis of all ceramic spatial
origins (local, regional, imported), functional categories, proportions across diverse
contexts and chronological trends in combination with other dating evidence
(Romanowska et al., 2021). The material is divided into three categories of local,
regional and imported ceramics: local—made in the urban-suburban area (to the best of
our knowledge); regional—from the region around Jerash including the Decapolis
(which would make these ‘regional imports’, but from fairly close by); imported—
definable imports from beyond the ‘regional’ (such as Roman fine wares, amphorae,
Nabataean pottery). However, we must assume that the secure identification of regional
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ceramics is problematic given the limited knowledge of pottery produced in the region,
although we do not expect the general trend in the collected ceramics to change
significantly in light of this bias. Here, we focus on comparing the proportions between
local and imported ceramics, which we consider particularly reliable. All data used and
the Python script (in Jupyter Notebook) to perform the data analysis are freely available
online (Lichtenberger and Raja 2020a, 2020b; Romanowska 2020). For more details on
the data analysis and a description of other data patterns not studied in the current
paper, please see Romanowska et al., (2021).

The exploratory data analysis (EDA) revealed one general trend: for a period of
more than six centuries, over 99.31% of all ceramics was locally produced across all
ceramic functional categories. When we add up all excavated ceramics, 0.49% is
imported and 0.20% is regional (Fig. 2, left). We can explore this pattern in more
detail by focusing on particular trenches and functional categories and by exploring
dated contexts.

Some differences can be identified across the 24 excavated trenches. Trenches K, P
and V offer in situ contexts closed by the earthquake of AD 749, providing snapshots
of particular household situations of the late Umayyad period in the Northwest Quarter
(Fig. 2 middle). Proportions of imports differ from nearly none (0.32%) in trench K (a
house that was in use and inhabited at the time of the earthquake; Lichtenberger and
Raja 2016) to 11.30% in trench V (a house undergoing restoration at the time of the
earthquake; Kalaitzoglou et al., forthcoming; for trench P, see Lichtenberger & Raja,
2017). Further evidence is offered by trenches B, J and N, ancient olive oil presses that,
after becoming disused, were filled in over a short period with huge amounts of debris
including ceramics (i.e. secondary fills). The amount of imports for all three is
extremely low (0.02% in B; 0.50% in J; 0.60% in N; Fig. 2 right; Kalaitzoglou et al.,
2013). These six trenches confirm the general picture emerging from all 24 trenches:
that imports were rare with some diversity (e.g. trenches P and V).

The same trend can be observed across functional categories. The vast majority of
excavated ceramics is tableware (79%; n = 491 093), followed by coarse wares and

Fig. 2 The proportion of locally produced, regional and imported pottery for (left: ‘total’) all excavated
ceramics (n = 625,063; excludes 133,584 topsoil entries), (middle) three securely dated trenches closed by the
earthquake event of AD 749 (K n = 10 006; P n = 2184; V n = 10 614) and (right) three trenches consisting of
ancient olive oil press installations filled in with ceramics (B n = 58 751; J n = 144 390; N n = 71 555)
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cooking wares, all of which are dominated by local pottery (>99%) (Fig. 3). The only
exception is amphorae, which were predominantly imported, although only 2006
entries are recorded as amphorae (pithoi and storage jars were locally produced and
included in the much higher counts for coarse wares), which is not surprising for an
inland settlement such as Jerash. The typological variation of local ceramics was also
very limited: each functional category was represented by a single or a few types
(Möller 2017).

Possible chronological changes in this trend can be observed. Figures 4 and 5 reveal
that the absolute numbers of ceramics that could be dated through stratified 14C-dated
organic material, or associated ceramics, glass and coins, vary strongly per period,
yet all reveal the same pattern of a tiny fraction of imports in all periods. The largest
proportions of imports (4.35%) are for the Early Islamic period evidenced through 1022
ceramic finds from 14C-dated contexts, whereas for all other periods, the proportions
are typically much lower than 1%.

Ceramic Data Patterns in the Wider Region

This data pattern from Jerash might be comparable to that of Gadara, Scythopolis,
Pella, Philippopolis, Canatha and Abila: similar-sized or smaller cities fairly close by,
which are equally far removed from the main coastal ports. Do sites in the region show
the same limited presence of imports and regional products, or is the ceramic data
pattern in Jerash exceptional?

Our recent literature review (Bes et al., 2020) focused on the Roman- to Umayyad-
period ceramic profiles of Damascus, Philippopolis, Canatha, Bostra, Capitolias, Gad-
ara, Abila, Hippos, Tiberias, Scythopolis, Pella, Philadelphia, Neapolis, Samaria, Dora
and Caesarea Maritima. It revealed that the archaeological processing and limited
publication of ceramic finds regarding most of these sites put a strong limit on our

Fig. 3 The proportion of local, regional and imported pottery grouped by functional categories
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ability to answer this question (Fig. 6; summaries per site included in Online Resource
2). However, the literature review allows us to make three general observations. First,
most and possibly all sites were involved in some level of pottery manufacture of one
or more functional categories within their urban areas or their vicinity. Second, these
ceramic products catered for a considerable if not generally a predominant share of the
inhabitants’ ceramic requirements. Third, long-distance imported pottery is relatively
more common and more varied at coastal compared to inland sites, where we
hypothesise (based on our literature review) it is negligible in terms of quantity and
variety of wares and/or types.

It is unlikely that other sites allow for a reliable formal comparison with the patterns
observed for the evidence stemming from the Jerash Northwest Quarter (but see
Rasson-Seigne and Seigne 2020a; Rasson-Seigne and Seigne 2020b; Uscatescu
2020). Exhaustive quantification of excavated ceramics is rare in eastern Mediterranean
Classical Archaeology. If any full quantification takes place, it tends to focus on
imported ceramics used as indicators of inter-regional interactions and whose well-
studied typologies are crucial for dating of excavated contexts (Bes et al., 2020; see

Fig. 4 Change through time of counts of ceramics from contexts dated through pottery (top) and glass
(bottom). Here and in Fig. 5, the left column shows absolute numbers, the middle column shows absolute
numbers with a logarithmic y-axis to display differences in the tiny amounts of imported and regional ceramics
and the right column shows the relative proportions; period abbreviations: Roman (R), Roman and Byzantine
(RB), Byzantine (B), Byzantine and Early Islamic (BEI) and Early Islamic (EI)
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Reynolds 2010, for a counter example). However, this practice has led to a poor
knowledge of local ceramic production (e.g. archaeometrical characterisation, typolo-
gy, chronology) and intra-regional distribution. Given that locally and intra-regionally
distributed ceramics almost certainly make up the bulk of all ceramic assemblages (Bes
et al., 2020), this situation puts a constraint on our ability to understand local produc-
tion and regional economies for much of the ancient eastern Mediterranean.

We believe that once fully quantified data collection and analysis becomes more
common, computational simulation will prove invaluable in our explanatory efforts.
We will therefore turn our attention again to Jerash as an example to illustrate the
potential of this approach.

Explaining Local Craft Production in Gerasa

What could explain the centuries-long reliance on the local pottery and the limited
morphological diversity? Here, we consider a range of factors that could plausibly be
postulated (see also Romanowska et al., 2018).

Geographical Location and Integration in Ancient Transport Systems Unlike some
other mid-sized cities in the area, Gerasa was not located along the main roads of the

Fig. 5 Change through time of counts of ceramics from contexts dated through coins (top) and 14C (bottom)
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periods under discussion (Fig. 6). It was removed from coastal ports, which would have
negatively affected the diversity of available imported and regional goods. However, it
was well integrated into the ancient overland transport system through secondary roads.

Population Size Gerasa was a mid-sized urban settlement like many other comparable
settlements in the region, with a population of some 10,000–50,000 people (recently
estimated at 15,500 by Hanson and Ortman 2017). It cannot be compared with eastern
metropolis like Antioch or Alexandria, which we can assume would have exercised a
gravitational pull on craft products offered by traders competing for a slice of the
considerable demand of the region. We can expect a more limited attraction of Jerash
than that exerted by larger cities closer by such as Damascus and Jerusalem.

Both of these scenarios may account for a certain level of dominance of one type of
ceramics over another, but their explanatory power behind the observed disproportion
seems limited.

Good Conditions for Large-Scale Ceramic Production The city’s natural setting offered
plentiful availability of wood and olive pits for fuel, water and, in particular, high-
quality clay. Analyses of ceramic thin sections revealed that no temper was used and no
levigation was necessary (Möller 2017). These conditions fostered specialised and
efficient local craft production, allowing this settlement to host workshops that could

Fig. 6 Sites in the wider area included in our overview of published ceramics (Bes et al., 2020). Major Roman
Imperial era roads marked as solid black lines and minor roads as dotted lines (source roads: Talbert 2000;
Ancient World Mapping Centre 2012)

38 Romanowska et al.



supply for all of its local demand and a little more, which was distributed in the area
(Uscatescu 2019). There might therefore not have been a need for imported ceramics
like tablewares, and likely, the local product could outcompete imports in terms of price
and immediate availability, thanks to its efficient and cheap production process focused
on providing a full set of the pottery forms and types to satisfy all local functional
needs.

Self-sufficiency in Agricultural Products The wider territory of Jerash includes
good water sources and fertile areas suitable for the production of olive oil,
wine, flax and other staple goods (Stott et al., 2018; Lichtenberger and Raja
(forthcoming)). Oil production, in particular, is evidenced through finds of oil
presses and the use of olive pits as fuel (Kalaitzoglou et al., 2013). It is
assumed that the community of Jerash was largely self-sufficient concerning
oil and the same could possibly be said for flax and wine, suggesting we would
not expect to find large numbers of amphorae from overseas or an abundance
of tableware, cooking wares and coarse wares produced in overseas areas and
transported along with staple goods (e.g. African red slip ware) (for amphorae
cf. Duplessis et al., 2020; Uscatescu 1996, 172-179; Uscatescu 2020). Again,
whether this alone (or even in combination with the above factors) could
explain the almost complete lack of non-local ceramics is uncertain.

Simulating Product Preference

The above factors are relevant potential mechanisms impacting pottery distribution, and
we consider them plausible to potentially explain at least part of the data pattern. But
their ability to explain the extreme dominance of local ceramics in Jerash is far less
certain and requires formal testing. Would any one of these factors or a combination of
them lead to such an extreme dominance of local ceramics for over six centuries?

In this paper, we wish to focus on a fifth explanatory factor that has received far less
attention: the social processes behind ceramic consumption guided by heterogeneous
preferences for goods.

We argue preference is a relevant theory since the six centuries’ long dominance of
local ceramics reveals a degree of conservatism and self-sufficiency that could be
actively enforced through individual and collective attitudes. Preference for different
craft products in this ancient Mediterranean context could be theorised in a diversity of
ways (e.g. Ray 2009; Van Oyen 2016; Beck 2020). Not only the more limited supply
and possibly higher price of imported goods could have influenced people’s decision to
use a local pot over a non-local one. Individuals’ preferences for the perceived intrinsic
values of local VS imported goods could have equally left traces in the archaeological
record. The changing of individuals’ preferences based on the goods preferred by the
majority or minority of the community could also have resulted in material traces. Was
the local Jerash product consciously preferred to support the local craft economy, or
because the local product was perceived as being of higher quality? Or was the
tendency to buy items that were more popular on the market, or less so, an important
factor? A diversity of hypotheses of product preference can be formulated, and they
bring an individual-based local perspective to discussions of ceramic distributions,
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rather than deterministically considering them the result of Jerash’s location, ecological
setting and size.

Studies of such theories of product preference are common in economics (Gintis
2009), where they have been shown to reveal unexpected and counterintuitive results:
both preference-biased and unbiased scenarios can lead to an inferior product (price- or
perception-wise) becoming the most successful product on a market (Arthur 1989).
Moreover, straightforward intuition-based conclusions should be avoided when formu-
lating theories about individual decision-making, since individuals’ actions can affect
each other in unpredictable ways, and they are most appropriately studied with formal
modelling methods like agent-based simulation (Brughmans et al., 2019; Arthur 2006;
Romanowska et al., 2019).

Here, we aim to evaluate plausible processes of individuals’ product prefer-
ence that can give rise to the extreme dominance of local ceramics. This allows
us to better place individuals’ buying behaviours and decision-making into our
theories as explanatory factors for Jerash’s ceramic data and to reveal the
potential of the simulation approach for other explanatory factors and archaeo-
logical data patterns.

Method

An agent-based model was created to represent diverse processes of preference forma-
tion and their impacts on ceramics proportions (Romanowska and Carrignon 2021).
The model consists of 100 individual agents characterised by a vector of boolean
preferences for three goods representing local, regional and imported ceramics (where 1
is preference for a good and 0 non-preference). The number of different goods an agent
can have a preference for is limited, and once this limit is reached, one preferred good
will be randomly removed from the list. At each simulation time step, agents will copy
others’ preferences with a probability determined by one of six hypothesised behav-
ioural scenarios:

1. Neutral (Fig. 7a): individuals copy each other randomly, and each product has
equal probability of being selected.

2. Intrinsic value (Fig. 7b): individuals are given a predefined preference distribution
representing our theory of how strong the preference for one product over others is.
These can be interpreted as an inherent value of one product over another coupled
with a fully rational choice reflecting economic utility such as quality, price or
value for money (‘I want this good because it is better quality/cheaper/bigger’) or
as a personal preference for one product over another (‘I want this good because I
like it’). This obviously aggregates very different explanations, but disentangling
these causal mechanisms would require data much richer than that available.
Whether Jerash’s inhabitants bought local pottery because it was cheaper, sturdier
or just because they liked it more would all produce the same pottery frequency
pattern. Thus, at this point, we are unable to differentiate between these explana-
tory factors, and until more and different types of data become available, we have
to group them under one scenario.

3. Frequency conformist (Fig. 7c): individuals are more likely to copy popular local
products (‘I want what my peers prefer’).

40 Romanowska et al.



4. Frequency anticonformist (Fig. 7d): individuals are more likely to copy unpopular
products (‘I want the exotic good that few prefer’).

5. Intrinsic value + frequency conformist (Fig. 7e): the individual’s personal prefer-
ence and the popularity of products in the local population are combined (‘I want it
because I like it and many others do too’).

6. Intrinsic value + frequency anticonformist (Fig. 7f): the individual’s personal
preference and the most popular product in the population are combined (‘I want
it because I like it and few prefer it’).

Fig. 7 Example probability matrices for the six hypotheses explored with our model
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These scenarios produce diverse matrices of probabilities of all the products, which
are used to determine what preference for a product each agent copies at each time step.
Copying follows a probabilistic mechanism known as a roulette wheel or fitness
proportional selection (Online resource 3; Romanowska and Carrignon 2021). In
simple terms, in the roulette wheel algorithm, the probability of choosing any one of
the options is proportional to the intrinsic value of the option to be chosen. For
example, product A may have a fitness of 50%, while product B, a fitness of 25%,
in which case product A will be chosen on average twice as often as product B. Over
time, this leads to changes in the frequency of goods in the simulation, since some
products have a higher chance of being copied than others, while all of them have the
same probability of being removed: some come to dominate the market while others
disappear. We record and compare the total amount of each product over the full
duration of the simulation (500 time steps); i.e. we do not merely count the dominant
product at the end of a simulation experiment, but rather assume each time step is a
deposition action, and we look at products’ proportions for the accumulated depositions
(Fig. 7g). Under which hypothesised behavioural scenarios of individual product
preference do we get proportions of goods that are similar to the ceramic record of
Jerash?

Results

The simulation results are presented in Fig. 8, where each boxplot represents how often
one product was selected (used here as a reflection of deposition) by 100 agents over
500 simulation time steps in 100 repetitions of the experiment: i.e. they represent the
cumulative deposition of ceramics over time simulated 100 times. We repeat each
experimental setup 100 times due to the probabilistic elements in our model, to better
understand the distribution of possible simulation outcomes. Additional experiments
reported in Online Resource 3 confirm these results are not sensitive to changing the
number of repetitions per experiment, the number of agents, the number of simulation
time steps and the random mutation probability. We can now compare these simulated
ceramic patterns with the overall archaeologically observed ceramic data pattern
presented above, 99% local ceramics and 1% other ceramics. Figure 8 shows the
distance of simulation results to the data, calculated as the sum of the absolute value
of the difference between the logarithm of the observed frequencies and the simulated
frequencies (formal definition in Online Resource 3).

These results show that some theories of local product preference are less plausible.
Individuals in Jerash clearly did not select products at random independent of what was
happening on the local market (i.e. neutral model, Fig. 8a). Although we did not
consider this a plausible theory, it is crucial to verify it formally. Had such a random
copying process shown a good fit with the archaeological record (meaning the actual
complex social processes cannot be distinguished from random processes), then our
ability to identify plausible product preference theories would have been very limited.
Neither did consumers have a strong tendency to buy a product, which was preferred by
the least number of other consumers (anticonformist frequency bias, Fig. 8c, g, h): i.e.
assuming the local ceramics were preferred less than others because; for example, most
consumers preferred imports; then, even a tendency towards buying that local product
would not lead to it being consumed vastly more than other products. Crucially, if the
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local product was only considered to have a slightly higher intrinsic value, then it
would not have dominated (i.e. low intrinsic value bias; Fig. 8d, j). This last result
highlights our need to be specific when formulating explanatory theories and that
different theories of product preference can give rise to different and sometimes
counterintuitive results.

However, the simulation results also revealed three more plausible theories of local
product preference. First, if the majority of the population preferred the local product at
some point, then a tendency towards buying this product would always result in it being
vastly more represented in the archaeological record (i.e. conformist frequency bias;
Fig. 8b). Second, the local product can dominate if its intrinsic value was considered at
least double as much as that of others (i.e. high intrinsic value; Fig. 8e, f). This implies
that a small difference in the intrinsic value assessment of the local product alone can
explain it being the majority but does not explain the extreme proportions seen for
Jerash (e.g. Fig. 8d): local buyers would need to have preferred it much more than
imported or regional ceramics. We would equally expect to see a much higher
representation of imported or regional wares in the archaeological record if their
intrinsic value was considered higher than the local product (if availability allowed
for this). Third, the local product could equally have dominated, if its intrinsic value
was vastly higher than that of imported or regional products (e.g. eight times higher)
combined with a tendency for buying the product preferred by most (i.e. conformist
frequency bias + intrinsic value bias > 0.8; Fig. 8l). The same applies if the inherent
value is only twice the alternative, although there is a much higher variance in the
results in that scenario (i.e. conformist frequency bias + intrinsic value bias > 0.2; Fig.

Fig. 8 Results of different simulation experimental setups. Each boxplot represents how close the simulated
proportions of local, regional and imported ceramics are to the archaeologically observed ceramics (100
repetitions; 500 time steps; 100 agents)
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8k). This third result reveals that a combination of preference processes could have
been part of causing the dominance of local ceramics.

Discussion and Conclusions

Full Quantification and Eastern Mediterranean Classical Archaeology

The theories we tested through simulation were inspired by the extreme nature
of the ceramic data pattern identified through the full quantification recording
strategy employed at Jerash. A majority of locally produced ceramics can
certainly be expected for a middle-sized inland ceramic production centre such
as Gerasa. But the proportions identified were surprising, because ceramics
have never before been fully quantified at the site and because recovery biases
in eastern Mediterranean Classical Archaeology tend to lead to the overrepre-
sentation of imported ceramics. Our regional literature review (Bes et al., 2020)
suggests that the same is true for almost all sites in the region. This means we
simply cannot evaluate to what extent the ceramic data pattern identified for
Jerash is exceptional within the wider region, because we do not have any
reliable and accessible quantitative evidence to evaluate what is meant by an
expected majority of locally produced ceramics (or regional ceramics for non-
production centres), 75% or 99% of all ceramics? We are currently equally
unable to evaluate the extent to which Gerasa was a (major) supplier of
ceramics for the region as a whole: were Gerasa-made ceramics equally dom-
inant at other sites in the region or are these markets dominated by their local
products?

These insights reveal a need for more rigorous recording and full quantifi-
cation of ceramics in eastern Mediterranean Classical Archaeology. Through the
example of a particularly robust ceramic data pattern at Jerash, we have
illustrated some of the advantages of a fully quantified recording and publishing
strategy: (1) archaeological data patterns can be identified that can confirm or
modify the intuitive expectations of material specialists; (2) the robustness or
diversity of archaeological data patterns can be explored with reference to their
representation in different types of contexts (Fig. 2) or using diverse dating
techniques (Figs. 4 and 5); e.g. focusing quantitative data collection on selected
contexts only (like trench V in the Northwest Quarter with a higher proportion
of imports) might not reveal the ceramic data pattern of the site or diversity of
its ceramic profile through time, whereas full quantification offers the flexibility
to identify this diversity through later quantitative data analysis; (3) formal
comparisons with other sites quantified ceramic assemblages are possible, as
are formal assessments of the plausibility of explanatory hypotheses.

Finally, we emphasise the need for more petrographic and chemical studies
of pottery not destined for inter-regional distribution. This is necessary future
work in light of this pottery presumably forming the majority of excavated
material, including categories that might well have played a role of some
significance in regional distribution patterns. We can assume that most, if not
all, of the cities studied in the literature review (Bes et al., 2020) were involved
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in local and/or close-regional pottery manufacture for one or more parts of the
Roman, Byzantine and Umayyad periods. More integrated research programs
are required that document and analyse these local ceramic products, their
production contexts and distributions (such as Bar-Nathan and Atrash 2011;
Levantine Ceramics Project, 2012–2020). If we wish to get a more thorough
grasp of ceramic craft production and distribution in the eastern Mediterranean,
we will need to increase and diversify our efforts at understanding local and
regional ceramic products. These datasets will then become the cornerstone of
modelling studies which can help us unravel complex interactions between
actors and processes that drove craft production, exchange and discard.

Simulation Results and Open Science

Our simulation results reveal that preference for locally produced ceramics at
Jerash might be a plausible theory, but only if its intrinsic value was considered
rather high in comparison to other goods, or if it was preferred by a majority of
the population, and there was a tendency to follow this majority preference (or
a combination of these factors). However, it is crucial to emphasise that with
these experiments, we did not aim to reveal processes completely explaining the
dominance of local ceramics in Jerash, because they only concern product
preference. Moreover, they also represent ceramics in a very specific way: the
model assumes local, regional and imported ceramics are commodities that were
perceived as different products by the ancient inhabitants of Gerasa. We
consider this an appropriate and necessary assumption for testing our theories
about preference for the local product, because the assumption lies at the core
of the data pattern we aim to understand, but it is by no means an unprob-
lematic assumption (Ray 2009; Van Oyen 2017). Rather, the relevance of our
simulation approach lies in the ability to add specific mechanisms of product
preference to our future explanatory efforts. This method has identified that
specific processes of product preference should be considered plausible factors
alongside the economic (limited supply of imported ceramics and high avail-
ability of local ceramics), locational and environmental factors discussed above.

The alternative locational and economic factors are more commonly theorised
and studied in their abstract form in Classical Archaeology, and they should
equally be formally explored, and simulation approaches might well prove
useful for this purpose. However, we believe complex social processes like
product preference are underrepresented in theoretical debates in Classical
Archaeology, they are insufficiently specified, and their effects are rarely
problematised (Carrignon et al., 2015; Coto-Sarmiento et al., 2018). It is a
commonly raised concern in archaeology that computational models operate on
strictly rational, economic and deterministic frameworks not compatible with
our understanding of individuals as often driven by suboptimal solutions,
personal preferences and potentially not rational decisions (Van Oyen 2017).
Here, our aim was to demonstrate that this association between rational/
mechanistic and formal/computational is an artificial one. To this end, we have
introduced a model that incorporates personal, and not necessarily rational,
choices.
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Our simulation results revealed the need for and the possibility of
hypothesising how some products might have been preferred over others and
how some such processes simply do not lead to intuitive results (e.g. a very
low difference in intrinsic value assessment is insufficient). This is particularly
true for a number of sites in the region for which several different types of data
are available. These datasets could be easily leveraged to unravel the complex
interactions between different factors (price, availability, quality, etc.) which
shaped consumer choices. The simulation approach applied here has great
potential for Classical Archaeology and should be more commonly applied
for evaluating the plausibility of different explanatory hypotheses (Brughmans
et al., 2019). We equally want to highlight the potential of the overall open
quantitative methodological pipeline we have applied for this study: our ap-
proach is openly documented from data analysis scripts to simulation code
(Romanowska 2020; Romanowska and Carrignon 2021), allowing the results
to be reproduced and the methods to be reused.

In sum, we highlight the need for open, transparent and robust methods to be used
throughout the life of an archaeological fieldwork research project. This applies not
only to data collection and management but also to analysis and interpretation through
the means of simulation or other formal modelling methods.
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