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ke Technolegical change among small {armers has long been a topic of interest
; among applied researchers, and social scientists. Experiences have demonstrated
E that technological change docs not occur simply becasuse an improved production

. technology is available for farm use, but numcerous factors condition the accep-
LJ tance of new production techniques (Stoven's , 1977). These factors have caused

~rescarchers, planners and govermment institutions to incorporate into their ana-
iysis concepts such as farming systems, risk-sharing and buffer institutions,
An important limitation to studying the adoption of improved technology by
: i

small producers 1is the lack of generalized theoretical medels and applied analy-

tical methods, not only to explain farmer's behavior, bhut to classify snd predict

farmer's response to new technological patterns. This is a very difficult cons-

traint to overcome, because of the great difficulty in isolating and measuring

intangible and exogenous facters which may conditicn expected Tarmers behavior.

One means to better understand a farmer’s response to technical change is

E to monitor farmérs' reactions to improﬁed technology after they have had the

¥ opportunity.to test and pnrticibate in the production process utilizing improved

. 'productiéh‘ﬁvthods. This simplq épproavh.shquld permit the ideﬁtification of some
;. fnrméf‘churﬁcturjstics which could be considered as an gpproximétion to the q§n¥

cept of thresholds for adoptioh. .

K

1/ Apricultural thnnmiﬁl}' CATIE, 7170 Turrialba, Cbﬂtalkird."Biométrjcinn.
‘ : CATIE, 7170 Turrialba, Costa Rica and Weed Scientist. 1PPC (Giregon State
i ’ University) . Corvallis, Oregomn 97931, U.S.A., resvcetively, . .
L ESCOBA
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Considerable literature exists reporting attempts to explain adoption of
technology by observing groups of small farmers who have already accepted tech~

nological innovations. Feder, Just and Zilberman!(1981) have grouped studies

L .
.according to factors most {requently mentioned as affecting technological inno-

vations. They include farm size, land tenure, labor ayailability, credit, risk
and uncertainty, human capital, and other.sdciological factors. Other resear-
chers have considered soéio—personal and socioiphychological variables'by using
score systems, and analysing farmers’ altitudésAthrough a profile analysis metho-
dology. (Somasundaram and Singh 1979, Subramaman et al 1981, Vijayaragharan and
Somasundaram 1979).

The purpose of this paper is to relate farmers' adoptioﬁ responses to selec-

“ted grouping characteristics which might be used for further classification of

farmers into adoption groups. Also, it is‘expected to determine possible econo-
mic rationality for techmical change among those farmers who do accept improved
production techniques.

A set of farmers from-chearea where an on—going farming _systems research.
program is being carried out by the Tropicél Agriéultural Reseaicﬁ and Training
Center (CATIE) was selected for the pufposes of this analysis. This sample
included farmers possessing some of the conditions reported in the literature
as important factors for adoption of teéhnology (Feder ét-al 1981).éx§§ﬁsive prior ‘
information, knowledge of the production techniques, an economically wviable tech-

nologiéal—alternative, and a kndwn final product price.

The Technological Alternative

The concept of appropriate téchnology is considered'és critical for adoption

of new téchnolog§ by small farmérs'(Flinﬁ and Lagemann'1980; Ruttan 1977). A

technical innovation is considered appropriate if it facilitates the substitution
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of relative abundant factors for relative scarce factors of production, at a

given price structure. This implies that a technical alternative for farmers

.should be consistent with a set of elements such as their objective function,

~

factor endowment and efficiency, both at the technical and market levels within
their diversified farm activities. These are ipdeed reqﬁisits.to be considered
by agricultural researchers from the viewpoint of technology design, and the
socio-economic environment in which small farmers make decisions for agricultural
production.

One approach to appropriate technology development is the on-farm, farming
system reseafch'(FSR). This methodoiogy involves the farmer from the beginning

of the process of technology generation and also includes several joint evalua-

tions during the process to ensure the generation of technological alternative

as suitable to farmers as possible (Navarré, 1879). This paper reports the
assesment of farmer responses to a vegetation maﬁagement weed control technology
which was developéd during five years of cooperation between personnel of the
International Plant.Protectioh Center (IPPC) of Oregon State Univefsity, CATIE;
and small maize growers from the.Atlantic humid lowlands of Costa Rica.

In terms of net changes to the farmer's practice, the technological alter-
native involves adjustments in tiﬁing and rate of chemical prodﬁcts that are
already'widely utilized by small farmers in the area (Es&obar and Shenk, 1981).
It also introduces the use of an inexpensive spray shield enabling earlier herbi-
cidg gpﬁlicationé.A This weed control techﬁology was developed following CATIE's
FSR ﬁetﬁodology which,inclﬁded charécterization, technology design, on-farm expe-
rimeﬁtal trials, yalidation (farmer evalﬁation) of the besf exberimental results .
apd a contiﬁous'agroﬁomi§ analysis»incorporating feedﬁaﬁk ﬁifhin the process.

Analyses havé SAOWntihst the'téchnology~meets-several ééithe prereéyisites

found important.for this arvea: it is e¢onomically attractive and labor-saving
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to farmers (Escohar and Shenk, 1981); it is focussed on weed control which is

i % : .

: perhaps the most limiting technical preduction factor (Escobar and Shenk, 1981),

g it represents a simple modification of common practices, and its use apparently

; introduces a structural change in the economics of maize production hy shifting
the production curve vpwards (Escobar and Shenk, 1982). |

7 ‘ The validation phase of the FSR methodology iuncluded the evaluation of the

final recommended alternative during two maize cropping seasons by 32 small far-

3 mers of the area. During this period, some climéiic, pedological, economic and.

) social characteristics were_recorded thrgugh weekly visits, including all farmm

; input-output activities, a_confrol trial, and human-and cabitai inventories. . ;
; Farms were monitored in the planting season following the,vglidaéimn trials to

"3,.‘ ’

determine the degree of utilization of the improved practices.

The monitoring activity made it possible to differentiate level of adoption
among maize growers. The simplicity of the weed control technolopy permitted
the grouping of participating farmers into four categories: a) non-adopters

(Group 1); b) low adopters: those farmers that adopted only the pre-planting

vegetation management techniques (Group.Z); ¢) medium adopters: those whb use
é " the technology {n Group 2, and also the applicafion shield which wés}provided_
1 o during thevvalidation phase (Group 3). and d) adnptefs of!all prnct?ces éﬁd the
.é rate of chemicals recommended in the .weed control technology (Group 4).

Based on previous literature and on the area characteristics, a set of varia-

bles was hypothesized as key factors influencing adoption of improved technology

.

by small farmérs. These variables include farm resources and their use, with’

.

emphasis on lahdr which is the most limiting factor in this area, some measure-

ments of the farmer wealth status, and some site and personal characteristics (Table 2).
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Previous to the testing of this hypothesis, a factor analysis was performed
to establish those variables explaining méSt of th¢ variation among fﬁrms. This
procedufe’héd a twofold purpose: to check the pdténtial'explanatnry power of
the hypotésféed varisbles, and to incofporate into this set of %uriahles those
with high communality. ‘The factor analysis wads i& possible to select the final
set of variables which explained 70% of total variation amoung farms. Three varia-
bles were eliminéted from the original list because of their multicolinearity
and low communality (Henao and Escobar, 1983).

_A linear discriminant function was used as the statistical approach for tes-
ting the propossed_hypothesis with the Four adoption groﬁps. This analytical
tool wns‘a]so utilized to assign larmers likely group memhership. This permited
the gener;tion of two additional pieces of information: 1) the classificétion
coefficients which may be used as prediction equations, given the value of the
variables for a specific farmers, and 2) the profile of each exclusive group of
adopters based on the selécted.variables. This helped understand-the rationality
for introducing or rejecting technological change for maize proéuction.

The linear combiﬁation of the discriminént variahles, arnd the classifica-

tion function are of the general forms:

D, = L, 4o+ d., 4+ ..o +d, 2 and ’
B § R dll 1 iz "2 ip p
o= G, 4+C. V. +V, 4 ....+C,V
| io il 1 2 ip p
‘Where;. I)1 = the score on discriminant funetion i
. d's = weighting coefficients
L 7's = “values of. ’p discriminant variables (Xi to Xp' in Table 2)




F 6
: ‘ o Ci = the classification scvove for group |
'3 C. = the constant
[ 2 10 :
g : C. = clasgification coel{icients
§ . ip H
!
7 V's = scores on the discriminating variables (Xi to Xp)
3
3 ; With the exception of soil fertility, all variables were measured in cardi-

nal bases to facilitate further application of classification coefficients as

prediction weights. The use of indexes would have introduced several difficul-

? ties using these results as forcasting tools.

(} Empirical Group Classification

i

3 Results of the discriminant analysis and the classif{catién procedure appli-
) A _

- cation are summarized in Tables 1 and 2. In Table 1, the initial farm classifi-

] cation based on the adoption recorded during the monitoring phase is compared

f ‘;;) with the classification based.on the discriminant analysis. The fact that only

j two farmers out of the Z%Iare misclassified, suggests that the Qariaﬁ]es chosen

'g . 'were adequate to confirm the original selection and to élassify farmers pfeviously

‘expossed to appropriate technological invovations given the production conditions

of the study area.

This information suggests that the hypothesis regarding the relationship

g

of adoption and some economic, personal and farm site characteristics was. well

founded. Whether or not this set of variables could be used as a threshold for

'techno]ogy adoption will depend on a further score construction needed to jointly

measure variables with a multivariate distribution. The application of the linear

o

discriminant function determines the differentiation of the sample in four mutua-

e

11y exclusive groups (1 to 4). Consequent ly, estimated coelficients constitute

) <:> - weights to assign a specific farm to any group. Significahvg'ofAvqoffivients

LR

' a i
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Tabie 1: Famer Classifiod by Adoption Groups According to the

Discraminant INnetion, ol the Classitication Procodures.

N2 of Famm Tnitial Functional Probability of Memborship
Group sroup in Each .Group
3 Classif. Classific. 1 o2 3 4

1 : 4 4 0.0148 0.0G00 0©.0000 ,0.9852

2 2 y 0.0000  0.9983 0.0011  0.0000
3 3. 0.2170  0.2680 0.2728  0.2413
6 -3 3 0.0000  0,0227 0.9737  0.0000

7 3 3 0.0090 0.0248 0.9752  0.0000

1 9 1 1 0.9956 - G.0060 0.0000  0.0044
_ 9 ' 3 p 0.0000  ©.0003 0.9997  0.0000
\ 0 - - 2 2 0.0001 ~0.3132 0.0867  9.0000
: 1 . 2 2 0.0000  0.9947 0,0058  0.0000

—
(o)

Y
s

0.0049 0.u0U0  0.C300  0.9950
13 3 3 0.0011 0.0637  0.8407  0.094%
- ‘;:> .14 _ 2 3 o0.ucco 0.1806 0.8194  (.0N0C
: 15 8 4 0.G205 0.0000 0,0000  0.9995

‘i 16 2 ' 2 0.0141 0,4974° 0,4L57  0.0728

17 3 3 0.0000  0.Gi4L 0.9858  0.0000
A ) :
E 13 2 2 . G.0000 0,992 0.0008  0.0000

_—
(v
12
[\

G.0000 - G.9291  0.0G696  0.0013
4 S B 3 30,0002 0,4400 0,5600  R.0000

2y 1 1 0.9984  0.0000 0.0000 0.0016

E B | : U G.uBil 0.9000 G.0000  0.0189
25 - 4 4 0.6005  0.0000  0.0000  D.9CY5

R, . X .

; ' I A 4 0.0002  0.0007 0.0569  0,9422

~ 21 ) 4 : 1 0.0031  2.0001 'o.ooév 03967

i 2 3 3 7 0.0009  0.04%  0.774% - 0.1799

w33 0.0000  0.437% 0.7635  0.0000

§ S Y R S ¥ G.0000  0.0696 0.9303 . 0.0001

| ‘;:: . ‘ T S | 0.5742  0.0001 0.0007  0.1250

* Miuclassified farmers.

s
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éould he tested through cannonical unaiysis,Abut sn;h informat ion is redundant
to this analysis. - , ' -

The estimation of posterior probabilities me;sures the chance o larmer has
to be clagﬁified in each of the fourAudoption groups. Excluding three cases,
there is a high probability that farmers belong to the group to whivh‘thny hive
heen assigned thréugh the functional awalysis.

Esfimated coefficients for each 0% the adoption groups (Tahle 2} seem heavily
influenced by two site characteristics: total rainfall measured at the district
level, and the soil fertility index as constructed from chemical analysis of a
combined soil sample from each farm. Althdugh these coefficients are difficult
to interprete since they are not -standarized, the importavee ;f Lhese factors is
uvideﬁt since the presence and agressiveness of some weeds are &iroctly related

to rainfall and the gquality of the soil.

There are two geographical districts in the area with significant differen~

ces in rainfall, both annually and by cropping season (Escobar avd Shenk, 1981).

Other variables with relatively high estimated coeificients are the {armer's

previous cooperation at the time ol the improved technology development, and the

- farmer's level of education. These variables have heen reported in the litera-

ture as related to technological change (Feder at al, 19815. The active parti—‘
vipntiﬁn of farmers during the on-farm trial phase increased the degree of épprO*.
priatness of the technival-innnvurinn and could be takeo ;s an indication of the
impnrlnqve of some factors like the risk nttribufn#lu to the technology itself.
The proportion of farm tand devoted to annual and permanent crops was also
impnrtﬁnt.fnr rlnss{f105t10ﬁ>u[ adoption groups. This land alloceation isAnppn-

rently related to nther‘sifé spurilic charscteristies (rainfall and soil ferti-

lity), and the distance @b ihy mnrkbf'plurvé.

Apparent dilferences exist among adoption groups.  In most cases, the coe-




Table 2: Estimated Classification Coefficients from the Linearized Discriminat
Function for Determined Adoption Groups
Adoption Groups

Variables .. 1 2 3 4
Constant (x,) -267.80846  -230,57911 .‘—222.51695' . ~284.61239
Total family labor (%) 0.10829 | 5.15127 - 0.11904 0.17799
Fauily labpr available for farm use (%) ' -0,28009 -0,24106 ~0.22885 ~0,3125¢
Srevions Goperation with on-fam trials (2,) 39. 68600 32.01305 35,63871 39.46563
Famer's age (x) | 5.96902 1.05934 0.99616 1.
Fa_rmer"vs formal education (x.) 6.04192 6.02222 5.32911 5.91789
Total Pawm avea {x.) - ~2.93848 _2.52916 ~2,95110 53'.26'6'75
?zﬁportion of land in a:muél crops (%) 1.45123 1.40304' ©1.36002 1 54"‘063
pmgpr-tién"bf land’ in permanent crops (xg) 0.58101 0.53955 6.57957 0.65434
Feimated total livestock value (xg) ~0.00078 ~0.00064  -0.00066 ~0. 00076
Rainfall district (k) 151,27279 139.89251  136.1841 153.89574
Oistance to closer supply/market center (xll') 2.85151 2,20146 2,328774 2 84959
011 Fertility index (% 2)‘ 19.48735 18, 443550 18, 08689 2181501

9,
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fficients for the group of ddopters (Group 4) are preater than the coofTicients
of other groups. 1In the same sense, the lower coellicients values of the non—

adopter group {Group 1) is evident in almost every variahble.
I > ] b

A

Profile by Adoption Groups

The average value of discriminating variables which represent dif{cerencin-
ting characteristics amﬁng farmers is shown in Table 3. However, individual ele-
ments of the set do not necessarily conform to such differentiation, sivee it is
precisely the mutual int?ruvtions and combinations of those variables that makes

the multivariable analysis meaningful as analytical instrument. This implies

that the coefflicients presented in Table 2 are to be ntiljzed as a forecasting
tool, rather than thé viariable values which could net be dsed as thresholds unless
a group index is uonstrubtnd using those average values.

Nevertheless, it is possible ro détﬁvr some trends among groups‘reluting‘to.
the intvoduction of technological nhangUS.- This is again the-case of the propor-
ti5n of Jand in annual nnd perenninl crops which tends to be higher for farmers
with a higher level of adoption. Total fnmiiy and hired labor used for Iarmers
also have a pattern which tends to relate the group of lower adoption levels with

lower amounts of labor utilization.

The differvntiatiﬁg characteristics are complemented with the estimation of
some Pronuﬁis indicators which are useful fn explaining thv ecnnn¢ir behavior nf
furmvrsvglnssifivd by adoption levels. ‘These indicators are presented in Table 4.

A relevant relutiﬁnship is the ligkage between the hdop(inn grﬂnﬁs and
re_:[ur.,.,;‘rn Labor whi(fh is of p:‘i_r:lm(!l.lnt importance in this region, p,ivgn- that

labor is the main resource constraint. This labor shortage is a scazonal prohlem

which results in low Family Iabor utilization over the production year. relative

high hired labor use, and low off-farm Iabor activity due to the struiture of the
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e 3: Average Value of the Discriminating Variables

by Adoption Groups

Adoption Groups

Variables B 5 3 4'
Total family labor for famm use

(man-days/year) ' 271.3 651.3 637.8 500.1
Family labor used in farmming | o

(man-days/year) 192.1 185.6 217.6 174.2
Previous cooperation with on—-faim |

trials {(frequency) 1 2 3 2

Fammer's age - o : 44.0 38.7 45.0 44,3
Famer's formal education

(school years) _ 2.0 3.5 3.0 2.0
Total farm area (has) 16,9 19.8 18.8 18.0
Land in annual crops (%) 6.0 24.0 15.3 20.8
Land in peremnial crops (%) 8.5 8.8 10.7 i4.2
Estimated total livestock value (¢) - 25433.3 28016.7 37636.6  30485,7
Distance to closer supply/markét center {min.)} 45.0 19.2 21.6 38.3
Soil fertility index (frequency) 1 3 ! 4
Rainfall areas (mem) ~° GuAcimo: 2500-3500  Cariari:

4000~5000
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banana plantation laber requirements whose prices domivate the regional market

for labor (Tables 3 and 4). ¢

«
i

Other vgriahles such as the wunltﬁ—like indfcafors (Tarm, livestock and

_ Ve
»cash costs values), and other land uses show low values for the non~adopters
{Group 1) in relation to other adoption groups. Although these variables could
he interpreted as indicators of the impl{cit risk-adoption relationship reported
in the literature, the tendenéy to change value. . with the level of adoption is
not consistant in every case (Figure 1). A similar tendency seems to be present
in the relationéhip between other economic efficiency indicators like net farm
income, maize income. and the adoption 2roups. These findings demonstrate, again,
the limited use of the individual variable values to understand the multivariate
effect of those farm Chﬂru(teristivs over decisions invelving adoption of improved
technology.

In generél, farmers wirh higher réturns to labor and cash expenditure hoth
at the farmer»and the maize produciion system levels are adopting weed control
recompended practices. This is also the case among those [armers obtaining the
best benefit/cost relation (Figure 1). This seems to bhe the economﬁc fntionality
for'tthnolugicnl change amwong-farmers under study. It would imhly that these
farmers might be labor use mazimizers which conforms both the regional ]abof

market and the labor saving charactevistics of the technolopical alternatvive.
Concluding Remarks

Monitering of small Tarmer's response to an apprapriate technological alter-

native withio his farming activity appéars to provide encugh information to cla-

ssify farmers into adoption groups. Throough the nse of multivariate analysis
technigues, it is possible tg'select a reduced set of adoption related variables

capable of yielding almost the same-classilication of farmers into mutually




Table 4: Average Value of Scme Economic Characteristics of Faxms by Adoption Group

Adoption Groups

Variables _ o
1 2 | 3 4
Total hired lakor (nxall-jdays,/f,rear) | - ‘ ‘ 154.5 T 249.6 » 331.4 326.3
i Off-farm labor (man-days/year) , o o117 9.7 - 13.4 . 19.3
) Estimated fam value (g) | 148333.3 322750.0 315080.0 . 237928.6
Area in %ésturé (%) | | : 4.8 24,4 26.9 . 22.6
Area in bushes (5) . . 36.8 42.8 47.1 42.5
| Area in maize production (has) : 0.8 3.2 2.4 3.2
o Total farm input cash cost/vear (@) | 8842.9 17720.7 25924.5 15792{3
Net farm income/year (¢) | | ©6230.2 21346.7 11657.5 ‘ 13666.5
Net maize income/ha (€) . - 1499.0 3888.1 4025.5 3:48.7
Return to total farm labor (¢/hour) N 5.9 8.1 9.7 15.8
Return to family farm labor (Z/hour) : 5.9 ‘ 13.6 }7.,2  _ 93 _
Return to faﬁily'maize labor (¢/pour) | . 13.0 . 35,9 ©38.2 0 40.2
Return to fam cash cost - . 3.1 2.1 _:lz.sf 1001
Return to m;;ize cash cost | - 4.9 4.3 - Y40 58
Farm benefi.t/oost. ) : 2.4 1.9 3.3 | 10.8 |
. Bt 4
Maize benefit/cost ‘ 4.4 39 36 43




NFI = Net fa¥m income /e

Nl = Net maize income //yeor

[0 I _ RFMILL= Return to forily molire labor
O é: _ RTFL = Return fo totel form labor
CQLONS( )' ‘ . FB/C = Farm benefil /cost

WCC = Reoturnido form coch ooet
RFFL= Return fo fomily form lobor
30000 ' RMCC= Return to maize cosh cost

.  MBAC = Maize benefit/cost

20000 | ' /\\ : -- .

o : ' : ‘ o
o o ,/'/ ' \ . NFI
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Figure |': Relotions Abe?ween’ some economic indicotor and adoption
S groups: ' :
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exclusive groups, including posterior probabilities statements to evaluate

likely membership to a specific adoption group. :

In thig:case, this classiflication procedure hrings about an adoption for-

casting tool, that allows the classilication of a given farmer into one of the

adoption groups, even if{ the functicnal forms wmight be site speciflic to the study

ﬁ ares. These prediction functions conmstitute an instrument for exteusien pdrpn— -

iy ses, which is the next phase to be undertaken. Two'major advantages of this ins-

; trument are: a) it permits a pre—evaluation of the success of the~transf0renvé

,g effort by identifying target grouﬁs which, in turn, allows the planning and budf

1 geting of the avtivit?,>and b) it is simple and re]ativﬁly cheap to implement

g due to the reduced set of.vmriable$ that can'be'qunntified at the farm level.

; Farmer profile by adoption group does not shuw.a definite pattern according

¢ : ‘ :

§l‘;:)-" to the levels of technology adoption. 1t is poésible to distinguish some ten-

;é dencies to burintién through which it lower average values for the lower adoption

0 - ' ' '

fg group could be detected.

1 o -

4 Likewise, the analysis of some economic -indicators indicate a definite rela-

e R - .

: tionship bhetween returns to labor and cash expenditure and the levels of adoption.
This sugpests that in this case the objevtiye'function of these farmers might

be the maximization of their return to -labor.

1

To general, this methodological approach seems worthwhile to be repeted

,

elsewhere, looking for generalization, and repetitiveness in other areas with

Eamy -

small farming systems.

i ’ ’ :
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