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ARTICLE INFO Extended ABSTRACT
Article History: . ACKGROUND AND OBJECTIVES: Today, smart cities are a new paradigm in the global
Received 2022/05/08 urban planning system. Based on the capabilities of information and communication
Revised 2022/10/13 itechnology, these smart cities try to improve the quality of life in places which are
Accepted 2023/02/03 §immersed in numerous problems with social, economic, environmental and other
Available Online  2023/12/27 i dimensions. However, a comprehensive, multidimensional, complex smart city is based
ion the urban planning paradigm of complexity and chaos which can lead to successful
Keywords: §p|anning and management. The present study, from the perspective of modern chaos
Smart City i theory, is aimed to formulate strategic requirements for the realization of the smart city
Chaos Theory {in Ahvaz metropolis.
Self-Organization : . . . L
Ahvaz ETHODS: This article is in the category of applied-developmental research, which is

question-based. It has been accomplished using bibliographic and survey method,
i using exploratory factor analysis, one-sample t-test and Friedman ranking test in SPSS
%software. The survey instrument was a 5-point Likert questionnaire whose final content
.................................................... . ivalidity was confirmed by professors and its reliability was confirmed by Cronbach’s alpha
Use your device to scan i coefficient of 0.906. The statistical population consist of the experts of the institutions
and read the article online finvolved in the smartening process of Ahvaz metropolis. A combination of clustered
E gsnowball sampling methods and monitored network was used in this research. Finally, 380
i questionnaires were completed. The adequacy of the number of samples was confirmed
n i by KMO method.

INDINGS: Based on the findings of the research, in relation to the theory of chaos, it
is possible to conclude that Ahvaz metropolis is affected by the non-linear effect in the
%smartening process; also, the butterfly effect is significant in this metropolis. Moreover,
{in connection with the modulating variable of the power of universities and research
{institutes, sensibly, it can be accepted that the condition of this component is also not
{inappropriate. Using Friedman’s ranking test, the authors ranked the components and
iindicators including the butterfly effect of social and ethnic pluralism, social moderators,
Number of References i steady flow of energy, people, non-linear effect, variable modulating power of universities
31 Eand research institutes, contexts, structural forces, institutional forces. Finally, the use
i of communication and information technology capabilities in promoting environmental
quality (motivators) are located.

Number of Figures CONCLUSION: Based on the results of the research, nonlinear effects govern the

: process of smart city development in Ahvaz significantly. This implies that a nonlinear
i system, influenced by variables such as conflicting interests, developmental contradictions,
i ownership conflicts, and the level of technology acceptance by the public, dominates the
i realization of the smart city in Ahvaz. These factors have led to turbulent conditions in this
metropolis. In this context, the impact of two key factors, namely, government and oil, on
i this process and system, as well as the central-peripheral dynamics shaped in the country,
i particularly in connection with the oil-rich city of Ahvaz, cannot be overlooked. As many
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?researchers have emphasized in their studies, the government has commercialized money

iand capital in the cities through the vast banking system. It has helped the expansion
i of cities and urbanization more than ever. This extensive and unmatched influence of
i the government originates above all from the way of obtaining its revenue sources, i.e.
i the export of crude oil, the resulting national surplus has an important contribution to
gthe accumulation of capital and expanding reproduction in the economic process of the
i country. In such an atmosphere, the military creation of the center and the periphery
i has caused the emergence of an unbalanced national development model. Therefore, as
i observed in the analytical research model, the government and oil entities, in addition
§to their impact within the framework of internal structural institutions of the Ahvaz
i metropolis, are considered external influential factors in the overall drivers of smart city
realization in Ahvaz. The presence of these two entities, due to their interactions with each
i other and the factors of conflicting interests, developmental contradictions, ownership
conflicts, and the level of technology acceptance by the public, intensifies the nonlinear
i effects in the process of smart city development in Ahvaz. Inside, the stimuli have
i stimulated the drives and the drivers - based on the theoretical foundations of smart cities
- with the goal of achieving a more efficient, sustainable, livable and fairer city in an urban
§framework with dimensions of smart environment, smart life, smart economy, smart
mobility, smart governance and smart people to mobilize resources and facilities. But in
i the meantime, the factor of social and ethnic pluralism as a factor with a butterfly effect
can be effective in this movement from drivers to a smart city. Also, in this transformation,
two social moderator variables and the power of universities and research institutes are
%effective in this movement. In addition, the internet access flows as a constant flow of
i energy on the entire system.

{ HIGHLIGHTS:

i - Extraction of the essential components affecting the realization of the smart city of
i Ahvaz, with an approach based on chaos theory.

i - Evaluation of the current situation of the metropolis of Ahvaz, based on the basic
components of realizing the smart city of Ahvaz from the perspective of chaos theory.

i - Compilation of strategic requirements for the realization of a smart city from the point
i of view of chaos theory.

i - Analysis of the platforms affecting the self-organization capacity of Ahvaz metropolis, in
order to facilitate the transformation of this metropolis into a smart city.
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Table 1. Sampling adequacy test and Bartlett’s
sphericity scale of chaos theory variables

Sampling adequacy test (KMO) 0.692
Bartlett's sphericity test 1896.804
Degrees of freedom 666
The significance level 0.000
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Table 2. Extracted indicators of chaos theory variables
in connection with the realization of Ahvaz smart city

Effective indicators on urban chaos

Social and ethnic pluralism Q: «Creativity Q «Interest in the
city Qs «The will of the government to transform Ahvaz into a
smart city Qs <Participation in social life Qs <The will of oil
institutions to transform Ahvaz into a smart cityQe <Desire for
lifelong learning Q7 «The public desire of citizens to transform
Ahvaz into a smart city Qg «Open minded / cosmopolitan Qg ¢
The level of acceptance of technology by people Qio ¢
Flexibility of citizens Q11 «<Digital literacy level of citizens Q12 ¢
The use of ICT in adjusting environmental conditions Qa3 ¢
Information and communication technology infrastructure Q4 ¢
Using ICT to solve environmental pollution Qis <Information
and communication technology management Q;cUsing ICT to
protect the environment Qi7 «The power of universities and
research institutes Qg <Using ICT for sustainable management
of resourcesQio <The power of knowledge-based companies
and start-ups Q2o <Social cohesion and unity Q.1 <The power of
the municipality Q2 <The ability of advanced production
support service companies Q3¢ Conflict of interest Qs ¢
Contradiction of development Qgs <Conflict of ownership Qa ¢
security Q7 «Coordination of the urban planning system with
developments caused by ICT Qzg « Adoption of technology in
institutions Qa9 <Electronic readiness of institutions Qs ¢
Integrated urban management Qa1 «Participation in decision
making Qs <Transparency of management Qss <The level of
public and social services Qs4 ¢Ability to adapt to external
changes Qss <Internet access Qss <Ability to adapt to internal
changes Qsr.
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Table 3. Demographic characteristics of the research sample

Var Dimensions Abundance Percent Plural of abundance
Sex Female 110 28.95 380
Male 270 71.05
Age Less than 44 years 5 1.32 380
Between 45 and 60 years 300 78.94
More than 60 years 75 19.74
Level of Education Diploma 5 1.32 380
Associate degree 30 7.9
Bachelor Degree 105 27.62
Masters 195 51.32
PhD 45 11.84
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Fig. 2. Scaree diagram of chaos theory variables in the
realization of Ahvaz smart city

Table 4. Commonalities of the chaos theory variable scale in the realization of Ahvaz smart city

Var Initial Extraction Var Initial Extraction
Q26 1 0.892 Q16 1 0.761
Qa4 1 0.877 Qa9 1 0.752
Qs 1 0.844 Q3o 1 0.751
Q13 1 0.840 Qg 1 0.738
Q4 1 0.830 Q34 1 0.736
Qs 1 0.828 Q7 1 0.728
Qzs 1 0.820 Q1 1 0.721
Q2 1 0.815 Qs 1 0.720
Q1s 1 0.810 Qss 1 0.685
Qs 1 0.807 Q36 1 0.679
Q27 1 0.792 Qi 1 0.666
Qu 1 0.787 Qs 1 0.665
Q33 1 0.779 Q2 1 0.663
Q2 1 0.778 Q1 1 0.663
Qu4 1 0.729 Qs 1 0.636
Q17 1 0.772 Qa1 1 0.625
Qs 1 0.769 Qa7 1 0.624
Q1o 1 0.765 Q32 1 0.621
Q20 1 0.762
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Table 5. Extracting the eigenvalues of chaos theory variables in the realization of Ahvaz smart city

Total variance explained

Var Initial eigenvalues Extraction sum of squared loads Sum of squared charge rotations
Special Percentage Cumulative Special ~Percentage of Cumulative  Special Percentage Cumulative
amount  of variance percentage amount variance percentage ~ amount  of variance percentage

1 9.33 25.24 25.24 9.33 25.24 25.24 5.07 13.71 13.71
2 4.58 12.39 37.63 4.58 12.39 37.36 3.58 9.69 23.40
3 251 6.79 44.43 2.51 6.79 44.43 3.53 9.55 32.96
4 2.36 6.39 50.83 2.36 6.39 50.83 31.19 8.64 41.61
5 2.72 6.14 56.97 2.27 6.14 56.97 3.07 8.30 4991
6 1.65 4.47 61.44 1.65 4.47 61.44 2.94 7.95 57.86
7 1.48 4.01 65.46 1.48 4.01 65.46 1.98 5.36 63.23
8 1.30 3.53 68.99 1.30 3.53 68.99 1.53 4.15 67.39
9 1.17 3.16 72.16 1.17 3.16 72.16 1.45 3.92 71.32
10 1.08 2.92 75.07 1.08 2.92 75.07 1.39 3.75 75.07
11 0.96 2.59 77.67
12 0.94 2.55 80.22
13 0.77 2.10 82.33
14 0.68 1.84 84.17
15 0.65 1.77 85.9
16 0.58 1.56 87.51
17 0.50 1.37 88.8

18 0.48 131 90.20

19 0.42 1.15 91.36

20 0.39 1.07 92.43

21 0.37 1.02 93.45

22 0.32 0.86 94.32

23 0.30 0.81 95.13

24 0.26 0.72 95.86

25 0.24 0.65 96.51

26 0.20 0.54 97.05

27 0.17 0.47 97.53

28 0.16 0.43 97.68

29 0.13 0.35 98.31

30 0.11 0.31 98.63

31 0.10 0.27 98.90

32 0.07 0.23 99.14

33 0.07 0.22 99.36

34 0.07 0.19 99.5

35 0.06 0.18 99.74

36 0.05 0.15 99.89

37 0.04 0.10 100.0

Extraction technique: principal component analysis
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Table 6. Matrix of factor analysis components before the scale period of institutional capacity variables for the
realization of Ahvaz Smart City

Agents

1 2 3 4 5 6 7 8 9 10
Qzs 0.73
Qa3 0.70 -0/36
Qa0 0.69 0.34 -0.34
Q2 0.67
Qss 0.66
Q2 0.63 0.38 -0.37
Qi 0.62 0.35
Q37 0.59 -0.38
Qs3 0.58 -0.38
Q17 0.58 -0.44 0.34
Q32 0.55 -0.38
Q2 0.55 0.38 -0.36
Qo 0.55 0.44
Qu 0.54 -0.34
Qis 0.53 0.47
Quo 0.52 -0.48
Qs 0.51 -0.47
Q2 0.51 0.34 0.34
Qa1 0.50 -0.34 0.38
Qs 0.50 -0.37 -0.42
Qz6 0.70 0.39
Q1o 0.40 0.66
Qs 0.66 0.45
Q24 0.65 0.36 0.41
Qs 0.43 0.51
Q3 0.42 -0.48 0.47
Q 0.46 0.54
Q2 0.39 0.48 -0.37
Qo 0.48
Qs -0.40 0.45 0.45
Qus 0.51 0.57
Qs -0.43 -0.33 0.33 0.57
Q 0.42 03
Ox -0.61
Qs 0.45 -0.33 -0.47
Q27 -0.42 -0.43 0.53
Qu 0.33 0.40 -0.52
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Table 7. Matrix of rotated factor analysis components of chaos theory variables in the realization of Ahvaz smart city

Agents

1 2 3 4 5 6 7 8 9 10

Q30 0.83

Qazs 0.79

Qss 0.74

Qa7 0.73

Q29 0.68 0.38

Q16 0.63 0.33

Qn 0.54 0.49

Qus 0.53 0.40 0.39

Q3 0.41 0.35 -0.3 0.33

Q3 0.88

Qs 0.85

Q7 0.72 0.42

Quo 0.63

Q4 -0.87

Qs -0.84

Qxn 0.70

Q2 0.50 0.56

Q20 0.51 0.51

Qa4 0.92

Q26 0.92

Qzs 0.83

Quo 0.46 0.36 0.41

Q7 0.72

Q21 0.65 0.33

Qo 0.60 0.35 0.34

Qs 0.53 -0.35 -0.39

Q2 0.48 0.49

Qs 0.48 0.38

Q33 0.80

Q34 0.79

Q2 0.59 0.44 0.40

Qxn 0.35 0.51

Qs 0.33 0.72

Q1 0.77

Qu 0.81

Qs 0.40 0.41 0.52

Qe 0.76

Rotation method: Varimax with normalized Kaiser
with 10 converging rotations

Table 8. Extracted factors, factor load and naming factors; and the product of Friedman’s ranking test

Name the agent Var Factor load Average rank Friedman Rank Friedman
Background Q3o 0.834 18.53 20
4.78 Qz 0.796 16.34 23
Rank: 7 Q3 0.744 17.61 21
Qa7 0.734 18.68 19
Q29 0.682 20.36 17
Qi 0.636 15.30 28
Qn 0.547 21.87 11
Qus 0.539 16.12 24
Qa1 0418 15.86 26
Using ICT capabilities to improve Qi3 0.884 12.61 34
the quality‘ of thef environment Qs 0.857 11.43 36
('“cg';;f‘ves) Qu 0.727 11.65 35
Ran.k: 10 Q1o 0.637 15.03 29
Structural forces Q4 0.874 13.36 32
3.92 Qs 0.846 14.06 30
Rank: 8 Qz 0.706 15.93 25
Q23 0.560 16.45 22
Qa0 0.516 21.18 16
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Table 8. Extracted factors, factor load and naming factors; and the product of Friedman’s ranking test

Name the agent Var Factor load Average rank Friedman Rank Friedman
Non-linear effect Q 0.923 21.69 15
R6-‘k7 s Qs 0.923 2174 14
anks Qs 0.839 21.84 12
Q1o 0.465 25.86 4
People Q7 0.726 22.28 8
R6-3k4 . Qu 0.658 22.20 10
e Qs 0.680 21.83 13
Qs 0.539 22.95 7
Q2 0.495 19.55 18
Qs 0.486 28.92 2
Institutional forces Qa3 0.804 13.59 31
R“:Z 0 Qu 0.792 15.33 27
ank: Qu 0.598 1271 33
Q32 0.510 10.80 37
Moderator variable Universities and Qs 0.725 22.27 9
research institutes
5.76
Rank: 6
Butterfly Effect Q1 0.771 30.84 1
8.48
Rank: 1
Social moderator variable Qu 0.812 26.34 3
7.15
Rank: 2 Qs 0.53 25.02 5
Constant flow of energy Qs6 0.762 24.86 6
6.58
Rank: 3

Table 9. One-sample t-test of the current state of Ahvaz metropolis, based on the basic components of realizing the
smart city of Ahvaz based on chaos theory

Expected average = 0.5

Average difference in t Significance Confidence interval
averages level of sig 95%
test Low range limit  Upper range limit
Background 2.2 -0.2 -3.2 0.002 -0.4 -0.1
Using the capabilities of 1.8 -0.7 -8.8 0.00 -0.9 -0.5
information and
communication technology to
improve environmental quality
(incentives)
Structural forces 21 -0.3 -3.1 0.002 -05 -0.1
Non-linear effect 2.9 0.4 35 0.001 0.2 0.6
People 2.8 0.3 3.7 0.00 0.1 0.4
Institutional forces 1.8 -0.7 -9.6 0.00 -0.8 -0.6
Moderator variable 2.7 0.2 1.7 0.00 0.00 0.5
The power of universities and
research institutes
Butterfly Effect 3.8 1.3 1.83 0.00 11 15
Social moderator variable 31 0.6 6.01 0.00 0.4 0.8
Constant flow of energy 2.9 0.4 43 0.00 0.2 0.6
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Table 10. Friedman ranking test of components and

indicators
Components Indicators
N 380 380
Chi-Square 266.234 709.904
df 9 36
Symp.Sig 0.000 0.000
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Fig. 3. Analytical model of realization of Ahvaz smart
city based on chaos theory with emphasis on self-
organization
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