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Abstract This paper presents an Exploratory Spatial Data Analysis and Spatial Econometric
modeling of the 2011 National Constituent Assembly elections (NCA) in Tunisia. By using
electoral data at delegation level of the six main political parties (Ennahda, Congress of
the Republic, Ettakatol, the Democratic Progressive Party, the Petition and the Democratie
Modernist Pole), we show that geographical proximity matters in Tunisia’s voting behavior.
The results overwhelmingly support the spatial Durbin model, including spatially weighted
independent variables, as the best model to explain the voting phenomenon. Employing
LeSage and Pace’s approach, we find that the largest direct and indirect effects are associated
with age cohort and level of educational attainment. Voters who live in poorer neighborhoods
are more likely to support the Petition list. Our results also show that younger voters are more
likely to vote Ennahda, while older voters with high educational attainment are more likely to
support Ettakatol and the Democratie Modernist Pole parties. Men are more likely to support
Congress of the Republic than women voters.

Keywords Elections · Spatial analysis · Spatial Durbin Model ·
National Constituent Assembly · Tunisia

1 Introduction

After more than 23 years of one-party dictatorship, Tunisia held a multi-party National
Constituent Assembly (NCA) election in 2011. This first democratic election was conducted
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under the supervision of the National Democratic Institute (NDI) as well as 45 short-term
international observers and two long-term observers who witnessed the process before, on
and after the election day.1 The High Independent Authority (ISIE)2 was created to manage
these elections and to guarantee they would be free and democratic.3

On October 15, the ISIE announced that a total of 4,439,527 voters (54 % of total eligible
voters in Tunisia and abroad) had chosen their polling station. The ISIE announced the final
election results on November 14 in Tunis. The new assembly has 217 members (or seats),
elected by direct universal suffrage on closed list proportional representation (PR) system.
From a total of 1,517 lists (54.6 % as political parties, 43.3 % independent candidates,
and 2.4 % by coalitions), the Islamist Party Ennahdha (Renaissance Movement Ennahdha)
obtained the highest number of seats in theNCA,with a total of 89,while theLiberal Congress
of the Republic (CPR) received 29, and Al Aridha Al Chaabia (henceforth the Petition) 26.
Ettakatol received a total of 20 seats, and the Democratic Progressive Party (PDP) received
16 seats. The female participation represents 27 % of the NCA seats (59 seats of which 40
for Ennahdha), and 46 % of registered voters.

Voting results are widely interpreted by national and international politicians, and the
debate is mostly pronounced on the emergence of Islamist and secularism forces as well
as the future role of Islam and sharia law in Tunisia. Little attention has been given to the
geographical and economic dimensions of elections, except some works such as Gana et
al. (2012) and Reith (2013). Gana et al. (2012) use an exploratory analysis by combining a
sociological and a territorial approach, to show that Tunisian vote presents a strong territorial
dimension. Reith (2013) uses the Generalized Spatial Two-Stage Least Squares Regression
to test how the three theoretical hypothesis: ‘youth bulge’, ‘demographic disparities’, and
the ‘role of digital media’ can explain the revolution and the success of Islamist party in
Tunisian elections. According to the ‘youth bulge’ theory, based on the work of Thomas
Robert Malthus, a large youth cohort aged 15–29 (which is the case for the majority of Arab
countries) probably had the unintended effect of altering the regional military balance and
can explain revolutions (LaGraffe 2012). In addition, the ‘demographic disparities’ which
includes different kinds of inequality (poverty, unemployment, gender, and so on) can also
explain the revolutionary event (Korotayev and Zinkina 2011). The most recent theory is the
role of digital media. Despite the fact that the old regimes of Ben Ali and Moubarek blocked
websites and intimidated bloggers disseminating information against the regime, the media
network has played a major role in the ‘Arab Spring’.

Despite that the work of Gana et al. (2012) analyses the spatial dimension of Tunisian
elections, it does not considers the spatial spillover process among administrative units and
it also does not build a rigorous econometric model to deal with spatial clustering of voter
turnout in NCA elections. The paper of Reith (2013) seeks to identify the main causes of the
revolution and not to analyse the spatial dimension of Tunisian elections. Our paper presents
an extension to these works in which we use the Exploratory Spatial Data Analysis (ESDA)
and the spatial econometric methods to examine the determinants of voting patterns across
small administrative units in Tunisia (delegation) and to show how social interactions and
geographical proximity matter. Indeed, as showed by Johnston et al. (2004); Darmofal (2006)
and Mészáros et al. (2007) the neighbourhood effects were among the strongest influences
on party choice. Notably, social network, place identities and geographical proximity have

1 National Democratic Institute: Final report on the National Constituent Assembly Elections.
2 Instance Supérieure Indépendante pour les Elections.
3 Decree-law 27 (18 April 2011) establishes the ISIE, including its membership and responsibilities (see the
electoral law for more details).
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a powerful influence on voters such that one network or local place member’s decision is
highly dependent by its neighbors. Therefore, it is important to consider spatial effects in
voting patterns because if such effects exist but are not accounted in the model, parameter
estimates may be biased and inconsistent (Anselin 1988).

The remainder of this article is organized as follows: Section 2 offers some theoretical
and empirical background. Section 3 outlines the major causes of Tunisian revolution. Data
and estimation approaches are presented in Sect. 4. Section 5 presents the empirical results
and Sect. 6 concludes.

2 Relevant literature review

There is a growing body of literature which suggests that voting patterns are not independent
from space (Cutts and Webber 2010; Flint 2001; Gimpel et al. 2008; Johnston et al. 2000;
Johnston et al. 2004; Johnston et al. 2005; Kim et al. 2003; Shin and Agnew 2007; Tapiador
and Mezo 2009). Such relationship can results from people interacting and social network
that occur in places. Indeed, people are influenced by those they discuss politics within their
social networks, and more particularly those living in the same neighborhood. It is generally
assumed, that those who live together talk together, those who vote together live together and
those who live together act like each other (Johnston et al. 2004; Pattie and Johnston 2004).
In the literature reviews, the relationship between space and election outcomes is considered
at two different levels: the individual level and the aggregated level.

In an individual-level (or micro-level), most studies have accepted that voters are influ-
enced by their social and geographical environments (Cox 1969; Pattie and Johnston 2004)
as well as their own individual situations such as age, sex, marital status, income, ethnic
background (Bühlmann and Freitag 2006; Knight and Marsh 2002). In his pioneer study of
‘the voting decision in a spatial context’, Cox (1969) introduced the concept of the neigh-
bourhood effect to define a new subdiscipline of electoral geography, also called the Cox’s
theories. Cox concludes that “individuals are somehow affected in their voting behavior by
the information and cues dominant in their area of residence” Cox (1969, p. 97). He showed
that social interactions within an environment influence individual choice. In addition, the
local conditions and the face-to-face social interactions influence what individuals learn and
know about politics. In the same vein, Leigh (2005) showed that contextual and spatial effects
matter in voting pattern. More specifically, voters who live in richer neighborhoods are more
likely to be right-wing, while those in more ethnically diverse or unequal neighborhoods are
more likely to be left-wing. He added that “a voter dwelling in a neighborhood with few poor
people may have less inclination to support anti-poverty policies than if the same voter lived
in a less affluent area” (Leigh 2005, p. 266).

In an aggregate-level (or marco-level), some recent works stress the spatial clustering and
the spatial diffusion of turnout and believe that voting behavior varies across places because
of the different local political and economic conditions (local contextual effects). Others
have also argued that turnout is affected by geographical proximity of one place to another
(contagious diffusion) (Vilalta 2004). Using a sample of US metropolitan areas, Sauerzopf
and Swanstrom (1999) concluded that different places create different political attitudes and
electoral behaviours. Darmofal (2006) examined themacro turnout for each presidential elec-
tion in the US from 1828 through 2000 by using spatial econometric models. He showed that
turnout rates in each presidential election have a strong global spatial structuring.

Some interesting works propose an alternative approach that combines the two levels
(individual level and the aggregate level) into one model (called multilevel or hierarchical
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model) for explaining voting behavior (e.g. Van Egmond et al. 1998; Bühlmann and Freitag
2006). The hierarchical model offers explanations on how contextual effects translate into
individual behavior. Van Egmond et al. (1998) showed that the addition of contextual char-
acteristics from a significant improvement to an individual level model predicting electoral
participation. They combined survey data to consider the individual characteristics on elec-
toral participation and aggregate data on the context of an election to estimate the influence
of contextual characteristics.

3 Tunisian context

Since the mid-1980s, Tunisia has followed neo-liberal economic policies characterized by
privatization and economic opening. This approach has reinforced the inequality in eco-
nomic performance and employment opportunities between coastal and interior regions. As
a matter of fact, more than 90 % of the total employment is still generated in the coastal
part of the country. Moreover, regional disparities in unemployment rate were also sig-
nificant in Tunisia. Non-coastal areas had the highest unemployment rate (18.5 %), (even
exceeding 22.6 % in the governorate of Jendouba, Al Kef, Kasserine and Gafsa) as opposed
to 13.1 % in the coastal areas (Amara and Ayadi 2013). In addition, the social situation
in Tunisia has dramatically worsened in recent years due to the rise of the informal sec-
tor, the pandemic growth of corruption and the failure or inability of the formal sector to
guarantee the desired level of employment. These social and spatial inequalities among
the country’s regions were fuelling social unrest, thereby leading to the Tunisian revolu-
tion.

According to the National Institute of Statistics (INS), the head count poverty rate
declined from 32.4 % in 2000, to 23.3 % in 2005 and then to 15.5 % in 2010. Despite
this decline, inequality remains high in Tunisia as shown by the Gini coefficient, which
rose from 39.3 % in 2000 to 42.1 % in 2005.4 In addition, the decline in poverty rate at
national level has masked huge differences between regions. The poverty rate is at 32.3 %
in Center West, 25.7 % in North West and 21.5 % in South West, compared to 15.5 %
at the national level in 2010. The Center East (8 %), the Greater Tunis (9.1 %) and the
North East (10.3 %) have the smallest poverty rates.5 The western regions of Tunisia are
also the poorest in terms of basic infrastructures (health, sanitation, water, transport) and
human capital availability, which presents one of the barriers to local and international
investors.

Furthermore the spatial and social inequalities, poverty, migration and unemployment,
other factors may explain the Tunisian revolution such as corruption and patronage, internet
and newspapers censorship, the lack of freedom and expression, and the feeling of dis-
satisfaction. Indeed, corruption in Tunisia becomes a structured and hierarchical organi-
sation that affects most private and public sectors. In addition, access to any information
about the Tunisian political system (via websites, newspapers, books…) was almost impos-
sible. The spatial and social inequalities and the oppressive regime have led the feeling
of dissatisfaction of young people seeking dignity and social and economic security (see
Ayeb 2011 and Mabrouk 2011 for more details about the main causes of the Tunisian
revolution).

4 AfDBAfrican Development Bank (AfDB) Group, 2012 ‘Tunisia: Economic and Social Challenges Beyond
the Revolution’.
5 INS, “Mesure de la pauvreté et des inégalités en Tunisie 2000–2010 ” (http://www.ins.tn).
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4 Data and methods

4.1 Data

To carry out the analysis on the NCA elections, we used three databases: (i) the Tunisian
election final results published by the ISIE;6(ii) the socioeconomic data of 2004 general
census of the Tunisian population published by the INS; and (iii) the 2005 national survey
of household consumption.7

The ISIE dataset provided information on 51.7 % of the total number of potential votes
at different levels (electoral district, delegation and governorate). Among the 8,289,900 eli-
gible voters in both Tunisia and abroad, only 4,308,800 people voted. In order to provide
equitable representation, the ISIE retained 33 constituencies (or electoral districts) where 27
constituencies in Tunisia and six out of the country. Notably, each governorate is represented
by one electoral district, except the three governorates of Tunis, Nabeul and Sfax, whose pop-
ulation is more than 630,000 inhabitants and each, is divided into two electoral districts. The
electoral districts are divided into 7,213 polling stations covering all the Tunisian territory
to facilitate the voting process. Mobile teams were also introduced to facilitate registration
in rural areas. Among the districts, one seat is assigned for each 60,000 inhabitants and one
additional seat is also assigned when the remainder of inhabitant goes beyond 30,000. Fur-
thermore, and in order to avoid penalizing governorates with low population density, mainly
those in the south of Tunisia, two additional seats are allocated to governorates where the
number of inhabitants is less than 270,000 and an additional seat is given to governorates
where the number of inhabitants ranges between 270,000 and 500,000.

According to the official statistics announced by the ISIE on October 14th, 11,686 candi-
dates appeared on 1,517 lists (655 independent lists, 828 party lists and 34 coalition lists) in
the 27 electoral districts in Tunisia. The non-valid and blank ballots represent respectively
3.6 and 2.3 % of the total votes. Ennahdha ranked first among political parties with 1,500,649
votes (89 seats), CPR, the Petition and Ettakatol follow respectively the second, third and
fourth positions. Our analysis is based on these parties, to which we added the Democratie
Progressive Party (PDP) with 16 seats and the Democratie Modernist Pole (PDM) with five
seats (see Table 1 for more details).

The second dataset used is the 2004 general Census of the Tunisian population. TheCensus
offers detailed information about socioeconomic variables, including the educational attain-
ment level, the age groups, urbanization and many others. The Census presents information
at different levels: individual level, delegation level and governorate level. We use in addition
the 2005 National survey of household consumption with 12,318 Households. The detailed
information on the 2005 survey allows the estimation of poverty rate by delegation, which
the Census cannot provide such information. For the spatial analysis, the 2004 census, the
2005 survey and the ISIE dataset were blended together at the delegation level. Hence, for
each political party our analysis takes the votes aggregated in spatial or administrative units
(delegation) as the basic units for analysis in the absence of detailed individual data for votes.

Table 2 displays the descriptive statistics of the key variables used in our empirical analysis.
We can see that there is substantial variation in the turnout rate: the standard deviation is
12.425 %. Figure 1 shows that the governorate of Siliana in the Northwest (see Tunisia
map in Appendix Fig. 6), exhibits the lowest levels of participation (10 %). The coastal
(Sfax, Sousse, Nabeul and Tunis) and Southwest governorates exhibit the highest levels of

6 Data available on www.isie.tn.
7 The 2004 census and the 2005 national survey of household consumption are available on www.ins.nat.tn.
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Table 1 Distribution of votes and seats in Tunisia’s NCA

Party/List Number
of votes

Vote
share (%)

Cumulates
vote share
(%)

Number
of seats

Seat
share (%)

Cumulates
seat
share (%)

Ennahdha 1,500,649 54.32 54.32 89 41.01 41.01

Congress for the 341,549 12.36 66.68 29 13.36 54.37

republic (CPR)

Aridha Chaabia (Petition) 252,025 9.12 75.80 26 11.98 66.35

Domocratic forum for labour 248,686 9.00 84.80 20 9.22 75.57

and liberties (Ettakatol)

Democratie progressive 111,067 4.02 88.82 16 7.37 82.94

party (PDP)

Democratie modernist 49, 186 1.78 90.60 5 2.30 85.24

Pole (PDM)

Other 259,693 9.40 100 32 14.75 100

Total 2,762,855 100 217 100

participation (between 60 and 79 %). Figure 1 indicates also that the fraction of invalid
ballots which varies between 0.5 and 11 % is particularly concentrated in the Northwest
region, characterized by a high rate of illiteracy. There are, however, considerable geographic
variations in voter turnout. As Fig. 2 shows, the vote share exhibits a clear pattern of extreme
spatial clustering whatever the political party.

4.2 Methods

Two different approaches to spatial analysis are used in this study, Exploratory Spatial Data
Analysis (ESDA) and spatial econometric models. The ESDA focuses on techniques describ-
ing spatial distributions (spatial trends), discovering patterns of spatial association (spatial
clustering), and identifying spatial outliers (spatial outliers) (Anselin et al. 2007). Spatial
econometrics methodology deals with the effects of spatial dependence and spatial hetero-
geneity in regression analysis.

4.2.1 Exploratory spatial data analysis (ESDA)

The use of the ESDA aims to learn more about the spatial clustering of 2011 Tunisian
elections. We can identify the spatial structure by applying global and local tests of spatial
autocorrelation. Three tests will be considered for the ESDA analysis (see Anselin 1995;
1996 for more details and mathematical formulas): The first one is the Global Moran’s I
test which measures similarity or dissimilarity in a variable across neighboring spatial units
(delegations in our case) (Moran 1948; 1950). A significant positive global Moran indicates
positive spatial autocorrelation (neighboring delegations share similar vote shares) while
a significant negative global Moran indicates negative spatial autocorrelation (neighboring
delegations have dissimilar vote shares). The second test is the Moran scatterplot that gives a
visual illustration of the local spatial association and identifies their kind. The Moran scatter-
plot depicts four different quadrants corresponding to four types of local spatial association
between each locality and its neighbours: High-High quadrant (H-H) displays delegations
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Table 2 Descriptive statistics (264 observations)

Variable Description Mean Std. dev. Min Max

Votes Number of votes 15,514.8 10,344.38 1,315 63,481

Registered Number of registered voters 31,214.55 21,991.18 2,845 174,086

Nbparties Number of political parties by
delegation

57.345 14.082 26 95

Turnout Voter turnout (votes/registered) 51.357 12.425 10.407 79.415

P_invalid Share of invalid ballots 4.341 2.037 0.528 10.891

P_blank Share of blank ballots 2.769 1.325 0.426 10.362

Ennahdha % voting for Ennahdha 35.523 10.765 9.44 67.77

CPR % voting for CPR 7.134 5.497 0.67 44.62

Ettakatol % voting for Ettakatol 5.240 5.160 0.24 24.4

PDP % voting for PDP 3.812 2.247 0.26 14.66

Petition % voting for Petition 8.705 8.984 0.24 55.66

PDM % voting for PDM 2.075 2.221 0.3 21.97

Headcount Poverty rate 13.381 8.133 1.1 41.1

Unemployment Unemployment rate 15.207 6.332 4.6 39.2

Urbanization Urbanization rate 58.040 35.479 0 100

Sex ratio % of males to females 99.432 5.487 72.939 113.272

20–29_years % population 20–29 years 18.506 1.856 13.72 27.03

30–39_years % population 30–39 years 14.379 1.522 9.59 18.83

40–49_years % population 40–49 years 11.833 1.831 7.05 17.01

50–59_years % population 50–59 years 7.310 1.271 4.81 12.69

60 or more % population >= 60 years 9.929 2.072 3.72 18.4

Primary Education level (primary) 37.360 5.432 14.25 48.84

Secondary Education level (secondary) 30.624 7.519 10.33 48

University Education level (university) 6.490 5.479 1.38 45.05

with high values (above the average of the variable) surrounded by delegations with high val-
ues; Low-Low quadrant (L-L) displays the delegations with low values (below the average of
the variable) surrounded by delegations with low values; Low-High quadrant (L-H) displays
the delegations with low values surrounded by delegations with high values; and High-Low
quadrant (H-L) displays the delegations with high value surrounded by delegations with low
values. The third used test is the Local Indicator of Spatial Association (LISA) (or Local
Moran’s Ii ) that gives an indication of significant spatial clustering of similar values around
each delegation. The LISA is the most used indicator to measure the local spatial associ-
ation (clustering) of turnout rates. LISA satisfies two conditions: (i) for each observation
i , LISA gives an indication on significant clustering of type H-H or L-L; and (ii) the sum
of the Ii is proportional to the global indicator (Moran’s I ) of spatial association (Anselin
1995).

4.2.2 Spatial econometric models: SAR, SEM and SDM specifications

Twomain problems are likely to occurwhen using classicalmethods to dealwith geographical
data. First, most area data show some spatial dependence, making the classical methods
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Turnout                             Invalid ballots  Black ballots

80%

10%

11%

0.53%

10%

0.43%

Fig. 1 Turnout, invalid ballots and blank ballots

inappropriate. Second, it is difficult to assume stationarity in any process operating over real
geographical spaces (Unwin and Unwin 1998). Spatial econometric models come in three
basic varieties, the spatial autoregressive model (SAR), the spatial error model (SEM), and
the spatial Durbin model (SDM) (see LeSage and Pace 2009 which provided an extensive
introduction to the spatial econometric models).

We start with the standard linear regression model between a dependent variable yi (the
vote share of each political party) and a set of k independent variables (poverty rate, the
number of political parties, urbanization rate, sex ratio, education, and the age groups):

yi = α + βxi + εi or Y = Xδ + ε (1)

where (i = 1, ..., N ), refers to spatial unit (delegation), and εi are independently and iden-
tically distributed (i.i.d) error terms for all i , with zero mean and variance σ 2. If we do not
consider spatial autocorrelation, the δ = [αβ]′ vector can be estimated using Ordinary Least
Squares (OLS) method.

The most well-known spatial model is the SAR model which assumes the existence of a
spatial dependence in the dependent variable. The SAR model can be specified as follows:

Y = ρWY + βX + ε, or Y = (I − ρW )−1Xδ + (I − ρW )−1ε (2)

where Y = (y1, ..., yN )′, ρ is the spatial autoregressive parameter andW represents aweights
matrix defined by the delegation’s neighborhood such that its element wi j is equal to one
when delegation i is a neighbor to delegation j and zero otherwise.

A second type of spatial dependence involves correlation across the error terms. In fact, the
spatial autocorrelation can arise because nearby locations have unobserved common factors.
This formulation is referred to the spatial error model or SEM model written as:

Y = Xδ + ε, and ε = λWε + μ (3)

where λ is the coefficient of the spatially correlated errors and μ is a Gaussian spatial white
noise.
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Ennahdha CPR                                        Ettakatol

PDP                                           Petition                               PDM

68%

9%

45%

1%

24%

0%

15%

0%

56%

0%

22%

0%

Fig. 2 Choropleth Map of voting

The third type of spatial model is the spatial Durbin model (SDM)which includes both the
spatially lagged dependent and independent variables. It can be interpreted as a SAR model
augmented by spatially lagged explanatory variables.8

Y = ρWy + Xδ + WXθ + ε (4)

8 By imposing certain restrictions to the SDM model, we can get the SEM and SAR specifications. In
particular, if θ = 0 the SDM reduces to the SAR model. If the restriction θ = −ρδ is imposed, the SDM is a
simplified representation of SEM model.
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The endogeneity in the SDMmodelmakes the interpretations of the estimates richer andmore
complicated. Specifically, the SDM model allows us to separate the direct impact (within a
delegation) of an independent variable on the dependent variable from the indirect (to/from
neighboring delegations) impact (LeSage and Pace 2009). Thus, a change in the exploratory
variable in delegation (observation) i will not only exert a direct effect on the vote share
level of this delegation, but also an indirect effect on vote share levels in other delegations
j �= i (see LeSage and Pace 2009 for mathematical demonstration). LeSage and Pace show
in addition that the direct impact includes the effect of feedback loops where observation i
affects observation j and observation j also affect observation i as well as longer paths might
go from observation i to j and back to i .

5 Results

This section is divided into two parts. The first part presents the results of the ESDA analysis.
The second presents the results of the non-spatial and spatial econometric models.

5.1 ESDA results

Table 3 presents the results of Moran’s I computed for the share of the delegation vote for
each political party, using different orders of neighbors: first-order neighbors (W 1), second-
order neighbors (W 2), and so on (see Getis and Aldstadt 2010 for more details on spatial
weight matrices). The aim of using several different forms is to test whether our conclusions
are sensitive to the choice of the spatial matrix. As Table 3 shows, the global Moran’s I
is positive and significant at the 1 % level for all political party. The strong positive and
significant Moran’s I confirms the spatial clustering observed in Fig. 2, and implies that
voting behavior in Tunisia is spatially clustered. The results shown in Table 3 indicate that
the strength of the spatial association decreased for all parties as the number of neighbors
increased. Such results are in accordance with Tobler’s first law of geography: ‘everything
is related to everything else, but near things are more related than distant things’ (Anselin
1988, p. 8).

Table 3 Global test of spatial autocorrelation

W − order Nahdha CPR Ettakatol PDP Petition PDM

W 1 0.566 (0.040) 0.394 (0.039) 0.736 (0.039) 0.327 (0.039) 0.656 (0.039) 0.429 (0.038)

W 2 0.680 (0.056) 0.570 (0.053) 0.756 (0.055) 0.363 (0.055) 0.695 (0.053) 0.475 (0.050)

W 3 0.642 (0.047) 0.459 (0.045) 0.783 (0.044) 0.359 (0.047) 0.663 (0.044) 0.482 (0.041)

W 4 0.598 (0.040) 0.441 (0.037) 0.768 (0.039) 0.370 (0.040) 0.661 (0.039) 0.423 (0.036)

W 5 0.575 (0.037) 0.440 (0.035) 0.753 (0.036) 0.349 (0.035) 0.656 (0.036) 0.398 (0.033)

W 6 0.557 (0.032) 0.412 (0.033) 0.756 (0.033) 0.347 (0.034) 0.665 (0.031) 0.377 (0.031)

W 7 0.551 (0.031) 0.383 (0.029) 0.758 (0.029) 0.347 (0.030) 0.651 (0.029) 0.368 (0.028)

W 8 0.535 (0.027) 0.357 (0.027) 0.753 (0.028) 0.342 (0.028) 0.649 (0.029) 0.358 (0.027)

W 9 0.518 (0.026) 0.353 (0.026) 0.750 (0.026) 0.333 (0.026) 0.626 (0.025) 0.358 (0.025)

W 10 0.496 (0.026) 0.337 (0.025) 0.742 (0.024) 0.322 (0.025) 0.603 (0.025) 0.343 (0.023)

Robust standard errors in parentheses; all coefficients are significant at 1 % level
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Fig. 3 Moran scatterplot for the six political parties

Figure 3 displays the scatterplot box for the six parties. For each scatterplot box, the
four quadrants represent different types of association between the vote share (yi ) at a given
delegation (i) and its spatial lag (the weighted average of the vote share in the surrounding
delegations (Wyi ).9 The upper right (H-H) and lower left (L-L) quadrants represent positive
spatial association. At the first scatterplot box (Ennahdha party), more than 37 % of the
delegations (98 out of 264) fall in the upper right quadrant (H-H associations), and almost
12 % of associations fall in the lower left quadrant (31 out of 264). The proportions of H-H
associations for the other parties are as follows: PDP (31 %, 81 delegations among 264),
Ettakatol (29 %, 76 delegations in H-H quadrant), CPR (27 %, 72 delegations), Petition
(25 %) and PDM with 21 %. Except for the last two parties, this pattern suggests a spatial
cluster of delegationswith positive spatial autocorrelation (withmore that 25%of delegations
in the H-H quadrant). Note that neither the global Moran’s I , nor the Moran scatterplot are
able to detect the local patterns of association (hot spots). Local Moran’s (Ii ), can be used as
a more appropriate local indicators to test the local instabilities in overall spatial association
(Anselin 1995).

Figure 4 presents the significant values of the four quadrants of the Moran scatterplot
(using a significance level of p-value = 0.01 and 999 permutations). The significant H-H
associations exhibit a spatial cluster of delegations with hight vote shares above the national
average, while the significant L-L associations correspond to a spatial cluster of delegations
with low vote shares below the national average. Themost striking result obtained from Fig. 4

9 We use the first-order neighbors matrix for the Moran scatterplot and local Moran’s significance map.
Complete results with higher order neighbor weights are available upon request from the authors.
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Fig. 4 Local Moran’s significance map of vote-share

is that all delegations of Sidi Bouzid, where the revolution was born, are H-H votes for the
Petition list. In addition, these delegations are usually L-L for the other parties (except for
PDM list). Further, the delegations of Kairouan and the Western delegations of Sfax are also
H-H for the Petition list. The spatial clustering of votes for the Petition list, especially in
Sidi Bouzid, may be explained by at least the two following key reasons: the first is that his
founder and leader Mohamed Hechmi Hamdi (journalist, media entrepreneur and politician)
was born in Sidi Bouzid, and the second resides in the fact that he used his ownership of the
popular London-based Al-Mustakillah satellite TV station for the election campaign. The
Petition’s leader has also promised Tunisian people a free medical care for everyone and
unemployment benefit payment of 200 Tunisian Dinars in return for community service.10

His promises have mainly affected the poorest part of the population (more specifically the

10 Ofcom Broadcast Bulletin, Issue 204, 23 April 2012.
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Poverty rate                      Petition’s vote share

Low-Low
High-High
Not significant

Low-Low
High-High
Not significant

Fig. 5 Local Moran’s significance map of poverty rate and Petition vote-share

center Western regions like Sidi Bouzid and Kairouan). The relation between the spatial
clustering of Petition votes and poverty rate is clearly observed and confirmed by Fig. 5.

Contrary to Petition, most of L-L delegations for Ennahdha, CPR and the PDP are located
in Sidi-Bouzid, while H-H delegations are to be found in Nabeul, Kebilli for the CPR, and
in the Northwest (Beja and jendouba) for the PDP party (Fig. 4). Hotspot clusters of high
voter turnouts for Ennahdha (the first map of Fig. 4) are observed in several delegations, more
specifically those with high population density, including the Southeastern region, Sfax (Sfax
city), Kairouan (Kairouan city), Bizerte (El Alia and Ghar El Melh) and the most popular
neighborhoods in Great Tunis11 (Cité Ettadhamen in Ariana, Douar Hicher in Manouba, Sidi
Hcine in Tunis and Fouchana in Ben Arous). Examining the distribution of the votes for
the CPR, we can see that it is performed best in the southwestern governorate of Kebili and
Nabeul in the north east of Tunisia. The reason for the CPR’s spatial clustering is mainly due
to the fact that the CPR’s leader Monsef Marzouki was born in Grombalia (a delegation in
Nabeul) and his father is from the Mrazig tribe based in Douz (a delegation in Kebili). The
votes for both Ettakatol and PDM are almost concentrated in the same governorates of Great
Tunis, and more particularly in the Northeast of Tunis and Ariana.

5.2 Estimation results

Before turning to spatial econometric models, we start with a non-spatial linear regression
model and then we test whether themodel needs to be extended to consider the spatial effects.
We estimated two different models: in the first one (a) the vote share (yi ) is calculated based
on the total number of votes carried out in each delegation, while in the second model (b), yi
is calculated based on the total number of votes for the six parties in each delegation. Indeed,
although the presence of other parties in theNCA is restricted they can affect the voter turnout
of the six principal parties at the local level. To capture the political competition at the delega-

11 Great Tunis is composed of the following four governorates: Tunis (the capital), Ariana, Ben Arous and
Manouba.
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tion level, we introduce the variable “number of political parties by delegation” (Nbparties) as
an independent variable in model (a) (for model (b) the number of political parties is the same
for all delegations). Cox (1999) argued that proportional representation (PR) elections pro-
ducemore parties which give voters a wider range of choice andmoremobilization. However,
same research shows that turnout tends to declinewhen there aremore parties (Blais andAarts
2006). The negative relationship between the number of parties and turnout can be explained
by the fact that the presence of multiple parties provides the existence of coalition govern-
ments which will diminish voter incentives to turn out to vote (Grofman and Selb 2011).

As mentioned earlier, applying OLS to spatial data may induce inefficient results due
to possible spatial dependence. To test the existence of the spatial autocorrelation in our
data, we apply the Lagrange Multiplier (LM) test statistics as well as these robust forms
to test for a missing spatially lagged dependent variable (LM lag and Robust LM lag) or
error dependence (LM error and Robust LM error) (Anselin 1988; Anselin et al. 1996). Both
tests are based on the residuals of the OLS model and follow a chi-squared distribution with
one degree of freedom (Anselin et al. 1996). As shown in Table 4, both the hypothesis of
no spatially autocorrelated error term and the hypothesis of no spatially lagged dependent
variable must be rejected at 1 % significance (p-value < 0.01 for LM error and LM lag). The
robust forms of LM error and LM lag are also significant at 5 % significance (except for CPR
and Ettakatol). This indicates that the OLS model is not appropriate and must be rejected in
favour of the spatial models, in particular, the SDMmodel.12 Our arguments in favour of the
SDM are based on the recent studies of Elhorst (2010) and LeSage and Pace (2009). Elhorst
(2010) argues that if the OLS model is rejected in favour of both model (SAR and SEM),
then the spatial Durbin model should be estimated. In addition, the SDM model produces
unbiased coefficient estimates also if the true data-generation process is a SAR or SEM
model. Appendix Tables 6 and 7 show the results of the SAR and SEMmodels, respectively.

The hypothesis (H: ρ = 0) that the SDMmodel can be simplified to the SLX (spatial lag of
X ) model that supposes independence between delegation’s vote share, but includes spatially
lagged exploratory variables must be rejected at 1% significance whatever the political party.
In addition, the hypothesis that the SDM model can be simplified to the SAR model (H :
θ = 0) must be rejected (the LR tests with 12 degree of freedom are significant for most
parties (Appendix Table 8)). The spatial autoregressive parameter is positive and significant
whatever political party (it varies between 0.265 for the PDP and 0.672 for the Petition),
which confirms the spatial clustering of votes (Appendix Table 8).

As mentioned above, correct interpretation of the SDM estimated parameters require that
we consider both direct and indirect (or spatial spillover) effects. For each of our independent
variables (the vote share of each political party), we follow LeSage and Pace (2009, Chap. 2)
and calculate the scalar summarymeasures of direct, indirect and total effects. The estimation
results, based on maximum likelihood estimates of the SDM model, are presented in Table
5 for model (a) and Appendix Table 9 for model (b).

The results in Table 5 (model (a)) indicate that the relationship between poverty rate
(Headcount variable) and vote share is positive and significant only for the Petition list. The
positive and significant direct effect suggests that poor voters within each delegation support
more Petition list, who has presented themost generous anti-poverty program. The significant
indirect effect of poverty rate provided strong evidence to support our argument that spatial
spillovers matter. More specifically, a one-unit increase in the poverty rate in surrounding
delegations was associated with an increase in the Petition’s vote share of roughly 0.37 pp.
Surprisingly, the relationship between the poverty rate and Petition’s vote share within a

12 Although the OLS results are not included in this paper, they are available from the authors upon request.
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Table 4 Model specification tests: spatial error or spatial lag

LM error LM lag Robust LM error Robust LM lag

(a) (b) (a) (b) (a) (b) (a) (b)

Ennahdha 104.68*** 69.76*** 106.60*** 66.64*** 4.95** 6.08** 6.87*** 2.97*

[0.000] [0.000] [0.000] [0.000] [0.0262] [0.0137] [0.009] [0.085]

CPR 61.64*** 65.73*** 43.89*** 50.34*** 17.89*** 16.14*** 0.14 0.75

[0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.709] [0.387]

Ettakatol 60.69*** 28.10*** 103.04*** 69.85*** 1.35 0.47 43.70*** 42.21***

[0.000] [0.000] [0.000] [0.000] [0.245] [0.494] [0.000] [0.000]

PDP 15.88*** 32.87*** 20.87*** 39.07*** 1.020 1.552 7.22*** 20.28***

[0.000] [0.000] [0.000] [0.000] [0.313] [0.213] [0.007] [0.000]

Petition 92.63*** 121.42*** 111.36*** 131.241*** 1.55 5.91** 20.28*** 15.73***

[0.000] [0.000] [0.000] [0.000] [0.213] [0.0150] [0.000] [0.000]

PDM 29.41*** 29.24*** 27.49*** 23.77*** 5.70** 6.60*** 3.77* 1.12

[0.000] [0.000] [0.000] [0.000] [0.017] [0.010] [0.052] [0.289]

p-values in brackets. * p-value <0.1; ** p-value <0.05; *** p-value <0.01

delegation (direct effect) was much weaker than the spatial spillover effect. The direct effect
is only about 63 % as strong as the spatial spillover effect. A total effect (direct effect +
indirect effect) of the poverty rate on Petition’s vote share is positive, suggesting that, every
one-unit increase in poverty rate is associated with an increase in Petition’s vote share of
roughly 0.6 pp across the contiguous delegations.

The direct effects of the number of political parties for the CPR, PDP and PDM are
negative and significant. This finding coincides with those of Jackman (1987) and Blais and
Carty (1990) with respect of the impact of multipartyism: the greater the number of parties,
the lower the turnout. In addition, for those parties both indirect and total effects are negative
and significant. The number of political parties has a positive and statistically significant
direct impact on the Petition’s vote share, which means that if the number of political parties
by delegation is increased by one the vote share for the Petition list would on average be
0.1 pp higher. There are no significant effects (direct, indirect and total) of the number of
political parties on Ennahdha’s vote share. These results are interesting in that they show that
Tunisian voters did not find it easy to differentiate the large number of political parties, and
they prefer in this context to support the Petition list that promises to them universal health
care, free transportation andmonthly unemployment benefits. In addition, during the electoral
campaign, parties such as the PDP and the PDM have given less attention to socio-economic
justice and political rights during their electoral campaign. Their political discourses aremore
focused on warning voters of the ramifications of Ennahdha’s possible electoral success for
the future of civil liberties, notably women’s rights (Aghrout 2014).

The direct, indirect and total effects of the urbanization variable confirm the ESDA results
that the vote shares for both PDP and Petition parties are more concentrated in the rural areas,
while the votes for Ennahdha are more localized in urban areas, more specifically the most
popular areas (such as the three delegations of Great Tunis: Douar Hicher, Cité Ettadhamen,
and Fouchana).

In our study, we control for gender distribution by including sex ratio (male-female ratio).
Indeed, women played a crucial role in the December 2010–January 2011 uprising in real
and the virtual space (protesters, bloggers, and opposition politicians). To support women
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Table 5 Direct, Indirect, and Total Effects estimates (model (a))

Ennahdha CPR Ettakatol PDP Petition PDM

Headcount DE 0.109 −0.060 −0.020 0.031 0.231*** −0.002

IE 0.143 −0.040 −0.017 0.013 0.368*** −0.001

TE 0.253 −0.100 −0.037 0.044 0.599*** −0.003

Nbparties DE 0.036 −0.124*** 0.001 −0.053*** 0.098*** −0.017***

IE 0.048 −0.084*** 0.001 −0.022*** 0.156** −0.007**

TE 0.084 −0.209*** 0.002 −0.076*** 0.255*** −0.025**

Urbanization DE 0.056** 0.002 −0.011 −0.014** −0.069*** 0.005

IE 0.074* 0.001 −0.009 −0.006 −0.110*** 0.002

TE 0.131* 0.004 −0.021 −0.020* −0.180*** 0.008

Sex ratio DE −0.139 0.172*** 0.059* 0.008 −0.055 −0.028

IE −0.183 0.116* 0.051 0.003 −0.087 −0.012

TE −0.323 0.289** 0.111* 0.011 −0.143 −0.041

20–29_years DE 0.644 −0.097 −0.359*** −0.085 0.252 −0.349***

IE 0.849 −0.066 −0.310*** −0.036 0.401 −0.147***

TE 1.494 −0.163 −0.670*** −0.121 0.653 −0.496***

30–39_years DE −0.190 0.434 0.533*** 0.152 0.245 0.259***

IE −0.251 0.293 0.460*** 0.064 0.391 0.109**

TE −0.441 0.727 0.994*** 0.217 0.636 0.368***

40–49_years DE −0.309 0.028 −0.214 −0.121 −0.012 −0.346***

IE −0.408 0.019 −0.185 −0.051 −0.019 −0.145***

TE −0.718 0.047 −0.399 −0.172 −0.031 −0.491***

50–59_years DE 0.472 −0.702 0.661*** 0.833*** 0.088 0.634***

IE 0.623 −0.474 0.571*** 0.353** 0.141 0.267**

TE 1.096 −1.177 1.233*** 1.186*** 0.229 0.901***

60 or more DE −0.545* 0.130 0.075 −0.161* −0.009 −0.194***

IE −0.719 0.088 0.065 −0.068 −0.015 −0.081***

TE −1.264* 0.218 0.140 −0.230* −0.024 −0.276***

Primary DE 0.329* −0.188** −0.081* 0.101** 0.087 0.056**

IE 0.435* −0.127* −0.070 0.042* 0.139 0.023*

TE 0.765* −0.315** −0.151* 0.144** 0.227 0.080**

Secondary DE 0.420** 0.167** 0.054 0.009 0.035 −0.128***

IE 0.554** 0.113* 0.047 0.003 0.056 −0.053***

TE 0.974** 0.281** 0.102 0.013 0.092 −0.181***

University DE −0.495** 0.097 0.308*** 0.158*** −0.025 0.378***

IE −0.654** 0.065 0.266*** 0.067** −0.040 0.160***

TE −1.149** 0.163 0.575*** 0.225*** −0.066 0.540***

* p-value <0.1; ** p-value <0.05; *** p-value <0.01. DE direct effect, IE indirect effect, TE total effect

efforts, the Tunisian transitional government passed a new law on April 11, 2011 that man-
dated parties have equal numbers of men and women on the electoral lists (the so-called
‘zipper rule’). However, despite this ‘gender parity’ law, only 7 % of the electoral lists were
headed by women. Our results show that sex ratio has a positive and significant direct effect
on turnout outcomes for the CPR and Ettakatol. Since, for those parties, a higher proportion
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of men in the population can be associated with higher vote shares. This could be due to the
fact both parties have not applied parity at the heads of lists. Ettakatol, for example, have four
lists among 33 presided by women, while the CPR presented one woman at the head of its 33
lists. The direct effect is negative for the Petition, Ennahdha and the PDM but not significant.

As to age groups, we find that older people (except those who are 60 and older) are more
likely to vote than their younger counterparts. More specifically, the 20–29 age group has
a significant negative direct impact on voter turnout for Ettakatol and the PDM. This effect
was not significant for the other parties. The vote shares for Ettakatol and the PDM increased
amongst those aged between 30 and 38 and those aged between 50 and 59. The results show
also that a higher share of the age group 50–59 years in population is positively associated
with higher support for the PDP party at 1 % significance level. This positive relationship
between turnout age the 50–59 age group can be explained by the fact that people in this
age cohort have less career-pressures and leisure time after their children have left the home,
which increase their interest in politics.

According to a large body of empirical research on voting behaviour, education is the
single most important influence on individual turnout. More specifically, scholars support
the conclusion that educated people have a higher tendency to vote than the less-educated
(Milligan et al. 2004; Pelkonen 2012). However, the results in Table 5 show that this relation-
ship is not the same across political parties and educational groups (primary, secondary and
university degree). The share of the less-educated (primary) population by delegation has a
negative and significant direct effect on the vote share of the CPR and Ettakatol parties while
positive relations are predominant for the other parties (Ennahdha, PDP and PDM). For the
second group, the direct effect remains significantly positive for Ennahdha, while it is nega-
tive for the PDM and positive for the CPR party. The direct effect for the best-educated group
(university degree) is positive and significant at 1 % level for the three secular parties: Ettaka-
tol, the PDP and the PDM. The results for the secular parties are consistent with previous
findings in the electoral behavior that educated people have a higher tendency to vote than the
less-educated. For the Islamist party Ennahdha this relationship is not confirmed in our case.
An increase of one-unit in the share of population with university degree at the delegation
level was associated with a decrease of roughly 0.5 pp in the vote share of Ennahdha.

We also find a strong spatial spillover effect of education on voting, whatever political
party. In most cases, more than half of the total effect appears to be accounted for by the
spatial spillover across neighboring delegations. Education generates positive externalities
between delegations in the form of enhanced political behavior. This is consistent with some
previous studies such as Milligan et al. (2004) that have shown that ‘education benefits a
representative democracy both by increasing the quantity of citizens’ involvement in the
electoral process (increased probability of voting) as well as the quality of their involvement
(increased information on candidates and political parties)’.

The difference between the parameter estimates (Appendix Table 8) and the direct impact
estimates (Table 5) represents feedback effects that arise as a result of impacts passing
through neighboring delegations and back to the delegation itself. The feedback effects are
small whatever the independent variable and not likely of economic significance, except for
the Petition list which has a high spatial concentration of votes.

6 Conclusion

Although literature and empirical studies suggest that voting behaviors are not independent
from space, only a few studies have focused on developing countries, in particular Arab coun-
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tries. This is due primarily to the paucity of data on voting, and secondly to the dominance of
a single political party for a long time in most Arab countries. This paper has sought to take
explicit account of spatial dependence in vote share of the six main political parties in Tunisia
at the 2011 National Constituent Assembly elections. Regardless of the political party, the
exploratory spatial data analyses clearly show that the vote shares are strongly concentrated
at the national and local level in Tunisia.More specifically, the highest vote shares for Petition
list are observed at the delegations of Sidi Bouzid, Kairouan and the Western delegations
of Sfax. High voter turnouts for Ennahdha party are observed in several delegations with
high population density, including the Southeast region, Sfax city, Kairouan, and at the most
popular neighborhoods in Great Tunis. The results of robust LM tests showed clear evidence
that spatial issues should be taken into account and that OLS model must be rejected in favor
of the spatial models, more specifically the spatial Durbin model. The econometrics results
of the spatial Durbin model show that vote turnouts are strongly related to age cohort and
level of educational attainment. While vote turnouts of Petition list are mostly affected by
poverty rate. The results also show older voters with high educational attainment are more
likely to support Ettakatol and the Democratie Modernist Pole parties. Furthermore, we find
that men, unlike women, are more likely to support Congress of the Republic.
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Table 6 Results of the regression analyses: Spatial Autoregressive Model (SAR)

Ennahdha CPR Ettakatol PDP Petition PDM

Headcount 0.098 −0.057 −0.019 0.030 0.202*** −0.003

(0.093) (0.052) (0.028) (0.024) (0.066) (0.016)

Nbparties 0.033 −0.119*** 0.001 −0.052*** 0.086*** −0.017***

(0.038) (0.022) (0.012) (0.010) (0.027) (0.007)

Urbanization 0.051** 0.003 −0.011 −0.014** −0.061*** 0.006

(0.025) (0.014) (0.007) (0.006) (0.018) (0.004)

Sex ratio −0.125 0.165*** 0.056 0.008 −0.048 −0.028

(0.116) (0.064) (0.034) (0.030) (0.081) (0.020)

20−29_years 0.577* −0.093 −0.337*** −0.083 0.220 −0.342***

(0.34) (0.191) (0.102) (0.089) (0.240) (0.059)

30–39_years −0.171 0.415 0.500*** 0.150 0.214 0.254***

(0.534) (0.300) (0.164) (0.140) (0.376) (0.092)

40–49_years −0.278 0.027 −0.201 −0.119 −0.011 −0.338***

(0.658) (0.368) (0.196) (0.172) (0.464) (0.114)

50–59_years 0.424 −0.672 0.621** 0.815*** 0.077 0.620***

(0.793) (0.443) (0.244) (0.213) (0.564) (0.138)

60 or more −0.489 0.125 0.071 −0.158* −0.008 −0.190***

(0.325) (0.182) (0.097) (0.085) (0.229) (0.056)

Primary 0.296** −0.180** −0.076* 0.099*** 0.076 0.055***

(0.150) (0.083) (0.043) (0.038) (0.103) (0.025)

Secondary 0.376** 0.160* 0.052 0.009 0.031 −0.125***

(0.157) (0.087) (0.046) (0.040) (0.109) (0.026)

University −0.444** 0.093 0.289*** 0.155*** −0.022 0.372***

(0.174) (0.098) (0.052) (0.045) (0.122) (0.030)

Intercept −2.875 −4.580 −6.535 −3.334 −7.701 8.323***

(14.437) (8.202) (4.399) (3.768) (10.253) (2.464)

ρ 0.614*** 0.430*** 0.497*** 0.313*** 0.663*** 0.312***

(0.053) (0.064) (0.044) (0.072) (0.050) (0.059)

Squared corr 0.336 0.372 0.809 0.311 0.509 0.685

Log likelihood −896.571 −736.198 −571.962 −532.197 −806.575 −420.026

Wald test of ρ = 0 135.628*** 45.379*** 125.264*** 19.009*** 178.658*** 28.212***

[0.000] [0.000] [0.000] [0.000] [0.000] [0.000]

LR test of ρ = 0 92.219*** 38.245*** 94.524*** 17.358*** 111.577*** 25.676***

[0.000] [0.000] [0.000] [0.000] [0.000] [0.000]

Standard errors in parentheses and p-values in brackets. * p-value <0.1; ** p-value <0.05;
*** p-value<0.01. Squared corr is the squared correlation coefficient between the dependent variable (Y) and
its estimated value
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Table 7 Results of the regression analyses: Spatial Error Model (SEM)

Ennahdha CPR Ettakatol PDP Petition PDM

Headcount −0.097 −0.077 0.001 0.030 0.410*** −0.009

(0.143) (0.071) (0.044) (0.030) (0.107) (0.021)

Nbparties 0.097 −0.159*** 0.022 −0.065*** 0.134*** −0.015

(0.066) (0.032) (0.021) (0.012) (0.051) (0.009)

Urbanization 0.062** 0.014 −0.013 −0.014** −0.077*** 0.010**

(0.024) (0.013) (0.008) (0.007) (0.017) (0.004)

sex ratio −0.127 0.149** 0.067* 0.012 −0.057 −0.023

(0.120) (0.066) (0.038) (0.032) (0.087) (0.020)

20–29_years 0.302 −0.040 −0.251** −0.093 0.301 −0.298***

(0.351) (0.192) (0.110) (0.094) (0.251) (0.061)

30–39_years −0.478 0.318 0.504*** 0.197 0.691* 0.244***

(0.565) (0.307) (0.184) (0.147) (0.410) (0.095)

40–49_years −1.478** 0.089 0.006 −0.108 0.292 −0.212*

(0.728) (0.393) (0.229) (0.186) (0.524) (0.124)

50–59_years −0.055 −0.707 0.521* 0.909*** 0.728 0.606***

(0.925) (0.493) (0.307) (0.230) (0.681) (0.152)

60 or more −0.873** 0.132 0.157 −0.157* −0.223 −0.138**

(0.369) (0.199) (0.116) (0.094) (0.267) (0.063)

Primary 0.348** −0.255*** −0.069 0.106** 0.030 0.066**

(0.176) (0.095) (0.054) (0.042) (0.129) (0.028)

Secondary 0.596*** 0.205** 0.035 −0.001 0.016 −0.180***

(0.181) (0.096) (0.057) (0.044) (0.132) (0.030)

University −0.501** 0.042 0.377*** 0.157*** −0.120 0.417***

(0.216) (0.115) (0.067) (0.051) (0.158) (0.034)

Intercept 40.024** 3.418 −10.930* −3.202 −17.922 6.474**

(18.231) (9.690) (5.889) (4.259) (13.518) (2.872)

λ 0.706*** 0.578*** 0.682*** 0.324*** 0.771*** 0.493***

(0.050) (0.064) (0.063) (0.082) (0.048) (0.075)

Squared corr 0.294 0.384 0.742 0.295 0.398 0.672

Log likelihood −891.294 −726.854 −585.389 −533.705 −808.347 −416.660

Wald test of λ = 0 198.972*** 81.439*** 117.196*** 15.757*** 262.060*** 43.728***

[0.000] [0.000] [0.000] [0.000] [0.000] [0.000]

LR test of λ = 0 102.773*** 56.932*** 67.671*** 14.343*** 108.034*** 32.408***

[0.000] [0.000] [0.000] [0.000] [0.000] [0.000]

Standard errors in parentheses and p-values in brackets. * p-value <0.1; ** p-value <0.05;
*** p-value < 0.01
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Table 8 Results of the Spatial Durbin Model (SDM) (model (a))

Ennahdha CPR Ettakatol PDP Petition PDM

Headcount −0.129 −0.035 0.026 0.002 0.369*** −0.028

(0.171) (0.092) (0.052) (0.046) (0.122) (0.029)

Nbparties 0.141** −0.202*** −0.033 −0.089*** 0.169*** −0.023*

(0.089) (0.049) (0.027) (0.023) (0.064) (0.015)

Urbanization 0.067*** 0.011 −0.010 −0.012** −0.072*** 0.008**

(0.027) (0.015) (0.008) (0.007) (0.019) (0.005)

Sex ratio −0.165* 0.113* 0.039 0.016 −0.045 −0.010

(0.131) (0.070) (0.040) (0.035) (0.092) (0.022)

20–29_years 0.306 −0.047 −0.365*** −0.129* 0.394* −0.311***

(0.371) (0.207) (0.113) (0.098) (0.269) (0.063)

30–39_years −0.672 0.273 0.404** 0.004 0.868** 0.195**

(0.636) (0.339) (0.187) (0.166) (0.442) (0.103)

40–49_years −1.464** 0.085 −0.172 −0.250 0.329 −0.207*

(0.791) (0.435) (0.237) (0.211) (0.557) (0.130)

50–59_years −0.297 −0.659 0.219 0.687*** 0.844 0.632***

(1.031) (0.564) (0.312) (0.275) (0.740) (0.172)

60 or more −0.921** 0.113 0.116 −0.114 −0.176 −0.144**

(0.400) (0.217) (0.120) (0.103) (0.286) (0.066)

Primary 0.337** −0.334*** −0.096* 0.144*** 0.094 0.073 **

(0.198) (0.108) (0.061) (0.054) (0.144) (0.033)

Secondary 0.537*** 0.237** 0.064 0.038 0.019 −0.189***

(0.202) (0.114) (0.062) (0.054) (0.145) (0.035)

University −0.511** −0.059 0.367*** 0.159*** −0.043 0.416***

(0.241) (0.132) (0.076) (0.066) (0.177) (0.041)

W*Headcount 0.479** 0.070 −0.040 0.032 −0.286** −0.003

(0.220) (0.117) (0.065) (0.056) (0.154) (0.036)

W*Nbparties −0.173* 0.153*** 0.060** 0.030 −0.092 0.021

(0.115) (0.063) (0.034) (0.029) (0.080) (0.019)

W*Urbanization −0.020 −0.047* 0.020 −0.009 0.026 −0.027***

(0.054) (0.030) (0.016) (0.015) (0.040) (0.009)

W*Sex ratio −0.204 −0.087 −0.028 −0.021 0.006 0.026

(0.260) (0.143) (0.079) (0.069) (0.181) (0.043)

W*20–29_years 1.157* −0.050 −0.132 0.196 −0.467 −0.157*

(0.710) (0.393) (0.217) (0.189) (0.484) (0.123)

W*30–39_years 0.608 (1.206) 0.451 0.572* −0.088 −0.374 0.047

(0.674) (0.399) (0.318) (0.885) (0.205)

W*40–49_years 2.727** −0.502 −0.315 0.201 −0.444 −0.499**

(1.289) (0.725) (0.389) (0.350) (0.932) (0.232)

W*50–59_years 0.029 0.749 0.732* 0.442 −1.804* 0.201

(1.620) (0.880) (0.507) (0.439) (1.181) (0.285)
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Table 8 continued

W*60 or more 1.347** 0.118 −0.035 −0.202 0.455 −0.130

(0.695) (0.378) (0.212) (0.181) (0.482) (0.117)

W*Primary 0.341 0.596*** 0.023 −0.055 −0.255 −0.032

(0.328) (0.178) (0.096) (0.088) (0.240) (0.055)

W*Secondary −0.334 0.028 −0.034 −0.011 −0.126 0.230***

(0.349) (0.198) (0.109) (0.096) (0.274) (0.061)

W*University 0.711** 0.387** −0.223** 0.001 0.003 −0.138**

(0.395) (0.223) (0.125) (0.109) (0.293) (0.075)

Intercept −30.287 −21.083* −6.160 −2.323 13.624 6.957*

(25.932) (14.369) (7.929) (6.869) (18.939) (4.282)

ρ 0.581*** 0.480*** 0.450*** 0.256*** 0.625*** 0.350***

(0.058) (0.068) (0.067) (0.082) (0.061) (0.079)

Log Likelihood −882.476 −719.557 −562.545 −527.018 −798.803 −405.093

LR test SDM versus OLS (ρ = 0) 118.675*** 60.900*** 56.436*** 12.392*** 138.390*** 24.426***

[0.000] [0.000] [0.000] [0.000] [0.000] [0.000]

LR test (θ = 0) 29.732*** 36.230*** 19.445* 10.513 15.998 31.986***

[0.003] [0.000] [0.078] [0.571] [0.191] [0.001]

LM test for residual autocorrelation 0.373 1.612 13.028*** 9.428*** 1.904 1.881

[0.541] [0.204] [0.000] [0.002] [0.168] [0.170]

Standard errors in parentheses and p-values in brackets. * p-value <0.1; ** p-value <0.05;
***p-value <0.01

Table 9 Direct, Indirect, and Total Effects estimates (model (b))

Ennahdha CPR Ettakatol PDP Petition PDM

Headcount DE −0.196 −0.156** −0.084* 0.017 0.382*** −0.024

IE −0.188 −0.124 −0.059* 0.011 0.679*** −0.010

TE −0.385 −0.281** −0.143* 0.029 1.062*** −0.034

Urbanization DE 0.126*** −0.009 −0.008 −0.025** −0.087*** 0.008

IE 0.121*** −0.007 −0.005 −0.016* −0.154*** 0.003

TE 0.248*** −0.017 −0.014 −0.041** −0.241*** 0.012

Sex ratio DE −0.202 0.259 0.094* 0.039 −0.170 −0.040

IE −0.194 0.207** 0.066* 0.025 −0.302 −0.017

TE −0.397 0.467** 0.161* 0.065 −0.472 −0.057

20–29_years DE 0.987** −0.372 −0.408*** −0.186 0.633 −0.522***

IE 0.946* −0.297 −0.287** −0.120 1.126 −0.224***

TE 1.933** −0.670 −0.696*** −0.306 1.759 −0.747 ***

30–39_years DE −1.297 0.089 0.613* −0.113 0.585 0.253*

IE −1.244 0.071 0.432 −0.073 1.040 0.108

TE −2.541* 0.160 1.046** −0.186 1.626 0.361*
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Table 9 continued

40–49_years DE 0.364 −0.452 −0.109 −0.358 0.872 −0.549***

IE 0.349 −0.361 −0.077 −0.232 1.550 −0.236**

TE 0.714 −0.814 −0.187 −0.590 2.422 −0.785 ***

50–59_years DE −0.945 −0.795 0.864** 1.214*** −0.314 0.908***

IE −0.906 −0.635 0.609** 0.786*** −0.559 0.390***

TE −1.851 −1.431 1.474** 2.000*** −0.874 1.299 ***

60 or more DE −0.322 0.466* 0.173 −0.058 −0.161 −0.234**

IE −0.309 0.372 0.122 −0.037 −0.287 −0.100**

TE −0.632 0.838* 0.296 −0.096 −0.449 −0.335 **

Primary DE 0.328 −0.238** −0.167** 0.148** 0.010 0.063

IE 0.315 −0.190 −0.117** 0.096* 0.019 0.027

TE 0.644* −0.429* −0.285** 0.244** 0.029 0.091

Secondary DE 0.045 0.383*** 0.003 0.064 −0.267 −0.169***

IE 0.043 0.306** 0.002 0.041 −0.475 −0.073***

TE 0.088 0.689*** 0.005 0.106 −0.743 −0.242 ***

University DE −0.843*** −0.078 0.327*** 0.115 0.065 0.458***

IE −0.808** −0.062 0.230*** 0.074 0.115 0.197***

TE −1.651*** −0.141 0.557*** 0.190 0.180 0.655 ***

* p-value <0.1; ** p-value <0.05; *** p-value <0.01. DE direct effect, IE indirect effect, TE total effect
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