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guantification and Arithmetic

Operations in Kpelle
William E, Welmers

) Cuttineton College
This study is occasioned by the observation that the

acquisition of matvhematical concepts and procedures has
generally been more difficult for a Liberian student than
for his counterpart in imerican society or in many other
societies. Theoretica]ﬂ’, any one &7 a combination of se-
veral factors might be suggestew o @icount for this dif-~
ficulty. &ach possible reason deserves consideration and
investigation by’w watevaer methods ars sppropriste. Some
of the more rsesonable lypotheses are the following --
with no particular significance in the order in which they
are listed:

(1) The fact that elementary mathematical facts and
operaticns are intrciuced only in dnglish, at a time when
inglish is still a relavive’v new, imperfectly learned,
and difficult lansuage ‘or the student. Comment: If this
is a major factor, thesr closely comparable difficulrties
mieht be expected in coher elementary subjects such as
history, geography, o> hyglene. The observation is, how-
ever, that mathemabtics is unique in its difficulty. It
ma- be significan%t, 'owever, that srithmetic is the first
subject introduced zcart from those subjects (reading,
writing, spelling) raich have to do specifically with the
knglish languaze iuself,

(2) 'The techiiques of teaching mathematics may be
significantly dif erent from, and inferior to, the tech-
nigues used in shool systems where less difficulty in
lzarning is fourd. Comment: while this is almost cer-~
tainly true, ir only transfere the problem to another
field; it rem ins to be explained why Liberian teachers



R B R

find it difficult eor conaider it uninportant to use me-
thods proven effzctive elgewhera.

(3) The uge at wnich children begin school -~ which
until recently has been considerably higher than in most
countries -~ may be such that the beginner has passed an
age &t which the acquisition of the new "language of ma~
theratics" is maximally easy. Comment: This would be
analogous to the fact that children in their teens gene-
rally find it more difficult than children aged five or
six to learn a second language, Tnls could be tested in
part by seekihg & ccrrelation between success in mathema-
tics and agz at beginning school. The presence of such a
correlation would be sipnificent; its absence would not,
since other factors might be lnhibiting the learning pro-
cezs for even the mest receptive students,

(4) The cultural background from which the students
come may be such that they see no reason to be motivated
to leurn anything beyond the moit elementary and readily
memorized mathematical facts. Cymment: There is, in-~
deed, some evidence that computaliions involving numbers
higher than thirty or forty are vacommon in indigenous
Liberian cultures, and that these are taught and memo-~
rized very early in life, so that computation is not a
strikingly significant part of adilt life; however, we
are dealing with students who by dufinition are motiva-
ted, as evidenced by their very vo.untary presence in
school, to lzarn things not presenti in their own culture.
Furthermore, the concepts and operutions with which we
are concernsd are almost equully strange to the child in
other sccieties when he first meets them in school; though
they are present in adult socisty around him, they are far
less conspicuous than such uctiviti:s as reading, driﬁing
a car, or attendins church services,
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(5) Mathemstics may function in the local culture
as & steciulty practiced by a favored few, who rrotect
their uistinctive knowledge by overt authority or covert
sanctions, Comment: This is sursrested by the observa-
tion that some peceple consider it none of their business
to know or inquire howv many houses or reorle there are in
their village, since this is information relevsat only to
the authorities who impose and collect taxes; however,
the potential universality of at least simple computation
involred in buying and selling, and the existence of a-
rithmctlc gemes, suggests that it is something other than
mathenatics as such that is protected by authority or
cerem:nially restricted, pm E

'6) More generally, the local culture may discou-
rage the develcpment of exploratory reasoning and scien-
tific curiosity among children, substituting authorita-
tive 'ransmittal and a highly developed memory faculty
for iavestigation and reason as the source of informa-
tion. Comment: Apart from a detailed investigation of
all fictors, this would appear to be an exceedingly sig-
nificant one; however, its impact on ths individual can
certeinly be combatted much more reudily in childhood
than in later years (2ee 3 above). The local cultures
do not szem to attempt to interfere seriously with what
the 3chool is trying to accomplish. The groblem of the
teacher as an adult participant in the local culture (and
thus as the transmitting authority rather than the guilde
into indzpendent reusoning) may, however, be crucial here.

(7) There may be elements in the structure of the
student's home language which make it significantly dif-
ficult for him to conceptualize what he is taught in f£ng-
lish. Comment: A detail of this type is well known:
most uLiberian students find it more difficult to under-
svand "smaller than" than "larger than", and in at least
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many of the indigenous languages of Liberia all such com-
parisons are reduced to the formula "larger than". The
guestion is, how —tensive is such linguistic interfe-
rence® Is 1. su.stantial for even the most basic mathe-
matical conce_cs and processes?” An investigation of this
questicn for only one of the languages of Liberia may be
adequate; if cne language -~- say Kpelle -- provides no
extensive evidence for such linguistic interference, then
it is nct likely that lanrfuage is the culprit, for the
speakers of this language are anong those who have the
difficulty which concerns us.

I* is the purpose c¢f this study to investigate only
the last of these possible reasons for difficulty in
lecarning mathematics. Preparatory to this, discussions
were held with Dr. John Gay =2nd Mr. John Wealar, and a
preliminary statement was prepared by Dr. Gay concerning
the logical formv! tion of quantitative propositions in
snglish., It wzs recognized that such a logical formula-
tion may be conditicned by the linguistic structure of
English (and/or other languages in which the science of
mathematics has been conveyed)., If, however, it can be
shown that quantitative propositions in Kpelle may be
analyzed by reference to the same model, then it would
follow that linguistic interference in this area of ma-~
thematical conceptualization is not significant. (It
may also follow that a universal logical formulation of
quantitative propositions is being approached; this, how-
ever, is beyond the scope of our immediate attention.)

A brief summary of the formulation of English quan-~
titative propdsitions is as follows: & quantitative pro-
position includes, explicitly or implicitly, five compo-
nents: content, form (~ presentation), aspect, measure,
and enumerator. These components may be further de-
scribed as follows:
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(1) Content: the material or stuff refzarred to; e.g.,
water, stones, rice, money.

(2) Form: the particular shape or arrangement in which
the content is observed; e.g., set, bundle, pile,
bottle~-full.

(%) Aspect: the type of quantity oeing measured; e.g.,
volume, nunuer, length, weight, value,

(4) Measure: the unit of quantification; e.g., pint,
yard, pound, item, cent.

(%) Znumerator: numbers and similar expressions; e.g.,
one, five, two hundred fifty, many.

(4-5 Fortmanteau forms: heavy, long, far, much.}

Scme illustrations of this formulation arz as fol-
lows, first in chart form and then in corresponding sen-
tence propositions:

Content Form Aspect Measure anumerator
" water hottle volume pint two
- cutlass set number item three
e cloth strip length span twenty
4, load set weight pound forty
5. money currency value dollar five
s box get weight heuavy

1. This bottle of water is two pints in volume. (This
bottle of water is two pints; there are two pints of wa-
ter in this pottle; here's two pints of water.)

2, This set of cutlasses is three items in number.
(These cutlasses are three in number; there are three
cutlasses here.)

5. This strip-of cloth is twenty spans in length.
(This strip of cloth is twenty spans long.)

4. This set of load(s) is forty pounds in weight,
(fhis load weighs forty pounds.)

5. This money, in the form of currency (not check), is
five dollars in value. (This is five dollars.)
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6. This set of box(es) is heavy in weight. (This box
is heavy; these boxes are heavy.) '

in performing mathematical operations, the numerical
scale (the fifth component of the above model) is abgtrac-
ted from the model as & whole, and it is assumed that the
operations are valid for any specific masnifestation of
the entire model. For exaaple, "™ +2 = 4" abstracts the
numerical scale irom the model as a whole (or, reduces
the model as a whole to the numerical scale or enumerator
component). That is, "2 +3 =4 ies & substitute for any
full proposition of the following type: "A set of chairs
two items in number added to a set of chairs two items in .
number equals a set of chairs four items in number" (i.e.,
"two chairs plus two chairs equals four chairs"). 1In
this abstraction (or reduction), the numbers become names
of abstractions rather than modifiers of mesasure nouns or
(by apocopation of the logical formula) of content nouns.,

The next step is to inquire whether quantitative pro-
positions and mathematical operations as expressed in
Krelle may be analyzed in terms of the above formulations.
1t is not necesgsary that the full fornulation of a gquan-
titative proposition be expressed in Kpelle; after all,
the #nglish formulation "This bottle of water is two pints
in volume" is not likely to be elicited from an unsophis-
ticated informant, but is simply a way of combining in one.
formula all the relevant types of things that may be said
about a quantified nominal. The formulation reflects mors * o
typical sentences like the following:

"rthis watér is in a dbottle."

"We would like to know the volume of this water."
“Let's measure this water in pints '
"I counted twe pints of water."”

If Kpelle has somewhat comparable expressions, reflecting
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terms in each of the five categories, related to cach
other in ways paralleling Engliszh usapge, tnen Kbelle in-
deed quantifies observable piien::iena in ways which pre-
sent no obstacle %o one who mus. learn the English struc-
ture of quantiiication. Of course, individusl terms
need not have precise equivalents in the two lanpuages,
as long as the categories of terms are parallel. xven
in the examples above, the word "span" was used with &
{pelle measure for length of cloth in mind: the distance
from finger-tip to finger-tip with the arms outstretched;
this is not a precise mesasure by our standards, to be
sure, but it is a usable one.

In the following paragraphs, each of the five com-
ronents of the tnglish~based formulution given above will
be congsidered in order, and some typical exam;les of
Kpelle usape Jiven as illustraticns.

1. Content terms are generally obvious, and present
no particular jroblem. 1f mathematics were actually to
be taught in {celle, a warning would be in order concer-
ning the use of dependent nouns (e.g., kinship ternms,
body parts) as opposéd to free nouns; to say "I have two
feet" requires quite a different construction from say-
ing "1 have two chickens". Otherwise, it is not surpri-
sing to discover that nominals lixe thz following can be
quantified:

molso ‘rice’ wuru ‘tree(s)'
pere 'house(s)' ya 'water'
koni 'stone(s)" kali 'hoe(s)'

A 1list of such content terms would, of course, be unre-
stricted

2. Form ter:ms are probably much less varied than
ir snglish, hut there are several clear examples. Some
eoressions for form are free nouns, but a few which are
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particularly signif.cant for muthematics are dependent
noun/;, Among free nouns, words for containers arc empe-
cia/ly useful fur expressing form; e.g.,

kpolo ‘basket’ boki 'bucket'
sane ‘botile’ levi ‘pot’
""1at these may function as form words, and not exclusively

/.8 measures, is evident from sentences like:

gaméne puu ndav kda gbolol vi au. 'There are forty
oranges in this basket.'

Here the measure is items (implied), and the sspect is
number {(implied). The ccontent, or ‘=3, merely has the
form of being contained i1 & basket:

Dependent noumg expressing rorm may oe illustrated
by the following: |

-kpuiu '(small) group, heap'’
-kpuna ‘bundle, package'’
-geed ‘position, placement, set

The last of these deserves particular attention because of
the distinctively mathematical usage of the xur2lish word
‘set’'. /-seei/ is & verbal r-un derived from t.e verb
/see/, which has the intransitive mcaning 'sit c-wn' &nd
the transitive meaning ‘'set down'. /miu seei/ miy be 'a
place f. a person to sit'; /{ seei kdu s¢/ 'your sitting
place is here' may be used in offering someone a stat:
'here's a pluce for you to sit'. By extension, /ga.oB
seei/ can refer tr 'the chief's hemiquarters'. /zee.
1¢leei/ 'his po@/¢lon is good' can, in context, be th.
equivalent of *pe is in good circumstances'. In the m:-
nipulation of émall, moveable objects, however, /-seei/
is used (without artificial elieitation) very much as the
mathematician would use 'set’': /kcni saasa kia zeéi v{
si/ 'there are three stones in this "set" (of them).'

Words which in some combinations clearly express form
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are frequently us:d as second members of compounds, the
first member in ¢ cl case being & content word. Both
free and dependsr ; nouns appesar in such compounds, sonme
of which are:

ndu-kpulu 'a group of people'
molov-kon 'a bundle ("neck") of rice'
molon-kini~ktlou 'a stack of rice bundles'
seve-Kpuu 'a ball of thread’
molon~kau ‘a grain of rice'

It should be noted that ‘compound' has a very speci-
fic definition in Kpelle linguistic structure; the tone
of the second member of the compound, which is not ordi-
narily marked in Kpelle writing, is completely automatic:
falling after mid, and low after »ther tones., In the
third examyle abcrey, ‘he second member is /koni-kdlon/,
itself a compound. The distinction between compound and
phrase may be rEmm-—nait illustrated by comparing the se-
cond illustration above with /vilal kév/ 'the dog's neck’.

These combounds (perhaps in significant distinction
from the most closely comparable Lknglish expressions) may
have to be taxen as simple content expressions rather than
content-plus~form expressions. The English phrase "two
bundles of rice" may be interpreted as "two items (aspect:
number) of rice in the form of bundlés"; but the Kpelle
equivalent /mclon-kow feere/ may rather be interpreted as
"two items (aspect: number) of rice-~bundles in the form
of a set". In both znglish and XKpelle, to be sure, the
assignment of a given term to a particular component of
the logical formulation of quantification is not always
determined by the identity of the term itself. A "bucket"
may be content in one instance, form in another, and mea-
sure in still another. If there appears to be good rea-
son (other than linguistic structure, which offers the
suggestion) to consider the above Kpelle compounds as
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content expressions, then it would appear that tre concept
of "set" 1ir even more basic im Kpelle than it is in eng-
lish.

2, ispect terms represent, in the cnglish formula-
tion, th: highest level of abetruction in thc entire dis-
cussion of quantiiication., Words like "numbcr, weipsht,
volume, lensth" are in quite a different ares of vocuuc-
lary from "group, basket, pile" or "pound, inch, suert'.
The s+me is true in Kpelle; the typical asject words ure
abstract nouns consisting of @ stem plus /-la/, in wnich
the 3term is & verb which may also be used adjectivali; or
frol which an adjectival may be deriveds, vemanticelly,
this2 are nouns which one might well expect tc bz cenen-
d:it nouns; however, they seem to be used primarii(. ue
free nouns. Some examples are:

kete-la 'size’ ' (kéte: 'big, become biy '’

wie-la ‘weight' (wie: 'becom¢ heavy'; wife "Peavy')
koya-la 'length, distunce' (koya: ‘become long, fur')
tama-la  'number' (téma: 'become way; tdmea 'many’)

It will be noted that it is always the maxizuw teor.
('big, heuvy, long, many') that enters imto these ccxn-
vounds, not the opposite minimum ('small, 1i:ht, sunort,
few'); in fact, some of the latter are =xjressed in < eil=
only as neratives of the maxima. Yet the aovs‘racts 1~ not
refer to the maxima ('bigness, heaviness, multiplicity'),
but are neutral in meaning; knglish 'length' and ‘'distance’
are perfect parallels. Kpealle has no "neutrel® terms cthe;
than these for 'size, weigh$, number'; but thea, neicner
does cnglish, any more than Kpelle, for linear measurss,

There also appear to be a few instances of aspect
expressions wnich are dependeant nouns or noun.phrases.
The derendent compound /-su-kcome/ ie used for 'width',
but perhaps also for other measurements ia other coatcxts,
it refers to the 'inside measured'.
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4, Measure nouns are of two Uypes. Une type is a
free noun (many of these are borrowed Irom English) in-
dicating an external standard of measurencnt. These in-

clude:
péi 'pint, salmon-tin (in rice, equals a pound)’
péu 'pound (avoirdupois or monetary, equal to 4}
xulaw 'five-gallon tin'
kapa ‘cent
selen  'twenty cents (shilling)'
dala 'dollar’

The forms /féun/ 'five cents', /néi/ 'ten cents', and
/ée-ti/ 'fifteen cents' are portmsdtedus for memsure and
enumerator; they are not themselves enumerated. <The com-
pounds /fov-kau/ ‘nickle' and /néi-kau/ 'dime' are con-

tent expressicns.

The second type of measure is a dependent noun used
with reference to the measurer as possessor. sxanples of
this type are:

auu Bwan ‘a person's outgtretched-arm span' (or,
twav 'my span', dwas 'his span', { owac
‘your span', or with any other appropri-
ate pcssessor)

nuu kpasa. 'a person's arm-length {center of chest
tc finger tip)'

niu yée lda 'a person’s hand laid out (thumb to index
finger, or other form as demonstrated)'

ndu ks 'a person's foot (heel to toe)’

=

5. Enumerators include, of course, the entire nume-
rical system of Kpelle, which has been outlined else-
where. In addition, the following forms may function as
enumerators; they are given with their grammatical clas-
sification:
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tamaa 'many, much' (adjectival)
da / ta 'some, a certain’ (demonstrative)
kélee 'a11l' (numeral)

The first of these may be a portuminieauv for measure
and enumerater when used with nouns which are not coun--
ted by item. Other such portmante us include cuantita~-
tive adjectivals such as /wige/ 'he y', much as in zng-
lish.

Just as n¢ =2asure is explicitly j ~ecsent in rormal
&nglish sentences for "item", so Kpelle has nc such ternm.
gEnglish, however, does have the capacity for referring to
items as "members of a set". 1In Kpelle. this is not true
for all mixed sets. Jf a set includes ncv personsl items,
a member can be called /sev/ 'thing', 1@ all the non-
personal items are animals, /sus/ ‘erdwe:' would undoub-
tedly be used to indicate members of th: set, A set with
all personal members is no problem eith:r; /ndu/ 'person’
would indicate z member. But mixed personal - impersonal
sets cannot te conveniently itemized i: Kpelle,

The basic mathematical operations are performed most
readily in Kpelle on the proto-mathemesical lesvel -- that
is, with reforence to & specific cont:nt rather than by
abstracting the enumerator component., This distinction
will first be illustrated with additisn:

tée feere pelée tée saada ma kaa & tfe 1ldolu  'two
chickens added onto (/-pelée ...-mad/ three chiekens
is five chickens'
By using the "referred" form of the rumeral, indicating
"previous reference", the specific cc¢-.tent noun can be
elizminated in the second and third instances:
tee feere pslée zaasa ma xaa a nooly  'two chickens
added onto three (of them) is five (of them)'
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This can be extend:d further to include Lhe firiat instance
of a numeral; however, & referent is always involved oven
though not overtly expressed:

veere pelée zaussu ma kda & ndolu  'two (of ihem)added
onto three (of them) is five (of then)'

Mathematics in the technical sense is present cnly
if the enumerator is completely abstrected from the con-
tent. In Xpelle, true "mathematics" is present only if,
in an operation such as the above, the numersls can be
used in their «tem forms rather than their "referred”
forms. A real {pelle mathematical formula would be:

feere pelée saasa md kda & 1dolu 'two added onto three
is five; 2 +3 =5"°

Now, this type of formula is entirely acceptable to,'and
even welcomed by, informants who have been exjoscd to ma-
thematics in school. Whether such a formula exists in a
strictly pre-literate indigenous environment is another
question., If it does, then the problem of teaching mathe-
matical abstraction in education is certainly not linguis-
tic; even if it docs not, abstraction would not seem to be
a very difficult s’ep, since the word stems of numerals
can be readily recognized by any speaker of the language.

There are two simple formulae for addition:

A pelée B ma 'A added (lit. spreud) onto B’
A plo B md ‘A poured onto B' (for non-itemzed

masses or small items)

There are t7o simple formulae for subtraction:
A sevés B ma 'A taken away from B' (B - A)
A xuléda B md 'A takn off from B’ (B - 4)
These expressions, of course, parallel English "A from B";
"3 minus A" is & new and strange inversion, as it jrobably
is for English-spesking school children us well,
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A formuls for multiplication is:

A seei B 'B sets of A'; e.Be, tée feere seéi sassa
kda & noolu mei da 'three sets of two chickens isg
s8ix of thenm'’

4 formulz for division is:
A pd kilee a_zeéi B 'A divided up into B sets of it'’

In this case, the solution must be stated as & number per
set., An illlustration may be compared with a related pro-
rosition:

gwei puu vé xilee & zeéi 1folu, zeéi tinc kda & veere
'ten bananas divided up into five sets of them, one
set of them is two of them'

gwei »uu nd xfles ndu 1liclu m&, gda & nuu tinc gwel
fcere 'ten bananas divided up on five persons, it
ig one person two banunas'

There are, as might be expected, many syntuctically
alteriate ways of using these same elements, as there are
in th2 English parallels, and other obvious ways of ex-
pressing arithnetic operations. Another form of multipli-
catien, for example, is illustrated in this problem:

Bi.a ndav kéo kda 4 veelu  ‘'the feet of four sheep
are how many?'

All of this, however, merely adds confirmation to the ex-
istince of proto-mathematical operations with numbers of
pariicular measures ("items" implied in all the above ex-
amr es). It does not answer the queastion of whether ab-
str.ct mathematics, using the numeral stems as names, ex-
ist: or would be immediately intelligible.

"he expression for equivalence in the above examples,
A /121 &/ B, is the usual Xpelle expression for either
equating one nominal with, or describing it as, another
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nominal., It i: not of immediste importance here, but
perhaps deservs3 mention, that the form of the oxpresasio.
is a singular imperetive, "see A as B"; it has a syeq .
status in expressions of equivalemce or desoription, !.ow-
ever, since it can be used whez Salking U0 more dthan one
person, g

Approximation is expressed as /e#8la/ A (portheastern
dialects /kelsa’/ A), 'approximately A'. Precision is -x-
presgsed as A /tit4/ ‘precisely A'. e funstion of ap-
proximation in computation has act as ye$ bees investija-
tid. Another expression related to eguivalence is:

d{kda tonio 'they are the sa@e thing'

Althougi ne immediate background (temrorslly) of
the foregoing tidy includes some hours of work with Mr.
John %edar, & 1ztive of Kpaiye (extreme northeastern
Kpelle in Liberia) and & college senior, much of the mu-~
terial was f.rst recorded in 194G~48 and 1954-55 tron
less sophisticated informants (especimlly two at approx-
imately fourth grade Devel) and by random obeervation of
quantificational and computational phencmgns among com-
pletely illiterate informants. For example, the bor-
rowed words for measures are known to be uaiversal in
Liberian Kpelle society (in Guinea, of course, compara-
ble borrowings from Prench are used). Another such mpa-~
sure, /asa/ 'hour’', is known from elicitation froa infor-
mants who were in school; it is quite dubious whether the
term means much of anything to illiterete msmbers of. the
society. In any case, however, all the evidence points
to the conclusion that the Kpelle language, and Kpelle
culture in all its manifestations, possesses a frumework
of terminology and operations quite adequate as & dback~
ground for the¢ formal study of mathematics. A mores de-
tailed analysis will proceed from this preliminary in-
vestigation, and such analysis will provide further ex-
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amplegs of specific difficulties (of the type of "smaller
than") for the Kpelle student, as well as specific op~
cortunities (of the type /zeéi/ for 'set of it') to
build on the indigenous foundavion. But it would appear
that, in a very general way, the difficulties that Libe-
rian students have with mathematios will largely have to
be sought in & a8 other than that of languags.

18 J?/nuavy/ 1964



