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ABSTRACT

We studied the persistence of the traditional netthfoAttieké processing in two
communes, Adzopé and Alépé, of the Attié ethnicugran Southern Ivory
Coast. We considered three statistical methodsP#agson Chi square test and
the asymptotically equivalent likelihood ratio Clgusire; the logistic regression
method; and the risk ratio method in our approacbomparing the proportions
of persons who exhibited consistent behavior wikpect to the traditional
technology of Attiéké processing in the two comntiesi We found that higher
proportions of women @, = 0.891 andp, = 0.858, respectively for the
communes of Adzopé and Alépé) followed traditiorl aonsistently used the
traditional method of Attieké processing that iamtteristic to the Attié ethnic
group. With all three statistical methods of anmlysve concluded that the
consistent behavior equally developed and persisteéde two communes. We
inferred that the need to conform to tradition &@ceptance and survival in the
communities, and the pragmatic reason to satisfy Ibcal consumers,
indigenous to the communes, were the primary reafmrthe persistence of that
behavioral trait.

Key words : Behavior, Binomial, Chi-square, likelihood ratiask ratio

RESUME

La Persistance du comportement: une comparaison ed deux
proportions binomiales

Nous avons étudié la persistance de la méthodéidratklle de production
d’Attieké dans deux communes, Adzopé et Alépé, muge ethnique Attié,
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au sud de la Cote d’lvoire. Notre approche consisiacomparer la

proportion de dames qui utilisaient et persistalantrocédure. Nous avons
considéré trois méthodes statistiques, le testdkhix de Pearson et son
équivalent asymptotique khi-deux du rapport desemiblance ; la méthode
de régression logistique ; et la méthode du rapgertisques. Nous avons

observe des proportions élevées de femmé@s £ 0.891 etp, = 0.858,

respectivement, pour les communes d’Adzopé et Alépé suivaient la
tradition et utilisaient la méthode traditionnelle production d’Attiéké
caractéristique au groupe ethnique Attié. Chacuee ttois méthodes
statistiques de notre analyse ont permis de comchjwe la méthode
traditionnelle de production d’Attiéké a persistée@ consistance dans les
deux communes, et toute altération de cette métlaode jusque la tres
négligeable. Nous avons déduit que le besoin dmsrmer a la tradition
dans chaque commune, et la raison pragmatique disfaga les
consommateurs, indigéenes aux deux communes, sost r&sons
fondamentales de la persistance des traits de atempent par rapport a la
production traditionnelle de I'Attiéké.

Mots Clés :Comportement, Binomial, khi-deux, rapport de vraib&ance,
rapport de risques

I - INTRODUCTION

Behavior is a very complex character that is det@ech by both genetics and
environment. All the genetic material that woultetabe expressed to affect
behavior is laid out during prenatal developmenidAnany different genes
are expressed at a given age during the lifetimehef individual. The
temporal expression of those genes greatly affaatbehavior. For example,
gene encoding for the secretion of pituitary growibrmone determines
postnatal growth of bone and soft tissues [1], snadeases immunity [2].
The rate of growth hormone from the pituitary igtest around puberty,
declines progressively thereafter, and correlatéd wsulin-like growth
factor-1 [2 - 4].

The reduced expression of growth hormone genesiscaged with aging [5]
and is accompanied by a decreased expression gtkged Wnt genes [6],
a decrease in bone density and lean mass, a redudledity, an increased
frequency of bone fractures, and increased riskfeftion and diseases [3].
All these age-dependent temporal expressions adgygreatly affect human
behavior. A young adult may think of death as ahkaty event and may
engage in riskier activities. And with his vigor may be more productive
than at any other age.
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The frailty and limited mobility of the elderly gady affect his behavior. The
outcomes of genes’ expressions vary from one iddadi to another and
individuals of a population in the same environmagmnot all have the same
skills and the same potential. Some individuals rfalyin one area where
others succeed, and may succeed in other areag wtiers fail. Along the
life of an individual, different genes are expraesséhe proteins synthesized
from those genes carry on activities of varying rdeg depending on the
individuals in the population, and make them tharid behave differently.
But, the Nuffield Council on Bioethics [7] reportddat the proteins that
genes make and how they affect our bodies and i@ only part of an
explanation of human behavior.

Despite the variation in thoughts and behavioryisat of humans and the
search for a better quality of life require knowdedand an adaptation to the
environment, a modification of some environmentakgmeters and the
symbiotic aggregation of individuals in the form @dmmunities. Living in
communities forces individuals of that populatianset limits to behavioral
traits that are acceptable and beneficial to alnlvers of the community and
to develop a culture for that community. The acablat behavior in a culture
may be based on religious laws, moral laws, or lavated by a
democratically elected legislative body.

Deterrence measures are often attached to thetta@scourage or enforce
abidance to the laws in that culture. From thaspective, the environment
models the daily lives of the individuals in thepptation. Plomin [8] noted

that behavior is dynamic, substantially influendsdepigenetic factors, and
changes in response to the environment. From tte &ge, children already
start to explore their environment by touchingtites smelling, and playing
with objects around them. With the inherent surivinatinct, they quickly

identify who best protect them, usually their motHeneir pick up and record
in memory all information they need to adapt andvise in their culture, as
they grow. Parents, especially mothers, are the mgsortant source of the
information they record. Mothers have great inflceon human behavior. In
a very conservative environment, knowledge of thikuce can be integrally
passed to offspring with little foreign contamimetj thereby persisting
behavior over generations or regions. We conduttesl investigation to

explore the persistence of the traditional methiodtteke processing in two
different communes. The population of one commsgmmade of great grand
children of individuals who

migrated from the other.
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II - SAMPLING DESIGN AND METHODOLOGY

Women of the Attié ethnic group from the communkAdrzopé, and Alépé,
Ivory Coast, who make a living off the productiamdasales of Attiéke, were
surveyed by means of a set of questionnaires adtared by graduate
students of the University of Abobo-Adjamé, Ivoryodst. Attiéké is a
traditional staple commonly eaten in the Ivory Gdas breakfast, lunch, and
diner by most of the Ivorian people. It is madenirthe tuberous roots of
CassavaManhiot esculentathat contain more than 90% of starch molecules
with 83% of amylopectin and a smalinount of amylose [9]. Attieké meal
quickly fills up for a longer period of the day aatlvery low cost, making it
the most consumed meal in the Ivory Coast.

Questionnaires were developed on the basis ofnfleemation collected on
the traditional Attiéké processing technology froesidents of the oldest
Attié town created over millennia ago, Assed;ji, riw@oast. The systematic
choice of the communes of Adzopé and Alépé asastvas based on the fact
that original residents of Adzopé had spread imckeaf agricultural land and
created what is now the commune of Alépé. Withicheatratum, we
randomly selected eight Attié towns to includeha study.

In each town, eighty female residents among the evwmwho produced
Attieké for a living were randomly chosen to papate. A week before the
interviews, delegations from the University of AlmoAdjamé met with the
villages’ chiefs to explain and to ask for formaitlsorization to conduct the
interviews and to encourage participation. Questiogaubmitted to
participants included the length of time from hatvef the M. esculenta
roots to use in the processing of the Attiéké, stxe of the pieces of tuber
used, if the pieces were cut in smaller cubedafieces or cubes of tuber
were boiled before fermentation, the fermentati@niqu, the size of the
particles of starch after grinding, and the pemddgteam cooking to get the
final edible product. As a token of appreciatiore gave two hundred CFA
francs (about $0.40) to the participants when tbeypleted the interview.
The ethical committee of the University of Aboboj&ué gave its approval
of the procedure used in the study.

We used a very conservative data collection prasedA single answer
deviating from the established method of Attiékégessing resulted in a
non-consistent or modified behavior. All answerssmgonform to the
information obtained on the traditional Attieké pessing method to get a
consistent behavior. A total of 640 participantsreveandomly sampled in
each commune and served to build the 2x2 contingtaiie in table 1 with
the two independent binomial random variablEsand Y; the variableX
representing the number of women who used thetiwadi method of
Attiéké processing with consistency in a totahfandomly sampled
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women in the commune of Adzopé, with success pibbalp; ; and the
variable Y representing the number of women who used the tivadi
Attiéké processing method with consistency in a

total of mrandomly sampled women in the commune of Alépéh sitccess
probability p,.

ThenX ~ Bin(m, p1) andY ~ Bin(m, py).

Table 1: Theoretical frequencies of a 2x2 contingency table

Commune Behayior — Total
Consistent Modified

Adzope X m-x m

Alepe y m-y m

Total X+y t-(y+x) t=2m

Our interest was to test if the consistent behawiothe commune of Adzopé
persisted in the commune of Alépé, that is, a taEsthomogeneity. The
appropriate null and alternative hypotheses were:

Ho: p, = p, versus Ha:p, # p,

The null hypothesis translates into no significdifference in the proportions
of women with consistent behavior in the two comities with respect to
the traditional Attiéké processing method. In othesrds, the observed
behavior in the commune of Adzopé was not differfeain the observed
behavior in the commune of Alépé regarding the itiathl Attiéké
processing technology. Suissa and Shuster [10]Jogeapthe pooled test to
test such null hypothesis, based on the centra thrmorem, where Z had the
standard normal distribution under the null hypstbte

X-y
ZJ&W:———m—T—~N®J)WM1ﬁzi%z 1)

/Zﬁa—p)
m

The squaredZ ,(x,Y), Zf)(x, y) is the Pearson Chi-square (score statistic)
with 1 degree of freedom:

_(x=y° )

2
X, Y)=—= -
Xy (X, y) 2p(- p)m
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Another test statistic often used is the Likeliho&tio Chi-square,
G?, derived from the principle of the likelihood ratiest:

d < ni' * n++
G? =2*sz:nij Iog{ I] } (3)

n,* n,;

Using Table 1, n,;=xn,=m-x,Nn,, =y, N, =m-y,n, =n,, =m,
n, =x+y, n,,=t—(x+y),n,, =t, r = number of rows, and = number

of columns. It is worth mentioning that the* test and theG* test are

asymptotically equivalent. One powerful method afalgsis of such

contingency table is the logistic regression wheeregit transformation of
behavioral event is modeled as a linear functiomahmune. Hosmer and
Lemeshow [11] noted that the logit function is atiremely flexible and

easily used function that lends itself to a biotadly meaningful

interpretation. The logistic regression is given by

o)
H(X)—W (4)
The logit transformation yields:
. 6(x)
logit(6(x)) =In =B, + S
ait(@) =inf 200 |- 5, + g ®)

Therefore the dependent variable is a logit. WitHmelaboring the statistical
theory, the method
used to estimate the regression parameters is twanmuam likelihood

method. The responsey, , being independent, the likelihood function is
given by the product:

L(Bo.B) = I_l [H(Xi )]Wiyi [1— 6(x; )]Wi a-v) ©)
By using the natural logarithm of the likelihoochfition, we get:

(LB B)) = Dy, LB )+ (- v, Ln(L- 6(x)] )
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The estimates off, andg, that maximize the likelihood function are

determined through iterative methods. A test of #ignificance of 3,
_illustrated by the null hypothesis:
Ho: B, = 0 versus Ha;B, # Ois given by the Wald'’s test:

sz( lél’\ J (8)
SE(B))

where SE S, ) is the estimate of the standard error®f However, Hauck
and Donner [12] found that the Wald test often ltesuin a Type Il error.
Agresti [13] obtained a similar conclusion with $mgsamples. Another
statistic used to compare the model with and withtbe covariate is the
likelihood ratio test:

G2 = —o I_n{llkellhood with themterceptonly}

Likelihood with covariates

Under the null hypothesis, botA*> andW? have a Chi square distribution
with 1 degree of freedom. A proper measure of bieingersistence is given
by the parameter

h=Fz 0<p,<1 O0<p<1 (10)

P,

where p, is the success probability in the derived poputatmf the

commune of Alépé andp, is the success probability in the commune of
Adzopé. The parameteh, is also called risk ratio in the literature. Alile
analyses were performed with a hand-calculator, waitd SAS/STAT and
SAS/ IML, version 9.1.3 [14]. Some of the computstgps are included in
this article.

I — RESULTS AND DISCUSSION

The Chi-square Tests

The probability distribution of the responses panowne is given in figure
1. About 89.1% of the women who make Attiéké fdiveng in the commune
of Adzopé consistently used the traditional Attiégéocessing method
commonly used by the Attié ethnic group. That weatia

Dagou Seka et al.



194 Rev. Ivoir. Sci. Technol., 15 (2010) 187 — 200

of 570 to the 640 women interviewed in the commohe\dzopé. In the
commune of Alépé, the percentage was 85.8% comespg to a ratio of
549 to 640. To test if each of the two percentagesbe approximated to one
half of the women interviewed against the one-thgdternative of greater

(pi B 0-5)2

(05* 05)/n
with 1 degree of freedom. The Chi square values 8862 and 327.75
respectively for the communes of Adzopé and Alépd p-values were
<0.0001. A significantly larger number of women diskee traditional Attiéké

processing method in both communes. To test the ygbthesis of no
significant difference in the proportions of conerd behavior between the

communes, The Pearson’s Chi-square from (2) Wés= 3.1332 with a p-

value = 0.0767, the likelihood ratio Chi squarenir3) wasG(Zl) =31411

with a p-value = 0.0763. Under both tests, we aaotedl the null hypothesis
at the level of significance = 0.05. Equal larger number

of women exhibited consistent behavior with respextthe traditional
processing method of Attiéké in both communes. Enearkable persistence
of the way of making Attiéké in the two communesiogenerations and
environment may be seen as counter to the evoharnyothanges that define
humans. However, one accepts to change only whéndeeor is exposed to
new and convincingly better way of doing things. @me other hand,
evolutionary change may come from creativity. Buider tight control of the
delivery of knowledge from parents to progenieseesdly in conservative
environment, creativity is not usually encouraged may even be inhibited, and
some behavioral traits are persisted with very hightability. This is the case in
many rural regions of the world where, under tigbntrol of the delivery of
knowledge, behavior is shaped by traditional agr@lis laws inherited from the
medieval times. In the case of making Attiéké falesone force that may induce
changes is the demand for that meal. But, if conssiz@ntinue to appreciate the
Attiéké made the old-fashion way, the same knowdeddll be passed to
successive generations without alteration. Thiserofthappens when the
producers and the consumers are indigenous toatime sommune and know
only that quality of Attieke from the young age. tidut an intrusion of a
foreign behavior to challenge the existing one nges in behavior rarely occur.

than one half, we used the Pearson’s Chi-squar,e{é,es

The Logistic Regression Analysis

One powerful method of analysis of binary respoda&a is the logistic
regression method [11] that models the log of cakla linear function of the
independent variables. The logit transformatiogiien by equation (5). By

equating thelogit(6(x; ))tof (x) we can rewrite the logit transformation in
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the form f(x) = B, + B, x... Hosmer and Lemeshow [11] produced table 2
corresponding to the probabilities of consistenthawsor, when the
independent variable, commune, is dichotomous: Tées cof consistent
Q) _ s
1-6Q)
the odds of consistent behavior in the commune OEpé is
_ 60
%1260
B, =Ing = |n[59—419j =1.7972

behavior in the commune of Adzopé is givendy= , and

= e’ The maximum likelihood estimate [15] of the intercisp

Table 2 : Theoretical response probabilities under the futidel

Behavior
Commune : —
Consistent=1 Modified=0
E-ED-EZ_} 1
Adzope=1 1) =——+— |1-8(1)=———=
Zop ) =z (V) = e
Alepe=0 6(0) = 1-6(0)=—
epe= (0)= 1+ oFs ~ 1+ P

The odds ratio of consistent behavior in the commuoheAdzopé to

: . o @ el
consistent behavior in the commune of Alepetpls—:T=e
e 0

The maximum likelihood estimate of the regressioeffowent S, is

A

B=Ing-Ing or ,[3’1 =0.2999. The estimated logit is therefore,

f(x) =17972+ 0.2999* CommuneTo determine if the variable, commune,

significantly affected the distribution of the resise probabilities compared
to the restricted model without the covariate, wedithe likelihood ratio test

statistic in equation (9). Under the null hypotess® is asymptotically
equivalent to a Chi square test with one degreéredfdom. The response
probabilities when the variable, commune, is natuded in the model are
given inTable 3.
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Table 3: Actual response probabilities under the reduced rhode

Behavior
Consistent=1 Modified = 0
0.8742 0.1258

The estimate of the likelihood with the interceptyoim the model given by
the equation (6) isL, = 0.8742%9* 0,1258% =5141310%* . And the
logarithm of the likelihood in (7) gives Ln(I:l) =-484. 20&nd

- 2% Ln(I:l) =968416. The response probabilities under the full model are
given inTable 4.

Table 4 : Actual response probabilities under the full model.

Commune Behayior —
Consistent=1 Modified = 0

Adzopé=1 0.8904 0.1094

Alépé=0 0.8578 0.1422

The estimate of the likelihood when the variablenowine, is included in the
model is given byI:2 = 0.8904°"°* 0.10947 * 0.8578°*° * 0.1422" =
24726:102° The logarithm of the likelihood isn(L,) = 482 637&nd
-2*Ln(L,) = 965275 The likelihood ratio Chi square given by (9) is

Gy, =—2* {Ln(El) - Ln(ﬁz)} = 3.1411 with p-value = 0.0763. The model
including the variable, commune, does not signifiadiffer from the model
with the intercept only.

The Wald'’s test is used to test whether the parasaikthe model are
significantly different from zero and is given biet equation (8). The

denominator of equation (8) is the standard emarits computation requires

1
the information matrix, | = (X'WVX) wher&X = L ;((1} ,
2

W{wl 0}’andv{e(x1)(1—e(x1» 0 }
0w, 0 8(x,)L-6(x,)
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The covariance matrix of the parameters is the sevaf the information

matrix, ¥ =1". And the square root of the diagonal elements hef t
covariance matrix gives the standard err@g= [Z]” 2

. | 01131819 0
SE=
0 0.1698521

The Wald’s test for the regression coefficientﬁl’ IS

o~

14040468 62 343?5} .

00128105 0012811
6234375 6234375

~0.012811 0.0283506)

~ 2 2
W, :[ALJ :(o_zgggj = 3.1173 with p-value = 0.0775. Using a
SE(S,) 0.1699
level of significanceo = 0.05 we concluded that the contribution of the
variable, commune, to the response probabilities med significant. The two
communes offered the same response profile. Theistent behavior with
respect to the traditional Attieke processing meétho the commune of
Adzope persisted over to the commune of Alepe. Taesigtence of a
behavioral trait over environment and generatioralzyan or an ethnic group
is often called tradition of that clan, and is wety rare in rural regions of the
world. Often, the same activities are repeated pé@r year, and the same
beliefs are transmitted generation to generatiary. #mall deviation from the
pattern of acceptable behavior in the clan is wgsly denounced and
discouraged. In such environment, some behavioagtstare passed from
parents to progenies and respectfully exhibitedth®y progenies without

modification.
Commune Behavior Estimated Probability
Adzope consistent 0.891
modified 0.109
Alepe consistent 0.858
modified 0.142

0.0 0.2 0.4 0.6 0.8 1.0
Probability

Figure 1: Probability distribution of the behavioral events gemmune
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A Proper Measure of Behavior Persistence

A measure of behavior persistence is given by drarpeteih given in (10).
The range ot extends from zero to infinity. A value &f equal to zero
indicates the behavior in the origir@pulation, did not evolve in the derived
population. A value oh less than one means thehavior is present in the
new population but to a lesser degree than in tiggnal population.

A value of one means the degree of exhibition eflibhavior is equal in the
two populations.

And a value greater than one betokens the beh&viopre developed in the
new population compared to the original populatitdatz et al. [16]
developed a confidence interval for the paraméteusing a logarithmic

transformation of the parameter formulated by Alvauitz and
Ln(h)£196+SE(Ln(h))

Stegun [17]. The 95% confidence interval foiis € where
P ~ 12 1/2
SE(Ln(h) = 1-p, ,1-B =[0.142187+ 0.109375} — 002123and
» n, 549 570
Ln(ﬁ) = Ln(%}z—0.0B?SS& Therefore, the measure of behavior
1

persistenceh, with respect to the traditional method of Atti@igocessing
can take values between 0.9239 and 1.00409. Anciimfubased on the
confidence interval concludes that the behavioet equally developed and
persisted in the two populations investigated. Withe particular
environmental settings of the communes of AdzomeAd@pé, and the given
culture and tradition of the Attié ethnic groupg ttraditional method of
processing Attiéké has not changed across commungsnerations. Some
of the fundamental reasons are the lack of exposurether methods of
making better quality Attiéke, the need to confdaoradition for acceptance
in the society, and thgagmaticreason to satisfy the consumers of Attiéké in
those two communes who are themselves not expasether Attieké of
better quality. All the reasons lie on the uncoossi instinct to adapt,
survive, persist oneself and all along pursue heggs.

IV - CONCLUSION

The traditional method of producing Attieké was grtdly reproduced in the
commune of Alépé by the great grand children ofviddials who migrated
from the commune of Adzopé to create Alépé. Wit dbsence of a foreign
contamination that could convince the women of Altg&¢ ethnic tribe of a
better way of producing Attieké, very little changecurred in the commune
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of Alépé (1-p,=0142) compared with the commune of Adzopé

(1_ f)l

=0.1093. The reproduction of the same habits over environraedt

time impedes creativity and technological innovatiand excludes any
attempt to improve the methods of production. Gali@ng with this
observation, we may understand the lack of progieesard development in
most African countries since their political indedences.
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