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ARTICLE INFO ABSTRACT

Keywords: What is the cross-cultural prevalence of the seven moral values posited by the theory of “morality-
MorahtYA as-cooperation”? Previous research, using laborious hand-coding of ethnographic accounts of
C‘;;)peratw}:‘ ethics from 60 societies, found examples of most of the seven morals in most societies, and
Etnir:;f::li Y observed these morals with equal frequency across cultural regions. Here we replicate and extend

N . this analysis by developing a new Morality-as-Cooperation Dictionary (MAC-D) and using Lin-

atural language processing i

LIWC guistic Inquiry and Word Count (LIWC) to machine-code ethnographic accounts of morality from
an additional 196 societies (the entire Human Relations Area Files, or HRAF, corpus). Again, we
find evidence of most of the seven morals in most societies, across all cultural regions. The new
method allows us to detect minor variations in morals across region and subsistence strategy. And
we successfully validate the new machine-coding against the previous hand-coding. In light of
these findings, MAC-D emerges as a theoretically-motivated, comprehensive, and validated tool
for machine-reading moral corpora. We conclude by discussing the limitations of the current
study, as well as prospects for future research.

1. Introduction

According to the theory of “Morality-as-Cooperation”, morality is a collection of cooperative rules that help humans work together,
keep the peace, and promote the common good [1]. There are many types of cooperation, hence many types of morality, including:
family values, group loyalty, reciprocity, heroism, deference, fairness, and property rights. Previous research, using laborious
hand-coding of ethnographic accounts of ethics from 60 societies, found examples of most of these seven moral values in most societies,
and observed these morals with equal frequency across cultural regions [2]. Here we extend this analysis by developing the
Morality-as-Cooperation Dictionary (MAC-D) and using LIWC to machine-code ethnographic accounts of ethics from an additional 196
societies.

The paper proceeds as follows. First, we outline the theory of “Morality-as-Cooperation”, and summarise previous work testing its
predictions regarding the cross-cultural prevalence of distinct moral values. Second, we introduce the natural language processing
Linguistic Inquiry and Word Count (LIWC) approach, and we describe our methodology for developing MAC-D. Third, we use MAC-D
to estimate the cross-cultural prevalence of MAC’s seven moral values in a total of 256 societies; and we compare the results of the
hand- and machine-coding of the original 60 societies. Finally, we discuss the strengths and limitations of the current research, and
consider the prospects for further research using machines to code moral corpora.
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2. The theory of morality-as-cooperation

Recent research suggests that the function of morality is to promote cooperation [1,3 p. 40, 4 p. 800, 5 p. 59, 6 p. 1, 7 p. 231].
According to this theory of “Morality-as-Cooperation” (MAC), humans face, and have faced, a range of different nonzero-sum problems
of cooperation, and have evolved and invented a range of solutions to them. These cooperative solutions take a variety of forms,
including character traits, strategies, dispositions, behaviours, rules, norms, institutions, and technologies. Together, they motivate
cooperative behaviour and provide the criteria by which we judge the behaviour, attitudes, and traits of ourselves and others.! And it is
this collection of cooperative solutions that philosophers and others have called morality [1].

What’s more, because there are many types of cooperation, MAC predicts that there will be many types of moral values. For
example, drawing on evolutionary game theory, Curry [1] has argued that there are (at least) seven distinct types of cooperation: (1)
the allocation of resources to kin; (2) coordination to mutual advantage; (3) social exchange; and conflict resolution through contests
featuring (4) hawkish displays of dominance and (5) dovish displays of deference; (6) division of disputed resources; and (7) recog-
nition of prior possession. And each of these types of cooperation gives rise to a corresponding type of morality: (1) family values, (2)
group loyalty, (3) reciprocity, (4) heroism, (5) deference, (6) fairness, and (7) property rights.

1. Family Values

Kin selection explains why we love and care for our families, why parents feel a duty of care to their offspring, why we feel a special
obligation to help our extended families, and why we abhor incest [3,4].

2. Group Loyalty

Mutualism explains why we coordinate our activities to pursue projects of mutual interest, why we form groups, clubs, and co-
alitions (there is strength and safety in numbers), why we value these groups, their members, and our membership in them, why we
adopt local norms and conventions, why we feel a special obligation to come to the aid of fellow group members, and why we value
loyalty, unity, and solidarity [5,6].

3. Reciprocity

Social exchange explains why we seek opportunities for mutually-beneficial trade, and why we feel we ought to trust others, return
favours (positive reciprocity), keep promises, pay debts, fulfill contracts, be grateful for favours received, feel guilty for favours not
returned, avenge injuries (negative reciprocity), punish cheaters, apologise for causing injuries, and forgive those who apologise [7,8].

4. & 5. Heroism and Deference

Conflict resolution explains why we minimise the mutual costs of disputes by engaging in ritual contests: why we proudly display
cues of power and high status (‘excellences’, including bravery and generosity); and, when bested, why we express humility, and
respect, defer, and submit to our superiors [9,10].

6. Fairness

Conflict resolution also explains why we resolve disputes over divisible resources by dividing or sharing them (often resulting in
equal shares), and hence why we feel an obligation to negotiate, seek a compromise, and be fair [11,12].

7. Property rights

Conflict resolution also explains why we resolve disputes by recognising prior possession, hence why we feel we ought to respect
others’ property and territory, and refrain from theft [13].

MAC’s theory-derived taxonomy of moral domains extends beyond, and provides a principled and more comprehensive alternative
to, those provided by earlier more ad hoc taxonomies, such as Moral Foundations Theory (MFT; [14]). For example, MAC includes
domains dedicated to family values, reciprocity, heroism and property rights, which are missing from MFT. As such, MAC is able to
predict and explain a broader array of moral phenomena [1,2,15,16].

1 MAC is primarily a theory of the function of morality, specifying that whatever tends to contribute to helping humans cooperate in non-zero-sum
interactions that are common in social life will be considered morally good, and that whatever tends to undermine such cooperative interactions will
be considered morally bad. For this reason, MAC is indifferent to what structures realize this function; presumably, many different things do so in
different contexts, from innate sentiments, to inherited social and cultural norms, to constructed institutions and technologies. For this reason, MAC
is consistent with many different ways of enacting and embodying moral values. Just as there are many different kinds of eating utensils that share
the same functional role, so (according to MAC) there are many local implementations of cooperative strategies that share the same functional role.
For additional philosophical background on this point, see [8-10, 11 ch. 5, 12].
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MAC makes a number of predictions that have been supported by previous research. For example, MAC predicts that: there will be
as many different types of morality as there are types of cooperation (and their combinations) [15]; that each of these distinct types of
morality will be the product of genetically-distinct, domain-specific psychological mechanisms [17]; that each type of morality will
emerge spontaneously during development [18]; that each of these types of cooperation will be considered morally relevant and will
constitute a distinct facet or factor [16]; and, most relevant to the current research, that each of these types of cooperation will be
considered morally good, in all societies [2].

In order to test this cross-cultural prediction, Curry and colleagues conducted a content analysis of 600 ethnographic accounts of
ethics from 60 societies, using the holocultural method [2,19,20]. The 60 societies represent the ‘Probability Sample Files’ (PSF), a
stratified random sample of well-attested human societies, drawn from the electronic Human Relations Area Files (eHRAF) — an archive
of thousands of original, full-text ethnographies. They extracted paragraphs that had been labeled as Ethics or Norms, or that contained
one of a set of moral keywords — 3460 paragraphs in total. They coded whether each paragraph contained a morally positive or
morally negative reference to the seven types of cooperation (note that they did not use a dictionary for this, but rather a holistic
assessment of each paragraph by trained coders). 761 paragraphs contained information about the moral valence of one or more of the
seven cooperative behaviours, giving rise to 962 observations of moral valence in total. They reported three main results. First, in 961
out of 962 observations (99.9%), cooperative behaviour had the predicted positive moral valence. (The one exception was a case in
which ‘open theft’ was considered admirable because it displayed dominance.) Second, the seven positively-morally valenced coop-
erative behaviours were observed in 78%, 73%, 72%, 53%, 58%, 15%, and 90% of societies respectively. And third, all seven
positively-morally valenced cooperative behaviours were observed with equal frequency across six cultural regions. Thus, MAC’s
predictions were supported; these seven types of morality appear to be cross-culturally universal.

One limitation of this study is that, because hand-coding is very labour-intensive, it was impractical to go beyond the 60 PSF
societies and investigate the prevalence of morals in the other societies documented by HRAF. Another limitation is that hand-coding
for the presence or absence of a moral is a coarse-grained measure, which makes it difficult to investigate variation in the degree of
endorsement of a given moral in a given society. In order to overcome these limitations, here we develop and deploy a semi-automated
approach that harnesses natural language processing tools to detect continuous variation in moral values across societies in the entire
ethnographic corpus.

3. Developing the MAC-D

In this section, we explain the methodology used to develop the MAC-D sub-dictionaries. We begin by explaining the expert-led
initial step, then follow up with the semi-automated and expert-curated step employing WordNet.

3.1. Linguistic Inquiry and Word Count (LIWC) and the LIWCalike R package

Recent work has shown it is possible to extract psychological signals from natural language using various digital tools. One
prominent approach, Linguistic Inquiry and Word Count (LIWC) — developed by Pennebaker et al. [21] (see also [22]) — works by
counting the number of words belonging to various categories in a text. For instance, LIWC combs through a text to examine how many
first-person singular pronouns (e.g., I, me, my), how many first-person plural pronouns (e.g., we, us, our), and how many articles (e.g., a,
an, the) are used per 100 words. Beyond these so-called function words, LIWC has dictionaries for words that indicate complexity of
thinking (e.g., nevertheless, whereas, but), asking questions (e.g., who, what, why), and a range of psychological processes that includes
positive and negative emotions, discrete emotions such as anger and sadness, and drives for affiliation, achievement, power, reward,
and risk. Over the last decades, Pennebaker and his collaborators have shown that this method can reveal quite a bit about individuals,
their relationships, and the groups to which they belong. One useful function of LIWC is the ability to create and share custom dic-
tionaries for categories of interest. The dictionary approach is favored as it “has the advantage of being ‘objective, automated, and
transparent’ ...” [23] (as cited in Ref. [24]); this transparency-by-design allows us to “provide a clear explanation as to how and why”
[24] certain signals are detected in a particular piece of text. The portability of the LIWC (.dic) file format, and the existence of multiple
free and open-source implementations of the LIWC algorithm, are added advantages.

Related approaches have been applied to moral corpora. For example, Alfano, Higgins, & Levernier [25]have advocated taking a
lexical approach to guide philosophical investigations into moral values and virtues. In a case study, they extract obituary documents’
agent-level descriptions of the deceased that refer to their character traits and relationships, thereby producing a collocation network
of virtues, values, and constituents of wellbeing.

Most previous research using LIWC to analyse moral corpora has employed the Moral Foundations Dictionary (MFD) and
concentrated on contemporary (mostly American) corpora [14]. For example, Hoover et al. [26] annotated a large corpus of tweets for
five moral domains, as did Trager et al. [27] for a Reddit corpus (non-peer-reviewed pre-print). Padfield & Buchanan [28] use MFD to
characterise the moral lean of various US media organisations. And Buttrick et al. [29] track the evolution of Anglophone moral
language over the course of more than two centuries. However, this MFD-based approach is limited in at least two ways. First, there are
underlying problems with Moral Foundations Theory, on which it is based. Moral Foundations Theory, and thus MFD, omits four key
moral domains: it has no foundations dedicated to family values, reciprocity, heroism, or property rights. Second, when it comes to the
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updated MFD 2.0, the estimates of reliability and validity (see https://osf.io/xakyw) have not been peer-reviewed, and the meth-
odology is sparsely documented. Yet a third Moral Foundations dictionary — the extended MFD or eMFD — was recently published
[301. It relies on newer methods but is not directly comparable to the list-based dictionary approach taken here.? Future work using
these newer methods to develop an extended MAC dictionary or eMAC-D would enable more of an apples-to-apples comparison be-
tween dictionaries associated with Moral Foundations Theory and Morality-as-Cooperation.

To address these limitations, we developed the Morality-as-Cooperation Dictionary (MAC-D) for use in either the proprletary LIWC
platform, or in open-source packages for both the R statistical computing environment and the Python programming language.® Note
that, while MAC and MFT are theoretical competitors, both are premised on the idea that morality is all (in the case of MAC) or mostly
(in the case of MFT) about cooperation. In order for their predictions to eventually be compared in corpora in future research, MAC-D
needs to be established as a potential competitor to MFD and MFD 2.0. We do not make that comparison in the current paper because
there is as yet no ground truth coding of Moral Foundations in HRAF or the 60 societies documented in the PSF.

3.2. Initial expert-led enumeration of words, stems, and n-grams

Starting in 2020 (and thus before the efflourescence of large language models such as ChatGPT), the authors began constructing
MAC-D by brainstorming words, stems, and n-grams that describe when someone was acting in accordance with, or in violation of, the
seven basic moral principles constitutive of MAC — love your family, be loyal to your group, return favours, be brave and generous,”
defer to superiors, divide disputed resources fairly, and respect property. This led to the creation of seven virtue proto-dictionaries and
seven vice proto-dictionaries.’

Next, we solicited additional words, stems, and n-grams from colleagues (all Ph.D.s in the humanities or social sciences) who were
already familiar with MAC, five of whom responded. We took the union of their lists and added those to the fourteen proto-dictionaries
we had already enumerated. In sum, for the virtue dictionaries, three to four dozen items were included in these proto-dictionaries,
while for each of the vice dictionaries approximately two dozen items were included.

Next, the authors reached consensus on whether the words, stems, and n-grams in the proto-dictionaries had face-valid fit for the
categories of MAC as described above. For example, the term ‘own’ could not be included in the property dictionary because, while it
can refer to ownership of property, it can also be used in phrases like ‘her own family’. The authors also continued to brainstorm new
words, stems, and n-grams that might be added to each proto-dictionary. Some terms were associated with multiple proto-dictionaries
(e.g., ‘admire’, which was associated with both heroism and deference). Due to the way LIWC parses tokens, the authors introduced
punctuated versions of words and abbreviations (e.g., ‘iou’ and ‘give and take’, versus ‘i.0.u.” and ‘give-and-take’), as LIWC regards the
latter terms as distinct from the former. All told, the virtue proto-dictionaries comprised 371 items (a mix of words, stems, and n-
grams), while the vice proto-dictionaries comprised 148 items. These proto-dictionaries represented the expert input of all co-authors
and five colleagues.

3.3. Expansion via WordNet, followed by culling of false positives

In order to ensure that the proto-dictionaries developed by experts were comprehensive and not too idiosyncratic, we next turned to
WordNet.® Wordnet is a large lexical database of the English language in which words are grouped into sets of cognitive synonyms
(synsets). Each synset expresses a distinct concept and is related to other synsets by various conceptual-semantic and lexical relations.
Using WordNet, we aimed to discover additional words that should be added to each of the proto-dictionaries. WordNet has been used
as a standard tool for discovering relations between words in natural language processing studies, and has been cited in over 14,000
academic studies.”

Given an input word or phrase, WordNet generates synsets that can then be used to query related terms in the following categories:
synonyms, antonyms, hyponyms (specific instances for a concept, e.g. ‘pasta’ — ‘fettuccine’), hypernyms (generic categorisations of a
concept, e.g. ‘pasta’ — ‘food’), meronyms (sub-components found in a concept, e.g. ‘room’ — ‘ceiling’), holonyms (the larger
component of which a concept belongs to, e.g. ‘room’ — ‘building’), and entailments (logical consequences of a word, e.g. ‘eat’ —
‘swallow’).

As WordNet does not work with stems (e.g. ‘commun*’), in order to generate synsets as above, all word stems were “expanded” by

2 For recent review of state-of-the-art methods, including some work on morality in corpora, see Ref. [50]; the chapters by Atari & Dehghani and
Leone & Niemi are especially relevant, though they do not address the measurement of Morality-as-Cooperation.

3 LIWC is implemented as a function in the quanteda package [51]. Various open-source LIWC implementations exist for Python as well, such as
https://github.com/chbrown/liwc-python.

4 Note that Curry et al. [2] coded for heroism = bravery, whereas here we are coding heroism = bravery or generosity, so the results are not
directly comparable.

5 We note the year in which the methodology was developed and deployed because natural language processing and generation have witnessed
astonishing advances in the meantime, especially with the public release of ChatGPT (GPT-3.5) at the end of 2022, which we will discuss in Section
5. The current work, however, should not be discounted simply because it took time to complete in the middle of a pandemic and was thus not able
to benefit from the guidance of more recent publications, such as [52-54]. We do note, however, that Nicolas and colleagues [52] recommend
WordNet expansion and other methods that we independently alighted on and employed in this study.

© See https://wordnet.princeton.edu/for documentation.

7 See Ref. [55] for a technical exposition. Citations per Google Scholar as of 31 July 2020.
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consulting the NLTK words corpus® for terms containing the stem in question (e.g. ‘commun* — ‘communa’, ‘communal’,
‘communism’, etc.). Finally, we queried WordNet for related terms (from all categories above) given each proto-dictionary’s contents,
and consolidated them by removing duplicate entries.

This process greatly increased the number of words and n-grams in the proto-dictionaries. The largest virtue proto-dictionary
(heroism) contained 776 items, while the smallest virtue proto-dictionary (property) contained 190 items. The largest vice proto-
dictionary (group) contained 357 items, while the smallest vice proto-dictionary (family) contained 29 items. However, many of
the new items appeared to be false positives. For example, WordNet took the term ‘member’ to refer not only to a member of a group
but also to male genitalia, then suggested many synonyms. To handle this problem, two of the co-authors independently coded each
term in each proto-dictionary for relevance (1 = is associated with the virtue or vice in question, 0 = is not associated with the virtue or
vice in question). Inter-rater reliability was calculated as Cohen’s kappa in the irr R package [31]. For the virtue dictionaries,
inter-rater reliability was substantial (N = 3038, x = 0.70, z = 38.8, p < .0001). For the vice dictionaries, inter-rater reliability was
lower but also substantial (N = 1307, x = 0.65, z = 23.5, p < .0001). Because WordNet includes the antonym relation among synsets,
we then inspected the words that were included as antonyms in each proto-dictionary. By consensus, we agreed that the antonyms for
all virtue and vice proto-dictionaries should be swapped, with the exception of the family proto-dictionaries. This was because the
virtue-reciprocity proto-dictionary contained antonyms such as ‘distrust’, ‘impenitent’, and ‘unapologetic’, whereas the
vice-reciprocity proto-dictionary contained antonyms such as ‘gratitude’, ‘penitent’, and ‘repentant’. The vice-family proto-dictionary
was empty, and the virtue-family proto-dictionary contained words like ‘brother’ (antonym of ‘sister’). The only exception was
‘uncousinly’, which we moved from the virtue-family proto-dictionary to the vice-family proto-dictionary.

During the coding process, all authors also identified a handful of words that wound up in arguably the wrong proto-dictionary; for
example ‘reverence’ was located in the virtue-heroism proto-dictionary, but actually fits better in the virtue-deference proto-dictio-
nary. These words were moved into the correct proto-dictionary by consensus.

Finally, all stems left over from the original expert-derived proto-dictionaries were expanded out to all of their potential com-
pletions using the method described above. For n-grams, only the last word was expanded. The second co-author noted that certain
plurals of less-frequently used terms, such as ‘bloodlines’, do not exist in the NLTK words corpus. To address this problem, we sup-
plemented the word list used for expansion with the Spell Checking Oriented Word Lists (SCOWL) collection, which contains over
670,000 words from multiple varieties of English (UK, US, Canadian, and Australian).” Post-expansion, this also resulted in a large
number of false positives. For example, from the group dictionary ‘strike break*’ was expanded to ‘strike breakfast’. These errors were
trivially easy to find, so one co-author deleted them. The finalized dictionaries were then converted to LIWC’s native .dic format (see
examples in Table 1).

In the next section, we use MAC-D to estimate the prevalence of seven morals in the full ethnographic record of eHRAF.

4. MAC-D meets HRAF
4.1. Cross-cultural prevalence

We began by extracting paragraphs labeled Ethics from eHRAF’s ethnographic archive covering 331 societies (see Fig. 1).'" This
resulted in a total of 1,620,644 words, from 9653 paragraphs, from 1389 documents, covering 256 societies, from 8 cultural regions,
following 9 subsistence strategies.'? (75 societies had no paragraphs labeled Ethics).

We then used MAC-D to calculate the percentage of words in each paragraph that was present in each of the seven sub-dictionaries.
(A score of ‘10%’ for ‘heroism’, for example, means that one in ten of the words in a given paragraph are in the heroism dictionary.)'?

The means and standard deviations for each moral domain are shown in Table 2. Because the distribution was heavily skewed (the
median and modal percentage for all morals was 0%), we proceeded with non-parametric statistics.

Next we investigated whether these percentages varied between the previously coded PSF60 societies, and the additional 256 non-
PSF60 societies. Mann-Whitney U tests revealed that the percentages between these societies were sometimes significantly, but never
substantially, different (effect sizes were small, rps < 0.08; Table 2).

8 NLTK is a popular Natural Language Processing toolkit for Python [56]. A specific list of common English words is available in NLTK as the
eponymous words corpus. The technical documentation is available at https://www.nltk.org/.

9 SCOWL is an extensive collection of wordlists for the GNU Aspell open-source spell checker, which has a simple wordlist generation tool at
http://app.aspell.net/create. Aspell is used in many open-source and commercial software packages. See Ref. [57].

10 Note that Curry et al. [2] used paragraphs labeled Ethics, Norms and those that were picked up using specific search terms. Here, to streamline
the analysis we focus only on paragraphs labeled Ethics.

11 For completeness, a list of data sources used in Basemap cartography is available at <https://matplotlib.org/basemap/users/geography.html>.
12 The number of paragraphs from each cultural region were as follows: Africa (n = 2006), Asia (n = 1705), Europe (n = 868), Middle America and
the Caribbean (n = 371), Middle East (n = 580), North America (n = 2809), Oceania (n = 764), South America (n = 550). The number of paragraphs
from societies with each subsistence strategy were as follows: agro-pastoralists (n = 1603), commercial economy (n = 816), horticulturalists (n =
1017), hunter-gatherers (n = 932), intensive agriculturalists (n = 3615), not assigned (n = 1), other subsistence combinations (n = 967), pastoralists
(n = 455), primarily hunter-gathers (n = 247).

13 Note that because the different sub-dictionaries have different numbers of words with different base rates, we cannot straightforwardly compare
the relative frequency of different morals in the same paragraph (or society or region), but we can compare the relative frequency of the same moral
between different paragraphs (or societies or regions).
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Table 1
Examples from the 14 MAC-D sub-dictionaries.

dictionary n examples

virtue
family 276 clan, cousinly, nanna, paternoster, supermom
group 477 alliance, cadres, collectivised, guilds, shared fate
reciprocity 331 a favor, give-and-take, iou, kept her promise, reciprocated
heroism 454 admirably, brassy, gallant, medaled, venerably
deference 258 abasement, fealty, obeisant, respects, second fiddle
fairness 123 bargaining, equal share, equalitarian, mediator, split the difference
property 118 birthright, first come first served, ownership, prior claim, stake your claim

vice
family 53 absent father, child abandonment, deadbeat dad, helicopter parent, incest
group 259 apostasy, bilks, deviant, heretical, renegade
reciprocity 109 break her promise, free riders, renege, unforgivably, untrustworthy
heroism 195 cheapskate, cowardly, dishonor, miser, shame
deference 126 above his station, deserter, insubordinately, renegade, sore loser
fairness 35 cronyism, favoritism, inequality, play favorites, unfair
property 239 bandit, biopiracy, carjack, defraud, peculation

\ 2 X %3 - S

Fig. 1. Global distribution of ethnographies from eHRAF, across 238 out of the 256 cultures. Blue dots indicate PSF 60 societies while red dots
indicate the rest of the cultures. Note that 18 cultures do not have location metadata, due to e.g., spanning multiple field sites across a continent.
Location metadata courtesy of The Human Relations Area Files, Inc. (Map generated using the Basemap'' package for Python).

Table 2
Moral words (%) by MAC domain.
Family Group Reciprocity Heroism Deference Fairness Property
Total (n=9653) Mean 0.92 0.27 0.14 0.43 0.22 0.04 0.15
SD 1.77 0.70 0.46 0.94 0.65 0.22 0.64
PSF (n=2436) Mean 0.80 0.23 0.14 0.52 0.27 0.04 0.13
SD 1.48 0.57 0.44 0.97 0.76 0.23 0.54
Non-PSF (n=7217) Mean 0.97 0.29 0.14 0.40 0.20 0.04 0.15
SD 1.86 0.74 0.47 0.93 0.61 0.21 0.67
U 8490000 8530000 8780000 8050000 8480000 8770000 8780000
P .01 .01 .87 <.001 <.001 71 .90
Tbs 0.034 0.029 0.001 0.084 0.035 0.002 0.001

We then investigated whether these percentages varied across cultural regions. Kruskal-Wallis tests revealed that the percentages of
moral words were significantly, but not substantially, different across cultural regions (effect sizes were small: 0.004 < &2 < 0.056;

Table 3; Fig. 2).

Finally we investigated whether these percentages varied across subsistence strategy. Kruskal-Wallis tests revealed that the per-
centages of moral words were significantly, but not substantially, different across strategies (effect sizes were small: 0.0007 < 2 <

0.02; Table 4; Fig. 3).
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Table 3

Moral Words (mean %) x MAC Moral Domain x Region.
Region Family Group Reciprocity Heroism Deference Fairness Property
Asia 1.13 0.25 0.16 0.34 0.25 0.06 0.13
Europe 0.83 0.57 0.21 0.91 0.18 0.05 0.12
Africa 1.04 0.23 0.14 0.44 0.26 0.04 0.15
Middle East 0.77 0.20 0.15 0.45 0.15 0.03 0.08
North America 0.88 0.27 0.09 0.27 0.14 0.02 0.19
Middle America and the Caribbean 0.92 0.22 0.11 0.43 0.34 0.04 0.13
Oceania 0.71 0.19 0.14 0.61 0.38 0.04 0.13
South America 0.67 0.30 0.18 0.54 0.13 0.02 0.15
¥ 132.30 283.60 135.30 535.30 163.40 82.50 36.80
df 7 7 7 7 7 7 7
P <.001 <.001 <.001 <.001 <.001 <.001 <.001
2 0.014 0.029 0.014 0.055 0.017 0.009 0.004
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Fig. 2. Distribution of moral words across cultural regions.
Table 4
Moral Words (mean %) x MAC Moral Domain x Subsistence Strategy.
Subsistence Strategy Family Group Reciprocity Heroism Deference Fairness Property
intensive agriculturalists 1.26 0.32 0.14 0.38 0.21 0.04 0.16
hunter-gatherers 0.68 0.31 0.13 0.50 0.18 0.05 0.15
pastoralists 0.61 0.19 0.10 0.78 0.28 0.05 0.16
agro-pastoralists 0.64 0.23 0.17 0.34 0.14 0.02 0.16
horticulturalists 0.74 0.22 0.13 0.38 0.21 0.03 0.15
other subsistence combinations 0.63 0.19 0.15 0.61 0.30 0.04 0.15
commercial economy 1.13 0.31 0.12 0.44 0.34 0.04 0.04
not assigned 0.00 3.13 0.00 3.13 0.00 0.00 0.00
primarily hunter-gatherers 0.54 0.30 0.13 0.51 0.13 0.03 0.19
x? 214.52 88.17 7.63 167.69 107.01 27.63 71.18
df 8 8 8 8 8 8 8
P <.001 <.001 0.47 <.001 <.001 <.001 <.001
2 0.022 0.009 0.001 0.017 0.011 0.003 0.007
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Fig. 3. Distribution of moral words across subsistence strategy.

4.2. Comparing MAC-D machine-reading results to previous hand-coded analysis

Next, we compared the results of the LIWC coding to the previous hand-coded results for the 2436 PSF60 paragraphs. Specifically,
we conducted a series of binomial logistic regressions to investigate how well the MAC-D LIWC scores predicted the previous PSF60
hand-codings.

First, demonstrating the discriminant validity of MAC-D, we found that in univariate models, each moral sub-dictionary was a
significant predictor of the corresponding hand-code (for example, the Family dictionary was a significant predictor of the Family
PSF60 hand-code). We also found that, in multivariate models, each moral sub-dictionary remained a significant, and was the best,
predictor of the corresponding hand-code when controlling for the other six sub-dictionaries. The results of these models are sum-
marised in Table 5, which shows the odds ratios for each predictor and each outcome variable. (For example, the Family subdictionary
=> Family PSF Code odds ratio of 1.82 means that for every increase of one standard deviation in Family subdictionary score, the
chances of a paragraph being hand-coded Family increase 1.82 times.)

Table 5
Odds Ratios for logistic regression of PSF Codes onto MAC-D Predictors.
PSF Codes
Family Group Reciprocity Heroism Deference Fairness Property
MAC-D Family 1.82 0.99 0.97 0.83 1.23 1.23 1.03
Group 1.40 1.98 1.55 1.06 1.33 0.24 1.17
Reciprocity 1.61 1.40 3.54 0.98 1.37 0.18 1.44
Heroism 1.18 1.15 1.34 1.95 0.91 0.35 1.12
Deference 1.30 0.85 0.84 1.06 2.19 1.27 0.87
Fairness 1.49 1.35 0.95 0.42 0.98 4.43 1.20
Property 1.13 1.21 0.99 0.25 0.67 1.85 4.02

Note: Bold =p < .001.
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Table 6
Presence of hand-coded and predicted MAC moral values across societies.
n Family Group Reciprocity Heroism Deference Fairness Property
Original PSF Hand Codes 60 78% 73% 72% 53% 58% 15% 90%
Predicted PSF Codes 60 88% 95% 88% 92% 92% 58% 85%
Predicted Non-PSF Codes 196 78% 88% 69% 78% 81% 43% 76%
All Predicted Codes 256 80% 90% 74% 81% 84% 47% 78%

Second, we dichotomised the predicted values of the univariate logistic regressions, and compared the results to the original codes
to calculate inter-rater reliability. We found that the models correctly predicted the presence or absence of the moral ~80% of the
time.

However, because the proportion of true positives was low (~3%), and the proportion of true negatives was high (~97%), there
was a large number of false negatives. For example, for Family, there were 138 true positives and 2298 true negatives. The model made
the correct prediction 80% of the time, identifying 110/138 true positives, and 1829/2298 true negatives. But the model made the
incorrect prediction 20% of the time, leading to 469 false positives and 28 false negatives. Hence, the true positives (110) predicted by
the model were outnumbered by false positives (469); and the total positives predicted by the model (110 + 469 = 579) overestimated
the actual number (138). Largely as a result of the high number of false positives, overall agreement, as measured by Cohen’s kappa,
was ‘slight’ to ‘fair’ (Family, x = 0.25; Group, k = 0.10; Reciprocity, k = 0.21; Heroism, « = 0.13; Deference, x = 0.16; Fairness, k =
0.08; Property, k = 0.23; all p-values <.001).

Similarly, if we aggregate these results at the society-level, we find that the models overestimate the prevalence of morals, as
compared to the previously hand-coded PSF results, and hence are likely over-estimating the frequency of morals across non-PSF
societies (Table 6). However, because we know that the paragraph results do not differ substantially between PSF and non-PSF so-
cieties, we can infer that the model is overestimating roughly the same across PSF and non-PSF societies, and (applying roughly the
same correction) we can conclude that the prevalence of morals observed across the 60 PSF societies is approximately the same as the
frequency of morals across the 196 non-PSF societies.

4.3. Examples

Finally, in order to get a better sense of the material, we conducted spot-checks of some of the paragraphs highlighted by the LIWC
analysis.

We found many examples of the predicted moral values, as illustrated by the following tagged words in boldface (parentheticals
refer to the HRAF paragraph):

1. Family: Among the Garifuna (Middle America and the Caribbean), “the highest level in the expression of kinship obligations” is
the “parent-child (father/mother-son/daughter) bond”. “A cardinal rule of conduct between parents and children is spelled out
in the saying, ‘Thou shall agriaha thine children.” The stem for agriaha comes from the verb meaning ‘to give birth to,” ‘to nourish an
infant,” or ‘to sustain it with life-giving support.”... As a child grows to adulthood, the responsibilities of agriahouni become
reversed, with the grown son or daughter having to contribute to the support of his or her parents” [32].

2. Group: The Pashtun (Asia) have “a strong explicit value: that one should show neighbourliness and a positive interest in the life of
all members of one’s local community”, this “unites persons most of whom are not related by kinship ties of any kind” [33].

3. Reciprocity: Among the Navajo (North America), “Another important feature of Navajo society is the view that every debt incurred
must be repaid and that the ledger of obligations and favors received should remain in balance. ... Outside the network of kinship
or even among kinsmen who are not closely related, quid pro quo is the rule. ... Nonrelatives usually expect to receive money, food,
or other recompense for their assistance. This is considered quite normal among the Navajo, who would be loath to accept a favor
without making some return” [34].

4. Heroism: Among the Mapuche (South America), “The chief virtue [is] physical bravery; then come personal endurance, both of
pain and hardship, constancy in vengeance, and individual strength” [35]. And among Palestinians (Middle East) “[g] enerosity or
karam is another old Arab virtue”. “Within the village, the person who develops a reputation for being generous and hospitable
finds that his friends increase, his word is respected, and that he is admired by all. On the other hand, if one gains the reputation of
being stingy, one loses friends and one’s prestige in the community drops” [36].

5. Deference: Among the Zulu (Africa), the “ideal ... man and woman ... has the following characteristics: (a) Obedience ... (b)
Respect for his elders, or seniors ... (c) Submissiveness ...” [37].

6. Fairness: Among the Greeks (Europe), “The villagers take it for granted that neither impartiality nor altruism is possible in sit-
uations which involve one’s own interests. They do not believe that anyone, even one’s own brother, can act fairly out of principle.

14 The previous paper [2] reported the correspondence between expert authors’ codes and those of an independent coder. Here, the MAC-D codes
are playing the role of the independent coder. The correspondence between the expert codes and the MAC-D codes demonstrates that we have
succeeded in making the implicit knowledge of the experts explicit in the form of a LIWC dictionary that can operate independently.
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Therefore, they feel, some mechanism is required to enforce equity ... the lot system effectively makes it impossible for anyone to
implement favoritism” [38].

7. Property: Among the Orokaiva (Oceania) “[t]here is a word igege ... which may be translated ‘moral law’, or ... ‘moral prohibition’.
The examples were such as the following: not to steal a man’s vegetables, canoes, spears, &c.; not to usurp his fishing rights; not to
take his dog to hunt ... the mere existence of the word hints at a definite conception of right and wrong.” [39].

We also found some apparent counter-examples (though they seem to point to competition between the morals identified by MAC
rather than outright devaluation of any of these morals):

Reciprocity: “Despite the account of Navajo reciprocity given above, another ethnographer reports, “help, whether it be in the
form of labor or gifts, is thought to be ‘free’ in that it does not have to be paid for. Gifts or help are offered to create general good will,
and ostensibly without the thought or expectation of reciprocation; and the reciprocation, when it does come, is not considered a
return but a new act of good will. Accordingly, there is no conception of a moral obligation to reciprocate, as is the case in our own
moral system, which often conceives of gratitude as a kind of indebtedness. ... Instead of saying: ‘Thanks, I hope to do the same for you
some day,” a Navaho once said to me: ‘Thanks, you can do it again some day” [40].

Bravery: The (!Kung) San (Africa) “are perhaps unusual among human societies in that they attach no value to fighting. They have
no ideal of honor or of brave, aggressive masculinity. There are no culturally accepted outlets for physical violence, no wrestling
matches, no games of strength, and no ordeals or duels in which a man can ‘prove’ himself. The violent-tempered man and the proud
man are sorry misfits among the !Kung, whose heroes are great curers and healers and not fighters” [41].

Property: Consistent with the counter-example identified by Curry et al. (2018), we found several examples of admirable theft: “to
steal your enemy’s cattle is not robbery but an exploit to be proud of” (Bedouin, Middle East; [42]); “an animal thief not caught is the
subject of admiration by all, even his victims. For it is not easy to carry off his exploit ... the pride of the unpunished thief and the
admiration of the others for his prowess are very understandable... courage and skill, even when directed toward evil, inspire respect...
[although] ...the bravery does not gainsay the illegal character of this act” (Greeks, Europe; [43]); “[c]hildren are actively encouraged
to steal, both from other houses and from each other. Successful theft is considered a mark of commendable self-reliance”, and “Daring
theft [by young men] is admired as showing courage and resourcefulness.” (Pashtun, Asia; [44]); the “theft of garden produce ...
belonging to one village by the youths of another ... is [regarded by their relatives] as a good joke, and proof of the virility and bravery
of the boys.” (Wogeo, Oceania; [45]).

We also identified examples of ‘moral molecules’ — combinations of two or more basic moral values — including filial piety
(family + deference) and honour (reciprocity + heroism) [15].

“The filial piety demanded and expected of all Muslims ... is considered a religious duty. Ill-treatment of parents or dis-
obedience to them constitutes a sin.” (Palestinians, Middle East; [36]).

A “revenge murder is the appropriate action in defence of honour after any serious insult ... any unavenged murder is a stain
on the honour of the dead man’s family” (Pashtun, Asia; [33])

Finally, we identified situations in which the basic moral values came into conflict, creating moral dilemmas.
For example, (positive) reciprocity versus heroism:

“When a Sarakatsanos receives a favour from another, he must show gratitude. ‘One good turn deserves another’ (fj y&pn
0é)er autiyapn). Even if only between the acceptance of some service and its later repayment, gratitude must for a while act as
a makeweight in the balance. Not to show gratitude for help, which has been freely given, is behaviour open to severe public
reproach. But to be grateful is to be ‘obliged” (naypewpévag); and this is an admission of inequality and even of weakness. ... For
neither side can admit to obligation without losing prestige; and both must attempt to claim the super-ordinate position in a
creditor-debtor relationship.” (Greeks, Europe; [46])

And (negative) reciprocity versus group (harmony):

“the tribal moral community at large was genuinely ambivalent about a feud in its midst. On the one hand, parties who were
external to the feud badly wanted the social order to be restored. On the other hand, they deeply respected a clan that stub-
bornly kept trying to even up the blood score so that it would not have to compromise its honor.” (Montenegrins, Europe; [471])

These examples point to the utility of MAC-D, and warrant further investigation.
5. Discussion

The present study used MAC-D to survey the prevalence of seven MAC morals in the ethnographic records of 256 societies — the
largest-ever cross-cultural natural language analysis of moral values. Consistent with previous research, the evidence suggests that
most of these morals are present in most societies, all around the world, with only minor variation across cultural region and sub-
sistence strategy. We also found numerous examples of all seven predicted morals — as well as some counter-examples, combinations,
and conflicts — in the source material.

These findings are in line with MAC’s predictions that: morality is a collection of cooperative rules; that these rules include
behaviour relating to helping your family, helping your group, returning favours, acting heroically, being deferential, being fair, and
respecting property; that these types of cooperation will be considered morally good; and that these moral rules will be found all
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around the world.

We also found that MAC-D performed well. It correctly predicted the previous hand-codes approximately 80% of the time. We were
also able to measure and to some extent diagnose the errors it made. Specifically, we were able to quantify and explain that MAC-D
models overestimated the frequency of morals across paragraph and society. And crucially, the fact that MAC-D models provided
similar results (and similar error) across the known PSF60 corpus and the unknown non-PSF corpus, allows us to infer that the real
prevalence of morals is roughly the same across PSF and non-PSF societies. In further work, the non-PSF corpus could also be hand-
coded to establish base truth and suggest revisions to MAC-D. As such, MAC-D, with its game-theoretic foundations, more compre-
hensive coverage of the moral domain, and validation in a global dataset rather than a parochial American/European one, has ad-
vantages over, for example, MFD and MFD 2.0. An extended MAC-D, using the methods demonstrated by Hopp et al. [30] in the
development of eMFD, would likely provide an even more valuable comparison to existing approaches.

This study raises a number of questions and directions for future research. First, the present study used LIWC to estimate the cross-
cultural prevalence of morals. But this method cannot be used to estimate the moral valence of cooperation. For example, it cannot
distinguish between ‘helping your family is morally good’, and ‘helping your family is morally bad’, both of which would get the same
score. This is probably not a major problem, given that cooperation had a positive moral valence in 99.9% cases, but it would be good
to replicate this finding nonetheless. There are corpora, including well-known ones, in which family values and other elements of MAC
are criticised. For instance, in the KJV translation of Matthew 10:35-6, Jesus says, “I am come to set a man at variance against his
father, and the daughter against her mother, and the daughter in law against her mother in law. And a man’s foes shall be they of his
own household.” Such passages are especially interesting in the context of MAC because they may indicate conflict between one moral
value (in this case, Family) and another (in this case, Deference). To address potentially counter-normative uses of words associated
with moral (dis)values, future research should experiment with other natural language processing tools that consider words and n-
grams in context [21].

Second, the present study used MAC-D to detect seven moral values, using English words and phrases. However, the overall model
fit to the previous manual codes was fairly low. And so it would be valuable to experiment with revising the words and n-grams in the
dictionary, to improve the overall fit, while avoiding overfitting to this particular corpus. Future work could also use MAC-D to search
more systematically for ‘moral molecules’ and ‘moral dilemmas’, by looking at those paragraphs where at least two morals are pre-
dicted to co-occur. MAC-D should also be translated into languages other than English, in order to investigate corpora in languages
other than English, thereby further testing the cross-cultural robustness of MAC and the tools used to measure the elements it posits.

Third, the present study investigated the prevalence of morals in HRAF. Although the gold standard for ethnographies, this corpus
has a number of limitations. HRAF was not originally collected to test MAC’s hypotheses, and what material it contains on morality was
gathered somewhat serendipitously; as such, our results are likely an underestimate of the cross-cultural prevalence of these moral
values. HRAF organises material by society, making it possible to compare relative frequency of morals across cultures and cultural
regions. However, it is not possible using this corpus to investigate moral variation within societies — for example, between the old and
the young, men and women, rich and poor, and racial and ethnic majorities and minorities [48,49]. HRAF consists of descriptions of
others’ morals, as opposed to the direct expression of moral values by those who hold them. HRAF is mostly in English. For all these
reasons, future research should investigate the prevalence of morals in corpora consisting of material collected more systematically,
that are more representative of more local subcultural intra-community variation, that are more direct expressions of moral values by
the people who hold them, in languages in addition to English. This might include: first-personal narratives, auto-ethnographies,
op-eds, sermons, political speeches and party platforms, newspaper reporting, social media feeds, movie scripts, the Corpus of
Contemporary American English (COCA), the Corpus of Historical American English (COHA), the Stanford Encyclopedia of Philoso-
phy, Wikipedia, and the CHILDES database.

Fourth, the present study detected, but did not explain, minor variation between cultural regions and subsistence strategies. As
such, the study did not test MAC’s prediction that moral values vary as a function of the value of different types of cooperation under
different socio-economic and ecological conditions — in other words, individuals (and societies) facing different cooperative problems
will prioritize different moral values [1]. Hence future research, perhaps gathering new data on the full range of moral values, using
survey and questionnaire methods drawing on the Morality-as-Cooperation Questionnaire (MAC-Q) developed by Curry et al. [16],
from representative cross-cultural samples, will be needed to investigate the relationship between particular moral values and relevant
individual- and societal-level indicators of cooperation — such as family size and dispersal, group size, mobility, subsistence strategy,
reliance on trade, frequency of warfare, degree of inequality, political structure, age structure, resource base, and territory size.

Finally, a limitation of the paper is that, as we started this investigation in 2020, we aimed to use standard methods available at the
time, favoring a transparent, expert-guided (yet more traditional) approach, as opposed to more ‘black-boxed’ techniques such as deep
neural networks. More advanced methods that could complement our work were not available. Obviously, things have moved on since
then, with ChatGPT and other language models derived from Bidirectional Encoder Representations from Transformers (BERT); and
future work should employ these methods.

This study introduces to the field MAC-D, a new dictionary for surveying moral corpora. Future work developing the theory and
revising the tool will further our understanding of the nature and content of human morality.

Significance statement
The empirical study of morality has hitherto been conducted primarily in WEIRD contexts and with living participants. This paper
addresses both of these shortcomings by examining the global anthropological record. In addition, we develop a novel methodological

tool, the morality-as-cooperation dictionary, which makes it possible to use natural language processing to extract a moral signal from
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text. We find compelling evidence that the seven moral elements posited by the morality-as-cooperation hypothesis are documented in
the anthropological record in all regions of the world and among all subsistence strategies. Furthermore, differences in moral emphasis
between different types of cultures tend to be non-significant and small when significant. This is evidence for moral universalism.
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