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ATTRIBUTES OF OLDOWAN AND LOWER ACHEULEAN TOOLS:
‘TRADITION’ AND DESIGN IN THE EARLY LOWER PALEOLITHIC*

JoHN R. F. BOWER

Department of Sociology and Anthropology, Iowa State University, Ames, Iowa

Abstract

Attribute data have been collected on Oldowan and
Lower Acheulean tools—choppers and scrapers—
from a series of sites in sub-Saharan Africa. The data

-~ were collected with a view toward shedding light on

R S

+ (1) taxonomic relationships among the occurrences,

(2) the typology of the varieties of tools in question
(as well as more general aspects of the typology of
early Lower Paleolithic artefacts), and (3) broad
principles of design. The major analytical approach
involved scanning the data for statistically significant
~"Tarences in mean values for attributes between
L s, between taxonomic entities, and between classes
of raw material. Included among the more important
results of the study are proposed revisions of the
existing taxonomy, such as the inclusion of the Lower
Acheulean in the Oldowan Industrial Complex and
the recognition of the importance of size as a design
criterion for the choppers and scrapers.

Introduction

The earliest known stone tool industries are con-
fined to a few sites in sub-Saharan Africa— principally,
the Koobi Fora sites from East Rudolph (Kenya),
the Peninj sites near Lake Natron (Tanzania), Beds I
and II at Olduvai Gorge (Tanzania), and two of the
Transvaal (South Africa) Australopithecine sites:
Sterkfontein and Swartkrans. For a more extensive
discussion of the age of these sites, I refer the reader
to Bower (1973 passim), Isaac (1972a), and Vrba
(1975); here, I shall simply note that the industries are
most securely dated at Olduvai, where they lie in a
range between about 1,0 and 1,8 m.y., and Peninj,
where the sites are dated to approximately 0,9-1,6
m.y. The Koobi Fora sites have been dated to about
2,6 m.y. (Isaac op. cit.), but this date is being
r~ valuated and may ultimately be adjusted upward
L. everal hundred thousand years (Curtis 1975).

The South African sites have so far proven resistant
to attempts at radiometric dating and problematic
with respect to faunal dating. On the basis of the

~ latter, it seems likely that the complete sedimentary

Y

column at each site may embrace a very long time-
span—at Sterkfontein, from at least 2,0 to 0,5 m.y.,
and at Swartkrans, from about 1,8 m.y. to near the
end of the Middle Pleistocene. While many of the
artefacts from these sites derive from the early sedi-
ments, some may represent stratigraphically higher
levels.

Despite the very primitive stage of lithiculture
represented by the industries in question, they
contain much morphological variability, ranging from
crude bifaces through massive core tools (choppers,
scrapers, polyhedrons, etc.) to small and sometimes
rather delicately finished flake tools. Within this

* Received April 1977.

range, it is possible to recognize a series of recurring
forms, presumably reflecting a conceptual basis
(however vague) in the mind of the flint knapper.
The typology devised by Mary Leakey (1967, 1971:
4-8) essentially involves the recognition of such
forms—without, of course, implying any necessary
connection between types and the conceptual images
of the toolmaker.

However, as Isaac (1972a: 395; see also Leakey
1967: 420) has suggested, there is much apparently
ad hoc variability in the assemblages in question,
such that many (if not most) of the types grade
imperceptibly into others, and it is often difficult to
assign a given specimen to a particular type. For
instance, there is an end chopper illustrated by
Leakey (1971: 54) at the top of the page which,
judging from the drawing, might be difficult to
distinguish from heavy duty scrapers. This raises the
possibility that, whatever design criteria entered into
the conception and manufacture of the tools, they
may have been expressed in rather general terms,
such as ‘a bulky tool with a cutting edge’, or ‘a small
tool with a pointed end’, and so forth. If such was
the case, the construction of a traditional typological
system may well involve selecting more or less
fortuitous ‘concentrations’ of forms as types out of
an essentially randomly varying set of tools. Many
of the resulting types would, of course, be of little
or no value in comparative studies.

Isaac (1974) has introduced an alternative analytical
framework, which seeks to avoid some of these
pitfalls; it is essentially inductive and is based on the
concept of ‘morphological fields’—i.e. very broadly
defined formal categories that are mutually exclusive,
such as ‘large, bifacial’ and ‘small, unifacial’ fields.
Having identified the range of fields represented in an
assemblage, one can scan each field for modalities of
shape and/or size. Such modalities, constituting sub-
divisions of the morphological field, would be broadly
comparable to traditional types and would serve the
same purposes as the latter; however, they would be
based largely on properties inherent in the material,
thus reducing the rather large dose of subjectivity
which inevitably enters into traditional typologies.
Moreover, the modalities might be expected to reveal
at least part of the design system involved in the
production of the tools more directly and more
securely than could a traditional typology.

In addition to establishing a typology, Leakey
(1971: 269-74) has also elaborated a taxonomy and
classified occurrences from the various sites (loc. cit.
and 1970; see also Isaac 1967 and 1969). In terms of
the systematics generally in use for the Paleolithic of
sub-Saharan Africa (Clark er al, 1966), two major
taxa (industrial complexes) are involved—the
Acheulean and the Oldowan. These contain the
following subdivisions (see Tables 1, 2, 4 and 5):
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TABLE |. Sites* ranked on chopper attributes.

15 14 5 13 4 12 9 L 3 11 10 16 17 8 2 6 7
End Scars . X 1,2 1,0 088 087 086 0,78 0,77 0,75 0,75 0,73 0,70 0,67 0,67 0,60 0,54 0,50 0,50
s 0,80 0,71 0,66 092 0,66 0,70 0,83 096 0,71 0,78 0,67 0,86 0,82 0,72+ 0,67 0,72 . 0,53
v 67 74 75 106 17 90 107 128 95 107 96 127 123 120 1123 %%144°% 10N
3 13 1 17 11 5 14 2 4 16 12 7 8 9 10 6 15
Scar Total X 60 59 .58 5.3 50 48 48 4T 7475 45 44 44 440 9.3 T4;3WMed0I8E80)
s 2,0 2,1 1,5 2,0 1.9 1,6 1..5; 1.7 1,8 2,5 1,7 1,5 1,9 12 152 154 1,9
v 33 36 26 » 38 38 33 31 36 38 56 39 34 43 28 28 36 49
17 14 16 6 12 7 15 5 2 8 11 4 10 13 3 9 1
Axis X 83 a7 75 7l 71 69 68 68 67 66 65 65 63 61 58 58 57
s 23 21 23 14 22 19 16 12 14 14 18 14 15 23 16 18 25
v 28 27 31 19 31 27 23 18 21 22 28 21 24 37 28 31 44
17 16 14 6 15 12 4 7 5 8 3 2 10 11 13 9 il
Max-dimf .  Xi 107 98 93 87 86 85 83 82 82 81 81 80 78 7 ar 74 68 -
s 14 27 17 15 15 23 13 23 13 14 16 15 13 18 23 23 28
v 13 28 18 17 17 27 15 28 16 18 20 19 17 25 30 39 41
17 3 14 1 13 2 16 12 4 5 11 10 9 6 7 15 8
Chord . Xt 72 68 61 60 58 58 57, 55 53 53 52 52 52 51 50 50 47
s 21 22 21 32 19 15 23 21 12 16 14 12 21 19 23 20 21
v 30 32 35 52 33 27 41 38 23 30 28 24 41 37 46 40 45
3 1 I3 9. 2 11 17 10 4 14 5 12 16 15, 8 6 7
Chord/axist X 1,18 1,04 1,02 089 087 086 086 085 084 082 080 079 078 076 0,73 0,73 0,71
s 0,22 0,10 0,31 020 0,20 031 0,14 0,116 0,16 026 025 022 024 036 031 026 022
v 19 10 30 22 23 36 16 19 19 32 31 28 31 47 42 36 !
* Sites: 1. Koobi Fora, lower unit: 7. HWK East, 2 (N=8). 13. TK II (N=15).
FxJjl, FxJj10, GiJi3 (N=4). 8. HWK East, 3-5 (N=30). 14. EF-HR (N=9).
2. DKI (N=22). 9. FLK North, sandy cong. (N=13). 15. Sterkfontein (N=230).
3. FLKI(N=38). 10. MNK II, skull (N=10). 16. Swartkrans (N=21).
4. FLK NNI (N=14). 11. FC II West (N=26). 17. Peninj, MHS + RHS (N=6)
5. FLK North, 1-6 (N=32). 12. SHK Annexe (N=14).
6.

HWK East, 1 (N=24).

+ Prob. of F ratio < 0,05; LSD valid for 95 % confidence interval.

Acheulean Industrial Complex
Upper Acheulean Industry
Lower Acheulean Industry

Developed Oldowan Industry
Developed Oldowan A Phase
Developed Oldowan B Phase

Oldowan Industrial Complex
Oldowan Industry

Of these taxa (represented in slightly paraphrased
form without, 1 believe, altering the substance of
Leakey’s presentation), only the Upper Acheulean is
not included among the occurrences in question.

The most important diagnostic distinction between
the Acheulean and Oldowan complexes lies in the
rate of occurrence of bifaces, which account for at
least 409 of the shaped tools in the Acheulean and
fewer than 40% in the Oldowan. This distinction
serves diagnostically only in differentiating Lower
Acheulean industries from those of the Oldowan
Complex, for there are numerous examples of Upper
Acheulean occurrences with few or no bifaces
(cf. Clark 1970: 96-100; Isaac & Isaac 1975: 22).
However, the problems inherent in this ambiguity lie
beyond the scope of this paper, and I am informed by
Mary Leakey that the criteria for classification of the
Acheulean are, in any case, being revised.

Within the Acheulean Complex, the Lower and
Upper industries differ largely in terms of the rela-
tively irregular shape of the bifaces in the former
and their deeper, more invasive flake scars. In the
Oldowan Complex, the Developed Oldowan is dis-
tinguished from the Oldowan Industry by exhibiting
a greater variety of types—notably through the
addition of such forms as bifaces, awls and outils

I Values for X in mm.

TaBLE 2. Industries* ranked on chopper attributes.

i

B2, *

ok

4 D, 3 i <
End Scars x 098 0,87 0,78 0,70 *.0:63
s 0,86 0,74 £0,79 0,69 "OXiSs
v 88 85 101 99 114 °
3 5 1 2 4
Scar Total X 551 5,0 4,7 4.4
s 20 =6 1,6 5 <1 7l
\% 39 32 34 39 50
5 4 1 3 2
Axist . X 79 71 67 66 64
s 21 19 14 20 16
v 27, 27 21 31 25,
o} 4 1 2 3
Max-dimt % 99 91 82 80 9
s 17 22 15 21 18
v 17 24 18 26 23
o 1 3 4 2
Chordt X 66 55 55 33w , A%
s 21 17 17 22 21
v 32 31 32 41 43
3 1 5 4 2
Chord/axis % 0,8 0,84 083 0,77 0,77,
s 030 024" 0224031 0,288
A% 34 29 07 40 36
* Industries:
1. Bed I Oldowan: sites 1-6 (see Table 1), 10

(N = 114).

Dev. Old. A :sites 7-9 (N = 51).

Dev. Old. B: sites 11-13 (N = 55).

S. African ‘Oldowan’; sites 15, 16 (N = 51).

. Lower Acheul.:sites 14,17 (N = 15).

+ Prob. of F ratio < 0,05; LSD valid for 95%
confidence interval.

o
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TaBLE 3. Materials* ranked on chopper attributes.

2 /

End Scars X 081 0,776
s* 0,78 . 0,75

Y 95 99

2 1

Scars? X 54 45
S 2,0 1,8

\Y 37 40

1 2

Axis X 68 64
S 147 21

\Y 25 33

g 1 2

Max-dim . X 84 81
S 18 22

Y 22 22

2 1

Chord X 59 53
s 20 19

\Y 35 36

2 1

Chord/axist . x =097 ;80
s 0,30 0,27

\% 31 34

~_* Materials:

1. Quartz < 509%; sites (see Table 1) 1, 2, 4-11,
14-17 (N = 249).
2. Quartz > 50%; sites 3, 12, 13 (N = 37).
t Differences significant at 0,05 level.

écaillés. The A and B phases of the Developed
Oldowan are much alike, except that the former lacks
bifaces.

Broadly speaking, the industries represent a chrono-
logical succession: from earliest to most recent,
(1) Oldowan, (2) Developed Oldowan A and (3)
Developed Oldowan B plus Lower Acheulean; how-

cever, at Olduvai a// of the industries are more or less

contemporary —i.e. they are all present in Bed II

_above the Lemuta Member (Bower 1973: 78-80).

Attempts to explain this astonishing taxonomic

rsity at such an early stage in the evolution of
liuae technology have included the possibility of
intrusion of - cultures that originated elsewhere
(Leakey 1967, 1971: 272), the suggestion that a
‘quantum jump’ in technology occurred in one or
two of the cultures involved but not in the others
(Isaac 1969), and the idea that the industries are
merely activity variants of one another (Clark 1970:
85 ff.). So far, none of these explanations has been
amply tested against data; in any case, the whole
issue rests on acceptance of the taxonomic assessment.
On both logical and empirical grounds (i.e. the whole
historical trajectory of stone tool technology, which
involves progressive differentiation of industries), it
seems rather improbable; one would expect homo-
geneity. Whatever the case may be, it seems clear, as

' Mary Leakey has implied (1971: 278-81), that the

classification of tools and distribution of taxa may be
of some use in helping to unravel complex problems

in hominid phylogeny.
115

In this paper, I shall report the results of an
attribute study aimed largely at some of the issues
sketched above. In particular, I hope to shed some
light on the relationship between ‘morphological
fields’ and traditional typologies, and also on their
relative merits in dealing with early Lower Paleo-
lithic occurrences. In addition, I shall attempt to
assess the taxonomic interpretation of the Oldowan
and Lower Acheulean materials. Beyond these more
or less parochial concerns, I shall explore certain
aspects of design— particularly those related to design
specificity and the standardization of product (cf.
Isaac 1972a: 393-5)—which are not only intrinsically
interesting but may have been crucially involved in
basic processes of sociocultural evolution.

Methods

I have collected data on two classes of tools that are
abundantly and ubiquitously represented in the Old-
owan and Lower Acheulean occurrences: choppers
and scrapers. In the case of the choppers, I have used
a restricted version of the type definition (Bower 1973:
135-6) in order to confine the sample to ‘classic’
choppers; thus, only specimens exhibiting all of the
definitive attributes of the type were included, and all
borderline tools were excluded. However, the scraper
class was very broadly defined, ignoring the typological
distinction between heavy- and light-duty scrapers,
as well as finer typological distinctions among the
light-duty scrapers (Leakey 1971: 6-7). Thus, the
scraper sample approximately represents a mor-
phological field—tools with a flat base defined in
part by a steeply flaked edge. My reasons for defining
one class of tools much more restrictively than the
other are directly related to the aims of the study and
will become apparent in subsequent discussion.

The inventories of sites composing the chopper and
scraper samples are indicated in Tables 1 and 4,
respectively. All artefacts that fit the definition for
each class were included in the appropriate sample
—with the exception of a few pieces that had been
removed for casting. Logistical limitations made it
impossible to include the entire inventory of exca-
vated sites from Olduvai in the data samples, but the
sites that are included span the stratigraphy of
Beds I and Il and embrace all of the industries
recognized by Leakey. Since the scraper class was
broadly defined, it included very large numbers of
specimens at many of the sites; thus, in the time
available for data collection (about three months of
part-time work in 1971 and three weeks of full-time
effort in 1974), fewer sites could be included in the
scraper sample than in the chopper sample. The
former consists of 245 specimens and the latter of
288 —though, for technical reasons, two of the
choppers had to be excluded from most of the
analytical procedures.

Data were collected on a series of both qualitative
and quantitative attributes in each of the samples.
The chopper attributes (see Tables 1, 7 and 8) con-
sisted of:

1. Qualitative attributes

(a) edge shape (although data were collected on
15 states of the attribute, determined by the



TABLE 4. Sites* ranked on scraper attributes.

120 9 U A e Jo s e e R

SAXT . Xt 62 60 59 54 49 48 47 45 44 44 36 34
s 23 26 24 24 18 14 12 32 20 25 10 il
A% 37 43 41 44 37 29 26 71 45 52 28 32
11 9 8 12 10 2 4 J 7 3 1 6
SBXt . X1 62 55 48 48 48 45 45 45 37 36 36 32
S 29 22 25 26 21 19 18 36 24 18 13 14
A% 47 40 52 54 44 42 40 80 65 50 36 44
12 11 9 8 10 2 4 5 3 7 1 6
Lengtht xi 75 75 72 63 59 58 58 53 52 50 43 40
s 18 30 26 25 21 20 18 39 20 28 123 14
A% 24 40 36 40 36 34 31 74 38 56 28 35
9 11 8 12 4 2 10 3 ] D, 7 6
T Maxt x$ 52 50 46 41 39 38 34 32 29 25 22 20
s 25 23 22 30 21 24 23 21 13 26 15 16
\% 48 46 48 73 54 63 68 66 45 . 104 68 80
9 8 11 2 1 10 =) 72, 3 7 4 6
Edge Lt Xt Rl - 107 =106 91 90 86 84 82 80 69 69 49
S 64 68 50 50 38 52 68 42 55 33 43 )
v 58 64 47 55 42 60 81 51 69 48 62 45
7 9 8 12 2 10 4 o] 7 3 /! 6
Circum.t . Xp - 217 0 200 179 <175-"¢166 164 5160 152 135541 IS0 NS D.
S 88 71 78 69 61 35 S0 18 78 65 39 39
\% 41 36 44 39 37 34 31 78 58 48 26 33
1 9 8 6 74 11 D 5] J 4 10 12
Scars X 6,5 5,9 5,7 5,6 5,4 5,2 3,1 5,1 5,0 4,7 4,7 4,0
s 2,210 250 24 3R 2 90 ] 6 e 200 S U0 A SO () S
v 34 42 42 55 41 31 39 39 28 43 43 85
11 1 9 2 10 4 6 o) 8 7 3 12
SBX/SAX 76 1,06 1,04 1,03 096 096 095 095 093 0,89 0.8 0,86 0,74
s 0,30 0,34 048 030 022 0,34 0,27 0,27 0,27 024 0,34 0,26
A% 28 33 47 31 23 36 28 29 30 28 40 35
1 3 8 7 5 2 9 10 12 11 6 4
Edge L/Circum. . X 073 0,67 058057 0,56 0,55 :0,55 0,51 -0,498%048 F 04688048
S 0,23 0,70 020 026, 0,12 0,23 .0:24 0,25 0,25 014 L 022 80MS
\% 32 104 34 46 21 42 44 49 51 29 48 42
11 8 9 1 4 2 3 10 12 6 7 5
T Max/Lengtht X 0,74 0,74 0,73 0,70 0,65 0,63 0,62 0,53 0,50 047 044 043
S 045 0,06 029 028 032 0,29 033 0,23 :0,30: 0,26 + 0,16 %025
\Y 61 22 40 40 49 46 53 43 60 55 36 58
* Sites:
1. Koobi Fora, lower unit: FxJj1, FxJj10, 7. TKII (N=31).
GiJi3 (N=18). 8. Sterkfontein (N=36).
2. DKI (N=32). 9. Swartkrans (N=26).
3. FLK I (N=32). 10. EF-HR (N=6).
4. FLK North, 1-6 (N=27). 11. RHS (N=12).
5. FLK NNI (N=4). 12. MHS (N=4).
6. HWK Edast, all levels (N=17).

t Prob. of F ratio < 0,05; LSD valid for 959, confidence interval. 1 Values for X in mm.
combination of elevation and plan view of the (b) scar total (sum of scar counts from attribute (a)
cutting edge, the elevation alone has proven above) €
more informative, so only the five states related (c) end scars (scars truncating the cutting edge)
to elevation are reported here: concave, convex, (d) working axis (the distance between the midpoint
pointed, denticulate, straight, irregular). of the cutting edge and the butt of the piece)

(¢) maximum dimension, or Maxdim s
2. Quantitative attributes (f) chord (straight line distance between the ends of

the cutting edge)
(@) scar ratio (combination of flake scar counts on (g) chord/axis (approximate breadth/length ratio of
opposite sides of the cutting edge) the piece).
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TaBLE 5. Industries* ranked on scraper attributes.
4 9 7 3 2

SAX*t . X 56 56 45 44 36
s 25 21 18 25 13

v 45 38 40 57 36

5 4 i1 3 2

SBX{ . % 56 51 41 37 34
S 26 24 19 24 16

\Y 46 47 46 65 47

5 -+ 1 3 2

Lengtht X 70 67 54 50 44
. s 26 26 20 28 17

\Y 37 39 37 56 39

4 5 1 2 3

T Max? X 49 44 35 23 22
: S 23 24 21 18 15

\Y 47 55 60 78 68

4 ot 1 3, 2

Edoe Lt X 109 96 82 69 54
s 66 48 49 33 28

Vv 61 50 60 48 52

) 4 d 3 2

Circum. . e 19575188 - 448185 - 423
s 78 753 60 78 46

\Y 40 40 41 58 87

4 2 3 Jf 5

Scars . X 5.8 454 <54 52 49
s 2430905500 w21 1.7

\ 41 72 41 40 35

2 5 4 i 3

SBX/SAX X 0,98 098 095 094 0,86
s 0,26 0,29 - 0,38 0,33 0,24

Vv 27 30 40 35 28

1 3 4 5] 2

Edge % 50,58 0,57 0,56 049 047
B /Circum:. s 0,42 10,26 /0,21 0,19 0,27
Vv 72 46 38 39 57

4 5 1 2 3

T Max/ x 0,73 0,64 0,64 0,50 0,44
Lengthf 500026 0,38 031 0230416
\% 36 59 48 46 36

* Industries:
1. Bed 1 Oldowan: sites 1-5 (see Table 4) (N=113).
~~ Dev. Oldowan A: site 6 (N=17).
Dev. Oldowan B: site 7 (N=31).
4. South African ‘Oldowan’; sites 8, 9 (N=62).
5. Lower Acheul.: sites 10-12 (N=22).
+ Prob. of F ratio < 0,05; LSD valid for 95% confi-
dence interval.

A more exhaustive definition of the chopper
attributes is available in Bower (1973: 136-8).

The scraper attributes (see Tables 4 and 9) consisted
of:

1. Qualitative attributes

(a) edge shape (edge of the scraper base, as seen
with the base oriented in the horizontal plane
and facing up).

2. Quantitative attributes

(a) scraper A axis, or SAX (maximum dimension of
the scraper base parallel to the retouched edge;
cf. Isaac 1974)

(b) scraper B axis, or SBX (maximum dimension of
the scraper base perpendicular to the retouched
edge; cf. Isaac op. cit.)

length (maximum dimension of the scraper base)
thickness, or T Max (maximum dimension of the
piece perpendicular to the scraper base)

edge length, or Edge L (length of the retouched
portion around the perimeter of the scraper base)
circumference, or Circum. (total circumference
of the scraper base)

scars (number of primary flake scars adjoining
the scraper base)

SBX/SAX (an index of the direction of elonga-
tion of the scraper base; values higher than
unity ® endscrapers)

edge length/circumference (an index of the
extent to which the scraper base has been
modified)

thickness/length (a ratio aimed at distinguishing
between ‘high-backed’ and ‘low-backed’ tools).

()
(d)

(@
(0]
(9]
()

@)
)

Data on raw materials were also collected in both
the chopper and scraper samples in terms of a
simple, binary distinction: quartz and non-quartz
(Tables 3 and 6). Although limitations of logistics
and technical competence precluded collecting more
detailed information on raw materials, I believe the
present data are useful, since the fracture properties
of quartz are much less regular than those of most
other rock types in the samples.

In earlier attempts to analyse the chopper data
(Bower 1973: 86-116), 1 have relied heavily upon
graphic interpretation. Here, however, the analysis is
basically statistical, and graphs enter the process only
in connection with a limited range of purposes. The
data for each sample have been collated by sites,
industries and raw materials; elementary statistics—
mean, standard deviation and coefficient of variability

00s
V= T)—have been computed for each collation

and also for the two complete samples (Table 12).

In addition, an analytical technique called LSD
(Least Significant Differences) from the Statistical
Package for the Social Sciences (Nie et al. 1970) has
been used to identify differences significant at the
0,05 level in mean values of attributes between pairs
of sites, pairs of industries, and the single pair of
raw material categories. The LSD programme first
ranks .all ‘groups’ (e.g. sites, industries, etc.) on a
given attribute and then compares mean values
between pairs of ‘groups’ starting at the high end of
the range. When a significant difference is found, all
lower values in the range are, of course, also recog-
nized as significant, and the process is iterated
starting with the second highest group in the range,
and so on. The results of the LSD analysis are dis-
played in Tables 1-6, 10, and 11. It is important to
note that the LSD distinctions are significant only if
the probability of the F ratio (abbreviated to ‘F prob’
in Tables 10 and 11) does not exceed the chosen level
of significance in the present analysis (0,05). To put
it another way, no significant differences exist among
‘groups’ whose probability of the F ratio for a given
attribute is greater than 0,05.
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Review of the Data

Comparison of Sites. Turning first to the site-by-site
data arrays (Tables 1, 4, 7, 8, and 9), two important
generalizations may be drawn. One is that nearly all
of the attributes which are likely functions of the
overall size of the piece (choppers: Maxdim; scrapers:
SAX, SBX, Length, T Max, Circum.) discriminate
among the sites. Furthermore, the rank order of
sites on size-related attributes shows remarkably
close parallels among attributes for a given class of
tools and even to some degree across tool classes.
This suggests that all of these attributes may, in fact,
be measuring a single variable, namely, overall size;
however, as I shall later show, there are indications
that, at least in the case of scrapers, one size-related
attribute (T Max) may be of particular importance.

TABLE 6. Materials* ranked on scraper attributes.

7 2
SAX . X 51 46
s 22 20
\% 43 43
1 2
SBXt . X 47 39
_ s 22 21
\Y 47 54
1 2
Lengtht X 61 53
s 24 23
\Y 39 43
1 2
T Maxt X 42 30
s 23 20
AY 55 67
/ 2
Edge Lt . X 97 74
s 56 45
\Y% 58 61
1 2
Circim.t . x 171 142
s 74| 68
\% 42 48
1 2
Scars . X 5,5 5,0
s 2,4 20
\% 44 40
1 2
SBX/SAX x 097 0,89
s 0,33 0,30
\Y 34 34
1 2
Edge L/Circum. . X 0,56 0,56
s 0,23 0,45
\Y 41 80
1 2
T Max/Lengtht . X 0,68 0,56
s 0,29 0,29
\% 43 52
* Materials:
1. Quartz < 50%; sites (see Table 4) 1, 2, 6, 8-12
(N=151).

2. Quartz > 509, ; sites 3-5, 7 (N=94).
1 Differences significant at 0,05 level.
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The Peninj sites (MHS and RHS) and Swartkrans
consistently appear at the top of the range, while
TK 11 and Koobi Fora have consistently low-values,
and the rest of the sites tend to oscillate around mid-
range values. The LSD matrices for the site-by-site

comparison have not been included here because they ' *

differentiate only among sites near the extremes of

the range of values for given attributes and thus have

failed to generate stratigraphically or culturally
meaningful clusters of sites.

Another key generalization is that, almost without
exception, attributes related to shape or manufacturing
technique (choppers: End Flakes, Scar Total, Scar
Ratios; scrapers: Scars, SAX/SBX, Edge L/Circum.)
are relatively stable—i.e. they do not discriminate
among the sites. The only important exceptions are
the edge shape distributions (Tables 8 and 9). Among
the choppers, HWK East (level 2) seems to represent

the only major departure from an otherwise mono-.

tonous distribution pattern, although Sterkfontein
and Swartkrans also differ slightly from the gen
edge shape distribution pattern and closely resemble
one another. It may be of consequence that the faunal
debris at HWK East (level 2) is dominated by very
large animals—proboscidian and rhino remains
(Leakey 1971: 94). Unfortunately, the data for FLK
North (levels 1-6) were aggregated, so it is not
possible to compare the proboscidian site level (6)
with HWK East (2). As for the scraper edge shapes,
the Koobi Fora sites, FLK NNI, and site MHS from
Peninj seem to differ moderately from the otherwise
fairly stable distribution pattern; however, the samples
from FLK NNI and MHS are exceedingly small,
so the percentages are of questionable significance.
Although the chopper scar ratios (Table 7) exhibit
considerable variability, it is not such as to group
the sites into obvious clusters; furthermore, the
distribution of scar ratios follows a general pattern
from which none of the sites depart markedly. This
general pattern deserves further comment: at all of
the sites, the majority of the choppers (usually at
least 75% and never less than 60%,) have scar ratios
in the 1:1, 12,727 2,:2:3,'3 3 andF3= 4iclasses
combined; at most sites, the combined 2:3 and 3: 3
ratios are dominant. Apparently, a more or less
symmetrical distribution of flake scars about
cutting edge was preferred, which tends to support
Leakey’s (1971: 269) argument that the choppers are,
in fact, tools and not cores. Were they cores, one
would expect a high incidence of imbalanced scar
ratios—that is, pieces from which a few flakes had
been struck to create a platform and many other
flakes detached from the edge of the platform.
Comparison of Industries. Turning next to the
collation of attribute data by industries (Tables 2, 5,
10 and 11), the same general pattern observed in the
site-by-site collation is again evident: the attributes
of size discriminate significantly (at the 0,05 level)
among ‘groups’, but the attributes related to shape
and manufacturing technique do not. In the case of
size-related attributes, the Lower Acheulean industry
is most often at the high end of the range, followed
closely —and sometimes surpassed—by the South
African Oldowan industry. In terms of statistically
significant distinctions, two clusters are more or less
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