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Thus far, most researchers have focused on the cognition of fire use, but few have explored
the cognition of firemaking. With this contribution we analyse aspects of the two main
hunter-gatherer firemaking techniques—the strike-a-light and the manual fire-drill—in
terms of causal, social and prospective reasoning. Based on geographic distribution,
archaeological and ethnographic information, as well as our cognitive interpretation of
strike-a-light firemaking, we suggest that this technique may well have been invented
by Neanderthal populations in Eurasia. Fire-drills, on the other hand, represent a
rudimentary form of a symbiotic technology, which requires more elaborate prospective
and causal reasoning skills. This firemaking technology may have been invented by
different Homo sapiens groups roaming the African savanna before populating the
rest of the globe, where fire-drills remain the most-used hunter-gatherer firemaking
technique.

Introduction

[S]He has discovered the art of making fire, by which
hard and stringy roots can be rendered digestible, and
poisonous roots or herbs innocuous. This discovery of
fire, probably the greatest ever made by [hu]man[s],
excepting language, dates from before the dawn of his-
tory. (Darwin 1874: 33)

Today, humans are the only obligatory fire makers
and users. A technology—in this case pyrotechnol-
ogy—becomes obligatory when it facilitates activities
that are otherwise difficult or impossible to accom-
plish, and when it has considerable and immediate
fitness consequences (Shea 2017). This means that
human individuals who do not use fire will quickly
suffer adverse effects or even die. Burton (2009) dis-
tinguishes between the ability to use accidental or
natural fire, the ability to control and maintain fire
and the ability to make fire. We reinterpret these in
causal terms as follows:

• A natural fire is a cause that hominins do not con-
trol. Instead, they use the effects of the fire such as
access to food. For example, similarly to other

animals that live in fire-prone ecologies, primates
on the African Savanna take advantage of newly
burned landscapes to forage for insects and
cooked foods (Herzog et al. 2016).

• A fire is a cause that is preserved and controlled
by hominins to obtain desired effects. For
example, although the Onges from Asia and the
Yuquí from South America do not make fire,
they collect and preserve natural fire for warmth,
light, cooking and other activities. When some-
one’s fire goes out, a firebrand is borrowed from
a neighbour (McCauley et al. 2020).

• The actions of hominins are causes that have a fire
as effect. This implies that humans became the
firemaking agents to control and use at will and
according to need. For example, Marshall (1976)
describes how the !Kung of southern Africa do
not want to kindle a new camp’s fire on the
same spot of an old one, because new fires are
associated with a fresh chance for good fortune.
As soon as they set up a camp, the first fire is
made. Usually, the oldest man or men in the
group will make it, and each family will then
take a brand to start their own fires to maintain
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and manage for a multitude of tasks from cooking
and warmth, making glues and poisons, to per-
forming healing rituals. For a full ethnographic
account, see the online Supplementary material
((SOM) Section 2).

Tattersall (2008) questioned whether firemaking
requires a ‘more complex cognitive state’ than fire
use, highlighting that whereas humans today are
both fire makers and users, our closest living rela-
tives are neither—leaving us without an observable
model. He sees fire use by itself as evidence of a com-
plex, flexible and elaborate behavioural response to
conditions. Twomey (2013; 2019) explored the cogni-
tive implications of fire use more extensively. Our
focus is on firemaking itself, based on ethnographic
data that generally indicate two main hunter-
gatherer firemaking technologies, namely, the
strike-a-light or stone-percussion technique and the
manual fire-drill as one of several wood-friction tech-
niques (McCauley et al. 2020; Table 1). Other wood-
friction techniques would include:

• Fire-ploughs such as used in Africa among sub-
sistence farmers and on the Tuamotu Islands
(Lagercrantz 1954; Sorensen 2019);

• Fire-saws as used by agriculturalists in India and
across the islands of southeast Asia (Lagercrantz
1954);

• Different configurations of thong-driven techni-
ques including cord-, mouth- or bow-drills as
used by groups in Scandinavia, Russia and
Alaska (Hough 1890; Lagercrantz 1954) (Table 1).

The two basic techniques of hunter-gatherer
firemaking

Strike-a-light
The strike-a-light technique involves the striking of
two stones to create a spark, often involving a nodule
of flint or other appropriate rock struck on iron pyr-
ite. After encountering metal-producing peoples,
many recent hunter-gatherers use pyrite with steel
or iron (Brumm 2006; Lagercrantz 1954). Runnels
(1994) suggested that the reliance on percussion fire-
making was initially confined to Europe and coun-
tries in contact with Europeans over the last 500
years.

Possible early firemaking tools are known from
the north of Europe where Upper Palaeolithic sites in
France, Germany, Belgium, the Netherlands,
Denmark, United Kingdom, northern Italy and
Switzerland contain rocks and minerals that may
have been used as strike-a-light kits. Sorensen et al.
(2014) listed several more such artefacts in the

context of the ‘expedient strike-a-light model’
wherein percussion firemaking remains largely invis-
ible during the Middle Palaeolithic. Their model con-
tends that early flint strike-a-lights were not
formalized or specialized; instead any flakes or
stone artefacts could have been used with pyrite or
marcasite to spark expedient fires. Of 164 recent
hunter-gather groups, only nine still use/d percus-
sion firemaking exclusively, but 31 groups combined
this method with wood-friction firemaking techni-
ques (Table 1).

Fire-drill
The manual fire-drill technique is most often used on
its own by recent and current hunter-gatherers. Of
the 164 recorded groups, 112 use the fire-drill, 68
use this method only, and 96 use it in combination
with other firemaking techniques (Table 1). In south-
ern Africa, this method is still in use by the San and
their descendants (own observation), and in earlier
times it seems to have varied little among the differ-
ent hunter-gatherer, herder and farmer groups of the
region (Friede 1978).

Marshall (1976, 81) describes firemaking by
Kalahari !Kung hunter-gatherers as follows (Fig. 1;
see Supplementary material for range of fire
behaviours):

The process of making fire requires two fire sticks,
called male and female, and a bunch of woolly grass
or tinder. The male stick, held vertically, is twirled rap-
idly in a small notch in the female stick, which is placed
horizontally on the ground [held steady by pressing a
foot on one end], till the fine wood dust produced by
the twirling is ignited by friction. The smouldering
wood dust is quickly tipped into the bunch of grass,
which is picked up and gently blown till the grass
bursts into flame. The grass is then placed on the
ground. Small twigs ready at hand are placed on the
grass for kindling, and as soon as they are ignited
pieces of wood are added. The male stick is usually
made of a hard wood, the female stick of a soft wood
[with a notch cut into it]. The male stick must fit into
the notch exactly. [. . .] Frequently two men make fire
together. As one pair of hands reaches the bottom of
the stick, the second pair is ready at the top to keep
the twirling continuous.

Our theoretical frameworks

Our exploration into the cognition of firemaking is
part of a long-term project wherein we apply theoret-
ical frameworks for causal and social cognition to the
analysis of different evolutionary problems. Here we
add prospective cognition and rehearsal. These
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Table 1. Some ethno-historical hunter-gatherer/mixed subsistence groups’ firemaking records.

# Tribe name Geopoloyical region
Firemaking
technology/ies

Sources

Africa

1 !Kung (San) Angola, Botswana, Namibia Fire-drill Marshall 1976

2 /Xam (San) South Africa Fire-drill Bleek 1932

3 Batwa (Pygmy) Uganda, Botswana Fire-drill Lagercrantz 1954

4 Bofi Central African Republic Fire-drill Lagercrantz 1954

5 Galikwe Botswana Fire-drill Schapera 1926

6 Garre Somalia Fire-drill Lagercrantz 1954

7 Gbandi Liberia Fire-drill Lagercrantz 1954

8 Griqua (Koranna) South Africa Fire-drill Lagercrantz 1954

9
Duma San
(Sotholand
Bushmen)

Lesotho, South Africa Fire-drill Lagercrantz 1954

10 Hadza Tanzania Fire-drill Bleek 1931

11 Hei//um (San) Namibia Fire-drill Lagercrantz 1954

12 Hova Madagaskar Cord-drill Lagercrantz 1954

13 Ju/’Hoan (San) Botswana, Namibia Fire-drill,
strike-a-light

Biesele 1993; Hitchcock et al.
1996

14 Khoe-khoe Namibia, South Africa Fire-drill Lagercrantz 1954

15 Kunama Eritrea Fire-drill Lagercrantz 1954

16 Mandja Central African Republic Fire-drill, fire-plough Lagercrantz 1954

17 Maasai Kenya, Tanzania Fire-drill Lagercrantz 1954

18 Nharo (San) Botswana, Namibia Fire-drill Bleek 2011

19 Okiek Kenya, Tanzania Fire-drill Huntingford 1955; Blackburn
1982

20 Sandawe Tanzania Fire-drill Lagercrantz 1954

22 Sarwa Botswana Fire-drill Lagercrantz 1954

23 Sihanaka Madagascar Pump-drill Lagercrantz 1954

24 Songo Angola Fire-drill, fire-plough Lagercrantz 1954

25 Tanala (Antanala) Madagascar Pump-drill, fire-saw Lagercrantz 1954

26 Teda Chad, Libya, Niger Fire-drill, fire-plough Lagercrantz 1954

27 Tetela Democratic Republic of Congo Fire-plough Lagercrantz 1954

28 Togbo Democratic Republic of Congo Fire-drill Lagercrantz 1954

29 Twa (Pygmy) Angola, Republic of Congo, Malawi, Namibia,
Tanzania, Zimbabwe Fire-drill Lagercrantz 1954

Asia

30 Ainu Japan Fire-drill, bow-drill,
strike-a-light

Batchelor 1927; Jochelson
1933

31 Aleut Russia (Aleutian Islands)
Fire-drill, cord-drill,
bow-drill,
strike-a-light

Jochelson 1925; 1933; Collins
et al. 1945; Lagercrantz 1954

32 Badaga India Cord-drill Lagercrantz 1954

33 Batak Malaysia Fire-drill Lagercrantz 1954

34 Bedouin Israel, Palasine, Saudi Arabia Fire-drill Lagercrantz 1954

35 Bugkalot (Ilongot) Philippines Fire-syringe Lagercrantz 1954

36 Bukidnon Philippines Fire-syringe Lagercrantz 1954
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Table 1. Continued

# Tribe name Geopoloyical region
Firemaking
technology/ies

Sources

37 Chukchi Kazakhstan (Chukchi Peninsula) Bow-drill Lagercrantz 1954

38 Dayak Borneo Cord-drill, fire-thong,
fire-syringe Lagercrantz 1954

39 Evens (Lamut) Russia (Siberia) Fire-drill Lagercrantz 1954

40 Gaoshan Taiwan Fire-drill Jiang et al. 2018

41 Iban Borneo Fire-drill, fire-syringe Lagercrantz 1954

42 Jingpo China (Yunnan) Fire-syringe
(fire-piston) Jiang et al. 2018

43 Juang India Fire-drill Lagercrantz 1954

44 Koryak Russia, Bering Sea Fire-saw, bow-drill,
strike-a-light

Barrett-Hamilton & Jones
1898; Jochelson 1905–1908

45 Kucong China (Yunnan) Fire-saw,
strike-a-light Jiang et al. 2018

46 Kurumba India Fire-drill, fire-plough Lagercrantz 1954

47 Li China (Hainan Island) Fire-drill,
strike-a-light Jiang et al. 2018

48 Luzon Philippines Fire-drill Lagercrantz 1954

49 Mangyan Philippines Fire-saw, fire-thong Lagercrantz 1954

50 Miao China (Guizhou) Fire-drill, fire-saw Jiang et al. 2018

51 Mlabri Laos, Thailand Fire-drill,
strike-a-light Trier & Alexandersen 2008

52 Nayadi India Fire-drill Lagercrantz 1954

53 Ngaju Borneo Pump-drill Lagercrantz 1954

54 Nivkh Russia (Sakhalin Island, Amur Oblast) Fire-drill,
strike-a-light

Shternberg et al. 1933; Black
1973

55 Ostyak Russia (Siberia) Bow-drill Lagercrantz 1954

56 Paiwan Taiwan Fire-drill Lagercrantz 1954

57 Samoyedic Russia (Siberia) Pump-drill Lagercrantz 1954

58 Semang Malaysia, Thailand Fire-drill, fire-plough,
fire-thong

Lagercrantz 1954; Schebesta
et al. 1954; Endicott 1979

59 Torajan Indonesia (south Sulawesi) Fire-drill Lagercrantz 1954

60 Tsou Taiwan Fire-drill Lagercrantz 1954

61 Vedda Sri Lanka Fire-drill, cord-drill,
fire-plough

Bailey 1863; Lagercrantz
1954; Seligman et al. 1911

62 Wi China (Yunnan) Fire drill, fire-saw,
sawing thong Jiang et al. 2018

63 Yakut Russia (Sakha) Pump-drill Lagercrantz 1954

64 Yapese (Yap) Micronesia Fire-drill, fire-saw,
fire-plough Lagercrantz 1954

North America

65 Aleut USA (Aleutian Islands)
Fire-drill, cord-drill,
bow-drill,
strike-a-light

Jochelson 1933; Collins et al.
1945; Lagercrantz 1954

66 Alutiiq USA (Alaska) Fire-drill,
strike-a-light Befu 1970; Hrdlicka 1975

67 Assiniboine Canada (Alberta, Manitoba, Saskatchewan);
USA (Montana, North Dakota) Fire-drill Dusenberry 1960

68 Athabaskan Canada; USA (Alaska) Bow-drill Lagercrantz 1954
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Marlize Lombard & Peter Gärdenfors

502

https://doi.org/10.1017/S0959774322000439 Published online by Cambridge University Press

https://doi.org/10.1017/S0959774322000439


Table 1. Continued

# Tribe name Geopoloyical region
Firemaking
technology/ies

Sources

69 Blackfoot Canada (Alberta); USA (Montana) Strike-a-light Wissler 1910

70 Chinook USA (Oregon, Washington) Fire-drill,
strike-a-light Ray 1938

71 Chipewyan Canada (Alberta, British Columbia, Manitoba,
Northwest Territories)

Fire-drill,
strike-a-light Lowie 1912

72 Chugach USA (Alaska) Bow-drill Lagercrantz 1954

73 Comanche USA (New Mexico, Oklahoma, Texas) Fire-drill,
strike-a-light Hough 1890

74 Copper Inuit Canada (Northwest Territories, Nunavut) Cord-drill,
strike-a-light

Lagercrantz 1954; Condon
1983

75 Creek USA (Georgia, Alabama) Fire-drill,
strike-a-light Swanton 1928

76 Crow USA (Montana) Fire-drill,
strike-a-light Lowie 1922

77 Eastern Apache USA (Arizona, New Mexico) Fire-drill Opler 1941

78 Eyak USA (Alaska) Cord-drill,
pump-drill Lagercrantz 1954

79 Greenland Inuit Greenland Cord-drill,
strike-a-light

Lagercrantz 1954; Rasmussen
1908

80 Gros Ventre USA (Montana) Strike-a-light Kroeber 1908

81 Gwich’in (Kutchin) Canada (Northwest Territories, Yukon);
USA (Alaska) Cord-drill Lagercrantz 1954

82 Ho-Chunk
(Winnebago) USA (Wisconsin, Nebraska, Iowa, Minnesota) Fire-drill Radin 1923

83 Igloolik Canada (Nunavut, Qikiqtaaluk) Bow-drill Lagercrantz 1954

84 Ingalik (Deg Xinag) USA (Alaska) Fire-drill,
strike-a-light Osgood 1970

85 Innu Canada (Newfoundland and Labrador, Quebec)
Fire-drill, cord-drill,
bow-drill,
strike-a-light

Turner 1894; Lagercrantz
1954

86 Kalinago (Island
Carib) Dominica, Saint Vincent and the Grenadines Fire-drill,

strike-a-light Taylor 1938

87 Kaska Canada (British Columbia, Yukon) Strike-a-light Honigmann & Bennett 1949

88 Kuskokwim USA (Alaska) Cord-drill Lagercrantz 1954

89 Klamath USA (California, Oregon) Fire-drill Barrett 1910

90 Lenape (Delaware) Canada (Ontario); USA Oklahoma, Wisconsin) Fire-drill Zeisberger et al. 1910

91 Malemiut USA (Alaska) Cord-drill Lagercrantz 1954

92 Maricopa USA (Arizona) Fire-drill,
strike-a-light Spier 1933

93 Mescalero Apache USA (New Mexico) Fire-drill Basehart 1974

94 Mi’kmaq

Canada (British Columbia, New Brunswick,
Newfoundland and Labrador, Nova Scotia,
Ontario, Prince Edward Island, Quebec);
USA (Maine)

Strike-a-light Conzemius 1932

95 Miskito Honduras, Nicaragua Fire-drill,
strike-a-light Conzemius 1932

96 Northern Paiute USA (California, Nevada, Oregon) Fire-drill Kelly 1934

97 Nuu-chah-nulth Canada (British Columbia) Fire-drill,
strike-a-light Sapir & Swadesh 1955
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Table 1. Continued

# Tribe name Geopoloyical region
Firemaking
technology/ies

Sources

98 Ojibwa

Canada (Alberta, Manitoba, Ontario, Quebec,
Saskatchewan);
USA (Michigan, Minnesota, North Dakota,
Wisconsin)

Fire-drill,
strike-a-light Densmore 1929

99 Omaha USA (Iowa, Nebraska) Fire-drill,
strike-a-light Dorsey 1896

100 Onondaga Canada; USA (New York) Pump-drill Lagercrantz 1954

101 Pawnee USA (Oklahoma) Strike-a-light Smith 1852

102 Pomo USA (California) Fire-drill,
strike-a-light Barrett 1952

103 Quinault USA (Washington) Fire-drill, bow-drill,
strike-a-light Olson 1936; Lagercrantz 1954

104 Tlingit Canada (British Columbia, Yukon); USA (Alaska) Fire-drill, bow-drill,
strike-a-light Jones 1914; Lagercrantz 1954

105 Tubatulabal USA (California) Fire-drill Voegelin 1938

106 Ute USA (Arizona, Colorado, Nevada, Utah) Strike-a-light Smith 1974

107 Western Apache USA (Arizona) Fire-drill,
strike-a-light Reagan 1930

108 Yokuts USA (California) Fire-drill,
strike-a-light Gayton 1948

109 Yuki USA (California) Fire-drill Foster 1944

110 Yup’ik (Unaligmiut) USA (Alaska) Bow-drill Lagercrantz 1954

111 Yurok USA (California) Fire-drill Heizer et al. 1952

Oceania

112 Alyawara Australia (Northern Territory) Fire-drill Lagercrantz 1954

113 Andakerebina Australia (Northern Territory) Fire-drill Lagercrantz 1954

114 Anta’kirinja Australia (South Australia) Fire-drill Berndt 1940

115 Aranda Australia (Northern Territory) Fire-drill, fire-saw Lagercrantz 1954

116 Barungguan Australia (northern Queensland) Fire-drill Lagercrantz 1954

117 Bungandidj
(Buandik) Australia (South Australia) Fire-drill Lagercrantz 1954

118 Djerimanga (Wulna) Australia (Northern Territory) Fire-drill Lagercrantz 1954

119 Dyirbal Australia (Queensland) Fire-drill Lagercrantz 1954

120 Gende Papua New Guinea Fire-thong Lagercrantz 1954

121 Gidja Australia (Western Australia) Fire-drill Lagercrantz 1954

122 Kaurna Australia (South Australia) Fire-drill Stephens 1889

123 Kiwai Papua New Guinea Fire-drill, fire-thong Lagercrantz 1954

124 Laewomba Papua New Guinea Fire-plough Lagercrantz 1954

125 Kaytetye (Kaitish) Australia (Northern Territory) Fire-saw Lagercrantz 1954

126 Kokomini Australia (Queensland) Fire-drill Lagercrantz 1954

127 Koiari Papua New Guinea Fire-thong Lagercrantz 1954

128 Mafulu Papua New Guinea Fire-saw Lagercrantz 1954

129 Mamu Australia (Queensland) Fire-saw Lagercrantz 1954

130 Manus Papua New Guinea Fire-drill Mead 1930; 1956

131 Mãori New Zealand Fire-drill, fire-plough Lagercrantz 1954
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Table 1. Continued

# Tribe name Geopoloyical region
Firemaking
technology/ies

Sources

132 Marind-Anim South Papua Fire-plough, fire-saw,
fire-thong Lagercrantz 1954

133 Mullewa Australia (Western Australia) Fire-saw Lagercrantz 1954

134 Ngarrindjeri Australia (South Australia) Fire-drill Lagercrantz 1954

135 Nimanburu Australia (Western Australia) Fire-saw Lagercrantz 1954

136 Olo Papua New Guinea Fire-drill Lagercrantz 1954

137 Orokaiva Papua New Guinea Fire-plough,
fire-thong Lagercrantz 1954

138 Pitapita Australia (Queensland) Fire-saw Lagercrantz 1954

139 Ramu Papua New Guinea Fire-thong Lagercrantz 1954

140 Tasmanians Ausralia (Tasmania) Fire-drill, fire-saw Lagercrantz 1954

141 Tiwi Australia (Tiwi Islands) Fire-drill Basedow 1913

142 Wanamara Australia (Queensland) Fire-drill Lagercrantz 1954

143 Warumungu Australia (Northern Territory) Fire-saw Lagercrantz 1954

144 Worrorra Australia (Western Australia) Fire-drill Lagercrantz 1954

145 Wotjobaluk Australia (Victoria) Fire-plough Lagercrantz 1954

146 Yaroinga Australia (Northern Territory, Queensland) Fire-drill Lagercrantz 1954

147 Yiwara Australia (Western Australia) Fire-drill Gould 1969

148 Yuwaalaraay
(Euahlayi) Australia (New South Wales) Fire-saw Lagercrantz 1954

South America

149 Abipón Argentina, Paraguay Fire-drill Dobrizhoffer 1822

150 Barama River Carib Guyana Strike-a-light Gillin 1936

151 Bororo Brazil (Mato Grosso) Fire-drill Cook 1907

152 Canela Brazil (Amazonas) Fire-drill Nimuendajú & Lowie 1946

153 Chorote Argentina (Chaco) Fire-drill Rosen 1924

154 Mataco (Wichí) Argentina, Bolivia Fire-drill Karsten 1932

155 Nambicuara Brazil (Mato Grosso) Fire-drill Lévi-Strauss 1948

156 Selk’nam (Ona) Argentina (Santa Cruz, Tierra del Fuego islands),
Chile Strike-a-light Lothrop 1928

157 Tehuelche Argentina (Chubut, Santa Cruz), Chile Fire-drill,
strike-a-light Musters 1872; 1873

158 Terena Brazil (Mato Grosso, Mato Grosso do Sul, São
Paulo) Fire-drill Oberg 1949

159 Ticuna Brazil (Amazonas), Colombia, Peru Fire-drill,
strike-a-light Nimuendajú 1952

160 Trumai Brazil (Mato Grosso) Fire-drill Murphy & Quain 1955

161 Tupinamba Brazil (east coast) Fire-drill Yves & Métraux 1864;
Métraux 1948

162 Warao Guyana, Suriname, Trinidad and Tobago,
Venezuela Fire-drill Turrado Moreno & Muirden

1945

163 Xokleng Brazil (Santa Catarina) Fire-drill Henry et al. 1941

164 Yahgan Argentina (Santa Cruz, Tierra del Fuego islands),
Chile Strike-a-light Lothrop 1928
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frameworks have been published previously, so
we do not discuss them here, but provide tabulated
summaries and definitions in the supporting
online material (SOM) for easy reference. In short, a
basic question for a theory of causal cognition is
what kind of entities can serve as causes. One can
distinguish between agent causes (when some
animate being exerts a force), natural causes (phys-
ical/chemical/biological causes where natural
phenomena generate forces) and mental causes
(psychological/social causes, where mental phenom-
ena function as causes). It is widely thought that
causal cognition underpins technical reasoning
(McCormack et al. 2011; Osiurak et al. 2020). For
example, Wynn and Coolidge (2014, 47) argue that
in addition to procedural drift, trial-and-error, man-
aging immediate unexpected errors and adequate
working memory, ‘folk theories of causation’ (‘sig-
nificant conceptual structures that summarize and
present basic understandings of the work’) are
required for effective technical cognition. Causal cog-
nition is therefore a suitable framework for applying
to firemaking.

Causal cognition cannot, however, be separated
from the social cognition that scaffolds cumulative
technological culture (Pain & Brown 2021). As causal
cognition becomes more advanced, the more it

becomes dependent on theory of mind (ToM) (this
connection and the orders of ToM are explained in
SOM table 1, and in Lombard & Gärdenfors 2021).
Cultural transmission is largely dependent on vari-
ous orders of ToM, and can be divided into emula-
tion, imitation, and teaching (MacDonald et al.
2021). Through imitation and emulation, indivi-
duals—human or non-human—learn by themselves
through observing the behaviour of a knowledgeable
individual—without being taught (Nielsen et al.
2012). In terms of teaching, it is useful to distinguish
between non-intentional and intentional teaching.
Non-intentional teaching includes the facilitation/
scaffolding and the approval/disapproval of learner
behaviour. Gärdenfors and Högberg (2017; 2021)
present six levels of intentional teaching (SOM
table 2), which involve increasing demands on ToM
and communication. Different from imitation and
emulation, all six levels of teaching assume that the
teacher intends for the learner to learn something
that s/he would not learn without the intervention
of the teacher.

Two further forms of ToM that are relevant for
the cultural transmission and sharing of firemaking
are joint attention and joint intention. During joint
attention the agents have eye contact while sharing
attention to a target, signalling a mutual awareness

Figure 1. (a) Example of a fire-stick set. (Photograph: M. Lombard.) (b–d) Kalahari San wood-friction firemaking and
kindling. (Copyright of images purchased by M. Lombard from Alamy.)
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and promoting communication about the target
(Tomasello 1999). Joint attention involves third-order
ToM since the individuals must ensure that they
attend to the same thing (‘I see that you see that
I see’) (Gärdenfors & Warglien 2012). Joint intention
requires that individuals share an intention to inter-
act, react to each other’s intentions to act, and to
coordinate their intentions (Tomasello et al. 2005)—
also an example of a third-order ToM.

Solving problems, imagining solutions and
planning through time and outside the immediate
sensory context have been shown to operate across
a range of cognitive domains, such as mental
representation of a temporally distant event and the
ability to buffer current sensorial input in favour of
a delayed or imagined goal (Kabadayi & Osvath
2017). We define such prospective cognition (a.k.a.
episodic foresight or mental time travel:
Suddendorf & Moore 2011) as the capacity to envi-
sion future desires and organize current action
accordingly (Gärdenfors & Osvath 2010; Spreng &
Grady 2010; Szpunar et al. 2014). The main difference
between immediate planning and prospective cogni-
tion is that immediate planning depends on current
needs and desires, while prospective cognition pre-
sumes the capacity to predict future desires and to
plan for them.

A key element of prospective cognition is the
unmatched human capacity to shape and modify
our future selves and our skillsets through deliberate
rehearsal, i.e. through self-initiated or auto-cued
repetitive behaviour or imaginings aimed at future
improvement (Donald 2012; Suddendorf et al.
2018). When we try to control the effect of our
actions, we must learn how the actions map onto
the consequences (Gärdenfors et al. 2018). For
example, when cracking an egg, it is necessary to
learn what is an appropriate force to apply to the
egg: Too weak, and nothing happens to the egg;
too strong, and the egg is destroyed. Rehearsal relies
on a special case of conspecific ToM (SOM table 1),
namely self-awareness in the form of autocuing
(Donald 2012), which is self-triggered conscious
memory retrieval, and involves imagining oneself
in the future and in the past. Such behaviour—also
known as praxis—enables us to synchronize ideas
or concepts with motor planning and task execution
by imagining future scenarios (May-Benson &
Cermak 2007). This kind of thinking involves priority
scheduling, planning depth, or extended perception-
and-action sequences (Lombard et al. 2019).

The adaptive advantages gained from our cap-
acity to imagine the future can hardly be overesti-
mated. Bulley et al. (2020) mention that the ancient

Greeks believed that Prometheus, translated as ‘fore-
sight’, stole fire from heaven to give to humans. They
suggest that

The ability to harness fire is indeed a prime example of
the future-oriented power of imagination. Controlled
fires demand not only a stockpile of combustible materi-
als, but also knowledge of techniques to start, maintain,
and contain the flames. Mastery in this domain thus
requires a suite of cognitive capacities that draws heavily
on the imagination, such as deliberate practice and plan-
ning. (Bulley et al. 2020, 3)

Below we analyse the two key hunter-gatherer fire-
making techniques in terms of the critical abilities
enabled by such future-oriented imagination (SOM
table 3).

Some cognitive aspects of firemaking

Because it is tool-set dependent, our hypothesis is
that firemaking requires more complex cognitive
processes compared to the ability to use natural fire
or to control and maintain it. It is a prime example
of prospective cognition, since it involves planning
in several stages for the future goal of a fire. First,
it requires a tool set for ignition. Secondly, burning
materials of the right types must be collected.
Finally, the fire is ignited, built and maintained
with foresight on how it will be used or contained.
Each of these phases involves different forms of cau-
sal thinking which we discuss below (also see SOM
table 1), as well as cultural transmission (SOM table
2) and rehearsal (SOM table 3). Furthermore, cooper-
ation, in the form of division of labour, may be
involved since different persons with varying skills
and experiences may take responsibility for different
phases of firemaking and maintenance. Such cooper-
ation requires ToM in the form of a joint intention to
make a fire and trust that others will perform their
roles appropriately (Goudsblom 1992; Twomey
2014). Twomey (2019) further suggests that fire-
keeping and its benefits affected the evolution of
the human psyche in terms of emotion regulation,
empathy and sympathy, and could have stimulated
positive inter-group relations (see SOM Section 2,
for !Kung example)—all of which require a combin-
ation of ‘common sense reasoning’ or causal cogni-
tion, appropriate emotional responses, and
relatively advanced orders of ToM (Mameli 2004).

Collecting fuel
As described in the introduction, we focus on the
two principal techniques for hunter-gatherer
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firemaking—strike-a-light and fire-drill (Table 1).
Each of these techniques presumes that fuel for burn-
ing is collected in advance of, or separately from, the
firemaking process. For example, Marshall (1976, 84)
describes how while an old !Kung man makes the
fire, other group members ‘go about picking up
dry wood to lay on the new fire’. This phase is simi-
lar regardless of igniting method and can be per-
formed independently. The collection of fuel is also
implied in the ability to control and maintain natural
or borrowed fire, so that although it is necessary for
firemaking it is not exclusive to it—instead it serves
as baseline for fire use. We therefore treat fuel collec-
tion separately from the two firemaking methods
below.

The burning material usually consists of at least
three different kinds, each in their correct condition
and quantity for the planned fire. First tinder such
as dry grass, moss, amadou (derived from Fomes
fomentarius or similar tree fungi), or some similar
material is needed for igniting the fire. The resulting
flames then require kindling, typically in the form of
small twigs or sticks. Finally, different kinds of dry
wood or other material (e.g. bone or dung) are
needed as fuel to maintain and control the fire.
This implies preparation for risk and threat in
terms of prospective cognition (SOM table 3).

The cognition involved in collecting these mate-
rials involves inanimate causal cognition (Grade 6:
SOM table 2) about the role of dryness and about
the size and amount of material that is required.
Such causal knowledge could perhaps be obtained
by individual rehearsal (trial-and-error), but it is
likely that cultural transmission is involved. To
some extent, imitation will be a possible starting
point for a quicker learning of the causal traits of
the collected material. However, the learner may,
for example, miss properties of the material that are
important for assessing its dryness and flammability.
Hence, if teaching by communicating concepts and
relations between concepts (SOM table 2) are
exploited, the learning can become more efficient.
For example, learning concepts for materials will
help finding suitable wood and how long it will
burn. Another example is learning which properties
signal dryness will also make the selection of mater-
ial more efficient. A further cognitive factor is knowl-
edge about where appropriate material can be found,
for example, on which types of trees the best fungus
for tinder grows.

Using a strike-a-light
To apply the strike-a-light technique (Fig. 2), an
appropriate tool kit must be available. It typically

consists of a piece of rock such as flint, and a
piece of spark-generating material such as pyrite.
The two pieces are struck together to produce a
spark (see Sorensen 2020). Before a strike-a-light
can be used the necessary rocks/minerals must be
sourced, which implies prospective cognition in
the forms of affective forecasting, goal setting and
risk preparation (SOM table 3). The knowledge of
how to identify and find the right materials would
be difficult to learn on an individual basis. Hence,
it can be presumed that it is learnt by teaching
about concepts, which relies on well-developed
ToM wherein learners understand that their tea-
chers are intentionally communicating about some-
thing that is not necessarily present or tangible in
the immediate present (Level 4 teaching: SOM
table 2).

On the other hand, the causal knowledge that
when the two pieces are struck together, sparks
will appear, can be learnt by mere observation and
imitation, not requiring explicit teaching
(Gärdenfors & Högberg 2017; 2021). Using a
strike-a-light to generate a spark is similar to simple
freehand knapping which relies on the organization
of certain motor and ideational elements (Lombard
et al. 2019; Moore 2010). To some, the likeness to
knapping suggests that the strike-a-light technique
was probably the earliest firemaking method
(Sorensen 2019). While the causal understanding for
creating a spark may be limited (Grades 1 and 2:
SOM table 1), deliberate rehearsal is required to
learn how the striking is best performed and to
achieve expertise (SOM table 3). Teaching by demon-
stration (Level 3: SOM table 2) is likely to speed up
the practising process, which implies conspecific
ToM in the second–third order (Grade 3 causal cog-
nition: SOM table 1).

Cognitively, the most complex phase of
strike-a-light firemaking is understanding how to
turn the spark into a flame by first nurturing it into
an ember with the right type and amount of tinder
and by blowing on the ember with just the right
intensity to coax it into a flame that can be fed with
kindling. This requires flexible decision-making
in terms of fine-tuning actions in relation to materi-
als and conditions. It also requires Grade 6 causal
understanding (SOM table 1), wherein causation is
seen as force transmission or an extension of agency.
For example, the ‘force’ or ‘agency’ of the spark
need to be transferred to the ember and then to
the kindling. Here, too, rehearsal will improve an
individual’s skill, but cultural transmission through
demonstration and/or by communicating abstract
concepts (SOM table 2) would dramatically speed
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up the learning process, and thus be of adaptive
advantage.

Using a fire-drill
Different from a strike-a-light that uses naturally
occurring minerals (that may or may not be altered
before use), this technique depends on a manufac-
tured toolkit (Fig. 3). For the manufacturing process
the fire maker ideally needs at hand a round hard-
wood branch for the male drilling stick and a flat
piece of soft wood for the female base-stick. Both
artefacts are prepared by debarking them, straighten-
ing them, cutting them to shape and size, and pro-
viding the male stick with a tapered end to fit
snugly into a notch cut into the female stick. This
can only be accomplished by using at least one
other pre-manufactured cutting-and-scraping tool,
such as a stone flake or knife.

The prospective cognition, rehearsal and aspects
of social transmission for flake production alone is
already the same as for the use of a strike-a-light.
The planning depth and prospective cognition as
well as causal understanding for the fire-drill tech-
nique is thus considerably extended even before the
firemaking process can start. We suggest that it
requires at least Grade 6 causal cognition (SOM
table 1), which is notably more than what is required
for assembling a strike-a-light—but similar to fuel
collection for fire use/maintenance. Knowledge
about the types of wood that are most suitable—e.
g. hard for the male and soft for the female—is also
required. Again, the skills of how to identify and
find the right materials would be difficult to learn
on an individual basis. Hence, it can be presumed
that they are learnt by teaching about concepts
(Level 4, SOM table 2).

Once the fire-drill kit is available, the technique
for its use must be learnt. This is also considerably
more complicated than using a strike-a-light.
Although firemaking by wood friction was probably
invented and re-invented through time and across
space (Sorensen 2019), it is most likely that the use
of fire-drills became widespread through cultural

transmission. To some extent the handling can be
learnt by imitation and rehearsal. Teaching by dem-
onstration will help to speed up the practising pro-
cess. The causal knowledge that is used concerns
how friction, combined with pressure, generates
heat. Learning the amount of force and speed to
apply in drilling can be done by trial and error, but
teaching through explaining relationships between
the concepts (Level 5: SOM table 2) will make the
learning more efficient.

While a manual fire-drill is not a composite
technology, it is a basic form of a symbiotic technol-
ogy (Lombard & Haidle 2012; Scheiffele 2014). Such
tool sets function as ‘machines’ wherein the proper-
ties of the one tool are actively augmented by the
properties of the other through active focus on
bimanual manipulation and control. Using a fire-drill
requires both hands to work in synchronization,
while the user steadies the female stick with a foot.
Lombard and Haidle (2012) argued that the use of
symbiotic technologies represents a cognitive in-
crease in terms of planning depth/prospective re-
asoning, cognitive modularization (chunking-and-
chaining) and episodic memory (see Coolidge et al.
2016), which enables a level of technological complex-
ity and flexibility that is not possible with non-
symbiotic technologies. More advanced forms of
such technologies would include bow-drills (some-
times also used in firemaking) and bow-and-arrow
sets, which represent causal network cognition with
higher-order ToM (Grade 7: SOM table 1).

Firemaking with manual fire-drills sometimes
also involves cooperation between two individuals.
For example, one person will start twirling with
both hands moving down the male stick and as
soon as they reach the bottom, the second person
will start from the top of the stick in a drilling
relay. In this manner, continuous friction is applied
and an ember can develop quickly (Marshall 1976;
SOM Section 2). Such cooperation obviously involves
joint attention and joint intention, as well as turn-
taking and joint rehearsal. The ToM requirements
of such behaviour are therefore also considerably

Figure 2. A material-and-action
sequence for strike-a-light firemaking
representing planning depth and
prospective cognition.
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higher compared to strike-a-light firemaking that can
only be done by a single person.

Building up and maintaining a fire
While assembling and using the two techniques are
different in terms of tool sets and cognition, the
phase during which an ember is nurtured into flames
is similar in both (as described above for the
strike-a-light technique). The final phases of firemak-
ing are also shared by both scenarios and consist of
building up a fire by first using kindling, then adding
longer-burning fuel and then maintaining or control-
ling the fire by managing the types and amounts of
fuel added or removed. One type of causal knowl-
edge that is special during this phase concerns the
role of air flow. If the fuel is placed too densely, it
will be difficult for the fire to catch on, and if placed
too loosely, it may die out. Again, the right fuel dens-
ity can be learnt by rehearsal, but teaching about air
flow (Levels 4 and 5: SOM table 2) will improve
inanimate causal understanding (Grade 6: SOM
table 1) and make learning how to maintain and con-
trol a fire more efficient.

There are two further types of prospective plan-
ning involved here. One concerns when to add more
material. A fire is made for one or several purposes.
Making the fire too big for its purpose by adding
excessive amounts of fuel will make the fire uneco-
nomical. After all, collecting and/or preserving fuel
may be costly (Henry et al. 2018), especially in wood-
poor or wet ecologies. The other concerns the long-
term effects of fuel depletion and mobility in the
environment (Sorensen 2017). This is an advanced
form of prospective cognition that summarizes a
great deal of knowledge about the environment
and causal reasoning that implies causal network
understanding (SOM table 1), and which is known
to be practised by current Kalahari hunter-gatherer
groups (Marshall 1976; SOM Section 2).

Discussion: Pleistocene firemaking and dealing
with the unknowable

Most researchers agree that fire use was a progres-
sive, but not necessarily unilinear, evolutionary pro-
cess during which hominins initially associated it
with some benefits or rewards. We may associate
this phase with Shea’s (2017) ‘occasional tool use’
during which fire use was optional and could be
accomplished without recourse to additional tools.
Occasional fire use probably had minor fitness conse-
quences, so that individuals who used it may have
gained sporadic or short-lived fitness benefits, but
not much more than conspecifics that did not use
fire. This scenario is similar to current-day chimpan-
zee nut-cracking behaviour. While chimpanzees use
hammerstones, sometimes with anvils, not all indivi-
duals in a group may engage in the behaviour, and
not all chimpanzee groups practise nut-cracking,
yet all remain relatively well nourished (Boesch &
Boesch 1984; Toth et al. 1993).

The occasional fitness benefits of fire use pos-
sibly led to hominins starting to take advantage of
naturally occurring fire, learning the skills to collect,
maintain and control the phenomenon (for recent
summaries, see Sorensen 2019; Twomey 2019). This
represents a phase of habitual fire use wherein indi-
viduals who used fire reaped fitness rewards that
meaningfully surpassed those who did not—not
only individually in the short-term, but also for the
group in the long run. The benefits may, however,
still vary among groups and through time. Shea
(2017, 209), for example, sees cooking in current
human populations as ‘habitual tool use’ in that peo-
ple do it

more or less constantly with variable periodicity and
intensity. One can microwave, roast, fry, or boil pretty
much any foodstuff or eat it raw, but the costs of using

Figure 3. A material-and-action sequence for fire-drill firemaking representing planning depth and prospective
cognition.

Marlize Lombard & Peter Gärdenfors

510

https://doi.org/10.1017/S0959774322000439 Published online by Cambridge University Press

https://doi.org/10.1017/S0959774322000439


one or another such method and the calories one obtains
by doing so vary situationally.

An increasing awareness of the protective, gastro-
nomic, physical, social and technological advantages
of habitual fire use probably prompted the develop-
ment of firemaking techniques in different human
groups until we became obligatory fire users. In the-
ory, we can survive without cooking: for example, a
few handfuls of the nutritious, sweet-tasing raw
corms of the yellow nut sedge (Cyperus esculentus)
easily fulfils the current daily requirement for energy,
protein and fat/lipids in adult humans (Lombard
2022). If such foods were supplemented by access
to fatty termites, meat and marrow through tool
use (Assaf et al. 2020; Backwell et al. 2012; Lesnik
2014; McPherron et al. 2010)—in addition to a variety
of leafy greens, fruits, grains and nuts (Lombard &
van Aardt 2022; Paine et al. 2018), surviving on a
raw-food diet is not impossible as suggested by
Wrangham and Conklin-Britain (2003) who relied
heavily on two studies, i.e.:

• Koebnick et al. (1999) who observed nutritional
deficiencies in a few urban German individuals
preferring a raw-food diet (without reporting on
underlying conditions or reasons for diet choice);

• Brace et al. (1987, 713) who suggested that the
adoption of earth-oven cooking allowed the use
of frozen food ’in the northerly parts of the Old
World’.

Wrangham and Conklin-Britain (2003) use these
WEIRD-sample observations to argue that cooking
was obligatory, not considering African proxies
for the eating of sun/wind-dried meat or the
nutritional value of the many African insects and
plant foods that can be consumed/digested raw. It
is true that recent hunter-gatherers usually consume
at least one cooked meal daily (Wrangham &

Conklin-Britain 2003), but this is far from ‘obligatory’
behaviour, and has almost certainly as much to do
with the safety, warmth and social cohesion of fire
use as it has to do with an absolute need to cook
food.

We have, however, become fully dependent for
our survival on ‘fire’ in terms of heat, energy and
technology, among other things. Yet whereas we
are increasingly able to trace fire use in the archaeo-
logical record (Bentsen 2014; Sorensen 2019), it
remains almost impossible to know when firemaking
may have emerged. Even the habitual and controlled
use of fire remains contentious. For example, some
favour an early date from ∼2 million to ∼800,000
years ago (Alperson-Afil & Goren-Inbar 2010;
Gowlett 2016; Hlubik et al. 2019), others a ‘late emer-
gence’ at 400,000–200,000 years ago at most
(Roebroeks & Villa 2011; Shimelmitz et al. 2014),
whereas some place it only at the end of the late
Pleistocene (Sandgathe et al. 2011).

We cannot resolve these questions here, but we
do want to hypothesize about the possible origins
of the two fire-making techniques. As witnessed by
our analysis above, and summarized in Table 2, we
have shown that the strike-a-light technique requires
slightly different cognitive capacities than the fire-
drill technique, specifically in terms of causal cogni-
tion, social cognition and prospective cognition.
Sorensen (2019, 32) argues that percussive or
strike-a-light firemaking ‘is all but unknown from
Africa, both ethnographically and archaeologically,
with the adoption of flint and steel percussive fire-
making only making an appearance on the continent
after being introduced by European colonists’.

Cumulatively, these outcomes and observations
may have several explanations, but it is also obvious
that strike-a-light firemaking is/has been used
primarily in high latitudes (Table 1), and archaeolo-
gically throughout Upper Palaeolithic Europe

Table 2. Summary of maximum cognitive capacities potentially expressed in strike-a-light vs fire-drill firemaking.

Maximum
cognitive capacity

Strike-a-light Manual fire-drill

Highest grade of
causal cognition

Inanimate causal cognition: Third- to
fourth-order ToM (Grade 6) Causal network cognition: Higher-order ToM (Grade 7)

Highest level of
teaching

Teaching by communicating concepts and
relations between concepts (Level 4)

Teaching by explaining relationships between abstract concepts
(Level 5)

Prospective
cognition

Some planning depth in terms of: Affective
forecasting and goals, preparation for risk and
threat

Extended planning depth in terms of: Affective forecasting and
goals, preparation for risk and threat, as well as flexible
decision-making

Rehearsal Basic rehearsal skills Advanced rehearsal skills
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(Sorensen 2019). In Figure 4 we map these observa-
tions roughly, showing that strike-a-light firemaking
is mostly recorded close to or above 40°N and close
to or below 40°S. In these high-latitude regions,
extending the day with firelight and creating warmth
during the winter months would have been advanta-
geous for humans (Twomey 2014)—probably obliga-
tory. What is more, natural fires may not have been
as regular here as on the warm, dry African savanna
so that there would have been an adaptive push
towards the ability to make fire at will, as well as
towards retaining the skill.

Neanderthals as strike-a-light inventors
Archaeological verification of fire becomes relatively
regular in Europe throughout Marine Isotope Stage
5e–3 (∼130,000–35,000 years ago), during the later
Neanderthal phase (Sorensen et al. 2018). Expedient
flint and pyrite strike-a-light firemaking was a
skill mastered by Neanderthals (Sorensen 2017;
2019), and microwear analysis demonstrated that
Neanderthal groups used strike-a-light sets during
the late Mousterian in France about 50,000 years
ago (Sorensen et al. 2018). Sorensen (2019) further
suggests that the skill may have been introduced
and practised by some Neanderthal groups, and
that it may have been independently adopted by
Homo sapiens arriving from Africa, or through cul-
tural diffusion through contact with the
Neanderthals.

We have previously suggested that there is evi-
dence for the evolution of non-conspecific theory of
mind (Grade 5 causal cognition) in African hominin
populations before their split with the Neanderthals
(Gärdenfors & Lombard 2018; 2020), which would
facilitate aspects of cultural diffusion (MacDonald
et al. 2021). There also seems to have been a gradual
development between and within inanimate causal
cognition and causal network cognition (Grades 6
and 7) over the last 500,000 years of our evolution,
wherein Neanderthals and H. heidelbergensis pos-
sessed some forms of executive functions connected
to prospective thinking, and evolved at least some
(in the case of H. heidelbergensis), if not all (in the
case of Neanderthals) of the capacity for Grade 6 cau-
sal reasoning (Gärdenfors & Lombard 2018; 2020;
Lombard & Gärdenfors 2021).

We therefore contend that, based on cognition,
there is no reason to argue against Neanderthals
being the inventors of the strike-a-light technology.
What is more, we speculate that the overlap in teach-
ing abilities between Neanderthals and Homo sapiens
as discussed by Lombard and Högberg (2021), and
that may have facilitated cultural exchange and
learning between the two populations, may also
have enabled Neanderthals to transfer their
strike-a-light firemaking skills to groups arriving in
their northern clime with its long, cold, wet and
dark winters. Based on the archaeological record,
other authors such as Sorensen (2019) and

Figure 4. Rough distribution of strike-a-light firemaking as recorded by us (Table 1), McCauley et al. (2020), Sorensen
(2019) and other authors cited in the text.
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MacDonald et al. (2021) provided similar interpreta-
tions for strike-a-light fire production and
transmission.

Such scenarios are especially likely since genetic
research indicates multiple admixture events
between Neanderthal and Homo sapiens populations,
from as early as ∼120,000 years ago in the Near East
(Kuhlwilm et al. 2016), most likely in western Asia
from ∼60,000–50,000 years ago (Nielsen et al. 2017),
and in present-day Romania at ∼42,000–37,000
years ago (Fu et al. 2015; Gokcumen 2019), so that
cultural exchange was possible at different times
and over many thousands of years. Even if inter-
action or co-existence was limited to 1400–2900
years during the Châtelperronian (∼43,000–40,000
years ago) in France and northern Spain (Djakovic
et al. 2022), it still spans 56–116 human generations
at 25 years per generation—more than enough time
for people to exchange ideas and skill sets. During
the subsequent Upper Palaeolithic, strike-a-light fire-
making spread throughout the northern populations
either through transmission or re-invention
(McCauley et al. 2020).

Early African Homo sapiens as fire-drill inventors
Lagercrantz’s (1954) survey shows that manual fire-
drills are/were widely used across Africa by indigen-
ous hunter-gatherer, pastoralist and farming popula-
tions. As Sorensen (2019) points out, however, the
preservation problems associated with the wood-
friction firemaking techniques make it difficult or
impossible to assess their origins and antiquity.
That said, there is a suite of socio-technical beha-
viours evidenced in African Homo sapiens popula-
tions during the Middle Stone Age that
demonstrates their socio-cognitive capacity for causal
network cognition and higher-order ToM
(Gärdenfors & Lombard 2018; 2020; Lombard &
Gärdenfors 2021). It is therefore feasible to suggest
that such populations had the cognitive capacity to
invent, produce and use a rudimentary symbiotic
toolset such as the fire-drill, perhaps as forerunner
to other multi-part machines such as thong-driven
firemaking techniques and bow-drills (see Scheiffele
2014).

Bentsen’s (2014) summary of Middle Stone Age
evidence of fire use at 34 sites in southern Africa dat-
ing roughly between 280,000 and 30,000 years ago
shows that combustion features may yield much
information about technical skill, spatial structuring,
site maintenance, wood preference, cooking and
social activities, among other things. Fire, for
example, played an important role in sophisticated
technological processes such as the heat treatment

of rocks to improve their knapping ability in south-
ern Africa since ∼160,000 years ago (Brown et al.
2009); ochre may have been roasted to alter its colour
by ∼100,000 years ago (Watts 2010), and carefully
controlled heat from fire was an essential part of
manufacturing ochre-loaded adhesives since at least
70,000 years ago (Wadley 2005). Recent reports
from the region show sheaves of grass placed near
the back of a cave on ash layers that were probably
the remnants of bedding burned for site maintenance
at 200,000 years ago (Wadley et al. 2020a), and
charred Hypoxis rhizomes at 170,000 years ago cur-
rently serve as oldest known evidence of cooked star-
chy plant corms (Wadley et al. 2020b).

Cumulatively, the southern African evidence
supports Bentsen’s (2014) conclusion that Middle
Stone Age pyrotechnology was an integral part of
the socio-economy, and our previous analyses of
broadly contemporaneous Homo sapiens socio-
cognitive capacities (Gärdenfors & Lombard 2020;
Lombard & Högberg 2021), indicate that the inven-
tion, production and use of fire-drills may well
have been within the scope of African populations
before they spread across the globe successfully.
Having developed the necessary causal cognition,
teaching capacity and prospective cognition for
inventing, re-inventing and transmitting such a tech-
nology by the time people started to settle across
Eurasia may explain why the fire-drill technique
became so widespread and why it is still practised
by most hunter-gatherer groups in tropical and tem-
perate regions between 40°N and 40° S (Table 1;
Fig. 5).

In conclusion

Up to now, most other researchers have written
about fire use because the antiquity of firemaking is
so difficult to trace. Few, however, dispute its
importance in our evolutionary history, and
Twomey (2019) suggests that the domestication of
fire probably had a considerable impact on the evolu-
tion of human cognition. Here we have hypothesized
about some aspects of the cognition of early firemak-
ing based on ethnographic and archaeological obser-
vations. We have also demonstrated that the
distribution maps for strike-a-light versus fire-drill
firemaking techniques support a hypothesis wherein
the strike-a-light method may have been more suc-
cessful in high-latitude regions, and fire-drills best
suited for drier, warmer areas. The distribution
could further link to the seeming rarity of pyrite out-
crops in Africa, which remains to be investigated
(Sorensen 2019). We focused on only two firemaking
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techniques, but exploring others, such as fire-ploughs
and different configurations of thong-driven techni-
ques, could add nuance to our interpretation (e.g.
Scheiffele 2014). We limited our cognitive testing of
firemaking to our models of causal and social
(teaching) cognition, integrating it with aspects of
prospective cognition and rehearsal. Future work
testing firemaking techniques against theoretical
models of expert cognition or creativity (e.g.
Coolidge et al. 2016; Wynn & Coolidge 2014), could
prove equally informative.

Our main take-away is two-fold. First, from a
cognitive perspective, it is likely that Neanderthal
groups independently discovered expedient
strike-a-light firemaking. Because of probable shared
levels of intentional teaching in Homo sapiens and
Neanderthals such as demonstrating and communi-
cating concepts (Levels 3–4 as described above and
in SOM table 2, discussed in Gärdenfors &
Högberg 2017; 2021; Lombard & Högberg 2021),
we may speculate about teaching and learning as
well as cultural exchange between the populations
when they encountered each other—perhaps also
exchanging skills and knowledge about firemaking
technologies and where to locate the necessary mate-
rials (also see MacDonald et al. 2021; Sorensen 2019).
Secondly, the fire-drill technique that requires
extended causal, social and prospective understand-
ing, compared to the strike-a-light technique
(Table 2), may have been invented by Homo sapiens

in Africa where populations show early signs of
such cognition before spreading across the globe.
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