
- 133 -

CHA.PrER 6 - CWCWSIONS 

a. Introduction 

In this final chapter, I will attempt to draw implications from the behavior 

described in the previous cba.pi,er, and then I will attempt to make certain rec

comendations for mathematics teaching as well as for further research. The most 

important recolllll8ndation at this point is that this report be studied thoroughly 

a.nd that each person draw conclusions for himself. This final chapter should be 

written by each person for himself as he considers the problem and the evidence 

presented. I intend to do much study myself before I will be satisfied with 111.Y 

conclusions. Only then can a satisfactory tina.l chapter replace this ha.sty and 

inadequately prepared statement. 

fhe first part of this chapter dealing with the implications of the data will 

consider educational, social and epistemological implications. The second part 

will try to outline some steps to be followed in developing mathematics teaching 

in .Africa, as well as in pursuing research related to this project. These :im

plications ana recoD1I1endations are, of course, tentative, and will thus be brief 

and general. As this report is studied and the rese11rch amplified, more specific 

conclusions can and should be drawn. 

b. Implications of the Project 

(1) Educational 

In the first place, the tribal languages should be observed carefully and 

used where they reinforce the concepts to be taught in school. The use of pre

mathematical and pre-logical language by children in their homes can provide a 

useful foundation for teaching in the *hool. We are not necessarily reconmend

ing that the first years of school be in the tribal language, since this is not 
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always possible or desirable. But isolated concepts and terms and features 

from the language can be used very effectively. Thus, in the Kpelle language, 

the terms for s•t and group can be put to good use in teaching elementary mathe

matics. It is probable th&t such terms are .known in most African languages and 

these should be sought for and used. 

Terms for other important concepts should also be isolated and drawn upon • 

.Mathematics has to do with the presentation, aspect, measure and value words, 

whether in &iglish or in aey- other language. We must build on these words in 

our classes. Ye should know what measures are used, &nd we should use those 

measures in the classroom to teach precise measurement. Ye should study care-

fully the structure of the number names in the language known by the children 

and build the &.glish number names in parallel. We should know how objects and 

material &re organized into fields of attention, and how their presentation is 

named, so that when ve teach the relation of numbers to objects and material, we 

• can build upon previous knowledge. We should know what general aspects are con

sidered by persons within the society, and we should use them. The scheme pre

sented in this report will prove useful in organizing that knowledge in any 

culture. 

Then we must lmow properly how to form propositions. Ma.thematics depends in 

many va.ys upon the proper organization of stateaants so that these statements 

make oense. llot only nmst the terms used be cul-ally relevant, but the form ~' 

of the statement made up of the terms must be a familiar form. :&glish syntax which ~ 

has no parallel in the tribal language will prove a barrier to effective learning. 

The scheme for the analysis of proposition-formation presented in this report 

should prove useful for that analysis in any language. 

Finally, we must study how argwnents a.re constructed in the language, so 
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that we can give convincing proofs ot mathematical tacts • 

convincing to the students, for cultural or linguistic reasons, are almost worse 

tbaa no proofs at all. Ol course, llhere proofs in the tribal culture depend • ·, I 
solely on authority and tradition, it may be necessary to introduce some new _J 
procedures. But this must be done cautiously and carefully, so that the students 

are fully aware that something new is happening. othe:f.:wise, the ma.thematics 

class will be a class in memorizing elaborate nonsense, as it so often unfor-

tunately is at the present. 

l.ribal concepts, materials and experiences must be used throughout as il

lustrations ot mathematical structures, concepts and tacts. It this is not done, 

mathematics will remain a foreign discipline,"tull ot sound and tury, signifying 

nothing'! The analysis given in this report tor the Kpelle culture should sug

gest a proe8dure tor analyzing the culture of aey other society, and particularly 

mathematical behavior within that culture. 

All this information should ~ui4e1 the writing of mathematics textbooks. 

However, it is likely that there is considerable variation in mathenatical be

havior between the different tribal groups. Thus the teachers' guides tor text

books should include instructions tor finding the relevant concepts in the culture 

within which the teacher is working. This activity should be a cooperative venture 

between teacher and student. If the teacher knows precisely what he is looking for 

in order to prepare the student's way to learn a certain concept, then he can 

question the students for this information. In answering the questions, the 

students will learn more about their own society, and will by the very process 

begin to learn what the teacher wishes to teach them. 
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It may result from further study that some ot the behavior discovered 

within the Kpelle culture is true on a wide scale in African tribes. It that 

is the case, this behavior should be incorporated into the textbooks, and the 

teacher instructed how to apply it. Wherever possible, such behavioral patterns 

should replace patterns which draw on western culture. 

The lut implication to be drawn about the educational process is that 

a pre-school kindergarten program, along intelligently organized lines, will 

probably aid mathematics learning. We have not yet done research in this area, 

but the research is necessary and will probably bear out our initial opinions. 

The children are very inadequately prepared for school, particularly so compared 

with children who come from educated homea, and it may be that this preparation 

can take place in a school or nursery or kindergarten. 

{2) Social 

We should be able to ~e\p ease the difficulties ot tra.nsition from the 

·tribal to the western culture with the knowledge we are gaining from this pro

ject. Not only will the education that children receive be more meaningful, 

but we can see those areas wherein the two cultures differ most radically. We 

can make suggestions tor adult literacy and vocational training?f,ased on the 

matheuatical deficiencies uncovered in this report. There have already been 

some attempts by myself and others here in Liberia to develop an adult literacy 

program in mathematics, and it is hoped that the value of these classes can be 

studied and reported by next year. In this way we should be able to make rec

omendations to emplOJters of tribal persons, so that they can see, in a con

trolled way, the potential weaknesses and deficiencies of their employees. 
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From this intorna.tion, we can develop suggestions for in-service training pro-

- grams for companies hiring substantial numbers of illiterate or semi-literate 

employees. 

Another area where this information can be used is that of public health 

and town planning. It is evident that a tremendous job is needed in improving 

health and living facilities in tribal and especially in transitional coomunities. 

An extension of this st~ into t~ areas of health and welfare should prove im

portant and significant. These problems are in~ cases very closely related 

to problems in learning basic science and mathematics. 

(3) E;Pistemological 

We are not ready at this point to draw firm inferences from our data con

cerning possible universal aspects of human knowing and learning, and likewise 

those areas wherein cultures may differ. However, we can hazard a few tentative 

guesses from a. comparative analysis of Kpelle and.riFhglish behavior. 

In the first place, the analysis of descriptions of fields of attention 

fits Kpelle and English structure so well, that it may possibly be a universally 

applicable analysis. If that is the case, we have learned something important 

about the way people think and present their thoughts. In particular, it is 

important to observe the split in a given language between countable and non

countable fields of attention, and notice the ways in which both cultures des

cribe singular, plural, generic and individualized fields of attention. Both 

Kpelle and llilglish recognize the difference between discrete objects and con

tinuous material, although they put different contents in different categories, 

and use different formal techniques for expressing the qualities of existing 

things. It may be that all languages mark this distinction between tiscrete 
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and continuows. 

In the second place, our analysis of the organization of propositions may 

be applicable to a wide variety of languages. Gramnar and synt&x vary widely 

from language to language, but doubtless there are elements in coDDon. It ia 

possible that one colllllon element is the separation of propositions into atomic 

and molecular, and the construction of atomic propositions from subject and 

predicate. Moreover, certain of the logical connectives may be universal in 

character, although this is less likely, since certain English logical connec

tives are not found in simple form in Kpelle and vice versa. 

In the third place, it may be that argumentation is always of the same 

form, namely, a series of propositions followed by a marker indicating impli

cation. This seems to be true in both English and Kpelle, and might be true 

of all languages and cultures. However, the sort of evidence that justifies 

an implication seems to differ from culture to culture, and thus we are not yet 

ready to draw conclusions. The types of evidence used are probably small in 

number, and these types should eventually be listed and categorized. 

In the fourth place, it seems that learning by imitation is conmon to many 

societies. It appears that almost all learning within the Kpelle culture, cer

tainly all learning relevant to mathematics, takes place when children observe 

and imitate the adults in the culture. However, there does not appear to be ~ 

learning procedure analogous to our scientific method which is conmon to~ 

cultures. Kpelle culture in particular does not seem to make use of this pro

cedure, but relies on authority and tradition for its responses to problems. 

It can perhaps be said that the Kpelle man lives within an environment which 

he accepts without making an effort to change it. 

V 
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c. RecoDDendationa 

(1) Mathematics teaching 

In the first place, there are several areas where the tribal culture 

offers useful ana.loetes to what is to be taught in ma.thematics. These a.na.logie1 

must be used in the ways mentioned above . .All teaching requires that bridges be 

built from what is known to what is to be learned. Ea.ch bridge, moreover, IDWlt 

be constructed from materials alrea.czy-familiar to the learner. In this way, he 

moves in easy steps from the familiar to the unfamiliar. The specific topics 

which can proTi.de bridge material from the traditional culture to the incoming 

western culture are to be found tor each society by careful study. The method 

outlined in this report should prove useful, and the specific areas of strength 

discovered in the Kpelle society should be suggestive for similar areas of 

strength in other cultures. 

In the second place, stress must be placed on those areas where the tribal v J 
% /7 

culture is particularly weak, in order to overcome the deficiency. Por example, 6~~ -t;/ 

the Kpelle culture is weak in the recognition and use of geometrical shapes and 

figures. Thus an elementary mathematics program must try to overcome that defi-

ciency, and develop a vocabulary and working knowledge of shapes that many wes

tern children knew before they entered school. The systematic use ot materials 

such as puzzles and games, as well as careful s\ll'Teys of customary Tillage life 

for geometrical shapes, should prove helpful in this regard. 

The Kpelle culture is also weak in the area of formal logic. Much work is 

needed to overcome this weakness, and thua the elementary mathematics curriculum 
l(l10U1)1 

should stress logical puzzles and games. Yord problems are well~to be a great 

source ot difficulty in Liberian schools, and this is probably due as mu.ch to 

the deficiency in logical reasoning a.sit is to the language barrier. People are 

,,z. f 
~ 
~ ~.--



unaccustomed to use reasoning to reach a conclusion in mathematical operations, 

and thus this form of argumentation needs to be stressed from the earliest days 

of school. In particular, the child should be encouraged to ask questions so 

that he can see the difficulties.and begin to suggest ways to overcome them. 

This leads to the third area of weakness in Kpelle culture. There seems 

to be no use aade of the scientific method in problem solving. Thus when children 

come to school, they expect to receive traditional lore, handed down as it from 

on high. They are not familiar with the exercise of unprejudiced curiosity, but 

rather expect to be told to memorize something. Thus we need to put much more 

stress on discovery in mathematics than on rote learning, Kpelle children are 

excellent at rote learning and imitation of adults. What they need is to be put 

on their own to discover truths and answers to new problems. In this way, they 

will understand. better what ma.thematics really is, namely, "the deductive inves

tigation, with predictive consequences, of quantitative models representing 

human fields of attention.• 

A fourth weakness in Kpelle culture is its lack of abstract mathematical 

operations and terminology. For instance, nominal aspect names are largely absent 

from the language, except for artificial words made up by foreigners. Likewise, 

abstract arithmetic is not known, and thus when it is encountered in school it 

is treated as something purely formal and mecha.ni.cal--and meaningless. The gap 

between concrete statements of qualities, measures and values, on the one hand, 

and abstract mathematics on the other, must be bridged, and special attention 

must be paid to it in writing textbooks and teaching classes. 

A fifth weakness in the Kpelle culture is its lack of precision. This preci

sion is, of course, not needed in the society, where the tradition bas created a 

\ 
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way of lite vhich is approximate and qualitatiTe in the extreme. Thus the 

schools should from the earliest grades str••• mathematical precision and rigor. 
I 

Statements should be exact and precise, and the student should neither hear nor/ 

be allowed to say ~hing vague and indetini te. Hovenr, this cannot be done 

without reference to the cultural situation. There are some area.a in tribal 

lite where precision is valued, and these muat be used in building the bridge 

from the traditional way to the new way. 

There are, of course,~ other areas where mathematical weakness in the 

Kpelle society contributed to inadequate education. Several of these are stated 

in detail in the body of this report, and others will be discovered as the re

search proceeds. It is to be hoped that further research will show how these 

weaknesses affect other tribes and other cultures. There may be some which are 

peculiar to the Kpelle tribe, while there may be some which are common to wide 

areas of Africa and even of the world. 

The third area of study concerns modifications in teaching method, based on 

the differences in observed learning procedure between the Kpelle and western 

" cultures. 11e do not know enough, however, about the Kpelle society to make 

detailed suggestions. Prom 'What we know thus tar, it seems that we have an 

open road to experiment with new procedures, since little is done in Kpelle 

society to further the intellectual development of children. The only thing 

to beware of is the tendency Kpelle children have to accept and learn their 

elders' modes of behavior as authoritative. They b&Te not been trained to be 

critical and curious, approaching a new problem with an open and &n&lytical miDd. 

Whate-rer procedure ve follow in teaching, the inculcation of the scientific 

method maat be an important pa.rt of it. 
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We also feel that it would be useful to b&Te pre-school inatruction to 

prepare the children for the school experience. The Kpelle home is barren of 

anything which would promote arithmetic or reading readiness. Thus, it the1e 

materials could be put in the children's bands in a kindergarten situation, 

their education might be imprOTed radically. But research needs to be done 

in this area before~ definite conclulions can be dravn. 

{2) Research 

This report is in its Tery lacompleteness a reco111Dencl&tion tor farther study. 

The final chapter has been brief and tentative, not only because of lack of time 

to prepa.re it, but also because the data is insufficient to a.ke firm recommenda

tions. Thus the first demand for further sesearch is that the present pBoject 

be completed. .At various points throughout the report, there have been state

ments to the effect that a particular point has not been explored properly, or 

that no data is available from which to draw conclusions. Thus it is necessary 

first to follow up all these points, and bring this phase of the study to a close . 

.ipecifically, the following areas need further study. The conclusions draw 

concerning the description of fields of attention and the construction of proposi

tions need to be formalized, and then checked in a nev setting, to determine 

their validity. If possible, teats should be designed which would verity specific 

implications derived from these conclusions. Th• construction of arguments IIIW!lt 

be examined in much more detail, so that conclusions can be drawn, and their 

implications tested in a new setting. 

Our study of the anthropological setting of m&thematics needs to be Teritied 

in a different town, where we haTe not already so thoroughly tested the people 

- that their usefulness as informants is seriously reduced. We must formalize 
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and clarity our statanent of the role of ma.thematics in the culture, draw impli

cations from it, and test these implications in the new tovn. 

Our work in psychological experimentation is most incomplete at the present. 

Ye need more subjects for many of the tests administered. We need a full statis

tid&l analysis of those data. And ve need to design tests which will show the 

strength of the presence of other concepts, particularly geomettical and logical. 

Fina.lly, we need to devise a procedure to show the emotional underlying factors, 

which influence mathematics learning and teaching. 

The study of learning procedures within the culture has barely been started. 

We do not yet have a procedure by which to study the way Kpelle children learn 

mathe•tical and logical concepts. We must give serious thought to this ques

tion and attempt to find a way to learn what we wish to know. We then must carry 

out the tests or obsern.tions, dra.v implications from them, and test these im

plications. We also need to learn more about patterns of cultural change, so 

that we can pe precise and exact in speaking of them, instead of vague, indefi

nite and subjective. 

The next area tor work after the completion ot the Kpelle study is, of 

course, the prepa.ration of the tina.l report of that study. And on the basis ot 

that report we must draw up a systematic statement of the research procedure so that 

other persons can follow that procedure in studying other cultures. The method muat 

be so well worked out, and so explicitly stated, that persons without elaborate 

training in linguistics, anthropology, mathe-.tics, philosophy and education can 

follow the steps and organize the data. Thus it is hoped that the procedure will 

be of the questionnaire type. One ot the reasons, ot course, tor the extensive 

support provided to the present project is • that such support need not 

be supplied tor similar future projects. The groundwork will have been laid, and 
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the r811Binder of the aonatruction should be 11Uch easier. 

Thua we recomnend that, using this standardized procedure, a st~ similar 

to the present one be carried out in a series of widely divergent cultures. For 

example, there should be cultures chosen from each of the major language and 

culture groups in tropical Africa, in order to get a ~lear picture ot the mathe

matical situation across the continent. There should be studies done in the 

major creole and pidgin languages in tropical Africa, e.g., Sierra Leone Krio, 

Portugese Creole, Liberian English, Nigerian and Cameroon pidgin, the French Patois, 

Congo Swahili, Tangaeyik& Swahili, .and other pidgins and creoles as they are 

discovered. Some comparative s~udies should also be made on other continents, 

so that any features peculiar to Africa can be isolated tor further study. Md, 

finally, a comparative study should be undertaken in developed nations, to pro

vide standards for ana.l.yzing the data. These comparative studies should, ot 

course, treat the four aspects considered in this project: linguistics, anthro

pology, psychology and education. 

Then, using this data, a general study should be made by persona competent 

in these fields of cross-cultural differences and similarities, in the hopes ot 

arriving at general conclusions concerning pre-mathematical and pre-logical be

havior in human society in general. This inquiry should then lead to a broad 

statement concerning human knowing and learning in mathematics and logic and 

related fields, itself a significant contribution to the discipline of philoso~. 

The final important area to be the subject of further reaearch concerns 

related concepts in the other sciences. Such an inquiry should begin Yi th an 

&na,lysis ot the behavior which is relevant to the ~sical sciences in non-western 

culture . .An inventory of concepts and behavior related to these sciences should 

be ade, in parallel with the tiDd.ings of this present st~ of pre-aathem&tical 
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and pre-logical behavior. Likewise, a survey ot biological science should be 

made with.in these cultures. Another science to be studied is the technology 

ot the tribal peoples, as related to technology in more developed cultures. 

From this information an entire survey of technical activities in these 

cultures can be made. 

This general comprehension of technical behavior can then provide in

formation tor understanding the 1110re complex disciplines of history, religion, 

the arts, and philosophical speculation. Finally, it is to be hoped that this 

project will lead to a general phileso~ of human knowing, an object which has 

been sought for years, but only w_ithin the context of developed cultures. This 

is a massive undertaking, but the conclusions should be worth the effort. 


