Goteborg Papers in Economic History ~— ——

BICEDOERE
BEBEBEBEE

No. 36. February 2024 ISSN: 1653-1000

Numeracy and the legacy of slavery
Age-heaping in the Danish West Indies before and after
emancipation from slavery, 1780s-1880s

Klas Ronnback, Stefania Galli and Dimitrios Theodoridis

DEPARTMENT OF UNIVERSITY OF GOTHENBURG UNIT FOR ECONOMIC
ECONOMY AND SOCIETY SCHOOL OF BUSINESS, ECONOMICS AND LAW HISTORY



Numeracy and the legacy of slavery: Age-heaping in the Danish
West Indies before and after emancipation from slavery, 1780s-
1880s

Klas Ronnbick, Stefania Galli and Dimitrios Theodoridis

Corresponding author: klas.ronnback(@eocnhist.gu.se

Abstract: In many slave societies, enslaved persons were barred from acquiring much
education. What skills the enslaved persons nonetheless were able to acquire, and how
this changed following emancipation, is not well known. We study quantitatively how a
legacy of slavery impacted upon the development of basic numeracy skills. Our results
show that numeracy skills started to improve in the population under study well before
emancipation from slavery. We also show that the formal public and private schooling
seems to have played a marginal role in this process. We therefore conclude that much
of this learning was acquired in informal ways.

JEL:

Keywords: Numeracy, age-heaping, slavery, colonialism, human capital

ISSN: 1653-1000 online version
ISSN: 1653-1019 print version
© The Authors

University of Gothenburg

School of Business, Economics and Law
Department of Economic History

P.O. Box 720

SE-405 30 GOTEBORG

www.econhist.gu.se


mailto:klas.ronnback@eocnhist.gu.se

1. Introduction

It is well-established in much previous research that the education of a population is a
crucial ingredient for economic development (Prados de la Escosura 2022). Investing in
education for all members of a population could, however, many times be highly
contentious. Education was a controversial issue not the least in slave societies. An
educated enslaved person, many masters feared, was potentially a rebel or a runaway.
Educating an enslaved person could, at the same time, mean higher productivity and thus
increased profits for the master (see for example Webber 1978; Span and Anderson 2005;
Gundaker 2007). Educating the enslaved at least in religious doctrine could, furthermore,
be a step towards amelioration of slavery (see for example Blouet 1990; Luster 1995, chap.
6). This ambivalence created tensions in many slave societies, with different interests
pushing in opposite directions. The eventual outcome of such processes were reflected in
the government policies in slave societies, where some outlawed all education of enslaved
persons, whereas others tolerated or — in time — even supported it. But even in cases where
the authorities tolerated the education of the enslaved, investments in slave education were
generally very limited.

To what extent the people in slave societies really were able to acquire any useful
learning, has not received much attention in previous research. Most importantly, there is
to our knowledge no previous research which has attempted to study how this changed
with the process of emancipation from slavery.

In this article, we study one crucial aspect of education, namely the attainment of basic
numeracy skills, and we do so for a quite typical Caribbean cash-crop colony; the island of
St. Croix, in what is today the U.S. Virgin Islands. We study how numeracy developed on
the island prior to and following slave emancipation on the island in 1848. We study this
issue quantitatively using the conventional method of age-heaping as a proxy for numeracy.
We employ a unique dataset, based on a series of consecutive censuses from the island.
The censuses cover the total population on the island, and have been digitized in full for
the creation of the Danish West Indies Population Panel.

The results from our estimates using this dataset suggest that the level of numeracy — as
proxied by age-heaping — was quite high in international comparison; by the middle of the
nineteenth century, numeracy levels on St. Croix were substantially higher than they were
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of the British colonies in the West Indies. Numeracy levels furthermore increased quite
substantially over time on St. Croix, for both men and women. Persons born after
emancipation were thus much more likely to be numerate than those born prior to the
emancipation from slavery. The evidence does, however, not suggest that the legal
abolition of slavery constituted a clear-cut break in this process: the levels of numeracy
started to increase several decades prior to emancipation, and continued to do so well after
emancipation. As we can find no evidence that religious affiliation (and consequently the
chances of gaining access to missionary-run schools) mattered, our conclusion is that many
members of the population successfully acquired these basic numeracy skills in informal

ways.

2. Previous research

That education is of crucial importance for economic development is nowadays widely
recognized. A key issue for many economists has been the association between education
and productivity — and, by extension, economic growth (Rosen 2018). Previous empirical
research has shown that there is a strong association between investments in education and
economic growth, using various data samples from different historical contexts (Romer
1989; Krueger and Lindahl 2001; Glaeser et al. 2004; Cohen and Soto 2007; Bolt and
Bezemer 2009; Barro and Lee 2013; 2015; Lee and Lee 2016). Other scholars have argued
that education might also have positive effects other than just raising the productivity of
individual workers. One such effect is that a higher degree of education in a population can
contribute to a virtuous cycle of institutional development, which in turn can be beneficial
to socio-economic development (Sokoloff and Engerman 2000; Engerman and Sokoloff
2012).

Much previous empirical research on this topic has been dedicated to the development
of literacy (see for example van Leeuwen and van Leeuwen-Li 2014). In recent years,
however, the issue of historical numeracy has gained increasing attention. Some scholars
argue that numeracy was extremely important, and perhaps more important than literacy
per se, for the development of modern capitalist societies, as the functioning of markets is
intimately associated with numeracy (A’Hearn, Baten, and Crayen 2009, 784; Crayen and
Baten 2010b, 453).

Estimating numeracy, however, does not come without challenges as testified by the
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gained prominence in recent years is the level of age-heaping in a population, ie. the
frequency of rounded age reporting in the population (Spoorenberg 2007; Tollnek and
Baten 2016). Several studies have established a relationship between numeracy as measured
by age-heaping and other measures of human capital (A’Hearn, Baten, and Crayen 2009;
Crayen and Baten 2010a; Hippe 2012; Cappelli and Baten 2021; Baten, Benati, and Ferber
2022; Baten and Nalle 2022). Historical age-heaping has consequently received much
attention in recent years from most parts of the world, including several countries in
Europe (A’Hearn, Baten, and Crayen 2009; Crayen and Baten 2010b; De Moor and Van
Zanden 2010; Szoltysek, Poniat, and Gruber 2018; Tapia et al. 2022; A’Hearn, Delfino, and
Nuvolari 2022), North America (Zelnik 1961; A’Hearn, Baten, and Crayen 2009; Crayen
and Baten 2010b), Latin America (Manzel and Baten 2009; Baten and Mumme 2010;
Manzel, Baten, and Stolz 2012; Juif and Baten 2013; Calderén-Fernandez, Dobado-
Gonzalez, and Garcia-Hiernaux 2020; Llorca-Jafa et al. 2022; Pérez-Artés 2023), Africa
(Baten and Fourie 2015; Cappelli and Baten 2021), and Asia (Baten et al. 2010). Albeit still
in its infancy, attempts at global comparisons have also been made (Crayen and Baten
2010a).

What has been lacking in previous research is studies on the development of numeracy
in slave societies quantitatively both prior to and following emancipation from slavery.
Previous studies of historical levels of numeracy that include data from the Caribbean have
a late start, observing at the earliest the cohorts born in the 1880s (Manzel and Baten 2009;
Crayen and Baten 2010a). This is well after slavery was abolished in the region, leaving the
question of how numeracy developed over the period of emancipation in the region still
unanswered.

It is well-established in the historiography that formal education often was constrained —
many times outright illegal — for enslaved persons in several slave societies, such as in the
United States (Genovese 1976; Span and Anderson 2005). The limited education of the
enslaved population has also been shown to have had long-lasting consequences for socio-
economic development, long after slavery was abolished (Bertocchi and Dimico 2014). In
other slave-societies, however, education of the enslaved was tolerated. Missionary societies
were, for example, allowed to operate missionary schools on Barbados already in the
eighteenth century (Blouet 1980, 127). Following the abolition of the British slave trade,
attempts were made to ameliorate the conditions of the enslaved. There has been much
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importantly into the health and demographic effects, as this was a key concern driving the
process (e.g. Higman 1984; Ward 1988; 1989; 2018; Jabour 1994; N. T. Jensen 2012). There
has been less research into how the process of amelioration came to impact the education
of the enslaved. What research there is on this topic, shows that attempts were made to
establish schools for the enslaved population, as a means for preparing them for life as free
subjects of the colonial state (Blouet 1980; 1990; 1991; Luster 1995, chap. 6; Glen 2011).
The education provided in these schools included elementary skills in reading, writing and
arithmetic (Blouet 1991, 396).

But little or no formal education does not necessarily equate with no skills. Modern-day
scholars make the crucial distinction between schooling and learning. Being enrolled in a
school does not necessarily translate into actually acquiring much skills, and it has been
shown in previous research that school enrolment often is a poor proxy of the learning
acquired by the students (Angrist et al. 2021; Hanushek and Woessmann 2012; Pritchett
2013). It is, vice versa, also possible to acquire learning despite the absence of formal
schooling. This is of crucial importance not the least for slave societies. Some scholars have
studied how enslaved persons acquired skills and learning clandestinely in various ways,
often being self-taught, when education of the enslaved was unavailable or illegal (Webber
1978; Cornelius 1991; Williams 2005, chap. 1; Gundaker 2007). Much of this previous
research has employed qualitative research methods to study the attainment of education
among enslaved persons. There is also some quantitative research on numeracy in
countries where slavery historically was widespread, such as the United States and Brazil.
The formerly enslaved individuals have here been found to exhibit lower levels of
numeracy compared to other members of the population, as would be expected (Crayen
and Baten 2010b; Baten and Mumme 2010; Manzel, Baten, and Stolz 2012; Juif and Baten
2013). The issue of slavery is, however, dealt with mostly in passing in this previous
research. The only study paying more explicit attention to the issue of slavery is a study of
numeracy in the Cape Colony (in current-day South Africa). When focusing on the slave
population, the study finds that Cape-born slaves exhibited a higher degree of numeracy

than slaves born outside the colony (Baten and Fourie 2015).

3. Contribution of the paper
This study aims to contribute to filling the existing research gap by studying numeracy

development in a typical Caribbean slave society. Our focus is on how levels of numeracy



changed over time prior to and after slave emancipation. The expectation is that this drastic
institutional change would have had a significant impact upon the development of
numeracy. This is to our knowledge the first attempt to study this topic quantitatively. In
the present paper, we contribute with novel research on this topic by focusing on the
Danish West Indies (current-day U.S. Virgin Islands) and specifically on the island of St.
Croix. The economy of St. Croix was dominated by plantation agriculture, heavily focused
on cane sugar production for exports (Sveistrup and Willerslev 1945; Hall 1994; Dookhan
1994; Olsen 2017), similar to many other colonies in the region. This territory provides us
with a uniquely rich set of data covering the whole population on the islands over the long
run, allowing us to study numeracy for the entire population for well over a century, both
before and after the institutional break of emancipation.

In terms of education, Danish authorities had opened the first public school for white
children on the island already in 1788. Education of the enslaved population was, in
contrast, by this time not considered to serve any “useful purpose” (Hall 1994, 191-92).
The colonial authorities did, however, allow missionary societies to operate schools for
enslaved children, as long as their focus was upon religious education (Lawaetz 1980; Hall
1994, 192-95; Highfield 2018, 195-96). Following the decision to abolish the Danish slave
trade (effective from 1803) attitudes started to change, and attempts were made to
ameliorate the institution of slavery on the islands. This included attempts to reform the
educational system. The process was protracted so as not to provoke skeptical planters, but
reforms eventually paved the way for investments in the public schooling of enslaved
children beginning in the early 1840s (Hall 1994, 197-207; N. T. Jensen, Simonsen, and
Olsen 2017, 238-39; Highfield 2018, 140—41). By the 1850s, all children in the country
districts were in theory subject to compulsory education (P. H. Jensen 1998, 216). The
education was to a large extent focused upon religious education, but also included

teaching the students basic literacy and numeracy skills (N. T. Jensen and Olsen 2017, 292).

4. Empirical strategy

In the present study, we analyze trends in numeracy over time by calculating the level of
age heaping in the population. The idea behind calculating age-heaping is intuitively easy.
Historically, many people were not able to tell their actual age — possibly because of
ignorance as to the exact year of birth, but not unlikely due to one’s inability to calculate

one’s age. If the latter was the case, age-heaping would be a clear sign of a low numeracy. It



has been observed in empirical studies that, when asked about their age, certain segments
of society tend to respond with a rounded number — often a multiple of five. By calculating
the overrepresentation of reported ages of such rounded numbers, it is possible to
quantitatively estimate the level of numeracy in a society (Spoorenberg 2007; Tollnek and
Baten 2010).

Age-heaping has been employed as a proxy for numeracy in a number of previous
studies. Critics have, however, pointed to problems with using age-heaping as proxy for
numeracy, or as a proxy for human capital more broadly. This view argues that the general
relationship between age-heaping and human capital does not necessarily holds true in
every historical setting. A recent study, for example, found examples of age-heaping even
among educated members of a population (A’Hearn, Delfino, and Nuvolari 2022). In
another case, despite modest increases in literacy that could be interpreted as a sign of
improved human capital, the authors saw no corresponding decrease in age-heaping (Tapia
et al. 2022). In yet another study, scholars found that some people indeed misreported their
age, but not necessarily rounded to a multiple of five (Blum and Krauss 2018). Patterns of
age-heaping must therefore be interpreted with caution and analyzed in close connection
with their respective historical contexts. Despite its limitations, however, the age-heaping
methodology, has become a staple in economic historical research.

We calculate the, by now conventional, Whipple- and ABCC-indices for the whole
population, as well as for sub-samples of our population over time (Spoorenberg 2007;

A’Hearn, Baten, and Crayen 2009; Tollnek and Baten 2016, 139—40).
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Equation 1 above shows the calculation of the Whipple index, summing up the number of
persons reporting a rounded age (multiples of five) relative to the number of persons we
would expect reporting such an age (i.e., 1/5 of the total population of interest). The index
would conventionally fall between 100 and 500, where 500 would be the extreme if
everyone in the sample reported a rounded age, and 100 would mean that only the
expected share reported a rounded age. As the index can be somewhat complicated to
interpret intuitively, A’Hearn, Baten and Crayen proposed what they have called the
ABCC-index (A’Hearn, Baten, and Crayen 2009), shown in equation 2:
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The ABCC-index is thus a linear transformation of the Whipple Index, which intuitively
can be interpreted as the percentage numerate in the sample studied.' The closer the ABCC
index is to 100 the lower the level of age-heaping and thus the higher the numeracy level of
the underlying population. In this study, we only report figures for the intuitively more
accessible ABCC-index.”

We furthermore aim to contribute to the identification of explanatory factors leading to
the observed levels of numeracy. Albeit issues of endogeneity prevent us from determining
causation, the study allow us to discuss factors associated with age-heaping. Specifically, we
test a model of factors associated with the probability of an individual reported as not
being of an age-heaping age. We specifically test a number of hypotheses generated from
our reading of previous research (H1-H7). In the appendix to the paper, we discuss two
additional hypotheses related to our specific dataset.

Hypothesis 1: Most previous research has found that numeracy, as measured by age-
heaping, has improved considerably over time. This is the case globally (Crayen and Baten
2010a, fig. 3), as well as in Latin America and the Caribbean specifically (Manzel and Baten
2009, fig. 3; Manzel, Baten, and Stolz 2012, fig. 7). Hypothesis 1 therefore stipulates that
we expect the probability to heap on age to decrease over time (as measured by birth
cohort). We are particularly interested in studying whether we can detect any sharp break in
numeracy for generations born prior to and after emancipation, respectively, as education
for the enslaved was very limited prior to emancipation. In our case, that means identifying
if there is any sharp break in the numeracy levels for generations born before and after
1848. For that reason, we use the birth cohort from the 1840s — the last generation born

under slavery — as the benchmark cohort for the regression estimates.

! Previous research on age-heaping has been focused upon excess reporting of rounded ages. It is
theoretically possible that the Whipple Index falls below 100, if there are fewer people reporting their
age as a multiple of five than would be statistically expected. A Whipple Index below 100 would lead
to an unadjusted ABCC-index above 100, which seems counterintuitive if we interpret the ABCC-
index as a percentage, hence the assumption in equation 2 that the ABCC cannot reach a value above
100.

2 The corresponding Whipple Index easily can be calculated from that index, for anyone who would be
interested.



Hypothesis 2: another hypothesis that emerges from previous research is that there is an
association between numeracy and the skill-levels necessary for the occupation held by the
individual in question. If age-heaping is a good proxy of numeracy, as argued in much
previous research (A’Hearn, Baten, and Crayen 2009; Crayen and Baten 2010a; Hippe
2012; Cappelli and Baten 2021; Baten, Benati, and Ferber 2022), we expect to find a lower
degree of age-heaping among members of the population holding more skilled
occupations. We test this hypothesis across four different skill levels.

Hypothesis 3: previous research has, in contrast, found no universal pattern when it
comes to gender gaps in numeracy, as proxied by age-heaping. The association has varied
substantially between the samples and historical contexts studied (A’Hearn, Baten, and
Crayen 2009; De Moor and Van Zanden 2010; Calderon-Fernandez, Dobado-Gonzalez,
and Garcia-Hiernaux 2020; Tapia et al. 2022). Our third hypothesis is, therefore, that there
is no statistically significant relationship between gender and the probability to age-heap.

Hypothesis 4: some previous research has found that married women exhibit a lower
degree of age-heaping than unmarried or widowed women (Foldvari, Van Leeuwen, and
Van Leeuwen-Li 2012; Calderén-Fernandez, Dobado-Gonzalez, and Garcia-Hiernaux
2020; A’Hearn, Delfino, and Nuvolari 2022; Tapia et al. 2022). An interpretation of this has
been that numeracy might be overreported among married women when proxied by age-
heaping, as the data on the married women’s ages might be reported by their husbands
(who, the interpretation holds, might have been more numerate than the women), rather
than by the married women themselves. Our hypothesis 4 thus assumes a similar
relationship for our population.

Hypothesis 5: previous research has shown substantial differences in numeracy between
different regions of the world (Crayen and Baten 2010a). Since our dataset includes data on
the place of birth of the individuals in the sample, we are able to test whether place of birth
is associated with numeracy. Out first sub-hypothesis (H5a) is that persons born in Europe
(in our sample primarily of Danish origin) had a better chance of acquiring some learning,
and therefore be more numerate than those born in the Danish West Indies. Our second
sub-hypothesis (H5b) is that people born in Africa — who presumably all had been enslaved
during the era of slavery — were less likely to have acquired any numeracy skills.

Hypothesis 6: is concerned with the place of residence of the individuals. Previous
research has shown that there often exists an urban/rural gap in educational attainment,

both in historical (Tapia and Martinez-Galarraga 2018) and modern-day samples of data



(van Maarseveen 2021, app. A). Previous research on the case under study in this article
has, furthermore, suggested that some of the early missionary activities, including the
schools they operated, were limited to the two towns on the island, Frederiksted and
Christiansted (Hall 1994, 193). Our hypothesis 6 is, therefore, that we can find an
urban/rural gap in numeracy in our sample, with the urban population being more
numerate.

Hypothesis 7: is that there is a higher probability that individuals belonging to the
Moravian and/or Lutheran faiths would be numerate than individuals belonging to other
denominations, as the missionary societies operating many of the early schools on the
island — including schools for enslaved children — belonged to these two denominations,
and prioritized educating children of the families in the respective congregations (Lawaetz
1980; Hall 1994, 192-94; Turnbull 2009, 153; Highfield 2018, 195-96). If these missionary
schools had any impact in their teaching of students, individuals adhering to a protestant

confession ought then to exhibit a higher level of numeracy.

TABLE 1 Swummary of hypotheses of factors associated with age-heaping

Hypothesis Independent Hypothesized association with
variable(s) in numeracy
dataset
H1 Improved numeracy | Birth cohort a. Higher probability of numeracy
over time, over time.
particularly after b. Distinct improvement in odds
emancipation. for cohorts born after

emancipation.

H2 Higher numeracy for | Skill level Higher probability of numeracy
persons holding (imputed from for persons holding occupations
occupations occupational title) | requiring higher skills.

requiring higher




level of skills

H3 Gender gap in Gender Not significant.
numeracy
H4 Lower degree of age- | Marital status # a. Higher probability of numeracy
heaping among gender for married women than for
married women. unmarried women.
b. Non-significant for married
men.
H5 Differences in Place of birth a. Higher probability of numeracy
numeracy associated for persons born in Europe.
with place of birth b. Lower probability for persons
born in Africa (in both cases
compared to those born in the
Danish West Indies).
H6 Urban/rural Place of residence | Higher probability of numeracy in
education gap (urban vs rural) urban areas.
H7 Differences in Religion Higher probability of numeracy

numeracy associated
with religious

affiliation.

among protestants.

All hypotheses to be tested are summarized in table 1. It is noteworthy that the dependent

variable in the analysis is the probability of not reporting a rounded (potentially age-

heaping) age, and that our dependent variable thus is to be interpreted as a proxy for




numeracy, similar to previous research in the field (Pérez-Artés 2023, tbl. 4). The model to

be estimated in the core regression is therefore the following:

Numeratei = a + f1-11 birth cohort Xi+ 12 skill-leveli + f13 genderi + 14
married#genderi + Sisplace of birthi + f1e urban residencei + f17 religious
affiliation + controls + &itr

where X stands for all decadal birth cohorts from 1780 to 1880. In an alternative model,
we include the birth cohort as a numerical variable instead of as dummy variables (along
with birth cohort squared, in order to allow for a non-linear relationship). The control

variables are discussed further in the appendix to the paper.

5. Data

The relevant age-data for the present study is gathered from historical censuses undertaken
in the Danish West Indies at semi-regular intervals. The study is delimited to the larger,
most populous and economically most important island of the Danish West Indies, St
Croix. The study is based on eight full-population censuses — 1846, 1850, 1855, 1860,
1870, 1880, 1901 and 1911 — all digitized for the Danish West Indies Population Panel
(DWIPP). Despite the relatively long-time frame, the source remains remarkably consistent
in its structure as well as on the set of core variables that are included in each census (Galli,
Ronnbick, and Theodoridis 2023). All eight censuses related to the island of St Croix have
been manually transcribed in full by the authors. The censuses report information on
several variables, including the age of individuals. Other variables reported in the censuses
are gender, place of birth, occupation, religion of the individuals along with household-
related variables, i.e., family relations and marital status, and who the census-taker was. The
census of 1846 also distinguishes between enslaved and free members of the population.
The censuses from the period after emancipation do, in contrast, not include information
on whether a person previously had been enslaved or not.

A crucial factor when calculating age-heaping is that age is reported by the individuals,
and not cross-checked against other sources (Tollnek and Baten 2016, 136). The data in the
censuses in the main seems to meet these requirements, albeit some caveats are necessary.
Census-takers were instructed to enter the running year of each person’s age. The census

data was recorded on pre-printed forms. In the countryside, the owner or manager of an



estate was to be supplied with the form and was asked to fill in the information. Other
informants could be asked to fill in the form, if necessary. In the urban areas, two to four
“respectable inhabitants” were appointed by the authorities to collect the census
information on each street. The instructions for the very first censuses instruct these
“respectable inhabitants” to go door to door and fill in the form with the assistance of the
owner or principal tenant. The rules for later censuses, from 1860 onwards, instead lay the
primary burden of filling in the forms upon the owners or principal tenants of a house, and
the “respectable inhabitants” are primarily instructed to attest to the correctness of the
information, and to assist the owners or principal tenants in filling in the information only
if necessary.

Many of the census records have a signature from the census-taker at the bottom,
allowing us to determine the identity of the individual reporting the information in that
record. It is not possible to ascertain whether the persons signing these records then
actually recorded the information themselves, or whether they only attested to the
correctness of the information recorded by someone else (who, nevertheless does not
appear as signatory in the form). It is possible in some cases to make an informed guess —
based for example on the handwriting or the color of the ink used — that the individuals
signing the records were not the same as those who recorded the information in the record
in question. For the majority of the records, however, this cannot be determined with
certainty.

The instructions do not spell out exactly how the census-takers were to gather the
information from individual members of a household. Whether they in practice asked all
members of the household, or only some (e.g., only adults, or only the heads of each
respective household) is not possible to tell from the instructions. As children and young
adults, below the age of 23, are conventionally excluded from estimates of age heaping
(Tollnek and Baten 2016, 139—40), they pose no problem for the analysis in our study.
Potentially problematic is, however, adults who are not household heads and in particular
married women, as mentioned previously. This will be controlled for in the analysis below.

There is no evidence that the information reported in the censuses was cross-checked
against any other source. We can, nonetheless, not rule out the possibility that the owners
or managers of an estate might have done so against records kept on the estates (e.g., slave-
rolls from the time prior to emancipation). In the paper, we therefore include the identity

of those who recorded the information in the censuses as control variables in the analysis.



We also include the census years as control variables, as the quality of the censuses might
have differed. We discuss these variables in further depth in the appendix to the paper.

The oldest person reported in the census of 1846, was a woman called Minerva,
reported to be 106 years old, i.e., born in 1740. Studies of age-heaping truncate the sample
at a maximum age, as the chances of surviving decreases substantially with age. In early
studies in the field, scholars conventionally truncated the sample at the age of 72 (Tollnek
and Baten 2016, 139). In more recent studies, many scholars have instead opted for a more
conservative approach, truncating the sample at the age of 62. Following the latter
approach to truncation, our dataset allows us to estimate numeracy for cohorts starting in
the late eighteenth century. As the conventional minimum age requirement for inclusion in
the sample for studies of age-heaping is 23 years of age, we can estimate age heaping for
cohorts up until the 1880s. We divide the sample into decadal birth cohorts for robustness,
based on the age groups (23-32, 33—42, 43-52 and 53—62 years of age) in each census. As
the censuses were undertaken somewhat irregularly, we do not have a perfect match for
some of the cohorts between all censuses, but the overlap is perfect for several of the
censuses (the 1850, 1860, 1870 and 1880 censuses), close to perfect for two others (the
1901 and 1911 censuses), and reasonably good for the two final censuses (1846 and 1855,
respectively).

The resulting dataset of individual-level data includes 86,906 observations. Table 2

reports descriptive statistics of the dataset.

TABLE 2 Descriptive statistics of the sample

Panel A. Age-variable

Obs Mean S.d. Min Max

Age 86,906 39.00 10.93 23 62

Panel B. Categorical variables

Birth-cobort Freq. Percent
1780 1,803 2.07
1790 6,446 7.42

1800 11,498 13.23




1810 14,652 16.86
1820 14,241 16.39
1830 8,739 10.06
1840 8,291 9.54
1850 7,050 8.11
1860 4,997 5.75
1870 0,426 7.39
1880 2,763 3.18
Gender Freq. Percent
Male 40,231 46.29
Female 46,605 53.63
Missing 70 0.08
Skill-level Freq. Percent
Unskilled 43,810 50.41
Lower skilled 11,004 12.66
Medium skilled 13,998 16.11
Higher skilled 854 0.98
Unknown 17,240 19.84
Place of birth Freq. Percent
DWI 72,988 83.98
Other Caribbean 8,628 9.93
Africa 1,759 2.02




Europe 2,557 2.94
Other 974 1.12
Place of residence Freq. Percent
Rural 55,603 63.98
Urban 31,303 36.02
Religions affiliation Freq. Percent
Protestant 62,831 72.30
Roman catholic 23,537 27.08
Other 538 0.62
Census-taker Freq. Percent
Unrelated (but known) 20,977 24.14
Self-reported 1,149 1.32
Co-habitant 26,085 30.02
Owner of location 8,610 9.91
Unknown 30,085 34.62

Source: Danish West Indies Population Panel.

As age is the most fundamental variable for our analysis, we are unable to include an
individual in our sample if data is missing on this variable. We consequently also know the
birth cohort of all individuals in our sample. Because of the truncation of the sample,
furthermore, the age in our sample ranges from 23 to 62, with a mean age of 39 years. For
most of the other variables of interest, we have complete or almost complete information
for the observations in our sample, with very few observations missing data on any
variable. The only exceptions are the variable of occupation (which is used to infer the

skill-level associated with the occupation), where information is missing for almost 20 per



cent of the sample (most of these are women), and the identity of the census-taker, where
information is missing for a third of the sample (with some overrepresentation of this
information missing from later censuses, and for records from the urban areas). As for the
other variables, our sample is largely made up of unskilled workers, born in the Danish
West Indies, living in the rural areas of the island at the time of the respective censuses, and
belonging to a protestant church. We do, however, have sizeable minorities of people in

the several other categories of these variables.

6. Results

FIGURE 1. Freguency of reported age of total population on S:t Croix, by gender, 17805—1880s
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Figure 1 is a histogram of the age of the population in the total dataset, including all eight

censuses. Ocular inspection suggests that age-heaping was quite frequent, particularly on

multiples of 10 (ages 30, 40, 50 and 60), but to some extent also on other multiples of 5

(ages 25, 35, 35 and 55).



FIGURE 2. ABCC of the total population on St Croix, by gender and birth cobort, 17805—1880s
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Source: DWI Panel.

Figure 2 shows the ABCC-index (the proxy for the numeracy level) in our sample,
disaggregated by birth cohort and gender. Both the levels and the pattern over time are
very similar for the two genders, so the evidence from our sample does, on the face of it,
not suggest that women had markedly lower numeracy rate than the men. Further
disaggregating the data for women by marital status does not lend support to hypothesis 2,
that married women exhibited a lower degree of age-heaping (see appendix figure Al for a
graphic representation of this).

What is more, the data suggests that numeracy might have decreased over time. For
birth cohorts from the 1780s to the 1820s, the estimated ABCC index hovers around 90
(with the exception of the outlier of female numeracy for the birth cohort of 1780). This
would be a quite remarkably high level of numeracy, given that the vast majority of these
people would have been enslaved. If taken at face value, this would suggest that the
enslaved population had been quite successful in attaining basic numeracy skills, even
though they were not able to access formal education at this time. But this might also, at
least partly, be the effect of measurement error in our sample. Since these people were all

born during the period when slavery was legal on the island, it is possible that births



records had been kept by the slave masters, and that many of these masters might have
consulted such records rather than asking the individuals when, years later, they had to fill
in the census-information for their respective plantations. Disaggregating the sample by
place of residence (urban vs rural, see appendix figure A2 for a graphic representation of
this), by who the census-taker was (see appendix figure A3) or by the skill-level necessary
for the occupations held by the individuals (see appendix figure A4) lends support to this
suspicion. We thus need to control for this aspect in our multivariate analysis below.

The data thus suggests very high levels of numeracy for birth cohorts until the 1820s,
after which the estimated numeracy levels seems to decrease. The estimates reach a nadir,
with an ABCC-index around 80 for the two birth cohorts where everyone was born free
(those born in the 1850s and 1860s). The two last birth decades in our sample exhibit a
drastic recovery in the numeracy levels, so that the numeracy estimated for those born in
the 1880s again approaches an ABCC-index of 90.

Since all people born after 1848 were born free, there are no slave-rolls or similar
records against which anyone could have checked the age of the individuals. It therefore
seems reasonable to assume that at least these figures are reliable enough for a direct
comparison with results from previous research. Figure 3 puts the data from these cohorts
into comparative perspective, comparing the numeracy levels for this age-group in our
sample with those for other territories in Latin America and the Caribbean (numeracy level

proxied by age-heaping in all series in the figure).



FIGURE 3. Numeracy levels in the Danish West Indies in international comparison (ABCC-index),
1840s—1920s
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Sources: Danish West Indies Population Panel for data on the Danish West Indies. (Crayen and Baten 2010a,
fig. 3) for data on Latin America. (Manzel and Baten 2009, appendix table A.1) for data on the
Caribbean.

Note: The data from the Danish West Indies has been standardized in the manner proposed by (A’Hearn,
Baten, and Crayen 2009, 798) to allow for international comparisons (i.e., including only males aged
33—42 from the census records).

As can be seen in figure 3, the numeracy levels found in our sample are high when
compared to most other parts of the Caribbean and Latin America, with an estimated
numeracy level approaching 80 already for the birth cohort of the 1870s. Countries in Latin
America did not reach the same level until the 1890s, and several of the Caribbean colonies
did not reach this level until the birth cohorts of the 1910s or 1920s. The striking outliers
here are the British Caribbean colonies, which already by the 1880s had reached numeracy-
levels exceeding 90 per cent. It is beyond the scope of the present study to analyze why the
British colonies performed so much better than many other countries or colonies in the
region, but early investments in education already during (the process of amelioration of)
slavery might have played an important role (Blouet 1990; Luster 1995, chap. 6).

We now turn to a multivariate analysis to better examine the factors associated with age-

heaping in the form of a logistic regression. Our dependent variable is a dummy variable



taking the value of 1 for persons reported as not being of an age-heaping age, i.e. a person
who has a high chance of being numerate. Model 1 only include the birth cohorts as
explanatory (dummy) variables. Model 2 also include dummy variables for the respective
censuses as control variables, as the quality of the censuses might have differed. Model 3
then includes all other explanatory variables relevant for hypotheses 2-7 (i.e., those
specified in our core model), as well as the identity of the census-taker as a further control
variable. Model 4, finally, include birth cohort as a numerical variable, instead of as dummy

variables as in model 3.

TABLE 3 Explaining numeracy in the Danish West Indies, 17805—1880s, logistic regression, odds

ratios
Model 1 Model 2 Model 3 Model 4
Birth cohort = 1780 1.3486% (.54 0.56%F*
(0.079)  (0.039) (0.041)
Birth cohort = 1790 1.10%F* - 0.54%6¢ 0.53%*
(0.040)  (0.020) (0.027)
Birth cohort = 1800 1.18+0k - 0.60%+* 0.58*#*
(0.037)  (0.020) (0.026)
Birth cohort = 1810 12406 (.07H* .64k
(0.037)  (0.027) (0.027)
Birth cohort = 1820 11900k 0.76%+* 0.74x**
(0.036)  (0.029) (0.028)
Birth cohort = 1830 1.07** 0.82%x* 0.80***
(0.036)  (0.030) (0.029)
Birth cohort = 1840 (benchmark)
Birth cohort = 1850 0.87+** 1.3k 1.33%xk

(0.030)  (0.052) (0.088)



Birth cohort = 1860 (.87 %%

(0.030)
Birth cohort = 1870 1.02

(0.037)
Birth cohort = 1880 1,148k

(0.055)

Birth cohort (numerical)

Birth-cohort (numerical) squared

Era of birth = Born prior to emancipation

Skill-level = Unskilled

Skill-level = Low skilled

Skill-level = Medium skilled

Skill-level = Highly skilled

Skill-level = Unknown

Gender = Female

Married

1.53%%+
(0.080)
1,945+
(0.098)
2.ATHRH

(0.16)

1,57k
(0.12)
2.01%%k
(0.15)
2,56k

(0.22)

0.99
(0.025)
1.03
(0.024)
1,328
(0.12)
0.95%*
(0.021)
1.00
(0.019)

1.03

0.70%%*
(0.042)
1.00%**
(0.000017)
1.01
(0.066)
(benchmark)
0.98
(0.025)
1.02
(0.024)
1.29%%¢
0.11)
0.91 %%
(0.019)
1.01
(0.019)

1.04*



Female # Married

Place of birth = Danish West Indies

Place of birth = Other Caribbean

Place of birth = Africa

Place of birth = Europe

Place of birth = Other

Utban

Religious affiliation = Protestant

Religious affiliation = Roman catholic

Religious affiliation = Other

Constant 2.13%xx 285K
(0.050)  (0.084)
Controls None Census-year

(dummy)

(0.025) (0.026)
1.04 1.05
(0.035) (0.035)
(benchmark)
0.90%%* 0.97#*
(0.024) (0.024)
0.81#** 0.80%*x*
(0.044) (0.043)
1.23%%¢ 1.24x%¢
(0.062) (0.063)
0.84** 0.85%*
(0.058) (0.059)
1.08%** 1.08%**
(0.021) (0.021)
(benchmark)
0.99 0.99
(0.017) 0.017)
0.95 0.95
(0.092) (0.091)
2,03 1.37e+197+%*
(0.10) (1.35¢+199)

Census-year
(dummy),

identity of

Census-year
(numerical) and

census-year



census-taker  squared, identity

of census-taker

Observations 86,9006 86,906 86,836 86,836

Source: DWI Panel.

Hypothesis 1 proposed that there would be an improvement in numeracy over time, as
much previous research on numeracy from other parts of the world suggests such a
pattern. We furthermore expect that the amelioration of slavery and, most importantly,
emancipation from slavery, enabled more people to acquire some degree of education. As
shown in figure 2 above, the average ABCC index for the whole sample did not to exhibit
any such trend, neither for men nor for women in our sample, when the data was
disaggregated simply by birth-cohort and gender. This is also in line with the results found
in model 1 in table 3: when we only include the birth-cohort as explanatory variable, the
results are somewhat ambiguous, but would if anything tend to suggest that the trend over
time is negative for the whole period from the 1780s to around the 1860s, i.e., with a lower
probability of a person being numerate the later the person was born. This is, however, the
consequence of a challenge arising from the primary data: age-heaping within a particular
birth-cohort is in several cases higher in later censuses than in earlier ones (a graphic
representation of this can be seen in appendix figure A5, along with a further discussion of
the issue). We deal with this complication by including both the birth-cohort and the
census-year in the following two models, with the census-year used as a control variable
when estimating the coefficient for the explanatory variable of interest, the birth cohort (in
essence we thus employ a census fixed-effects model). The result of including just the
census-year as a control variable (model 2) is that the effect of birth-cohort is reversed:
when controlling for differences between the censuses, the estimates for the different birth
cohort indicates a clear positive association with the probability of being numerate: the
later a person is born during the period under study, the higher the probability of not
reporting a rounded age. The effect is furthermore quite substantial: the persons born in
the 1880s is more than two times as likely to not report a rounded age, compared to the
benchmark birth cohort (those born in the 1840s). Vice versa, those born in the 1780s are

much less likely to report a non-rounded age, so chances are that numeracy levels also were



lower in this birth cohort, compared to the benchmark birth cohort. Our tentative
conclusion is therefore that our estimates do lend support to hypothesis Hla of a positive
trend for numeracy over time.

The estimates thus show that the probability of being numerate was much higher
following emancipation than prior to this process. These results are also robust if we
include a number of additional explanatory variables into our model (model 3 in table 3):
the exact odds ratios estimated differ somewhat when additional variables are introduced to
the model, but the changes are comparatively small, and all estimated coefficients that were
statistically significant in model 2 remain statistically significant at conventional levels of
confidence also in model 3. The positive trend is, however, not linear, as model 4 in table 3
shows. Here, we include the cohort and the cohort squared as numerical values, instead of
as categorical variables as in previous models. The estimated coefficients are statistically
significant for both these variables, but the estimated co-efficient is negative for the non-
squared cohort variable. This in line with the results of model 3, which suggested the
probability of being numerate decreased somewhat during the first two birth cohorts, and
only started to increase from around the turn of the nineteenth century. But it is, at the
same time, important to note that we find no evidence that this development started with
emancipation (hypothesis H1b): numeracy levels were seemingly improving among cohorts
born long before emancipation and continued to do so after emancipation. The estimated
coefficient for a dummy variable for all individuals born prior to emancipation does in
model 4 not differ from the odds ratios for those born after emancipation.

Further explanatory variables also allow us to test the other six hypotheses set out in
table 1 above. Hypothesis H2 proposed that the skill-level necessary for holding a
particular occupation would be positively associated with numeracy. This would show as a
higher probability of being numerate if holding a highly skilled occupation. This hypothesis
is supported by the evidence from our sample, but only for the small group holding highly
skilled occupations: these individuals in our sample had about 30 per cent higher chance of
not reporting a rounded age compared to unskilled individuals. There is no statistically
significant difference in the odds of being numerate for persons holding neither low nor
medium skilled occupations compared to those holding unskilled occupations. Our
conclusion is, nonetheless, that our sample lends some support for H2.

Hypothesis H3 concerns gender-differences in numeracy. Our hypothesis is that we would

find no relationship between gender and numeracy. This is in fact also what we find:



women do not show statistically significant difference in their probability of reporting a
non-rounded age than the men. We also do not find any support for hypothesis H4 on
differential age-heaping among married women than among unmarried women in our
sample: married women were neither more nor less likely to report a non-rounded age than
unmarried women were.

Hypothesis H5 was concerned with the association between numeracy and place of
birth. People born in Europe — in the case studied here, many of them came from
Denmark— were hypothesized to have had a better chance at acquiring basic numeracy
skills than those born on the Danish West Indies (many of whom had been enslaved at
birth for all birth cohorts until the 1840s). Vice versa, we expected that people reported as
being born in Africa would exhibit a significantly lower level of numeracy; we can be
reasonably sure that all these people had been enslaved at one time, and therefore would
have had fewer chances to attain much learning. Both these hypotheses find support in our
data: persons born in Europe had a 24 per cent higher chance of being numerate, and
those born in Africa had a 20 per cent lower chance of being numerate, than those born in
the Danish West Indies.

Hypothesis H6 dealt with urban/rural divide in education, something that can be found
in many societies. Comparing only the urban vs rural ABCC indices does not show any
clearcut divide throughout the period (see appendix figure A2). Once we control for a
number of other variables as in table 3, however, there is a significant urban/rural divide,
with people living in the urban areas of the island having a 8 per cent higher chance of
being numerate.

Hypothesis H7, finally, was concerned with the religious affiliation of the individuals.
Since the missionary schools established from the late 18th century onwards were operated
by protestant missions, the hypothesis was that individuals of a protestant confession
would have greater chances at accessing such education, and thereby exhibit a higher
degree of numeracy. The results from our estimates do not support this hypothesis: we
find no statistically significant different odds ratio for those of roman catholic (or other)

faith than for those of a protestant faith.

6. Discussion
One argument put forth in the historiography has been that slavery might have been an

obstacle for long-term economic development in the regions or countries where people



were enslaved, and that those that profited from the exploitation of enslaved people as a
rule lived somewhere else. One factor that has been suggested as creating such an obstacle
for development in slave societies is exactly the role of the education of the enslaved. We
know from much previous research that education has a strong association with economic
growth and development. Limiting or even outlawing the education of a large segment of
the population, as many slave societies did, ought therefore to have had considerable
negative effects upon the long-term development of these societies. What little research
there is on this topic has to a large extent focused upon the experience from the United
States (Bertocchi and Dimico 2014; Wright 2017, 170-72).

But some slave societies were not as prohibitive towards education of the enslaved
population as many parts of antebellum southern United States were. In the Caribbean,
several colonies — not least the British colonies — at least in time came to view the
education of the enslaved as part of a broader process of amelioration of the institution.
Education of the enslaved was therefore tolerated, and in time even to some extent
supported, by colonial authorities (Blouet 1980; 1990; 1991; Luster 1995, chap. 6; Glen
2011). The same was the case for the Danish West Indies studied in this paper (Hall 1994,
191-207; N. T. Jensen, Simonsen, and Olsen 2017, 238-39). This more tolerant view of
education for the enslaved created positive opportunities for the latter to acquire basic
skills. The evidence presented in this article also suggests that many of those enslaved did
do so, as numeracy levels of the population under study were quite high in regional
comparison, and furthermore seems to have increased substantially over time. Limitations
on the education of the enslaved was thus not an integral or universal feature of the
institution of slavery, but a specific feature of how this institution came to develop in
certain slave societies.

Explaining why numeracy levels increased to such an extent as our estimates suggest is
more complex. Our findings suggest that numeracy levels started to increase long before
emancipation in 1848. They also started to increase long before any public investments in
schooling for the enslaved was made, starting in 1841. Public schooling does therefore not
suffice for explaining the findings in our study. Religious affiliation does not seem to have
mattered much either: the numeracy levels were strikingly similar regardless of whether the
individuals were of catholic or protestant faith. The effects of the missionary schools, all
operated by protestant churches, is therefore seemingly quite limited. This stands in sharp

contrast to the findings from other historical settings, where missionary activities seem to



have had a measurable impact upon the education of the population (see overview in Meier
Zu Selhausen 2019). Neither public nor private schooling would thus be a sufficient
explanation for the development we observe. Our interpretation is that large parts of the
population instead acquired the basic numeracy skills that we observe in informal ways as
tacit knowledge, either from being self-taught or from hidden forms of education (for
example by friends and family), similar to the processes studied in the United States
(Webber 1978; Cornelius 1991; Williams 2005, chap. 1; Gundaker 2007).

While the key focus of this article has been whether there was any positive trend over
time, and/or whether emancipation improved the chances for the emancipated petrsons to
acquire learning, our dataset has also allowed us to explore a number of additional
hypotheses. Our estimates support the existence of a positive relationship between the
probability of being numerate and holding an occupation requiring higher skills. This might
seem highly intuitive. Much previous research in the field has shown a positive relationship
to other proxies for education and learning. Our conclusion here is that our estimates add
further support for the validity of age-heaping as a proxy for learning. In addition, our
estimates show that the numeracy levels for migrants to the Danish West Indies appear as
would be expected from what we know about numeracy levels in the respective societies
from which they migrated (Crayen and Baten 2010a). Two issues that, in contrast, have
been controversial in previous research is whether there is a gender gap in numeracy, and
in particular whether married women exhibit different levels of age-heaping than

unmarried women. We find no support for either of these hypotheses in our sample.

7. Conclusion

In this article, we have studied the development of basic numeracy skills in a quite typical
cash-crop colony in the Caribbean over a century. During the century under study, slavery
was abolished, and formerly enslaved people were set free. The aim of this research was to
study how this major institutional change impacted upon the skills acquired by the
population in the colony. We employed a unique dataset — based on several consecutive
censuses digitized in full — in order calculate the level of age-heaping, as a proxy for
numeracy.

The results show that the level of age-heaping was comparatively low in this society
compared to the levels found in many other countries and colonies in the region around

the same time. Age-heaping furthermore decreased over time. Interpreted as a proxy for



the numeracy skills of the individuals, we thus find that numeracy levels increased quite
substantially over time. There was, however, no distinct break by the time of emancipation
in 1848. Numeracy levels had seemingly started to increase long before this event, and long
before colonial authorities started to invest in public education of enslaved people. We can
furthermore not find any support for the hypothesis that people belonging to the same
faith as the missionary societies operating missionary schools prior to the emergence of
formal public schooling would have had any higher levels of numeracy than those
belonging to other faiths. Formal schooling, neither private nor public, can therefore not
explain the increasing numeracy levels in our sample. Our conclusion is therefore that the
population of this predominantly slave-society acquired these basic numeracy skills through

informal means, with the help of friends or family.
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