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A B S T R A C T

In light of persistent regional inequalities in adaptive outcomes such as health, well-being, and related person
ality traits, psychological research is increasingly adopting a historical perspective to understand the deeper 
roots of these patterns. In this study, we examine the role of ancient cultures, specifically the impact of Roman 
civilization around two thousand years ago, on the macro-psychological character of German regions. We 
compare present-day regions that were advanced by Roman culture with those that remained outside of Roman 
influence. Even when accounting for more recent historical factors, we find that regions developed by Roman 
civilization show more adaptive personality patterns (Big Five) and better health and psychological well-being 
today. Results from a spatial regression discontinuity design indicate a significant effect of the Roman border 
on present-day regional variation in these outcomes. Additional analyses suggest that Roman investments in 
economic institutions (e.g., trade infrastructure such as Roman roads, markets, and mines) were crucial in 
creating this long-term effect. Together, these results demonstrate how ancient cultures can imprint a macro- 
psychological legacy that contributes to present-day regional inequalities.

“What have the Romans ever done for us?”
(Monty Python’s Life of Brian)

A hallmark of progress in the history of humanity has been the 
massive improvements in health and well-being (Diener et al., 2003). 
However, such improvements are distributed unequally across pop
ulations and regions. This inequality cannot be fully explained by pop
ulation characteristics, governments, healthcare, environmental factors, 
or economics (Frey and Stutzer, 2000; OECD, 2011; The Gallup Orga
nization, 2007). One promising path towards a deeper understanding of 
regional differences in health and well-being outcomes (e.g., as 

measured by self-reported psychological well-being indicators and life 
expectancy) is investigating the relatively stable factors that directly 
shape health-related behaviors. One such factor is regional variation in 
adaptive1 personality traits (e.g., low Neuroticism and high Extraver
sion, Agreeableness, and Conscientiousness; DeNeve and Cooper, 1998; 
Soto, 2015). This personality perspective has proven particularly useful 
when studying geographical patterns of socio-economic outcomes 
within countries (in contrast to cross-country analyses) (Rentfrow and 
Jokela, 2016).

There is already considerable interest in the geographical distribu
tion of adaptive personality traits and related health and well-being 

* Corresponding author.
E-mail address: m.obschonka@uva.nl (M. Obschonka). 

1 In this manuscript, we use the term “adaptive“ as defined in well-being, health, and developmental psychology—where “adaptive outcomes” are generally 
considered more desirable in society (e.g., compared to “maladaptive outcomes”), for example in terms of better well-being and health (e.g., Cicchetti, 1993; 
Frankenhuis & Del Giudice, 2012; Schwaba et al., 2021). We acknowledge that the term “adaptive” can have very different definitions in other fields (e.g., in cultural 
evolution).
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outcomes (e.g., Abdellaoui et al., 2019; Jokela et al., 2015; Obschonka 
et al., 2018; Peters et al., 2023; Rentfrow et al., 2008, 2015, 2009; 
Schwaba et al., 2021). This research has identified regional clusters of 
adaptive personality traits, which are positively associated with health 
and well-being indicators.

To gain insight into the genesis of these clusters, it is instructive to 
consider how and when present-day clusters of adaptive personality 
traits and related health and well-being outcomes emerged and why 
they may persist (Elleman et al., 2018; Obschonka et al., 2018; Rentfrow 
et al., 2008; Schwaba et al., 2021). This brings us to the significant role 
of history. While there are many examples of ancient polities casting 
long shadows (e.g., Becker et al., 2016; Guiso et al., 2016; Lowes et al., 
2017; Tabellini, 2010), in the following we want to exemplify the 
importance of history, particularly when combined with a geographical 
psychology lens, by highlighting the influential role of the Industrial 
Revolution. Recently, in an analysis by the BBC (2021) it was shown that 
regions with poor health outcomes (e.g., in terms of child mortality) 200 
years ago are still among the regions with the poorest health outcomes 
today, despite the many improvements in healthcare introduced by the 
British National Healthcare System. Evidence points to the historical 
imprinting effect of the Industrial Revolution as an origin and shaper of 
regional differences in adaptive personality traits and related well-being 
and health outcomes in the UK (Abdellaoui et al., 2019; Obschonka 
et al., 2018). The Industrial Revolution was a major turning point in 
human history, having a particularly big impact in the epicenters of the 
Industrial Revolution (cities and regions with large-scale industries, 
typically close to coal fields because this was an era of coal-powered 
steam engines). The research found that these industrial centers, 
which had also witnessed an unprecedented explosion of population 
growth along with the industrialization, are even up until today char
acterized by a relative lack of adaptive personality traits, and poorer 
health and well-being outcomes, compared to other cities and regions 
that were less subjected to industrialization. Two likely historical 
mechanisms were the selective influx of deprived workers and the 
negative effects of the severe work and living conditions in these in
dustrial centers (Obschonka et al., 2018). Such historical effects were, in 
all likelihood, foundational for the local population and its institutions, 
so it is little surprise that they show remarkable persistence until today. 
In addition, this persistence seems to be maintained by related, more 
recent dynamics such as selective outflow of people with adaptive per
sonality traits and better psychological well-being (due to persisting 
economic deprivation in these cities and regions) (Abdellaoui et al., 
2019; Obschonka et al., 2018). Such research demonstrates how an 
analysis of the historical roots of regional variation in adaptive per
sonality traits and related outcomes can shed light on when such vari
ation likely emerged and why it persists until today.

To address fundamental questions about the emergence and persis
tence of macro-psychological inequalities, it is necessary to combine 
geographical (e.g., cross-regional/cultural; Diener et al., 2003; Lu et al., 
2022; Rentfrow and Jokela, 2016) and historical perspectives (Atari and 
Henrich, 2023; Atari et al., 2024; Muthukrishna et al., 2021; see also 
Abdellaoui et al., 2019; Schwaba et al., 2021). Over the past decade, 
historical perspectives have become more visible in contemporary psy
chological science (e.g., Gelfand et al., 2011; Obschonka et al., 2018; 
Talhelm et al., 2014; Lu et al., 2022). As Muthukrishna et al. (2021)
recently noted “the roots of cross-cultural variation often lie in the past” 
so “psychology needs to become a historical science if it wants to be a 
genuinely universal science of human cognition and behavior” (p. 717). 
Indeed, compared to other social sciences, such as economics (e.g., 
Nunn, 2009) and sociology (e.g., Smith, 2014), psychological science 
still lags in integrating historical perspectives into research designs.

Here, we address the regional clustering of adaptive personality 
traits and health and well-being outcomes by adopting a historical 
perspective that, instead of focusing on the Industrial Revolution, leads 
us back to a particularly influential ancient epoch, and enables us to 
study the drivers, not inhibitors, of adaptive regional outcomes. We 

examine the effects of a region’s history defined by culture, rather than 
by geology (e.g., coal fields, Obschonka et al., 2018). In doing so, our 
study attempts to bridge the fields of psychology, history, and geogra
phy, and we make a particularly novel contribution to psychology as a 
historical science by directly measuring historical factors and mecha
nisms. We attempt to conceptually and empirically reproduce influential 
historical pathways of regions (vs. a more indirect focus on historical 
factors and mechanisms, e.g., Talhelm et al., 2014). To this end, the 
present work examines the imprint of ancient Roman culture from 
around two millennia ago on the German regions that were once 
massively civilized and developed by the Roman Empire and protected 
by the Roman Limes wall. Therefore, it contributes to a small but 
growing literature on the legacies of ancient cultures. Within this liter
ature, Wahl (2017) is a closely related study. He suggests that the Roman 
road network was an important channel of a “Roman development ef
fect” that can still be identified today. He shows that areas within 100 
km of the Limes border in the former Roman part of the country now 
have significantly (at least 10 %) higher night-time luminosity than 
areas within the same distance on the other side of the Limes. From Wahl 
(2017) we also adopt a strategy to identify the causal relationship be
tween the Roman presence and today’s personality traits, the spatial 
regression discontinuity design (RDD). Our work is guided by theory and 
research in geographical psychology (Rentfrow et al., 2008), and by 
Roman economic history (e.g., Flückiger et al., 2022) that gives eco
nomic imprints and path dependencies a unique role (see also 
Muthukrishna et al., 2021; Obschonka et al., 2018; Page, 2006).2

Building on an earlier analysis that investigated a Roman effect on 
entrepreneurship and innovation (Fritsch et al., 2023), we develop and 
test the argument that the Roman occupation produced an advantageous 
positive economic imprint (e.g., investments in economic infrastructure 
and a trade culture), which in turn imprinted a deep, persisting adaptive 
macro-psychological profile. Both the economic and 
macro-psychological imprints co-evolved and continue to contribute to 
inequalities in adaptive personality traits and related health and 
well-being outcomes across Germany today.

The Roman Empire as ancient culture

Today, the physical remnants of Roman heritage are only sparsely 
visible in the German regions once under Roman rule. Prominent ex
amples include the UNESCO World Heritage Site Porta Nigra, the pre
served Ancient Roman city gate in the German city of Trier, and the 
UNESCO World Heritage Site of what are today the remains of the 
Roman Limes wall with its forts, watchtowers, and palisades. However, 
it is often speculated that the Romans left a much deeper, less-tangible 
heritage.

It is well documented that the Roman Empire brought tremendous 
cultural, economic, and social progress to its German regions repre
senting a civilization boost at the macro level (Reddé, 2022). For 
example, the Roman society was much wealthier and considerably more 
structured and organized than the “barbaric” Germanic tribes, with an 
effective public administration and a relatively well-elaborated legal 
system (Drexhage et al., 2002; Franke, 1980). When the Romans occu
pied parts of the territories inhabited by Germanic tribes, they imported 
superior scientific knowledge and a civic structure. The Romans 
possessed much of the technological and natural scientific knowledge 
that existed at that time. They developed water mills, mining 

2 Path dependency can be defined in the sense of Andersson and Koster 
(2011), p. 181: “I agree. We could refer to how Andersson and Koster (2011) in 
Journal of Economic Geography described it: “Path dependence is the process in 
which later conditions are dependent on previous ones (following Martin and 
Sunley, 2006), such that development trajectories depend on initial conditions. 
Persistence, in contrast, is a statistical measure that addresses the lack of change 
in a phenomenon or in its distribution.”
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technologies, water supply systems (e.g., their well-known aqueducts), 
and many of their cities had sewerage systems (De Martino, 1985; Lucas, 
2005; Schneider, 2005). There existed a well-educated upper class and 
considerable literacy rates within the population. In contrast to the 
civilizations outside the empire, the Romans also placed a high value on 
health behaviors such as hygiene, and regularly visited public baths, 
which could also be accessed by poor people and even slaves 
(Ashenburg, 2008). All these cultural advancements were also intro
duced to the territories inhabited by Germanic tribes under Roman 
occupation.

Furthermore, the Roman economy was characterized by a relatively 
pronounced division of labor. The presence of well-accepted money and 
a banking system facilitated economic exchange and financial re
lationships (Drexhage et al., 2002; Finley, 1973). Non-agricultural 
production was mainly at a small scale, but there were also some 
larger manufacturers. The Romans built a road infrastructure that con
nected the occupied territories to the rest of their empire, which had a 
strong influence on the geographic patterns of trade, mobility, and social 
interactions. It has been shown that these ancient Roman roads had 
long-lasting effects on traffic infrastructure, urbanization, and trading 
patterns that exist today (Wahl, 2017; Dalgaard et al., 2022; Flückiger 
et al., 2022; Reddé, 2022).3 Finally, the Romans introduced viniculture 
to the regions of Germanic tribes that they occupied, which was 
conducive to the emergence of partible inheritance systems. These in 
turn lead to a more egalitarian society, with less wealth inequality, and 
more equal opportunities for everybody (Hager and Hilbig, 2019). In 
short, the Romans brought a massive civilization boost to the regions 
they occupied within the territories of the Germanic tribes.

To protect their territory with its cultural and economic advance
ments, the Romans built the Limes wall around 150 AD and it served as a 
border of the empire for more than a century. The Limes consists of three 
major rivers, namely the Rhine, the Danube, and the Main ("Main 
Limes"), as well as a physical wall (see Fig. 1). This wall consisted of two 
parts, the Upper Germanic and the Rhaetian Limes, which were con
nected by the river Main.4 The Romans abandoned the Limes in 275/276 
AD due to the invasion of Germanic tribes and retreated to positions 
west of the Rhine, south of the Danube, and east of the river Iller.5 The 
Limes represents the border of the largest territory within the region of 

modern-day Germany that the Romans were able to retain for a sub
stantial period. It is well-documented that the Limes constituted a 
physical, economic, and cultural border between the Roman and Ger
manic cultures (Von Schnurbein, 1995). The Limes also marked the 
boundary of the Roman road network (McCormick et al., 2013), as there 
were no significant routes constructed for land travel or cities north of 
the Limes in those times.

The Limes provides an excellent opportunity to learn about the 
causal role of Roman rule because it was built for strategic reasons. 
Furthermore, we employ a regression discontinuity design, comparing 
only regions close to the Limes. Consequently, climatic and geographic 
factors such as agricultural suitability and altitude are unlikely to 
confound our analysis. This is important from the viewpoint of causal
ity.6 Specifically, it is important to note that the general course of the 
Limes was determined by the need to establish a safe connection be
tween the two Roman provinces of Upper Germany and Rhaetia. Hence, 
the Limes sought to connect these two provinces by conquering the 
smallest territory necessary, thereby avoiding additional wars with the 
Germanic “barbarians”. Its course reflects primarily military and stra
tegic, not economic or engineering considerations. This reasoning is 
supported by the fact that for around 80 km, the Limes followed a 
straight line and was built without regard to the local topographies. One 
reason for this linear design was to make border surveillance and 
communication between watchtowers (via smoke and light signals) 
easier (Schallmayer 2011). Another reason could have been to demon
strate the superior scientific knowledge of the Romans to the Germanic 

Fig. 1. The Limes Germanicus in 200 AD, major rivers and cities, and Roman 
forts. 
Note: The Limes Germanicus (Upper-Germanic and Rhaetian Limes) is the solid 
black line. Roman forts are shown as black dots. The borders are those of 
present-day Germany.

3 For example, around 87% of the contemporary highways in the Roman 
parts of Germany are located within 10 km of a Roman road (Wahl, 2017).

4 The Limes originated from the fact that, after the defeat in the Battle of the 
Teutoburg Forest (in 9 CE), the Romans retreated to the Rhine and the Danube. 
As a result, it was difficult for them to move troops between both separated 
areas. The area to the east of the Rhine, especially the Black Forest, constituted 
significant obstacles for troop movements and acted like a block between the 
two Roman areas to the east of the Danube and the west of the Rhine. There
fore, the Romans aimed to connect their territory to the west of the Rhine with 
that on the east of the Danube. To do so, in 74/75 CE the Romans—coming 
from Mainz—conquered the area between the Wetterau (the south of the 
northernmost parts of the Limes) and the High Black Forest and built new forts 
there and in the area between the rivers Rhine and Main. At the same time, they 
began to build new forts in the Neckar area and the south of Bavaria by sending 
legions from Strasbourg eastwards and from Switzerland northwards. After the 
victory against the Germanic tribe of the Chatti in Hesse in 85 CE, the Roman 
Emperor Domitian was able to further expand the area controlled by the 
Romans to the north and east. He also ordered the building of new forts and 
developed the Limes borderline by moving troops into newly constructed camps 
along the Limes. In the following years, Trajan extended the line of Limes forts 
first on the Main and then later along and south of the Danube. He also built the 
so called "Odenwald-Limes’’ (a more or less straight line connecting the Main 
area with the Neckar). However, in around 150 CE the Limes was moved to the 
east, to its final location, to further shorten the travel time between the Upper 
German and the Rhaetian province capitals Mainz and Augsburg.

5 Consequently, the area which roughly corresponds to the part of Germany 
south of the Danube and west of the Rhine experienced Roman rule for a longer 
period than the area that was given up after the Limes wall was invaded.

6 One could make the point that preexisting differences either side of the 
Roman Limes could have led to the assumed effects studied in our analysis.
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area (Planck and Beck, 1987; Schallmayer, 2011; Wahl, 2017). For these 
reasons, we can more or less rule out the possibility that preexisting 
economic conditions shaped the location and course of the Limes.

Emergence and persistence: did Roman rule imprint a persisting 
macro-psychological advantage?

Following Rentfrow et al.’s theorizing (2008), we focus on the 
emergence and persistence of regional variation in personality traits and 
related outcomes. Based on this reasoning we generate three hypotheses. 
Hypothesis 1 focuses on Roman occupation as a major geopolitical 
epoch in German history and how it is linked with present-day adaptive 
personality traits and related outcomes. Hypothesis 2 zooms into this 
potential Roman effect by highlighting the influential role of Roman 
investment in local economic infrastructure. Hypothesis 3 then connects 
Roman rule with more recent mechanisms – namely more recent eco
nomic path dependencies of regions that might play a role in the 
persistence of that Roman effect.

Hypothesis 1

Our basic assumption (Hypothesis 1) deals with the imprinting effect 
of ancient Roman culture occurring during Roman rule in parts of the 
area that constitutes contemporary Germany, which could have 
contributed to the emergence of pronounced regional macro- 
psychological variation, setting in motion a divergent pattern of cul
tural and macro-psychological development in these regions. This 
emergence could have happened via two central mechanisms contrib
uting to regional psychological variation: selective migration and so
cialization through local institutions (Rentfrow et al., 2008; Obschonka 
et al., 2018). Historical research has repeatedly highlighted the role of 
systematic migration patterns as shapers of macro-psychological fea
tures in Germany (Kremer, 2022). It is well-documented that the 
Romanization of Germanic regions emerged as a result of massive 
migration waves (e.g., Wolters, 2011). The arrival of new settlers to the 
regions could have helped introduce the habits and traits linked to 
Roman culture.

At the same time, the introduction of Roman institutions might have 
played a central role in the emergence of regional psychological and 
behavioral variation. The formation of such institutions in Southern 
Germany would have introduced improved healthcare and medicine, 
law and order, economic infrastructure, and science and innovation. 
One concrete example of such Roman institutions is the public infra
structure such as public baths or hospitals (Fagan, 2002). Closely 
related, aqueducts provided drinking water and sewerage systems. 
Roman settlements also had many other cultural amenities, such as 
temples, monuments or libraries, which were associated with higher 
levels of life satisfaction. In fact, urban amenities dating back to the 
Romans are still often present in historical Roman cities and provide 
important amenities to citizens even today (Garcia-Lopez et al., 2018). 
Also, more informal institutions like norms, habits, stories, or collective 
memories could play an important role. For example, today, in many of 
these former Roman regions a pronounced consciousness and collective 
memory linked to Roman values and traditions is expressed in common 
stories and narratives.7

Taken together, large-scale migration and particularly the estab
lishment of Roman institutions could have played a crucial role in the 
emergence of regional psychological and behavioral variation. This 
leads us to Hypothesis 1, expecting a homogenous effect of Roman rule 

on all occupied Germanic regions and places, leaving a deep cultural and 
macro-psychological imprint (via selective migrant and socialization 
through institutions). This imprint was so constitutional for the local 
culture of these regions that it can still be detected in present-day 
German populations. In Hypothesis 1, we thus propose:

Hypothesis 1. Roman rule (German regions south of the Limes wall) is 
associated with present-day adaptive personality traits and related 
health and well-being outcomes.

Hypothesis 2

One way Roman rule may have had a particularly deep and lasting 
effect is via specific, concrete, and tangible investments in the local 
economic infrastructure. A focus on such economic infrastructure has 
become a leading perspective in economic history studies, but has not 
yet been linked to psychological research questions. There is initial ev
idence from other historical contexts that such major economic ad
vancements can shape the local culture linked to well-being and health 
in particularly deep ways (Obschonka et al., 2018) and can set in motion 
path dependencies over longer periods of time (Huggins and Thompson, 
2019, 2021). Psychologists have emphasized, for example, the role of 
economic prosperity (and other civilization advancements such as law 
and order) in the emergence and persistence of regional differences in 
adaptive psychological outcomes and functioning such as happiness 
(Diener et al., 2015).

Historical research has already demonstrated how important Roman 
economic infrastructure was for the progress of these German regions. 
For example, Wahl (2017) explained the relationship between the 
Roman Limes in Germany and regional economic development as 
measured by night light luminosity about 100 km north and south of the 
Limes. The study showed that regions in the former Roman part have 
significantly (at least 10 %) higher luminosity than those north of the 
Limes. The study also demonstrated that the extensive Roman road 
network is remarkably persistent up until today. Wahl (2017) and others 
argue that Roman roads lowered transport costs, fostered city growth, 
and influenced the location of new cities founded during the Middle 
Ages. Wahl (2017) suggests that these long-lasting consequences of the 
Roman roads could be responsible for the “Roman development effect” 
indicated in the luminosity data.

Closely related to this study, Dalgaard et al. (2022) investigated 
night light intensity around the location of all historical Roman roads 
and found that not only night light intensity but also road density and 
density of historical settlements are notably and robustly larger around 
the Roman roads. Michaels and Rauch (2017) came to a more nuanced 
conclusion about the effect of the Romans on subsequent developments. 
Investigating urbanization in Britain and France from the Roman era 
until today, they found that the breakdown of the Western Roman 
Empire ended urbanization in Britain but not in France. When urbani
zation started again in the medieval period, towns in France were often 
rebuilt or founded on old Roman town locations. In England, where 
Roman rule ended considerably earlier than in France, the Roman roads’ 
urban network did not persist. Much later, new towns emerged close to 
the coast or at navigable waterways. This distribution has given these 
newly emerging towns a decisive advantage over their counterparts 
from the Roman period because access to waterways became a decisive 
growth factor for cities only after Roman occupation. Michaels and 
Rauch (2017) conclude that being part of the Roman Empire was ad
vantageous in the short term, but the advantage diminished in the long 
term.

Flückiger et al. (2022) show that the Roman trade network across 
Europe, as proxied by the regional prevalence of excavated Roman 

7 An important aspect of regional collective memory is that the power of 
these stories and narratives in shaping the behavior of the local population does 
not necessarily become weaker over time. Alternatively, historical events may 
be forgotten for some time and then later be re-activated by certain events and 
circumstances and become relevant for behavior again.
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ceramics, is still important for understanding cross-regional investment 
behavior. More specifically, the authors document that interregional 
trade in Roman times was highly influenced by connectivity within the 
ancient transport network. They explain the long-run persistence of that 
connectivity by a relatively high level of cultural integration in terms of 
converging values and preferences of the population that may be due to 
dense and repeated social and economic interactions between the 
well-connected parts of the network.

Moreover, it can be regarded as well-established now that culture 
can shape economic development of regions (Guiso et al., 2006; Tabel
lini, 2010).

Taken together, in Hypothesis 2, we assume that it was particularly 
the economic infrastructure that led to the emergence and persistence of 
more adaptive macro-psychological patterns. We focus on the Roman 
road system and Roman markets and mines as central components of the 
Roman investments in the economic infrastructure.

Hypothesis 2. Roman economic infrastructure is associated with 
present-day adaptive personality traits and related health and well- 
being outcomes.

Hypothesis 3

But why exactly would such regional disparities in adaptive macro- 
psychological features have persisted in the German territory once the 
Roman Limes wall had fallen and Roman rule was over? Why would this 
Roman influence have lasted across the centuries and the many histor
ical shifts within German territory (e.g., mass migration streams, hot and 
cold wars, and regional variation and changes in political, religious, and 
economic factors that contribute to socialization patterns of local 
populations)?

We hypothesize that Roman rule set in motion lasting economic path 
dependencies that have been economically beneficial for these regions 
until today. This not only happened via the initial investments in good 
economic institutions and infrastructure, but also via subsequent, cu
mulative local dynamics in the formerly Roman regions of Germany. 
Economic path dependencies have been extensively studied in eco
nomics, indicating that they not only shape persisting economic out
comes (e.g., economic growth and innovation) but also cultural and 
macro-psychological variation between regions (Diamond and Rob
inson, 2010; Guiso et al., 2006; Nunn, 2009; Nunn, 2014 or Voth, 2021). 
Research in economic history has already demonstrated that, for several 
countries and regions, Romanization had long-lasting economic effects 
(Wahl, 2017; Dalgaard et al., 2022). Thus, in Hypothesis 3, we focus on 
local economic path dependencies as a key mechanism behind the 
persistence of the Roman macro-psychological imprint. Based on theo
rizing on the persistence of macro-psychological patterns (Rentfrow 
et al., 2008) and the particularly important role of economic structures 
and prosperity in such persistence patterns (Huggins and Thompson, 
2019; Obschonka et al., 2018), we assume that regional differences in 
recent economic prosperity in Germany (GDP per capita) is an important 
mechanism currently maintaining the regional macro-psychological 
inequalities that can be traced back to the Romans. Hence, we argue 
that the socio-economic development of regions under Roman rule may 
have benefitted from a head-start of superior economic conditions that 
distinguishes them from other regions until today (see Wahl, 2017, 
Dalgaard et al., 2022), which is also conducive to the higher levels of 
adaptive outcomes investigated in our study.

The economic history literature discusses a number of possible rea
sons for such a link between the Roman occupation more than 1700 
years ago and today’s economic prosperity. An important advantage of 

the Roman occupied areas was that the Romans founded a number of 
cities (e.g., Regensburg, Cologne, Mainz), thus creating and exploiting 
agglomeration economies long before larger settlements emerged in 
other German areas and making the Roman part of Germany signifi
cantly more urbanised (Wahl, 2017). The literature also shows that the 
Roman road network has survived to the present day, giving Roman 
towns and the towns built on them in later times a decisive transport cost 
advantage, making many of them centres of trade and commerce, but 
also of politics and the church (many of them were bishoprics) 
(Flückiger et al., 2022; Dalgaard et al., 2022; Wahl, 2017). Furthermore, 
regions in Germany that were under Roman rule have a higher road 
density today compared to other German regions, largely due to the 
remnants of Roman roads (Wahl, 2017). Moreover, Roman cities, mar
kets and road infrastructure created a local culture of creativity, in
genuity and entrepreneurship that has persisted through selective 
migration and intergenerational transmission of values to the present 
day (Fritsch et al., 2023). As a result, the regions of modern-day Ger
many that were once under Roman rule are more innovative and exhibit 
higher levels of entrepreneurial activity today.

Moreover, with such an economic path dependency of more eco
nomic prosperity, one can assume that this in turn was and is conducive 
to higher levels in adaptive outcomes in these regions (e.g., health and 
well-being and relatively adaptive personality traits), compared to 
German regions north of the Limes. First, it is well-established that long- 
term economic adversity (e.g., long periods of unemployment and job 
insecurity in a person’s occupational career) is linked to decreased 
psychological and physical well-being (McKee-Ryan et al., 2005). 
Numerous studies reported a positive correlation between 
socio-economic status, and adaptive outcomes such as psychological 
well-being (Tan, et al., 2020) and health (Leng, et al., 2015; Letourneau 
et al., 2013). Other studies indicate that one path through which per
sisting local economic prosperity/adversity affect local well-being and 
health levels is via local levels in adaptive personality traits (Abdellaoui 
et al., 2019; Obschonka et al., 2018).

Hence, taking our assumptions about the economic path de
pendencies linking the historical Roman imprint to today’s adaptive 
outcomes together, in Hypothesis 3 we assume:

Hypothesis 3. Regional variation in economic prosperity in modern 
Germany mediates the effect of Roman rule on present-day adaptive 
personality traits and related health and well-being outcomes.

Method

We report how we determined our sample size, all data exclusions (if 
any), all manipulations, and all measures in the study. This study was 
not preregistered.

Units of observation

We use planning regions (Raumordnungsregionen), which represent 
functionally integrated spatial units comparable to labor-market areas in 
the United States, as the spatial unit in our analyses. There are 96 
German planning regions, which determines the sample size for our 
analyses.8 We overlay shapefiles of the walled Limes and the courses of 
Danube, Rhine, and Main, onto the borders of the planning regions. In 

8 Shapefiles for the borders of the planning regions are from the Federal 
Institute of Research on Building, Urban Affairs and Spatial Development 
(Bundesinstitut für Bau-, und Stadt- und Raumforschung, BBSR). They are freely 
available at https://stern.carto.com/tables/shapefile_raumordnungsregionen 
_nach_bbsr/public. Shapefiles of the borders of Germany and of the Federal 
States are from the Federal Agency of Cartography and Geodesy (Bundesamt für 
Kartographie und Geodäsie).These shapefiles are available at http://www.geod 
atenzentrum.de/geodaten/gdz_rahmen.gdz_div?gdz_spr=deu&gdz_akt_zeile 
=5&gdz_anz_zeile=1&gdz_unt_zeile=15&gdz_user_id=0
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doing so, we can assign the planning regions to the historical Roman 
area. We can also identify regions that are split by the Roman border (i. 
e., located partly within the Roman Empire and partly in the non-Roman 
area). We create a dummy variable equal to one (and zero otherwise) for 
such "split regions." They could be special because they are partly 
treated and partly not.

Dependent variables

Personality traits
Data on the present-day regional personality profile of the local 

population comes from the German dataset of the global Gosling-Potter 
Internet Project.9 The project collected personality data via a non- 
commercial Internet website (Rentfrow et al., 2008; see also Gosling 
et al., 2004). People can voluntarily participate in this study by 
completing a questionnaire on socio-demographic variables, personality 
traits, and state of residence. As an incentive, participants received a 
personality evaluation based on their responses. The data collection was 
declared exempt from informed consent by the approval of the Institu
tional Review Board at the University of Texas at Austin because there 
were no significant risks to participants (IRB #2004–10-0073).

In the present analysis, we use the data collected from German re
spondents between 2003 and 2015 (N = 73,756). The personality profile 
of the respondents was assessed via the German language version 
(Rammstedt and Danner, 2017) of the well-established Big Five In
ventory (BFI; John and Srivastava, 1999), which consists of 44 items 
(5-point Likert scale, 1 = disagree strongly, 5 = agree strongly). These 
individual-level personality data were then aggregated to the regional 
level (regional average scores in each Big Five trait) using the zip code of 
the respondent’s current residency. The share of respondents per region 
over total national population as well as the socio-demographic struc
ture of the respondents correlate strongly with the respective data as 
provided by the Federal Statistical Office. Therefore, the dataset can be 
regarded as relatively representative at the regional level (for details, see 
Fritsch et al., 2018, Obschonka et al., 2017, 2019). Ebert et al. (2022)
provide further evidence for the validity of such regional personality 
datasets.

Geographical variation of the Big Five traits in Germany has been 
previously documented (e.g., Obschonka et al., 2019; Peters et al., 
2023). The novel contribution of the present work is systematically 
investigating the historical origins of this documented regional varia
tion, with a focus on Roman rule and historical mechanisms.

Health and psychological well-being
To assess health and well-being outcomes, we considered life satis

faction as well as health satisfaction as measured by the survey data of 
the German Socioeconomic Panel (SOEP) on an 11-point Likert scale.10

These data are averaged over different survey waves from 1984 to 2016. 
In addition, we considered life expectancy, indicating regional health 
and well-being outcomes based on more objective facts than the sub
jective assessment of life and health satisfaction. Our indicator is the life 
expectancy of a newborn child averaged over the years 2013–2015.11

Data on Roman occupation

We calculate a host of historical variables at the level of planning 
regions. To account for pre-Roman settlement patterns in the non- 

Roman areas, we report the number of Celtic settlements (Oppida, i.e., 
hillforts or princely residences) within a region.12 For each region, we 
also create a variable for the number of Roman era settlements and 
Roman markets or mines. These variables are extracted shapefiles from 
the DARMC.

Control variables

Present-day well-being and economic prosperity are likely to be 
influenced by several common factors beyond the continuing influence 
of Roman culture. Therefore, we include a number of variables designed 
to control for the influence of several non-Roman factors known to affect 
well-being and prosperity.

First, we considered (non-Roman) trade infrastructure as important 
driver of well-being and economic prosperity (Acemoglu and Robinson, 
2012; Flückiger et al., 2022; Nunn, 2009; Storeygard, 2016; Wahl, 
2017). We focus on the German Hanseatic League, which was a major 
medieval commercial and defensive confederation of merchant guilds 
and market towns (Wahl, 2016). We calculated a dummy variable equal 
to one if a region includes at least one leading member of the medieval 
German Hanseatic League based on Dollinger (1966). In addition, we 
also considered the intersection of a region with the major rivers Dan
ube, Elbe, Oder, or Rhine as indication of relatively easy and low cost 
means of transportation and interregional trade. We account for such an 
influence of a trade-prone geography with a dummy variable equal to 
one if a region intersects with one of those rivers.13 For the same reason, 
we consider a location at the coast with a respective dummy variable 
(yes=1, no=0).14

Second, we considered the suitability of a region’s soils for growing 
crops (according to Zabel et al., 2014). This measure reflects a combi
nation of climatic and geographic factors (topography etc.), as well as 
soil characteristics (pH value etc.) ranging from 0 (no suitability) to 100 
(perfectly suitable). We also account for the mean elevation in meters 
and terrain ruggedness (according to a digital elevation model of the 
EEA) as well as mean sunshine duration and temperatures in July.15

These variables control for natural conditions in a region for agricultural 
use and settlement and indicate the economic incentives of agricultural 
activity and economic development (e.g., Combes et al., 2010; Stuetzer 
et al., 2016; Runst and Wyrwich, 2022). These are basic geographic 
characteristics, which are usually included as covariates when empiri
cally studying the long-term evolution of socio-economic outcomes.

Third, research indicates that major historical outbreaks of infectious 

9 Rentfrow, Gosling and Potter (2008). For more details on the German 
dataset see Obschonka et al. (2017, 2019).
10 For the German Socioeconomic Panel see Goebel et al. (2019).
11 The data are provided by the Federal Institute of Research on Building, 

Urban Affairs and Spatial Development (BBSR) and can be accessed under http 
s://www.bbsr.bund.de/BBSR/DE/Home/Topthemen/interaktive-karten/lebe 
nserwartung/lebenserwartung.html

12 Information on Celtic settlements come from the Digital Atlas of the Roman 
Empire (DARE) and the Pleiades Database of Ancient Places that is hosted by 
the Ancient World Mapping Center (AWMC) of the University of North Car
olina. This digital atlas is edited by Johan Ahlfeldt from Lund University. It can 
be accessed under this url: http://dare.ht.lu.se/. The Pleiades database is from 
the AWMC website http://awmc.unc.edu/awmc/map_data/shapefiles/cultural_ 
data/Pleiades_data/. We validate and supplement the DARE data based on in
formation in several other historical and archeological publications (Kristiansen 
2000; Kuckenburg 2000; Menghin 1995; Rieckhoff 2008).
13 Information about the location of these rivers is taken from a shapfile 

provided by the European Environment Agency (EEA).Downloadable at http 
s://www.eea.europa.eu/data-and-maps/data/wise-large-rivers-and-large-lake 
s/zipped-shapefile-with-wise-large-rivers-vector-line/zipped-shapefile-with-w 
ise-large-rivers-vector-line/at_download/file
14 A respective shapefile is downloadable at: https://www.eea.europa.eu/da 

ta-and-maps/data/eea-coastline-for-analysis-1/gis-data/europe-coastline-sha 
pefile
15 The digital elevation model is provided as raster file and can be down

loaded from https://www.eea.europa.eu/data-and-maps/data/eu-dem. The 
DWDs Climate Data Center data can be accessed at https://opendata.dwd.de/cli 
mate_environment/CDC/observations_germany/climate/multi_annual/mean_ 
61-90/. Soil suitability and climate variables are averaged over the period 1961 
to 1990.
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diseases may have left persistent traces in the regional population 
(Murray and Schaller, 2014; Schaller and Murray, 2008; Siuda and 
Sunde, 2021). One major infectious disease was arguably the plague. We 
therefore control for this potential historical influence in our empirical 
models.16 Data on the number of historical plague outbreaks in a region 
are taken from Biraben (1975), who collected information on the spread 
of the plague in Europe and the Mediterranean from 1347 to 1900. 
Overall, he recorded 11,180 major outbreaks. Imprecise geographical 
descriptions and other uncertainties reduce the number of localizable 
outbreaks to 6,929. We use the geo-located data for these outbreaks 
provided by Büntgen et al. (2012).17 We want to point out that plague 
outbreaks might be a so called “bad control” as it might be influenced by 
Roman presence (the treatment), e.g. because Roman regions could have 
had a higher population density during the Middle Ages which poten
tially made them more prone to the outbreak of diseases. Controlling for 
this variable might therefore introduce a bias in the regression.

Finally, research indicates that natural resources such as coal fields, 
and related local processes of historical industrialization and deindus
trialization can affect well-being and economic prosperity (Abdellaoui 
et al., 2019; Fernihough and O’Rourke, 2021; Obschonka et al., 2018). 
We therefore control for the geographical proximity to coal fields. As 
coal access and regional coal employment could be endogenous, we 
proxy coal access with the presence of late carboniferous rock strata. 
Rock strata from the Carboniferous Age are where coal is often found. 
Hence, coal field locations should be close to or on such rock strata 
(Fernihough and O’Rourke, 2021). We used a geological shapefile of 
Europe showing the location of those rock strata,18 and created a 
dummy variable equal to one if there are late carboniferous rock strata 
in a planning region. Fig. 2 shows the historical data alongside the 
borders of planning regions and the courses of large rivers.

The data used in this paper is available from the authors upon 
request. Table A1 in the Appendix provides an overview on the defini
tions of variables and data sources. Table A2a and A2b show some 
descriptive statistics and Table A3 depicts correlations between Roman 
legacy and the outcome variables. Figures A1 to A8 in the appendix 
illustrate the regional variation of the personality traits and the health 
and psychological well-being outcomes in relation to the historical 
Roman Limes border.

Results

The effect of Roman rule (Hypothesis 1)

OLS regressions
We test the effect of a Roman dummy variable on the outcome var

iables with ordinary least squares (OLS) regressions. We estimate the 
equation 

Yi = α + βRi + γʹXi + εi (1) 

where Yi is an outcome variable (e.g., personality traits, health, or 
psychological well-being variables). The indices i represents regions (i). 
Ri is a dummy variable equal to one if region i is entirely located in the 
historical Roman area. Xi is a vector of geographical and historical 
control variables. εi is the error term. We estimate heteroskedasticity 

robust standard errors throughout the analysis.
In an initial step, we separately regress the Big Five personality traits 

and health and psychological well-being of the regional population on 
the Roman legacy dummy (=1 if a planning region is located completely 
within the borders of the Roman Empire) without any control variables. 
We find statistically significant coefficients of the Roman dummy for 
four of the Big Five traits (Table 1, column 2 to 7) and all health and 
psychological well-being variables. According to these results, the 
populations in those regions that were occupied by the Romans nearly 
2000 years ago show significantly higher levels of extraversion, agree
ableness, and openness, and significantly lower levels of neuroticism 
(which points to more adaptive personality patterns in the former 
Roman regions of present-day Germany) than do the populations living 
in the non-occupied regions. The strongest effects on the traits were 
shown for neuroticism, in which 13 % of the variance was explained by 
Roman occupation. Moreover, populations living in the formerly Roman 
areas today report greater satisfaction with life and health, and also have 
longer life expectancies, which showed the strongest effect (28 % 
explained variance).

Fig. 3 illustrates these two strongest effects of the Roman legacy (on 
neuroticism and life expectancy). The maps show that the historical 
Roman border wall still broadly “separates” present-day Germany, 
especially with respect to psychological and health outcomes.

We next added to our analyses relevant control variables that may 
have influenced the outcomes. Including these control variables elimi
nated the effects of the Roman wall on agreeableness and openness. The 
effects on satisfaction with life and health, and life expectancy were 
smaller but still statistically significant (see Table 2). Among the per
sonality traits, the model is most predictive of extraversion (22 % 

Fig. 2. Planning regions, the Limes Germanicus, Roman roads, markets, and 
mines and Celtic Oppida. 
Note: The Limes Germanicus (Upper-Germanic and Rhaetian Limes) is the solid 
black line. Blue solid lines are major rivers (Danube, Elbe, Oder and Rhine). Red 
solid lines are certain, major Roman roads. Black rectangulars are Celtic Oppida 
and diamonds indicate the location of a Roman market or mine. The borders are 
planning region borders in present-day Germany.

16 The data can be downloaded at https://www.wsl.ch/fileadmin/user_upload 
/WSL/Landschaft/Landschaftsentwicklung_Monitoring/Landschaftsgeschicht 
e/Historical_plague_outbreaks.txt
17 The data can be downloaded at https://www.wsl.ch/fileadmin/user_upload 

/WSL/Landschaft/Landschaftsentwicklung_Monitoring/Landschaftsgeschicht 
e/Historical_plague_outbreaks.txt
18 The shapefile is downloaded from the website of the Federal Institute of 

Geoscience and Natural Resources (Bundesanstalt für Geowissenschaften und 
Rohstoff). The link to the download is the following: https://download.bgr.de 
/bgr/Geologie/IGME5000/shp/IGME5000.zip.
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explained variance). Among the health and psychological well-being 
outcomes, the model is most predictive of life expectancy (43 % 
explained variance). For example, Roman legacy is associated with a life 
expectancy that is longer by six months.

It is remarkable that only a few of the control variables were statis
tically significant. There are significant relationships between some of 
the outcome variables and being located at the border or at the coast, the 
mean temperature, sunshine duration, the number of plague outbreaks 
in the Middle Ages, and presence of carboniferous rock strata. Variables 
that indicate characteristics of the landscape and quality of the soil 
(mean elevation, terrain ruggedness, soil suitability) are statistically 
significant in only one case. The number of Celtic Oppida is statistically 
significant in three of the eight models; quite interestingly, the statisti
cally significant coefficients of this control variable assume an opposite 
sign as the dummy for being part of the Roman Empire. This finding 
highlights the differences in these outcomes between regions formerly 
under Roman rule and those in non-occupied parts of Germany (Celtic 
Oppidas were pre-Roman settlements in the non-Roman areas).

We also want to acknowledge the effect sizes observed for the Roman 
dummy variable. Outcomes like well-being, health, and related adaptive 
personality traits are extremely complex, multicausal constructs, so one 
should not expect large effect sizes when examining single influences, 
particular when focusing on a distal influence such as ancient cultures 
(Götz et al., 2022). Additionally, we study regional aggregates, and this 
aggregation can also impact effect sizes and their interpretation (see 

Ebert et al., 2022). Overall, we find the observed effects to be note
worthy, though interpreting these effect sizes with such aggregate-level 
data in perfectly unambiguous ways can be challenging.

Robustness checks. We ran two robustness tests for the effect of the 
Roman dummy variable. The first tests whether the results also hold 
when one also considers more recent historical borders in Germany that 
could have left a major psychological imprint in modern-era Germany. 
From a historical perspective, the most prominent other relevant his
torical borders would be the border of the German areas briefly occupied 
by the French during the Napoleonic period (1803–1812), those of the 
French occupation zone after World War II, and the border of the former 
GDR to West Germany between 1961 and 1989 (also known as the 
“Berlin Wall” or the “Iron Curtain”). The French occupation zone after 
World War II was cut right through the current federal state of Baden- 
Württemberg and could be important because population growth in the 
post-World War II was significantly lower in the former French occu
pation zone because the French did not take any refugees from the 
eastern German territories (Schumann, 2014). Both other borders are 
known to have had profound effects on economic developments and 
people’s attitudes in subsequent periods (see Acemoglu et al., 2011, 
Alesina and Fuchs-Schündeln, 2007, Buggle, 2016, Lichter et al., 2020) 
and thus, might bias estimates of the Roman effect, especially, as the 
Napoleonic occupation area included the Rhineland, a significant and 
densely populated area within the present-day German regions that 
were once occupied by the Romans.

Table 1 
Roman legacy and personality traits, health, and psychological well-being.

(2) (3) (4) (5) (6) (7) (8) (9)
Dependent variable Extraversion Agreeableness Neuroticism Conscientiousness Openness Life Satisfaction Health Satisfaction Life Expectancy

Roman (1=yes) 0.0327*
(0.0135)

0.0264**
(0.0078)

− 0.0467***
(0.0113)

0.0208 
(0.0114)

0.0426***
(0.0114)

0.164***
(0.0512)

0.177***
(0.0455)

0.987***
(0.167)

​ [0.205*] [0.307**] [− 0.373***] [0.157] [0.305***] [0.253**] [0.319***] [0.540***]
R² (adjusted) 0.032 0.084 0.130 0.014 0.083 0.054 0.092 0.284

Notes: Ordinary least squares regressions. Robust standard errors in parentheses.
*** Statistically significant at the 0.1 % level.
** Statistically significant at the 1 % level.
* Statistically significant at the 5 % level. Standardized beta coefficients are in brackets. The number of observations (regions) is 96 in all models.

Fig. 3. Neuroticism and life expectancy in present-day Germany and Roman Limes border.
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We constructed three dummies equal to one if a planning region 
belonged to the French or Napoleonic occupation zone or to the former 
GDR.19 We then ran OLS regressions with the full set of baseline controls 
for extraversion, neuroticism, conscientiousness, life satisfaction and life 
expectancy. Table A4 in the Appendix reports the results. The Roman 
dummy remains significant only for neuroticism and conscientiousness. 
This finding suggests that the Roman imprinting of personality traits is 
deeper than those of the well-being and health outcomes like life ex
pectancy. The dummies for the French occupation zone after World War 
II and the Napoleonic occupation are never significant. Therefore, 
compared to the Roman effect, the effect of those historical borders 
seems to be smaller. The former GDR, in contrast, had a significant 
negative effect on life and health satisfaction as well as life expectancy, 
but shows no significant influence on the personality traits.

In the second robustness check, shown in Table A5 in the Appendix, 
we show the results of re-estimating the regressions reported in Table 2. 
In these analyses we use an alternative version of the Roman dummy 
that is equal to one not only if a planning region is entirely located in the 
historical Roman area, but also if it is split by the Roman border (i.e., 
some parts are located outside the regions of present-day Germany that 
were once under Roman rule). The results from these analyses are 
virtually identical to those of Table 2, suggesting that the results do not 
depend on these few, split regions. In Appendix Table A6, we assess the 
robustness of the results presented in Table 2 to the potential influence 
of spatial autocorrelation. This is achieved by calculating standard er
rors adjusted for spatial autocorrelation following the methodology of 
Conley (1999). Conley’s (1999) method is based on the choice of a 
cut-off distance beyond which spatial autocorrelation is assumed to be 
zero. Following Dalgaard et al. (2022), we determine this cut-off dis
tance by calculating Moran’s I for different distance bands (from 10 to 
500 km). We then select the smallest distance as the cut-off for Conley 
SEs, for which Moran’s I is considered insignificant. It is evident that the 
resulting spatial autocorrelation adjusted standard errors show minimal 
variation and the results in Table 2 remain unchanged.

Spatial regression discontinuity design
So far, we had tested the effect of a Roman dummy variable, thereby 

Table 2 
Roman legacy and personality traits, health, and psychological well-being with control variables.

(1) (2) (3) (4) (5) (2) (4) (6)
Dependent Variable Extraversion Agreeableness Neuroticism Conscientiousness Openness Life Satisfaction Health Satisfaction Life Expectancy

Roman (1=yes) 0.0433* 0.0156 − 0.0568** 0.0517** 0.0090 0.313*** 0.209* 0.562*
​ (0.0192) (0.0108) (0.0186) (0.0186) (0.0191) (0.0868) (0.0845) (0.225)
​ [0.272*] [0.181] [− 0.454**] [0.389**] [0.0646] [0.482***] [0.377*] [0.307*]
Intersects major river (1=yes) − 0.0136 0.0087 − 0.0024 0.0174 − 0.0038 − 0.106 − 0.0224 − 0.0476

(0.0185) (0.00921) (0.0146) (0.0145) (0.0161) (0.0670) (0.0591) (0.164)
​ [− 0.0895] [0.106] [− 0.0202] [0.138] [− 0.0282] [− 0.171] [− 0.0424] [− 0.0273]
Border region (1=yes) 0.0425** − 0.0067 − 0.0311* − 0.0182 0.0101 0.122* 0.106 0.0701

(0.0156) (0.0087) (0.0151) (0.0156) (0.0155) (0.0592) (0.0696) (0.173)
​ [0.225**] [− 0.0657] [− 0.209*] [− 0.115] [0.0605] [0.158*] [0.161] [0.0323]
Mean elevation 2.10e-05 − 3.88e-05 − 1.03e-05 − 9.86e-05* 9.24e-05 6.53e-05 6.81e-05 0.000864
​ (5.82e-05) (3.07e-05) (4.94e-05) (4.77e-05) (5.34e-05) (0.0003) (0.0002) (0.0006)
​ [0.0615] [− 0.210] [− 0.0384] [− 0.346*] [0.309] [0.0469] [0.0573] [0.220]
Terrain ruggedness 0.0001 0.0001 − 0.0001 − 2.88e-05 0.000156 − 0.0005 − 5.64e-05 0.002

(0.0001) (7.00e-05) (0.0001) (9.44e-05) (0.0001) (0.0006) (0.0005) (0.0014)
​ [0.140] [0.229] [− 0.142] [− 0.0327] [0.169] [− 0.119] [− 0.0154] [0.163]
Soil suitability − 0.0008 0.0007 0.0006 0.0008 0.0001 − 0.00234 0.000659 0.0120
​ (0.0007) (0.0004) (0.0007) (0.0007) (0.001) (0.0032) (0.0027) (0.0083)
​ [− 0.140] [0.229] [0.135] [0.161] [0.0210] [− 0.0958] [0.0316] [0.174]
Coastal region (1=yes) − 0.0454 − 0.0345* − 0.0213 − 0.0562 0.0536* 0.108 0.0891 − 0.0479

(0.0361) (0.0167) (0.0277) (0.0308) (0.0240) (0.128) (0.0980) (0.295)
​ [− 0.196] [− 0.276*] [− 0.117] [− 0.291] [0.263*] [0.115] [0.110] [− 0.0180]
Number of Celtic Oppida − 0.0036* − 0.0017** 0.0022 − 0.0061*** 0.0019 0.0002 − 0.0052 − 0.0225

(0.0017) (0.0006) (0.0013) (0.0012) (0.0018) (0.0053) (0.0051) (0.0139)
​ [− 0.172*] [− 0.152**] [0.133] [− 0.347***] [0.103] [0.00241] [− 0.0711] [− 0.0934]
Mean sunshine duration − 0.0005* 0.0002 6.29e-05 − 0.000113 − 4.86e-05 − 0.0016 − 0.0006 − 0.001

(0.0002) (0.0001) (0.0001) (0.0001) (0.0001) (0.001) (0.0007) (0.0015)
​ [− 0.227*] [0.141] [0.0375] [− 0.0634] [− 0.0259] [− 0.184] [− 0.0812] [− 0.0399]
Mean temperature 0.0013 0.00091 0.0039 − 0.0119 0.0251** − 0.0672 − 0.0700* 0.200

(0.0106) (0.0059) (0.0089) (0.0085) (0.0092) (0.0536) (0.0415) (0.101)
​ [0.0161] [0.0202] [0.0595] [− 0.172] [0.344**] [− 0.198] [− 0.241] [0.209]
Hanseatic League 0.0065 0.01 − 0.0116 0.0096 0.006 0.0710 0.0446 0.0507

(0.0203) (0.0107) (0.0171) (0.0207) (0.0169) (0.111) (0.0915) (0.250)
​ [0.0321] [0.0909] [− 0.0724] [0.0566] [0.0333] [0.0856] [0.0631] [0.0217]
Number of plague outbreaks 0.0016** 0.0001 − 0.0009 − 0.0011 0.0022*** 0.0005 − 5.84e-05 0.0034

(0.0006) (0.0003) (0.0005) (0.0006) (0.0006) (0.0032) (0.0028) (0.0064)
​ [0.225**] [0.0279] [− 0.163] [− 0.188] [0.356***] [0.0165] [− 0.00239] [0.0417]
Carboniferous rock strata 0.0103 − 0.0297** 0.0168 − 0.0490* 0.0130 − 0.0205 0.0438 − 0.821**

(0.0168) (0.00975) (0.0157) (0.0208) (0.0196) (0.0995) (0.0907) (0.243)
​ [0.0460] [− 0.246**] [0.0959] [− 0.263*] [0.0666] [− 0.0225] [0.0564] [− 0.320**]
R² (adjusted) 0.221 0.179 0.147 0.128 0.214 0.075 0.079 0.432

Notes: Ordinary least squares regressions. Robust standard errors in parentheses.
*** Statistically significant at the 0.1 % level.
** Statistically significant at the 1 % level.
* Statistically significant at the 5 % level. Standardized beta coefficients are in brackets. The number of observations (regions) is 96 in all models.

19 The first dummy variable is based on a digitized map of European state 
borders in 1812 from the collection of historical maps of the Leibniz Institute 
for the History of Europe (IEG) in Mainz and drawn by Andreas Kunz (htt 
ps://www.ieg-maps.uni-mainz.de/gif/pEu812Serie1_Napo_a4.htm). The 
French occupation zone dummy is based on a shapefile of the border of the 
French Occupation zone provided by Schumann (2014). Planning regions in the 
federal states of Berlin, Brandenburg, Mecklenburg-Vorpommern, Saxony, 
Saxony-Anhalt and Thuringia are coded as having been part of the former GDR.
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testing whether, on average, formerly Roman regions differ from the 
non-Roman regions. In the following, we test Hypothesis 1 from an 
additional angle, utilizing a quasi-experimental design focusing on the 
location of the Roman border. In particular, we test whether the Roman 
border really was a treatment effect, separating the psychological map of 
Germany in lasting ways as indicated in our Hypothesis 1?

To examine this question more directly, we ran a spatial RDD (Hahn 
et al., 2001). The regression discontinuity method is a particularly 
rigorous quasi-experimental research design that has rarely been used in 
psychology but is well-established in economics (Soland et al., 2022). 
We ran a spatial RDD because the results of our main analysis are subject 
to two notable weaknesses. These results are based on highly aggregated 
data, which implies a relatively low number of observations and masks 
potentially important heterogeneity in psychological traits at the indi
vidual level. Moreover, while we control for a host of potential con
founds, these variables might also create a bias in our estimates, as many 
of them are potentially "bad controls" (i.e., influenced by the Romans 
themselves). To address both concerns, we ran the spatial RDD analysis 
using the Limes as a two-dimensional cut-off variable (Keele and Titiu
nik, 2014). Such a spatial RDD is valid under two conditions: a) There 
should not be a "compound" treatment, (i.e., the border of the Roman 
Empire should not coincide with other historical or contemporary bor
ders), and b) the border should be drawn exogenously, (i.e., in an 
[economically] unsystematic way). Regarding compound treatment, the 
Limes does not coincide with any important contemporary or historical 
border. It is not identical to the border of a present Federal State, district, 
or county, and it does not follow other historical borders, like those of 
the occupational zones after World War II or the Prussian border (for a 
more detailed discussion of compound treatment, see Wahl, 2017). 
Regarding the exogeneity of the border, the discussion in Section 3 
suggests that one can indeed assume that the Limes was drawn in an 
unsystematic way (e.g., as a straight line). Tests of continuity of relevant 
observables, such as soil quality or elevation (Wahl, 2017), provide 
evidence that the course of the Limes was not shaped by these factors. 
Therefore, the Roman border is a suitable candidate for a spatial RDD.20

Our spatial RDD analysis relies on the individual-level raw survey 
data on which the Big Five personality trait variables are based (see 
Section 4.5). The data allow us to determine the location of an individual 
who participated in the survey at the level of a five-digit zip code area. 
Unfortunately, the other outcome variables are not available on this 
lower level of spatial aggregation, and therefore, we cannot consider 
them for spatial RDD. To conduct the spatial RDD we had to determine 
the coordinates (latitude and longitude) of the centroid (mid-point) of 
each zip code area in Germany and calculate the geographic distance of 
these centroids to the closest point of the Limes border as depicted in 
Fig. 1. From the individual-level dataset, we also used age and gender 
(female=1) as control variables. A descriptive overview of the variables 
used for the spatial RDD is provided in Table A2b in the Appendix.

For this type of analysis, we choose to compare individuals living in 
postcode areas within a certain distance of the Limes border, in our case 
100 km (up to 100 km south vs. up to 100 km north of the Limes border). 
We are therefore comparing individuals who live relatively close to each 
other geographically and who may be very similar in many respects. 
However, some individuals live in the former Roman part of Germany, 
while others do not. Based on this sample, we estimate the causal effect 
of the Roman influence on personality traits by measuring the differ
ences in the Big Five traits at the Limes border. A major advantage of this 
strategy is that it takes into account unobservable factors that vary 

smoothly across the border, as long as the border is drawn in an exog
enous or unsystematic way (as is the case with the Limes).

More technically, this identification strategy21 is based on the 
following rationale: If there is a systematic difference between person
ality traits of individuals in the Roman and the non-Roman areas, one 
can model personality traits as a function of geographic distance to the 
Roman border and should see an upward shift in the intercept of that 
function at the border (i.e., at distance 0). This shift in the intercept can 
be estimated using a spatial RDD (where it is represented by the Roman 
dummy).

A spatial RDD is a special case of an RDD with a two-dimensional 
forcing variable. We estimate different variants of such a spatial RDD. 
First, we treat the border as a one-dimensional threshold and estimate a 
classical RDD with Euclidean distance to the Roman border as a forcing 
variable. That is, we include a linear function of each zip-code area’s 
distance to the closest Roman border point to the regression. Second, we 
treat the border as a two-dimensional threshold and estimate the spatial 
RDD including a control for the geographic location of an individual. 
This means that we include a linear function of a zip code area’s centroid 
latitude and longitude to the regression equation. In both cases, we 
include "flexible" polynomials meaning that we allow the polynomials to 
differ in the treated and non-treated area (we interact distance or lati
tude/longitude with the treatment variable). Finally, we combine both 
approaches and include the distance and the coordinate’s polynomial 
simultaneously in one regression. We also split the border in 50 km 
segments and assign each zip code area to the segment it is closest to. We 
then include border segment fixed effects in all the regressions. We es
timate a parametric (or semi-parametric RDD) and only consider ob
servations that are located less than 100 km away from the border. We 
cluster the standard errors on zip code area level.

Formally, we estimate variants of the following regression equation 
using OLS: 

Yics = α + βRics + f(Ds) + f(xs, ys) + γʹXics + λc + εics (2) 

with Yics being the score in one of the personality trait measures of in
dividual i in border segment c and zip code area s. Rics is a dummy 
variable equal to one if individual i is living in a zipcode area s that is 
located within the regions of present-day Germany that were once under 
Roman rule. This is our variable of interest measuring the persistent 
effect of Roman legacies on personality traits. f(Ds) is a flexible function 
of each zip code area’s centroid geodesic distance to the closest point on 
the historical Roman border. f

(
xs, ys

)
is a flexible function of the lon

gitudinal and latitudinal coordinates of each zip code area’s centroid 
(xs and ys). Xics is a vector of control variables, namely a female dummy 
and the age of the survey participant. λc represents 50 km border 
segment fixed effects accounting for remaining unobserved heteroge
neity on the border segment level and εics is the error term.

Table A7 reports the results of estimating these alternative specifi
cations of spatial RDD for the five personality trait variables. We find our 
results regarding extraversion, agreeableness and neuroticism were 
confirmed by the spatial RDD. All three variables are significantly 
related to the Roman dummy, with individuals in the regions of present- 
day Germany formerly under Roman rule being significantly less 
neurotic, more agreeable, and more extraverted (a more adaptive trait 
profile). Unlike in the OLS, Openness is now also significantly positively 
predicted by the Roman dummy. Compared to the results of the aggre
gate level analysis (Tables 2 and 3), the coefficients are similar in size 
or—in the case of agreeableness—larger. These estimates indicate that 
our earlier results for the personality traits are not shaped by an endo
geneity bias.

Fig. 4 visualizes the spatial RDD results without control variables. 20 A further condition for a valid spatial RDD is the absence of selective 
sorting. This means that the observed units should not be able to (completely) 
control the assignment variable and hence the treatment status. Such an effect 
should be no valid concern in our case because migration between the Roman 
and non-Roman parts of Germany was rather limited and controlled by the 
authorities.

21 For similar approaches see Dell (2010), Wahl (2017) and Huning and Wahl 
(2021).
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These plot our robustly significant outcome variables (Extraversion, 
Agreeableness and Neuroticism) against distance to the Limes, with the 
outcomes modelled as a linear function of distance to the border. This 
figure shows the effect of the Romans on our outcomes in the form of a 
significant shift in the intercept of the linear distance functions at the 
Limes. There is a plot of each of the outcomes as a linear function of 
distance to the border, for all individuals living in a zip code area that is 
(on average) not more than 100 km from the Limes (the left-hand side 
plots). These plots also show a histogram of the distribution of average 
outcomes conditional on distance to the border (indicated by the dots).

Second, we show the distribution of outcomes (in 20 km bins) 100 
km to the (north) and (south) of the historical Roman border, and we 
also show the 95 % confidence intervals for each of the bin averages (the 
right-hand side plots). This figure allows us to assess the significance of a 
potential discontinuity at the border, which occurs when the confidence 
intervals immediately to the left and right of the border do not overlap. 
Both types of figure show that there is a substantial and statistically 
significant discontinuity in the results at the border: extraversion and 
agreeableness are higher, and neuroticism is lower in the regions of 
present-day Germany formerly under Roman rule. We can thus conclude 
that the Roman border indeed appears to have left a treatment effect, 
cutting through the psychological map of Germany – further supporting 
our Hypothesis 1 on the Roman imprinting effect.

Taking everything together, Hypothesis 1 received broad support in 
our analyses. Those German regions that belonged to the Roman Empire 
show more adaptive personality patterns and related health and psy
chological well-being outcomes today. In addition, we see quasi- 
experimental evidence in the spatial RDD analysis that the historical 
Roman border (Limes wall) even now remains as a psychological border. 
It is along this border where adaptive traits (adaptive Big Five traits in 
our analysis) significantly change their levels. This pattern indicates that 
the Roman border, and hence Roman rule, exerted a treatment effect on 
present-day regional variation in adaptive outcomes.

External validity check: The Roman Limes in the Netherlands. 
To test whether our results can be generalized to some degree, we 
repeated the spatial RDD analysis in the Netherlands, a country 
bordering Germany and also split into a Roman and non-Roman part (by 

the river Rhine) due to the Roman occupation of parts of the country. We 
exactly replicated the spatial RDD for Germany, with one adjustment: 
we considered all individuals living in a zip code area that is (on 
average) not more than 25 km (instead of 100 km as in our German 
analysis) from the Limes, given that the Netherlands is a much smaller 
country than Germany. This also led us to a similar sample size as in 
Germany.

Results of the spatial RDD estimations for the Netherlands are shown 
in Table A8 in the Appendix. We found effects of the Romans on ex
traversion, agreeableness, and neuroticism that are qualitatively and 
quantitatively very similar to the ones in Germany, with, in some cases, 
even higher levels of significance. Moreover, we found a much stronger 
and positive effect of the Romans on conscientiousness. These additional 
findings indicate that our results for Germany can be generalized to 
another country and a different part of the Roman border with a 
different history.

The effect of ancient economic infrastructure (Hypothesis 2)

Having established the effect of Roman rule in Germany, we then 
studied the specific effect of the concrete economic infrastructure that 
the Romans established in their German regions. Hence, we substitute 
the dummy variable for Roman presence by variables indexing the 
density of Roman roads and the number of Roman markets and mines 
(Table 3). There is a certain overlap between both measures22 and many 
cities located at Roman roads that were not original centers of the 
Roman economy in Germania developed into trade centers in later pe
riods. We again controlled for the comprehensive set of control variables 
(see Table 2).

Density of road infrastructure built by the Romans shows a statisti
cally significant, positive effect on life and health satisfaction, as well as 
on life expectancy. There is a negative, statistically significant rela
tionship with neuroticism, a positive one with extraversion, and a non- 

Table 3 
Roman economic infrastructure and personality traits, health, and psychological well-being.

(1) (2) (3) (4) (5) (6) (7) (8)
Dependent Variable Extraversion Agreeableness Neuroticism Conscientiousness Openness Life 

Satisfaction
Health 
Satisfaction

Life 
Expectancy

​ Panel A: Roman road density
Roman road density 0.858* 0.287 − 0.925** 0.126 0.477 6.240** 5.552*** 12.04**
​ (0.343) (0.208) (0.313) (0.289) (0.368) (1.833) (1.618) (4.083)
​ [0.244*] [0.151] [− 0.335**] [0.0432] [0.155] [0.435**] [0.454***] [0.298**]
R²(adjusted) 0.222 0.177 0.117 0.059 0.226 0.080 0.135 0.441
​ Panel B: Number of Roman Markets & Mines
Number of Roman markets & 
mines

0.0143* 0.00373 − 0.0197*** 0.0135* 0.00378 0.0549 0.0510 0.137

​ (0.00574) (0.00401) (0.00523) (0.00606) (0.00698) (0.0261) (0.0285) (0.0830)
​ [0.170*] [0.0823] [− 0.298***] [0.193*] [0.0513] [0.160*] [0.174] [0.143]
R² (adjusted) 0.212 0.170 0.129 0.090 0.214 − 0.010 0.040 0.407
​ Panel C: Roman road density and Number of Markets & Mines
Roman road density 0.661 0.253 − 0.583 − 0.249 0.494 6.297** 5.538** 11.19*
​ (0.410) (0.237) (0.311) (0.313) (0.435) (2.089) (1.778) (4.288)
​ [0.188] [0.133] [− 0.211] [− 0.0849] [0.160] [0.439**] [0.453**] [0.277*]
Number of Roman markets & 
mines

0.00829 0.00143 − 0.0143* 0.0158* − 0.000719 − 0.00239 0.000583 0.0356

​ (0.00746) (0.00416) (0.00559) (0.00632) (0.00780) (0.0305) (0.0342) (0.0841)
​ [0.0986] [0.0315] [− 0.218*] [0.225*] [− 0.00976] [− 0.00697] [0.00199] [0.0369]
R² (adjusted) 0.219 0.168 0.140 0.083 0.217 0.068 0.124 0.435
Controls included Yes*** Yes*** Yes Yes* Yes** Yes Yes Yes***

Notes: Ordinary least squares regressions. Robust standard errors in parentheses.
*** Statistically significant at the 0.1 % level.
** Statistically significant at the 1 % level.
* Statistically significant at the 5 % level. Standardized beta coefficients are in brackets. The number of observations (regions) is 96 in all models. Controls are 

identical to the ones included in Table 2. Significance stars after the “Yes” indicate the lowest level of joint significance of the control variables.

22 The correlation coefficient between the two measures (Roman road density 
and Roman market/mines) is 0.501.
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significant one with agreeableness, conscientiousness, and openness. To 
illustrate these effects, a one standard deviation (0.021) increase in 
Roman road density is associated with a rise in life expectancy by, on 
average, 0.25 years (3 months) (0.21×12.04).

Running the models with the number of Roman markets and mines as 
the independent variable reveals a negative effect on neuroticism and a 
positive effect on extraversion. In addition, there is also a positive effect 
on conscientiousness (and no significant effect for agreeableness and 

openness). None of the effects on psychological well-being or health 
were statistically significant. Including Roman road density and the 
number of Roman markets and mines in the same model (Panel C) 
clearly indicates that markets and mines are more strongly related to the 
personality traits, whereas Roman road density is more closely related to 
the health and well-being outcomes.

Taken together, these results provide support for the notion that the 
tangible and lasting economic infrastructure built and established by the 

Fig. 4. Visual spatial RDD results on adaptive personality traits and the Roman border. 
Note: The left-hand figure of Panel A shows the Agreeableness scores modeled as linear function of distance to the Limes. The blue dots (and negative km values) 
represent the Agreeableness scores of individuals in the regions of present-day Germany that were not under Roman rule. Red dots (and positive km values) represent 
the Agreeableness scores in the regions of present-day Germany that were under Roman rule. The right-hand figure of Panel A shows 20 km bin averages of 
Agreeableness, the 95 % confidence intervals of each of those bin averages as well as linear trend overlaid over the Agreeableness scores, separately for each side of 
the border. The other Panels show the same for the other outcomes.
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Romans left a long-term macro-psychological legacy (Hypothesis 2). 
Roman economic infrastructure is associated with adaptive personality 
traits and related health and well-being outcomes. We observe inter
esting differences with respect to what type of infrastructure (streets vs. 
market/mines) is linked to adaptive traits and health and well-being 
outcome, respectively.

The role of modern era economic prosperity (Hypothesis 3)

As highlighted earlier, recent economic research indicates that the 
Roman legacy in the respective German regions stimulated better eco
nomic prosperity in the modern era, compared to those German regions 
that did not belong to the Roman Empire (e.g., Wahl, 2017). Given that 
the link between local economic prosperity and local personality traits, 
health, and psychological well-being has been established in recent 
historical periods (see for example Abdellaoui et al., 2019; Obschonka 
et al., 2018), we tested modern-era economic prosperity as a potential 
mediator between Roman legacy and the present-day outcomes. Those 
German regions that were massively advanced by the Romans around 
2000 years ago may show more adaptive psychological and 
health-related profiles today because these regions enjoyed better eco
nomic prosperity in recent eras due to regional economic path de
pendencies. We approximate modern-era economic prosperity by means 
of GDP per capita, as the average between 1992 and 2016. The data was 
obtained from Statistisches Bundesamt (2022). We controlled all effects 
(Roman legacy on the mediator variable, the mediator variable on the 
outcome variables, and the indirect effect) for the comprehensive set of 
control variables that we also used in our analyses shown in Tables 2 and 
3. Before presenting these results, we want to remind the reader that, 
strictly speaking, mediation analyses without exogenous variation in the 
mediator cannot establish actual causality (Pearl, 2014). Therefore, we 
report these findings as correlational results, while encouraging future 
research to explore other study designs that can better identify causal 
effects of such mediators (retesting our Hypothesis 3).

As summarized in Table 4, we find significant (positive) indirect 
effects of GDP per capita for the effect of Roman legacy on extraversion, 
openness, life satisfaction, health satisfaction, and life expectancy. 
Hence, the significant direct effect of Roman legacy on extraversion, as 
shown in Tables 1 and 2, is statistically mediated by modern-era eco
nomic prosperity. The same applies to the significant direct effect of 
Roman legacy on life satisfaction, health satisfaction, and life expec
tancy. The significant indirect effect of GDP on openness is not a 
mediation effect in its classic sense, because there was no robust sig
nificant direct effect of Roman legacy on openness to mediate (see 
Table 2).

Hence, our Hypothesis 3 received some support. Regional variation 
in economic prosperity in modern Germany mediates the effect of 
Roman rule on the adaptive personality trait (extraversion) and related 
health and well-being outcomes (life and health satisfaction and life 

expectancy).

Discussion

The purpose of this paper was to gain insight into the origins of 
regional inequalities in adaptive personality traits and related health 
and well-being outcomes. Past work has demonstrated geographic 
clusters of behavioral tendencies that contribute to better health and 
well-being, and which are related to personality traits; the existence of 
such clusters has important implications for research, practice, and 
policy. Yet we know little about the hidden forces that might have 
initiated and subsequently maintained such deeply rooted inequalities. 
This requires a historical perspective, consistent with recent calls to 
develop psychology as a truly historical science (Atari and Henrich, 
2023; Atari et al., 2024; Muthukrishna et al., 2021).

Here, we examined the local macro-psychological imprint of ancient 
cultures. Identifying all the relevant mechanisms over such a long time 
period is complex and difficult. Nevertheless, even after controlling for 
other — and more recent — historical influences, our analysis reveals a 
robust relationship between Roman rule (with its massive local civili
zation boost) and present-day regional adaptive personality traits and 
related health and well-being outcomes (Table 2).

The Limes Wall separated one of the most developed and powerful 
cultures in human history from the relatively undeveloped, “barbaric” 
Germanic tribes. During their occupation, the Romans introduced their 
culture, such as better hygiene, technology, trade, and laws. The present 
results suggest that those advancements introduced divisions into Ger
many that are still apparent today. Indeed, it would appear that one of 
the lasting effects of Roman culture in Germany is reflected in greater 
life satisfaction and longevity among residents who live in the former 
Roman region. From this perspective, it seems that the civilization head- 
start established by the Roman Empire in German regions south of the 
Limes around two thousand years ago still persists today, just in different 
ways. This is an important result, especially in light of the often sup
posed legacy of the Berlin Wall, which is widely seen as creating a 
macro-psychological historical divide that still shapes German regions 
and their populations today (e.g., with different values, beliefs, and 
norms linked to the cold war divide of socialism/communism vs. 
Western capitalism; Frese et al., 1996; Oettingen et al., 1994). Consistent 
with our Hypothesis 1, our results indicate that an even deeper psy
chological historical divide in Germany can be traced back to Roman 
occupation around 2000 years ago. This finding underlines the impor
tance of a holistic historical perspective in psychological science that 
does not stop with more recent and visible historical epochs and events, 
but also considers more remote periods in human and economic history.

To help understand the complexity behind this Roman effect (i.e., 
Hypothesis 1) identified here, we can draw from a cultural evolution 
perspective, which highlights the human capacity to build on and extend 
the cultural advances of their ancestors (or other role models) 

Table 4 
Modern era economic prosperity (GDP per capita, 1992–2016) as mediator between Roman legacy (Roman, 1=yes) and personality traits, health, and psychological 
well-being.

Effect of Roman legacy on mediator (GDP 
per capita)

Effect of mediator (GDP per capita) on 
dependent variable

Indirect effect of Roman legacy on dependent variable via 
mediator (GDP per capita)

Dependent Variable B SE p-value B SE p-value B SE 95 % CI

Extraversion 0.243 0.067 0.000 0.095 0.036 0.010 0.023 0.011 0.006,0.048
Agreeableness 0.243 0.067 0.000 0.008 0.021 0.709 0.002 0.006 − 0.010,0.013
Neuroticism 0.243 0.067 0.000 − 0.027 0.031 0.377 − 0.007 0.008 − 0.022,0.007
Conscientiousness 0.243 0.067 0.000 − 0.050 0.033 0.128 − 0.012 0.010 − 0.035,0.003
Openness 0.243 0.067 0.000 0.132 0.030 0.000 0.032 0.012 0.011,0.060
Life satisfaction 0.243 0.067 0.000 0.988 0.127 0.000 0.240 0.074 0.118,0.406
Health satisfaction 0.243 0.067 0.000 0.777 0.114 0.000 0.189 0.057 0.090,0.315
Life expectancy 0.243 0.067 0.000 1.780 0.312 0.000 0.433 0.145 0.201,0.765

Notes: The number of observations (regions) is 96 in all models. All effects are controlled for the identical control variables used in Tables 2 and 3. Number of bootstrap 
samples for percentile bootstrap confidence intervals: 5000. Significant indirect effects are in bold (confidence interval does not include zero).
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(Tomasello, 2019). As Tennie (2009) explained, “One generation does 
things in a certain way, and the next generation then does them in that 
same way—except that perhaps they add some modification or 
improvement. The generation after that then learns the modified or 
improved version, which then persists across generations until further 
changes are made” (p. 2405) (see also Boyd and Richerson, 1988). This 
“ratchet effect” of cultural evolution in human populations might help 
explain why the psychological inequality along the Limes persists – the 
Germanic regions south of the Limes experienced a unique cultural 
evolutionary uplift (which remained in the population due to the 
“ratchet effect”, despite all kinds of subsequent migration streams and 
historical changes), while the regions north of the Limes did not expe
rience an uplift until much later. In addition, we can speculate that the 
Romans might have instilled a relatively stronger cultural focus on new 
knowledge, science, and knowledge transfer in the occupied Germanic 
regions – which could have also contributed to an accelerated cultural 
evolution mechanism (and in modern society such a focus on new 
knowledge and knowledge transfer has become a key mechanism for 
economic and social progress, Jaffe et al., 1993). Indeed, a recent study 
suggests that Roman occupation is associated with a stronger historical 
and present-day entrepreneurial innovation and entrepreneurship cul
ture in these German regions (Fritsch et al., 2023).

Regarding the question of concrete and testable mechanisms (with 
available data), our results from the analyses testing Hypotheses 2 and 3 
are consistent with the notion that Roman economic infrastructure and 
related informal institutions (e.g., law and order, progressive habits and 
attitudes), were central in imprinting and maintaining adaptive macro- 
psychological traits and associated habits and norms (Hypothesis 2, 
Table 3). The outcomes are also maintained by recent economic path 
dependencies that go back to the Roman imprinting effect (Hypothesis 3, 
Table 4). These findings are consistent with theoretical accounts on the 
emergence, persistence, and manifestation of regional psychological and 
cultural differences and their interplay (Lu et al., 2022; Rentfrow et al., 
2008). However, research concerned with the historical roots of modern 
psychological phenomena has only recently started to understand the 
potentially highly influential link between historical economic imprints 
and present-day macro-psychological outcomes in regions (Obschonka 
et al., 2018; Talhelm et al., 2014). How historical cultures and epochs 
might have shaped humanity, and local populations, in deep and lasting 
ways psychologically, not only economically or socially and politically, is 
likely to have a lot to do with their economic structures and policies, and 
related local path dependencies (Huggins and Thompson, 2019; Page, 
2006; Table 4). Behind such influential path dependencies, one can as
sume a certain virtuous circle where positive economic structures and 
policies contribute to positive macro-psychological outcomes, which in 
turn contribute to, and maintain, such positive economic structures and 
policies. For example, economic research indicates that those regional 
psychological characteristics that show particularly high stability over 
time are the economically beneficial characteristics such as trust (Algan 
and Cahuc, 2010; Voigtlaender and Voth, 2012). It seems plausible to 
assume that a region/population nurtures and passes on such psycho
logical traits over many generations that guarantee ongoing adaptive 
economic success and thus survival and progress in the local context 
(and vice versa) (Talhelm, 2014).

We recognize that our study focused on the positive side of the Roman 
occupation, placing an emphasis on the effect on today’s populations and 
regions. From a historical perspective, Roman rule also had numerous 
negative effects (which however, until now, are not easily quantifiable 
in empirical research). For example, the Romans destroyed large parts of 
the once flourishing Celtic culture in central Europe (Menghin, 1995) 
and a series of devastating wars had immediate negative effects. 
Therefore, one should not conclude from our study that the effect of the 
Roman occupation on the well-being of local populations has been 
unambiguously positive throughout history. Our study is limited to the 
empirical investigation of (positive) long-term effects.

Finally, with our focus on today’s outcomes, it is worth noting that 

our study makes a novel contribution to the growing body of macro- 
psychological research concerned with the epidemiology and underly
ing drivers of present-day health outcomes and psychological well-being 
(e.g., Peters et al., 2023; Rentfrow et al., 2009; Schwaba et al., 2021). 
Achieving better well-being and health and reducing striking regional 
and social inequalities in this space is a major focus of contemporary 
policy and research (OECD, 2011; The Gallup Organization, 2007). Our 
study adds to our growing knowledge on the regional path dependencies 
in this field, which run deep “under the skin” in the region and are often 
difficult to discern and to address via interventions. Policies should 
however consider such deep historical imprints and trajectories of re
gions because their macro-psychological effects are real and influential. 
Psychologists can offer deep domain knowledge on the policy relevance 
of personality traits, and potential room for effective interventions 
addressing these patterns (Bleidorn et al., 2019; Roberts et al., 2017). On 
the other hand, while it is difficult to test mediators in causal ways with 
our correlational study design, we hypothesized and found correlational 
evidence that economic infrastructure and prosperity, and underlying 
path dependency, might be a central mechanism to explain how major 
historical events and epochs may persist in their imprinting effect 
(consistent with similar research focusing on the Industrial Revolution 
and its long-term macro-psychological effects, Obschonka et al., 2018). 
Hence, policies ultimately altering these economic path dependencies, 
for example in relatively deprived regions, might be effective as well (in 
addition to a focus on macro-psychological profiles). However, there is 
growing evidence from economic policy research that this is more 
challenging than once thought (Huggins and Thompson, 2021), and 
somewhat ironically, again macro-psychological forces (and their path 
dependencies) have been identified as a major pillar of such economic 
path dependencies (Huggins and Thompson, 2019; Obschonka et al., 
2013).

In fact, it is likely that human psychology and economic prosperity 
co-evolve (Oishi, 2014; Stuetzer et al., 2016), forming endogenous spi
rals over extended periods of time. These spirals refer to reciprocal ef
fects where each factor continuously influences the other, creating 
reinforcing loops. As a result, conceptually and empirically disen
tangling these intertwined processes can be challenging—this was one of 
the empirical difficulties we encountered when testing Hypothesis 3. 
Such historical reciprocal effects (spirals) are very difficult to test 
empirically (e.g., due to the absence of high-frequency or detailed his
torical data).

Our study has several limitations. First, we focused on the Roman 
imprint in Germany (and in the Netherlands in a robustness check), but 
Roman expansion affected many other parts of the ancient world too (e. 
g., Woolf, 1994). However, we have argued that the exploitation of the 
Roman Limes in Germany is a particularly revealing research design (see 
also Wahl, 2017). Second, as noted above, we are limited to contem
porary adaptive outcomes, because such data have only been collected 
in recent periods. Therefore, we cannot fully cover the complexity of the 
effect of Roman occupation on human health and well-being across 
earlier historical periods. Third, as already mentioned, it is challenging 
to empirically disentangle the potential co-evolution of human psy
chology and economic prosperity across various historical epochs in 
causal ways. Future research might also explore other historical mech
anisms. For example, beyond economic path dependency, cultural 
evolutionary mechanisms could be investigated (Henrich et al., 2019; 
Norenzayan and Shariff, 2008). For example, early exposure to the 
Catholic church can be a predictor of WEIRD psychology (e.g., Schulz 
et al., 2019, Schulz, 2022). Another possible mechanism could be that 
the complexity introduced by Roman economic infrastructure may have 
promoted cultural tightness or greater societal coordination (Jackson 
et al., 2020), which could be linked to economic and psychological 
prosperity (Harrington and Gelfand, 2014; Harrington et al., 2015).

To conclude, our study is testimony to the striking and sometimes 
surprising effects of deep historical imprints on psychological patterns 
and outcomes of populations today. Psychology in modernity and 
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underlying inequalities cannot be fully understood when neglecting 
historical forces that have left a psychological legacy and societal divide 
– such as when visible historical walls transmogrify into persisting 
invisible psychological walls. While such historical perspectives exam
ining the long-term effects of major historical events and epochs are 
among the most cited and influential studies in economics (e.g., Ace
moglu et al., 2001), psychology has still to catch up with such a rigorous 
implementation of historical perspectives (Muthukrishna et al., 2021). 
Such research not only sheds light on the remote historical origins of 
present-day mechanisms and outcomes, but also on the nature of the 
present-day mechanisms themselves (such as persisting inequality or the 
role of weak vs. strong institutions).23 Hence, the promise of historical 
perspectives for psychological science is much bigger than a simple 
description of the past.
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Drexhage, H.-J., Konen, H., Rüffing, K., 2002. Die Wirtschaft des Römischen Reiches (1.- 

3. Jahrhundert). Eine Einführung. Akademie Verlag, Berlin. https://doi.org/ 
10.1515/9783050077215. 

Ebert, T., Gebauer, J.E., Brenner, T., Bleidorn, W., Gosling, S.D., Potter, J., Rentfrow, P. 
J., 2022. Are regional differences in psychological characteristics and their correlates 
robust? applying spatial-analysis techniques to examine regional variation in 
personality. Perspect. Psychol. Sci. 17 (2), 407–441.

Elleman, L.G., Condon, D.M., Russin, S.E., Revelle, W., 2018. The personality of US 
states: stability from 1999 to 2015. J. Res. Pers. 72, 64–72. https://doi.org/10.1016/ 
j.jrp.2016.06.022.

23 In economics, for example, historical perspectives are used to examine the 
general effect of institutions on economic outcomes, and to draw from natural 
experiments of history to establish causal relationships between present-day 
factors (Acemoglu, Johnson, & Robinson, 2001; Diamond and Robinson, 2010).

M. Obschonka et al.                                                                                                                                                                                                                            Current Research in Ecological and Social Psychology 8 (2025) 100214 

15 

https://doi.org/10.1016/j.cresp.2025.100214
https://doi.org/10.1038/s41562-019-0757-5
http://refhub.elsevier.com/S2666-6227(25)00001-2/optXYDAsnCUPB
http://refhub.elsevier.com/S2666-6227(25)00001-2/optXYDAsnCUPB
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0002
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0002
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0003
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0003
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0005
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0005
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0006
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0006
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0007
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0007
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0008
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0011
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0011
http://doi.org/10.31234/osf.io/8atwz
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0018
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0018
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0018
https://www.bbc.com/news/health-57730353
https://www.bbc.com/news/health-57730353
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0020
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0020
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0021
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0021
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0025
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0025
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0027
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0027
https://doi.org/10.1093/cid/cis723
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0033
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0033
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0034
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0034
https://www.nber.org/chapters/c7978
https://www.nber.org/chapters/c7978
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0038
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0038
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0038
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0039
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0041
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0041
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0042
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0042
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0043
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0043
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0044
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0044
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0045
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0045
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0047
https://doi.org/10.1515/9783050077215
https://doi.org/10.1515/9783050077215
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0050
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0050
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0050
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0050
https://doi.org/10.1016/j.jrp.2016.06.022
https://doi.org/10.1016/j.jrp.2016.06.022


Fagan, G.G., 2002. Bathing in Public in the Roman World. The University of Michigan 
Press, Ann Arbor, MI. 

Fernihough, A., O’Rourke, K.H., 2021. Coal and the European industrial revolution. 
Econ. J. 131, 1135–1149.

Finley, M.I., 1973. The Ancient Economy. University of California Press, Berkeley. 
Flückiger, M., Larch, M., Ludwig, M., Mees, A., 2022. Roman transport network 

connectivity and economic integration. Rev. Econ. Stud. 89 (2), 774–810.
Franke, A., 1980. Rom Und Die Germanen. Das Neue Bild der Deutschen Frühgeschichte. 

Grabert, Tübingen. 
Frankenhuis, W.E., Del Giudice, M., 2012. When do adaptive developmental mechanisms 

yield maladaptive outcomes? Dev. Psychol. 48 (3), 628–642.
Frese, M., Kring, W., Soose, A., Zempel, J., 1996. Personal initiative at work: differences 

between East and West Germany. Acad. Manage. J. 39 (1), 37–63.
Frey, B.S., Stutzer, A., 2000. Happiness, economy and institutions. Econ. J. 110, 

918–938.
Fritsch, M., Obschonka, M., Wahl, F., Wyrwich, M., 2023. On the Roman origins of 

entrepreneurship and innovation in Germany. Reg. Stud. 1–18.
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Deutschland. Weltbild, Augsburg. 

Michaels, G., Rauch, F., 2017. Resetting the urban network: 117-2012. Econ. J. 128 
(608), 378–412. https://doi.org/10.1111/ecoj.12424.

Murray, D.R., Schaller, M., 2014. Pathogen prevalence and geographical variation in 
traits and behavior. In: Rentfrow, P.J (Ed.), Geographical psychology: Exploring the 
Interaction of Environment and Behavior. American Psychological Association, 
pp. 51–70.

Muthukrishna, M., Henrich, J., Slingerland, E., 2021. Psychology as a historical science. 
Annu. Rev. Psychol. 72, 717–749.

Norenzayan, A., Shariff, A.F., 2008. The origin and evolution of religious prosociality. 
Science 322 (5898), 58–62. https://doi.org/10.1126/science.1158757.

Nunn, N., 2009. The importance of history for economic development. Annu Rev. 
Econom. 1, 65–92. https://doi.org/10.1146/annurev.economics.050708.143336.

Nunn, 2014. Historical development. In: Aghion, P., Durlauf, S. (Eds.), Handbook of 
Economic Growth, 2nd ed. North-Holland, Oxford, pp. 347–402.

Obschonka, M., Schmitt-Rodermund, E., Silbereisen, R.K., Gosling, S.D., Potter, J., 2013. 
The regional distribution and correlates of an entrepreneurship-prone personality 
profile in the United States, Germany, and the United Kingdom: a socioecological 
perspective. J. Pers. Soc. Psychol. 105 (1), 104.

Obschonka, M., Stuetzer, M., Rentfrow, P.J., Potter, J., Gosling, S.D., 2017. Did strategic 
bombing in the second world war lead to ‘German angst’? A large-scale empirical 
test across 89 German cities. Eur. J. Pers. 31 (3), 234–257.

Obschonka, M., Stuetzer, M., Rentfrow, P.J., Shaw-Taylor, L., Satchell, M., Silbereisen, R. 
K., Gosling, S.D., 2018. In the shadow of coal: how large-scale industries contributed 
to present-day regional differences in personality and well-being. J. Pers. Soc. 
Psychol. 115 (5), 903–927. https://doi.org/10.1037/pspp0000175.

Obschonka, M., Wyrwich, M., Fritsch, M., Gosling, S.D., Rentfrow, P.J., Potter, J., 2019. 
Von unterkühlten Norddeutschen, gemütlichen Süddeutschen und aufgeschlossenen 
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Frühgeschichtlichen Archäologie, No. 30. https://nbn-resolving.org/urn:nbn:de:bs 
z:15-qucosa2-338709.

M. Obschonka et al.                                                                                                                                                                                                                            Current Research in Ecological and Social Psychology 8 (2025) 100214 

16 

http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0052
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0052
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0053
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0053
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0054
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0057
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0057
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0058
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0058
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0059
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0059
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0060
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0060
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0061
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0061
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0063
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0063
http://refhub.elsevier.com/S2666-6227(25)00001-2/optvmeGYlOwGq
http://refhub.elsevier.com/S2666-6227(25)00001-2/optvmeGYlOwGq
http://refhub.elsevier.com/S2666-6227(25)00001-2/optvmeGYlOwGq
http://refhub.elsevier.com/S2666-6227(25)00001-2/optvmeGYlOwGq
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0066
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0066
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0066
https://doi.org/10.1515/jbnst-2018-0022
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0069
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0069
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0069
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0071
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0071
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0071
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0073
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0073
https://doi.org/10.1257/jep.20.2.23
https://doi.org/10.1111/ajps.12460
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0076
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0076
https://doi.org/10.1371/journal.pone.0127173
https://doi.org/10.1371/journal.pone.0127173
https://doi.org/10.1073/pnas.1317937111
https://doi.org/10.1073/pnas.1317937111
https://doi.org/10.1038/s41562-018-0512-3
https://doi.org/10.1038/s41562-018-0512-3
https://doi.org/10.1093/jeg/lbx040
https://doi.org/10.1093/jeg/lbx040
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0084
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0084
https://doi.org/10.1016/j.euroecorev.2021.103776
https://doi.org/10.1016/j.euroecorev.2021.103776
https://doi.org/10.1098/rspb.2020.1036
https://doi.org/10.1098/rspb.2020.1036
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0087
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0087
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0088
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0088
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0088
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0089
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0089
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0089
https://doi.org/10.1037/met0000453
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0091
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0091
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0093
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0093
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0095
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0095
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0096
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0097
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0097
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0098
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0098
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0099
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0099
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0099
https://doi.org/10.3982/ECTA14139
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0103
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0103
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0103
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0104
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0104
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0108
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0108
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0109
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0109
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0109
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0112
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0112
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0112
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0113
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0113
https://doi.org/10.1111/ecoj.12424
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0115
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0115
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0115
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0115
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0116
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0116
https://doi.org/10.1126/science.1158757
https://doi.org/10.1146/annurev.economics.050708.143336
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0119
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0119
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0120
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0120
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0120
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0120
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0121
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0121
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0121
https://doi.org/10.1037/pspp0000175
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0123
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0123
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0123
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0123
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0123
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0124
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0125
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0125
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0125
https://doi.org/10.1146/annurev-psych-030413-152156
https://doi.org/10.1146/annurev-psych-030413-152156
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0127
http://refhub.elsevier.com/S2666-6227(25)00001-2/opttNOBRQSV5u
http://refhub.elsevier.com/S2666-6227(25)00001-2/opttNOBRQSV5u
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0128
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0128
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0128
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0128
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0129
http://refhub.elsevier.com/S2666-6227(25)00001-2/optQFehNR0b57
http://refhub.elsevier.com/S2666-6227(25)00001-2/optQFehNR0b57
https://doi.org/10.1017/ahss.2022.41
https://doi.org/10.1111/j.1745-6924.2008.00084.x
https://doi.org/10.1371/journal.pone.0122245
https://doi.org/10.1371/journal.pone.0122245
https://doi.org/10.1177/0963721416658446
https://doi.org/10.1177/0963721416658446
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0137
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0137
http://refhub.elsevier.com/S2666-6227(25)00001-2/sbref0137
https://nbn-resolving.org/urn:nbn:de:bsz:15-qucosa2-338709
https://nbn-resolving.org/urn:nbn:de:bsz:15-qucosa2-338709


Roberts, B.W., Luo, J., Briley, D.A., Chow, P.I., Su, R., Hill, P.L., 2017. A systematic 
review of personality trait change through intervention. Psychol. Bull. 143 (2), 117.

Runst, P., Wyrwich, M., 2022. Poor soil as a fertile breeding ground: the role of historical 
agricultural specialization for the persistence of regional differences in crafts. Ann. 
Region. Sci. https://doi.org/10.1007/s00168-022-01137-7.

Schaller, M., Murray, D.R., 2008. Pathogens, personality, and culture: disease prevalence 
predicts worldwide variability in sociosexuality, extraversion, and openness to 
experience. J. Pers. Soc. Psychol. 95 (1), 212.

Schallmayer, E., 2011. Der Limes. Geschichte Einer Grenze. C.H. Beck, Munich. 
Schulz, J.F., Bahrami-Rad, D., Beauchamp, Henrich, J.P., 2019. The Church, intensive 

kinship, and global psychological variation. Science 366 (6466), 1–12. https://doi. 
org/10.1126/science.aau5141.

Schulz, J.F., 2022. Kin networks and institutional development. Econ. J. 132 (647), 
2578–2613.

Schneider, H., 2005. Einführung in Die Antike Technikgeschichte. Darmstadt, 
Wissenschaftliche Buchgesellschaft. 

Schumann, A., 2014. Persistence of population shocks: evidence from the occupation of 
West Germany after World War II. Am. Econ. J.: Appl. Econ. 6 (3), 189–205.

Statistisches Bundesamt (2022). Bruttoinlandsprodukt, Bruttowertschöpfung in den 
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