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ABSTRACT: The aim of the survey is to study the effective dimensions of chaos theory on agricultural
extension sector. This study is the first attempt using chaos theory to improve agricultural extension. The
target population was agricultural specialists in Fars province of Iran. 100 agricultural specialists were
selected. A questionnaire was developed used fixed - choice questions. Validity of the instrument was
established using an expert panel. A pilot study was conducted to determine the reliability of the
questionnaire for the study. A Cronbach's alpha, Average variance extracted and Composite Reliability was
calculated. The statistical analysis used the structural equation modeling, with SPSS ver.16 and smart PLS
softwares. Using advisability and flexible programming in decision making, stakeholders' tendency,
considering long term missions and self-control are the most important factors in chaos theory in relation to
agricultural extension. Factors of self-organizing, strange attractors and butterfly effect explained about 30
percent of variance in chaos theory. The findings of this study will help to produce effective programs.
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INTRODUCTION

The concept of deterministic chaos has been greatly
influencing not only science but also engineering,
technology, and even arts along with substantial
progress in our understanding of deterministic chaos
since 1970's (Aihara, 2012). The most general
definition of chaos referred to as'on-scheme and
unpredictable situation' is defined as 'irregularity
pattern' in science. Perhaps, the most satisfactory
definition of chaos concept is that: "Chaos is irregular
and unpredictable behavior of complex linear dynamic
systems" (Demir, 2013).
Chaos theory offers a number of insights about changes
that appear non-predictable and non-linear (Wong,
2013) that has grown into a collection of analytical
tools can be applied across all sciences. It is a set of
non-linear mathematical tools. Chaotic systems appear
in many fields of science and engineering such as
mechanical engineering, biology, chemistry, physics
and laser science and economics (Salarieh and Alasty,
2009). Aspects of chaos theory have been drawn from
the world of mathematics and brought into the social
sciences, predominantly in the study of economics and

financial markets (Musselwhite and Herath, 2001,
Musselwhite and Herath, 2004) and it has been used to
examine a range of general educational issues and
specific themes in the professional development of
teachers and curriculum and instruction (Wong, 2013).
A chaotic system is the system highly sensitive to initial
conditions. A very small change in initial conditions
may cause system to create very large fluctuations in
long term. The dynamics seems to be random in chaotic
system may be the outcome of a deterministic system
(Wei and Leuthold, 1998).
Although chaos shows unstable behavior between
variables, it is not stochastic. Randomness may,
however, hide a particular pattern. Although chaotic
behavior is unpredictable, it depends on the initial
conditions of the model. The hidden pattern is called
the strange attractor. An attractor shapes the dynamic
behavior of a non-linear model into a certain order.
Attractors guide behavior but do not determine it
completely (Staveren, 1999). The concept of self-
organization as the other key characteristic of living and
open dynamical systems becomes a central determining
factor in chaos non-equilibrium theory.
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Fascinated by the notion, as if it were a really new
discovery, some social scientists (see, for example,
Wheatley, 1999) explain several features of self-
organization, such as self-reference, open-interaction
and interdependence between organizations and
environments, stability over time, and the importance of
freedom for self-organizations to develop in nature
(Farazmand, 2003).
Demir et al (2013) in the study with the aim to examine
the existence of chaotic structure in agricultural
production in Turkey by using Chaotic Dynamic
Analysis (CDA) and to provide accurate forecast of
agricultural production shows that the supply of the
selected agricultural products (wheat, barley and rice)
has chaotic structure. The dynamic system constructed
predicted the supply of year 2010 with % 0.5 error for
wheat, %5 errors for barley, and %2.5 error ratios for
rice.
Astuti et al (2011) show that chaos could occur anytime
in agriculture sector and that some occurrences will be
predictable and some will not, so it needs early warning
system that could detect early chaotic conditions and
take action for crisis recovery. Chavasand and Holt
(1993) in his study examining the deterministic chaotic
structure of pork production found evidence the
existence of chaotic structure by using GP correlation.
Similarly, Chiarella (1988) found chaotic behavior in
the parameters of Cobweb model that used to determine
the price dynamics in fully competitive markets.
Cromwell and Labys (1993) examined the movements
of monthly cocoa, coffee, rice, sugar, tea and wheat
prices between the years of 1960-1992 and found
nonlinear dependence in the cocoa, tea and sugar prices.
Moreover with the help of the Lyapunov exponent, they
show that wheat price has a chaotic structure. Burton
(1993) showed the existence of chaos in the model of
agricultural products with the help of the logistic map.
Perhaps the first study investigating the chaotic
structure of variables in agriculture, crop production or
ecological system is May's (1976) discrete logistic
model showing the chaotic structure of the ecological
system. However, the one-dimensional discrete models
derived from ecological data to determine the chaotic
behavior wasn't very successful (Sakai, 2001). Sakai
(2001) determined low dimensional deterministic
chaotic structure in a corn production series. Similarly,
Tilman and Wedin (1993) identified the chaotic surge
in grass production. Sakai et al (2008) examined the
chaotic dynamics in the ecological time series with a
very few data and found that the system has a chaotic
structure. In the same study, they found that tangerine
production exhibit chaotic behavior.
Agricultural extension, or agricultural advisory
services, comprises the entire set of organizations that
support people engaged in agricultural production and
facilitate their efforts to solve problems; link to markets

and other players in the agricultural value chain; and
obtain information, skills, and technologies to improve
their livelihoods (Davis, 2008). Kidd et al (2002) in
their general assessment of extension notes that
agricultural extension is widely regarded as playing an
important role in improving agricultural systems
worldwide and its provision has been seen for many
years as a principle responsibility of the state. The
general feeling is now that for offering services to
farmers and adequately addressing their needs, these
administrations are too inflexible and unresponsive,
with the high cost brining insufficient benefit.
Qamar (2003) names the general impression about
public extension system such as large number of staff,
consuming substantial government budget yet neither
too efficient nor too effective, top-down organization
and operations, farmers complain because extension
agents do not visit them often enough, and low adoption
of improved technologies owing to poor extension
services.
On the other hand governments are facing new
extension challenges: meeting the need to provide food
for all, raising rural incomes and reducing poverty, and
sustainably managing natural resources. These critical
challenges exist in a rapidly changing world.
Globalization, new technologies, the new relationships
developing between the public and private sectors, the
multi-disciplinary nature of agriculture, heterogeneity
between and within countries, the geographic
dispersion of rural people - all these realities are putting
new pressure on the developing countries in their
efforts to develop (Rivera, 2001).
Of course most public extension systems are still top-
down in structure, inadequately funded (especially for
field-level programs) and have done little or nothing to
keep and upgrade their extension staff (Swanson,
2008).
Agricultural extension is in crisis throughout the world
(Wejnert, 2002) and this subsection of agriculture in
Iran has not been effective, too.
While there is quite enough study modeling the chaotic
structure in price or returns of goods or asset in
agriculture, and chaotic structure in crop production
series there are quite few studies investigating the chaos
in agricultural extension, so it's an opportunity to study
about the effective dimensions of chaos theory on
agricultural extension sector using structural equation
modeling.

MATERIALS AND METHODS

The research design for this study employed descriptive
and analytical methods. The target population was
agricultural specialists in Fars province of Iran. 100
agricultural specialists were selected. A questionnaire
was developed from a review of literature, and
interviews with agricultural specialists in Fars province.
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The questionnaire used fixed - choice questions. Face
and content validity of the instrument were established
using an expert panel, consisting of faculty from the
department of agricultural extension and education at
Islamic Azad University. A pilot study was conducted
with 30 agricultural specialists in a township (not
included in the sample population), to determine the
reliability of the questionnaire for the study. A
Cronbach's alpha, Average variance extracted and
Composite Reliability was calculated. The statistical
analysis used the structural equation modeling, with
SPSS ver.16 and smart PLS software.

RESULTS

The results of the study showed the most respondents
were in the age category 30-40 and 79.4 percent of the
respondents were men and 20.6 percent were women.
73.7 percent of the respondents have Bachelor of
Science and 26.3 percent were Master of Science.

Respondents were asked to determine their opinion
about chaos theory and its dimensions. Respondents
were asked to determine their opinion about chaos
theory. The highest priority refers to Using advisability
and flexible programming in decision making and the
lowest was Availability of participation culture in
society (Table 1).
Respondents were asked to determine their opinion
about butterfly effects. The highest priority refers to
stakeholders' tendency and the lowest was stakeholders'
motivation (Table 2).
Respondents were asked to determine their opinion
about strange attractors. Table 3 shows the results.
Respondents were asked to determine their opinion
about self-organization. The highest priority refers to
self-control and the lowest was Reciprocal relationship
between organization and environment (Table 2).

Table 1: Respondents' views of their opinion about chaos theory (1= very little; 5=very much).

PriorityC.VStandard
deviationMeanStatements

10.190.824.28Using advisability and flexible programming in decision
making

20.20.914.38Using collective wisdom in designing extension
programs

30.210.934.38Making welfare in agricultural society
30.210.924.37To brisk up agricultural capitals
40.220.964.36Improvement agricultural productivity
40.220.904Making temporary structures and systems
50.230.994.34Improvement efficiency of economic activities in

agricultural markets
50.230.974.29Enthusiasm in attitudes of agricultural managers
50.2314.25Consider priorities in programs
60.241.024.28To disseminate team working
70.261.074.15To be thoroughly acquainted with agricultural

environment
80.281.154.06Availability of participation culture in society

Table 2: Respondents' views of their opinion about butterfly effects (1= very little; 5=very much).

Priority
C.VStandard

deviation
MeanStatement

10.221.054.58Stakeholders tendency
20.241.064.29Stakeholders participation in program performance
30.281.194.11Stakeholders background activities
30.281.254.33Stakeholders Rivalry
40.291.274.33Availability of facilities
50.31.324.42Need assessment
60.311.334.19Appropriate method of program priority
60.311.374.29Program implementation in order to priorities
70.321.374.24Considering social-cultural conditions of stakeholders
80.331.424.27Stress reduction in stakeholders
90.341.353.86Stakeholders motivation
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Table 3: Respondents' views of their opinion about strange attractors (1= very little; 5=very much).

PriorityC.V
Standard
deviation

MeanStatement

10.281.24.28Considering long term missions
20.291.224.24Using systemic thought in program codify and

implementation

Table 4: Respondents' views of their opinion about self-organization (1= very little; 5=very much).

PriorityC.VStandard deviationMeanStatement
10.230.954.02Self-control
20.260.983.67stability over time
20.261.033.85Self-assessment
30.271.184.34Open interaction with agricultural sections
40.281.164.18Reciprocal relationship between organization and

environment

Smart PLS is one of the prominent software
applications for Partial Least Squares Structural
Equation Modeling (PLS-SEM). It was developed by
Ringle, Wende & Will (2005). The software has gained
popularity since its launch in 2005 not only because it is
freely available to academics and researchers, but also
because it has a friendly user interface and advanced
reporting features (Wong, 2013). Partial Least Squares
used to study the effects of strange attractors, self-
organization and butterfly effects. Validity and
reliability were assessed. If the indicators are highly
correlated and interchangeable, they are reflective and
their reliability and validity should be thoroughly

examined. In order to assessed significance of effects
used bootstrapping and t-value.
The results of Partial Least Squares include in
composite reliability, Average Variance Extracted and
factors loading were assessed (chart 1). In order to the
results, the values show the acceptable parameters of
convergent validity. It means factor loadings, Average
variance extracted and composite reliability upper than
0.5, 0.5 and 0.7, respectively (table 5).
Discriminant validity assessed using correlation matrix.
Table 6 shows the acceptance of the correlations
because of the lower unit than square of average
variance extracted (Table 6).

Chart 1: Factors loading and coefficient paths in reflective model of chaos theory.
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Table 5: The validity of chaos theory parameters.

Factor loadingsAVECR
Variable

0.902

0.7100.960

0.861

0.860

0.643Butterfly effects

0.849

0.848

0.881

0.871

0.826

0.856

0.936
0.8510.919

Strange attractors

0.908

0.622

0.5360.848
0.619
0.578Self-organization

0.836

0.911

0.790

0.5000.922

0.672

0.729

0.694

0.649

0.818

0.806

0.709Chaos Theory

0.543

0.630

0.718

0.583

0.718

0.802

0.577
0.782

Table 6: Discriminant validity of chaos theory sections.

Variable Butterfly effects Strange attractors Self-organization Chaos theory
Butterfly effects 0.842
Strange attractors 0.661 0.922
Self-organization 0.386 0.462 0.732
Chaos theory 0.342 0.329 0.530 0.707
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Table 7: Path coefficient and t-value for chaos theory.

Chart 1 shows the path coefficient and squared R to
identify the effects. The three mentioned factors
explained about 30 percent of variance in chaos theory
(Table 7).

CONCLUSION

Chaos theory suggests that it is possible to influence
change but not to completely control it. The predictive
variables in the forecasting model once identified and
deemed to be statistically significant could be
incorporated in an outcomes based planning framework
that informs short term decision making. This paper
argues that chaos theory provides a useful theoretical
framework for understanding the dynamic evolution of
agricultural extension. By conceptualizing agricultural
extension as chaotic systems, a number of implications
can be developed. If a system (agricultural extension)
exhibits chaos, decision making should consider the
system characterization parameters from a chaos theory
perspective such as using advisability and flexible
programming in decision making, stakeholders'
tendency, considering long term missions and self-
control are the most important factors in chaos theory in
relation to agricultural extension. Factors of self-
organizing, strange attractors and butterfly effect
explained about 30 percent of variance in chaos theory.
This study, by proposing a new model of the
agricultural extension, will help to produce effective
programs to improve conditions in this section.
Nevertheless, due to the exploratory nature of this
study, it is needed to go deeper into the analysis of the
model used in programming agricultural extension.
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