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Determinants of Secondhand Smoke Exposure in Turkey:
Findings from the Global Adult Tobacco Survey

Zeynep Elitas' Didem Pekkurnaz’

Abstract

The aim of this paper is to evaluate the relationship between sociodemographic
determinants and exposure to secondhand smoke at different places as well as
to compare the effects of these determinants for the years 2008 and 2012. Data
set comes from 2008 and 2012 releases of Global Adult Tobacco Survey for
Turkey. Logit models show that young people are disproportionately affected
by passive smoking. In addition, males are more likely to be exposed to
secondhand smoke at all places studied except for home. Decomposition
analysis implies that (1) differences in the distribution of age and education
categories between 2008 and 2012 significantly explain the difference in the
secondhand smoke exposure at home between these years and (2) differences in
the secondhand smoke exposure at work between 2008 and 2012 can be
explained by the differences in the distribution of indoor smoking rules at work.
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1. Introduction

Smoking affects not only active smokers but also those who are exposed to secondhand smoke
(SHS). SHS also known as passive smoking or environmental tobacco smoke has received great
attention in recent years and has been found to be as harmful as active smoking. Consistent
adverse health effects caused by SHS exposure have been well documented by a large medical
and epidemiological literature®. It has been reported that long-term SHS exposure increases the
risk of lung cancer and the risk of acute coronary heart disease, as well as other adverse health
outcomes such as adverse birth outcomes in the adult population. Passive smoking particularly
causes adverse effects on the health of young children and babies such as reduced lung-function
growth, asthma, bronchitis, and sudden infant death syndrome4. In addition, smoking initiation
risk increases when non-smoking adolescents are exposed to SHS (Wang et al., 2011).

Exposure to SHS may occur at public places such as government buildings, shops, hospitality
venues (restaurant, cafe, coffee house and tea house, bar, night club, etc.), health care facilities,
and public transportation, as well as private areas such as homes and private cars. Globally,
about one third of adults are regularly exposed to SHS (World Health Organization (WHO),
2009). The implementation of comprehensive smoke-free environments to protect people from
SHS has been identified as a priority by the WHO Framework Convention on Tobacco Control
(FCTC) stating that all countries recognize that exposure to SHS causes death, disease and
disability while all parties are obligated to adopt and implement effective measures, in order to
provide protection from SHS in indoor workplaces, public transport, indoor public places and
other public places (WHO, 2003). In Turkey, tobacco control and protection from secondhand
smoke exposure came into force in 1996 by the first tobacco control law (No. 4207). The law
banned smoking in most indoor places, including health, education and culture and sports
facilities and in public transport (excluding commercial taxis). Before this first tobacco control
law passed in 1996, since there were no restrictions on tobacco use, people could smoke

anywhere, including on private premises and in all public places, and exposure to SHS was very

? See among Windham et al. (2000), Otsuka et al. (2001), Whincup et al. (2004).
4 See Kriz et al. (2000), Lam et al. (2001) and Mannino et al. (2001).
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high®. Although a smoking ban had been introduced in 1996, SHS exposure rates were still high
(see GATS, 2010). After more than 10 years of implementation, the law was amended in 2008,
rendering all indoor public places smoke—free excluding the hospitality sector in the first phase
and in the second phase, including hospitality venues.

A large strand of literature on SHS exposure relies on the effects of passive smoking among
women, especially pregnant women and children®. Yet another strand focuses on the
determinants of SHS exposure and on the effectiveness of related measures for reducing smoking
exposure’. Studies of exposure to SHS are, however, of relatively recent interest in Turkey.
There are several studies conducted among different risk groups such as pregnant women and
children to show the effects of passive smokingg. There are also some studies done to evaluate
the effects of smoke-free implementation without no particular interest to passive smoking’.

The aim of this study is to contribute to this relatively narrow interest on the SHS exposure in
the Turkish health economics literature. Our research objective is to investigate the relationship
between sociodemographic determinants and exposure to SHS and to compare the effects of
these determinants between the years 2008 and 2012. This study is the first using the Global
Adult Tobacco Survey (GATS) data at these two important years to conduct such an analysis.
We first apply logit models to analyze the main factors associated with passive smoking. Next,
we implement the Blinder-Oaxaca decomposition method extended for nonlinear regression
models. Section 2 introduces the data. Section 3 presents the methodology. Results are shown in

section 4 and section 5 concludes.
2. Data

The data set for this paper comes from the 2008 and 2012 releases of GATS conducted by
the Turkish Statistical Institute (TurkStat) (Turkish Statistical Institute 2008; Turkish Statistical
Institute 2012). 9030 individuals who are at least 15 years old in 2008 and 9851 individuals who
are at least 15 years old in 2012 were interviewed about their tobacco products’ uses, SHS

exposure at different places, their knowledge about the negative health effects of smoking and

5 See among Bilir and Ozcebe (2012), Bilir et al. (2009), Bilir et al. (2012), GATS (2010, 2014).
% See among Johnson et al. (2015), Hajizadeh and Nandi (2016), Jain (2016).

7 See among Moore et al. (2009), Verdonk-Kleinjan et al. (2009), Fischer and Kraemer (2016).

¥ See Bahgeciler (1993), Boyaci et al. (2006), Karcaaltincaba et al. (2009).

? See Arikan et al. (2011), Ozcebe (2011), Caman et al. (2013).
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exposure to SHS and their sociodemographic characteristics. Dependent variables are being
exposed to SHS at home, at work, at a public building including healthcare facilities, at
restaurants and at public transportation units. Exposure to SHS at home variable takes 1 if an
individual is exposed to smoking at home on a daily, weekly, monthly or less than monthly basis
and O otherwise. Exposure to SHS at work variable gets 1 if a working individual answers the
question “During the past 30 days did anyone smoked in indoor areas where you work?” as yes
and O if the answer is no. SHS exposure at public buildings, restaurants and public transportation
variables take 1 if the corresponding questions “Did anyone smoked in indoor areas of public
buildings/healthcare facilities/restaurants that an individual visited in the past 30 days and in
public transportation that an individual used in the past 30 days?” answered as yes and 0
otherwise.

Explanatory variables used in estimations are gender, age groups which an individual
belongs to, the highest completed education level of the individual, employment status, proxy
variable for household income, urban/rural location of the individual, knowledge about the
negative health consequences of exposure to SHS and presence of indoor smoking rules at the
work place of an individual. Four age groups: age between 15 and 24 years, 25 and 44 years, 45
and 64 years and at least 65 years are available in the data. Categories of the education variable
are no education degree (including two missing cases of unstated education degree), elementary
school graduation, primary or secondary (or equivalent) school graduation, high school and
equivalent degree and at least college education. Employment status is a binary variable which
takes one if the individual is employed and O otherwise (including cases of undetermined
employment status). If an individual knows negative health effects of SHS exposure, health
effects variable gets 1 and O otherwise. Similarly, if an individual lives in an urban area, urban
variable takes value of 1 and O otherwise. Three categories are available for the indoor smoking
rules at a work place: (1) smoking not allowed in indoor areas, (2) no smoking policy at work
and (3) smoking is allowed anywhere or at some specific places at work.

This survey does not provide information about income (individual and household) but asks
about 10 assets that a household or the individual living in that household may have: electricity,
flush toilet, home phone, cell phone, television, radio, refrigerator, washing machine, car and
motorcycle. Factor scores of the first component extracted from the principal component analysis

on these 10 items are obtained and divided into five quintiles. First (last) quantile refers to the
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lowest (highest) income group. Missing observations are imputed as 1 if the average of the
binary variable is at least 0.5 and 0 otherwise. 3.4% of total observations in 2008 and 3.3% of the
total observations in 2012 are imputed. Summary statistics for the variables are shown in Table 1
and Table 2. The analysis in this paper is based on the exposure to SHS for nonsmokers. An
individual is called nonsmoker if he/she does not smoke daily or occasionally (i.e. less than
daily). There are 6329 nonsmokers in 2008 and 7439 in 2012. Number of available observations
for each dependent variable is available in Table 2. Exposure to SHS between 2008 and 2012
decreases by 26.6, 18.6, 36.6, 2.8 and 5.9 percentage points at home, at work, at restaurants, at

public buildings and at public transportation respectively.
3. Methodology

First, logit models are estimated for each dependent variable. Next, the Blinder-Oaxaca approach
(Blinder 1973; Oaxaca 1973) extended for nonlinear regression models is implemented to
decompose SHS exposure at home and at work between 2008 and 2012 into its components.'
Two problems arise in a detailed decomposition analysis: path-dependency and identification.
Path-dependency problem means that the contribution of each explanatory variable to the
difference depends on the order in which the explanatory variable enters into the decomposition
analysis and Yun (2004) method is used to overcome this issue. Identification problem means
that the detailed decomposition results depend on the choice of the base category for the
categorical variables used and as suggested by Yun (2005) normalized effects for the categorical

variables are reported.

The probability of being exposed to SHS is defined as below:

& (D
1+

Y=F(Za)=

where F is the cumulative logistic distribution function, Y denotes the binary dependent variable
(SHS) which is an Nx1 vector, Z refers to an NxM matrix of explanatory variables and a Mx1

vector of regression coefficients is denoted by « .

' Decompositions for the other dependent variables have insignificant explained and/or unexplained parts so their
results are not reported.



Table 1: Summary statistics [
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Variables 2008 2012

Male 0.354 (0.478) 0.361 (0.480)
Age 15-24 0.147 (0.354) 0.139 (0.346)
Age 25-44 0.390 (0.488) 0.351 (0.477)
Age 45-64 0.309 (0.462) 0.309 (0.462)
Age 65+ 0.155 (0.362) 0.201 (0.401)
No education 0.248 (0.432) 0.228 (0.420)
Elementary education 0.441 (0.496) 0.386 (0.487)

Primary/secondary education
High school education

At least college education
Employed

Income groupl

Income group?2

Income group3

0.117 (0.322)
0.121 (0.326)
0.074 (0.261)
0.277 (0.447)
0.218 (0.413)
0.211 (0.408)
0.178 (0.382)

0.143 (0.350)
0.136 (0.343)
0.106 (0.308)
0.282 (0.450)
0.345 (0.475)
0.083 (0.276)
0.189 (0.392)

Income group4 0.207 (0.405) 0.246 (0.431)
Income group5 0.186 (0.390) 0.136 (0.343)
Urban 0.484 (0.500) 0.473 (0.499)
Health knowledge 0.972 (0.165) 0.977 (0.150)
Observations 6306 7428

Note: Observations refers to the largest group of individuals included in estimations. Standard deviations are in
parentheses.

The difference between the average probability of SHS in 2008 (Y**®) and in 2012 (Y*'?) is

defined as follows:

2)

172008 /2012 1 N0 2008 ~2008
PRy = s F(Z G -

1 w20 2012 £2012
JYESE > F(Z7 " a™")
i=1

where Y refers to the average probability of exposure and N denotes the sample size for the

relevant years. Equation (2) can be rewritten as below:
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72008 372012 1 n2008 2008 52008 NP2 2012 42008 3)
Yy -y = Ve %‘,1 F(Z;™ a )—N2012 a F(Z7 = a™) |+
| 2012 22008 ’ I N0 2012 22012
N2012 §1 FZ7"a )_szz §1 F(Z7"a™)

B

The representation in the first square bracket A is called explained part which shows the part
of the SHS exposure difference between years due to the differences in Z’s while keeping the
regression coefficients fixed at 2008 levels. The second square bracket B represents the
unexplained part which reflects the part of the exposure difference between years that are
attributable to the differences in regression coefficients while keeping the values of Z’s at 2012

values.

Table 2: Summary statistics 11

Variables # Observation 2008 # Observation 2012
1 6226 0.576 (0.494) 7408 0.310 (0.462)
2 1331 0.320 (0.467) 1544 0.134 (0.341)
3 1711 0.476 (0.500) 2222 0.116 (0.320)
4 4106 0.082 (0.274) 5187 0.054 (0.226)
5 3941 0.148 (0.355) 4774 0.089 (0.285)
6 1327 0.645 (0.479) 1542 0.853 (0.354)
7 1327 0.123 (0.328) 1542 0.024 (0.153)
8 1327 0.232 (0.422) 1542 0.123 (0.328)

Note 1: Observations are; 1. Passive smoking at home, 2. Passive smoking at work, 3. Passive smoking at a
restaurant, 4. Passive smoking at a public building, 5. Passive smoking in a public transportation, 6. Not allowed in
any indoor places at work, 7. No indoor smoking policy at work, 8. Allowed anywhere or only in some indoor
places at work.

Note 2: Standard deviations are given in the parentheses.

Alternatively, regression coefficients can be fixed at 2012 levels in the explained part while
2008 values of the explanatory variables can be used in the unexplained part. If there is no
specific reason to use one set of regression coefficients, we can also use coefficients from a
pooled regression as suggested by Oaxaca and Ransom (1994). Nevertheless, this method may
result in an improper transfer of some of the unexplained part of the difference to the explained
part and so a group indicator dummy can be added to the pooled regression (Jann 2008). In order

to obtain the detailed decomposition results i.e. contribution of each explanatory variable in the

7
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explained and unexplained parts of the difference, we need to multiply each part shown in
equation (3) with the appropriate weights summed over explanatory variables. The weight
associated with the mth variable to be used in the explained part is shown in (4) and the

corresponding weight used in the unexplained part is shown in (5).

- &31008 ( 2”21008 _ 2’121012) 4)
Am =M o008 Z2008 _ 72012
Z] a, ( m  “m )
o
Zrimz(dioos _dimz) (5)
HAam

-y
2012 ¢ 22008 22012
XZ, (¢, —a, ")
m=1
here S H S H, =1
where mZ:I AZy, —mZ:l gy =1 -

Finally, the detailed decomposition of equation (3) can be written as below:

Y2008 _ 72012 _ AZ: H, A+ Az: H,, B= 1\24 Am+AZ4 B, (6)

m=1 m=1

4. Results

4.1 Logit Models

Average marginal effects are shown in Table 3 and Table 4. Nonsmoker males are 7.6
and 5.1 percentage points less likely to be exposed to SHS at home in 2008 and in 2012
respectively (Table 3). All age groups are less likely to experience passive smoking at home
compared to the age group 15-24 in both years with the largest impact occuring for nonsmokers
who are at least 65 years old. From 2008 to 2012, the magnitudes of the coefficients of almost all

age groups get smaller. Nonsmokers with no education degree and elementary education are
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significantly more likely to be exposed to SHS at home compared to high school graduates for
both years. On the other hand, for the nonsmokers with at least college degree are less likely to
be exposed even though the effect is not statistically significant. Nonsmokers who have
knowledge about the detrimental health effects of SHS exposure are 11 percentage points less
likely to be exposed at home in 2008 while the impact of this variable becomes insignificant in
2012. Although in 2008 nonsmokers living in an urban area are 4 percentage points less likely to
be exposed to SHS, its impact in 2012 becomes positive indicating that over the four years

nonsmokers in urban area are more likely to be exposed to SHS at home.

Table 3: Logit models I (Average Marginal Effects)

SHS exposure at home SHS exposure at work SHS exposure at work
2008 2012 2008 2012 2008 2012
Male -0.076%** -0.05 1% 0.116%** 0.05 1 #** 0.082%*%* 0.009
(0.016) (0.013) (0.028) (0.018) (0.024) (0.017)
Age 25-44 -0.145%%%* -0.113%%* -0.011 -0.036 0.017 -0.011
(0.019) (0.022) (0.041) (0.035) (0.033) (0.027)
Age 45-64 -0.216%** -0.21 5% -0.032 -0.039 -0.011 -0.007
(0.020) (0.023) (0.046) (0.038) (0.037) (0.030)
Age 65+ -0.336%** -0.2827%#* -0.071 -0.103%** -0.045 -0.051
(0.024) (0.023) (0.084) (0.051) (0.067) (0.051)
No education 0.101%%** 0.101%** 0.028 0.195%* -0.075 0.035
(0.025) (0.021) (0.069) (0.088) (0.048) (0.045)
Elementary education 0.062%** 0.057%** 0.093%** 0.096%** 0.029 0.058***
(0.022) (0.017) (0.036) (0.026) (0.030) (0.021)
Primary/ 0.007 0.008 0.032 0.101%%* 0.041 0.073%%*
secondary education (0.027) (0.019) (0.044) (0.032) (0.037) (0.026)
At least college -0.047 -0.022 -0.070%* 0.003 -0.006 0.021
education (0.029) (0.020) (0.035) (0.020) (0.032) (0.019)
Employed 0.006 -0.012
(0.017) (0.014)
Income group2 0.000 -0.008 -0.043 0.017 -0.002 0.008
(0.020) (0.020) (0.051) (0.033) (0.039) (0.028)
Income group3 0.001 -0.006 -0.038 0.019 -0.003 0.025
(0.021) (0.016) (0.051) (0.024) (0.039) (0.022)
Income group4 0.007 -0.026* 0.023 0.022 0.067* 0.019
(0.021) (0.015) (0.051) (0.023) (0.039) (0.020)
Income group5 -0.017 -0.021 0.050 0.055%%* 0.087** 0.021
(0.022) (0.018) (0.050) (0.028) (0.039) (0.022)
Urban -0.044%%* 0.019%* -0.033 -0.030 0.009 -0.015
(0.013) (0.011) (0.028) (0.019) (0.023) (0.016)
Health knowledge -0.109%** -0.057 0.022 -0.081 0.060 -0.003
(0.036) (0.037) (0.080) (0.076) (0.060) (0.048)
No indoor smoking 0.483%** 0.422%%*
policy at work (0.044) (0.085)
Alio‘fved anywhgre or 0,604 0,524
only in some indoor (0.028) (0.038)

places at work
Observations 6226 7408 1331 1544 1327 1542

* p<0.10, ** p<0.05*** p<0.01. Standard errors are in parentheses. Omitted categories in regressions are age 15-24, high
school education, not employed, income group 1 and not allowed in indoor places at work.
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Unlike the result from passive smoking at home, nonsmoker males are 12 percentage points
(5 percentage points) more likely to be exposed to SHS at work compared to women in 2008
(2012). In addition, older nonsmokers (aged 65+) compared to aged 15-24 ones are less likely to
be exposed to passive smoking at work in 2012. Elementary school education, no education and
primary school education categories become significant from 2008 to 2012. When indoor
smoking policy rule variables are included, no education category becomes insignificant in 2012.
On the other hand, nonsmokers in the highest income group are 5.5 percentage points more
likely to be exposed at work than nonsmokers from the lowest income group. When we add
indoor smoking policy rule variables, the impact of male and income group 5 become
insignificant in 2012 even though they are significant in 2008. Results also indicate that when no
indoor smoking policy is implemented at work or smoking is allowed indoor places at work, then

likelihood of exposure to SHS for nonsmokers significantly increases in both years.

Table 4 shows the results for restaurants, public buildings and public transportation. Based
on 2008 results, nonsmoker males are 7, 6 and 3 percentage points more likely to be exposed to
SHS at those places respectively. However, the effect of gender decreases over time and
disappears in 2012 for public transportation. In general, older nonsmokers are less likely (i.e.
younger ones are more likely) to be exposed to SHS at these places and especially age group 65+
are in general less likely to be exposed to SHS compared to the youngest age group. Both
elementary education and primary/secondary education categories are less likely to be exposed to
passive smoking in both years compared to high school education category. However, the effects
of no education and at least college education categories become insignificant in 2012. Only
nonsmokers with at least college education are more likely to be exposed in a public building.
From 2008 to 2012, no education and elementary categories become much more significant.
Nonsmokers from all income groups are less likely to be exposed to SHS compared to the lowest
income group at public transportation while in 2012 only the highest two income groups have
significant effects. Nonsmokers from urban area are 6 percentage points more (3 percentage
points less) likely to be exposed to SHS at restaurants (at public transportation) based on 2008

results while the effects disappear in 2012.

10
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Table 4: Logit models II (Average Marginal Effects)

SHS exposure SHS exposure at a public SHS exposure at public
at a restaurant building transportation
2008 2012 2008 2012 2008 2012
Male 0.070%** 0.030** 0.060%** 0.017** 0.031%** 0.005
(0.028) (0.015) (0.012) (0.008) (0.014) (0.010)
Age 25-44 -0.032 -0.041%* -0.010 0.007 -0.017 -0.008
(0.036) (0.022) (0.015) (0.012) (0.020) (0.015)
Age 45-64 -0.082%* -0.006 -0.011 -0.005 -0.055%%* -0.029*
(0.039) (0.026) (0.015) (0.013) (0.021) (0.016)
Age 65+ -0.162%%#%* -0.066** -0.010 -0.031** -0.078%** -0.053#**
(0.058) (0.028) (0.019) (0.012) (0.023) (0.016)
No education -0.124%%* 0.000 -0.017 0.003 -0.005 -0.049%**
(0.059) (0.041) (0.017) (0.013) (0.024) (0.017)
Elementary education -0.095*%#%* -0.068*** -0.020 -0.016 -0.035* -0.044 %%
(0.034) (0.020) (0.014) (0.010) (0.019) (0.014)
Primary/secondary -0.089%* -0.036* 0.027 0.006 0.002 -0.016
education (0.039) (0.021) (0.019) (0.012) (0.022) (0.016)
At least college 0.071% 0.012 0.035* 0.030%* 0.050% -0.014
education (0.038) (0.022) (0.020) (0.014) (0.028) (0.018)
Employed 0.045 -0.010 -0.018 -0.012 0.001 -0.005
(0.030) (0.017) (0.011) (0.008) (0.015) (0.010)
Income group2 0.018 -0.029 0.003 -0.016 -0.057#%* -0.013
(0.049) (0.030) (0.016) (0.012) (0.021) (0.016)
Income group3 -0.014 -0.022 -0.023 -0.008 -0.090%** -0.002
(0.050) (0.023) (0.015) (0.010) (0.021) (0.013)
Income group4 0.002 -0.005 -0.007 -0.023##%* -0.071%** -0.031#**
(0.048) (0.021) (0.016) (0.009) (0.021) (0.011)
Income group5 0.007 -0.030 -0.002 0.003 -0.071%%* -0.040%**
(0.047) (0.022) (0.016) (0.011) (0.022) (0.013)
Urban 0.062** 0.016 0.011 -0.010 -0.028%** 0.011
(0.027) (0.015) (0.009) (0.007) (0.012) (0.009)
Health knowledge 0.008 -0.129%* -0.057 -0.016 -0.027 -0.024
(0.086) (0.074) (0.038) (0.030) (0.043) (0.037)
Observations 1711 2222 4106 5187 3941 4774

* p<0.10, ** p<0.05*** p<0.01. Standard errors are in parentheses. Omitted categories in regressions are age 15-24, high
school education, not employed, income group 1 and not allowed in indoor places at work.

4.2 Decomposition Results

Exposure to SHS at home decreases by 26.6 percentage points from 2008 to 2012. We can
explain 6% of the difference in the exposure to SHS at home between 2008 and 2012 with the
differences in observed characteristics between these years while keeping the effects of those
characteristics at 2008 levels (Table 5). As shown in the detailed analysis, two age categories and
three education categories are found to be significant. Differences in the proportions of age
groups 25-44 and 65+ contribute positively to the difference in the exposure to SHS at home and
together explain 3.20% of the the difference. No education, elementary education and at least
college education categories together explain 2.18% of the difference in passive smoking at

home between years. As shown in Table 6, the largest part of the SHS exposure difference at

11
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home that is attributable to the changes in the behavioral responses is due to the covariate-
adjusted difference in SHS exposure rates (i.e., change in constant terms). The contribution of
living in an urban area to the unexplained part of the gap is negative. This variable provides
5.77% reduction to the difference in the exposure to SHS at home.

Proportion of passive smoking at work place decreases by 18.5 percentage points between
2008 and 2012. Differences in the observed characteristics explain 60% of the difference in
exposure to SHS at work while keeping the regression coefficients at 2008 levels (Table 5). No
education and income group 4 categories negatively contribute to the difference but they are
significant only at 10% level. Differences in the proportions of highest income group categories
explain 3.38% of the passive smoking difference. The biggest contributers to the explained part
of the passive smoking differential are the variables related with smoking rules at work places.
Differences in the proportions of work places where smoking is not allowed and where smoking
is allowed everywhere or at some specific indoor places explain 53% of the difference in the
exposure to SHS at work. In the unexplained part, being male and high school education
category positively and significantly contribute to the difference in the passive smoking rates
between years (Table 6). Gender differences in behavioral responses explains 8.3% of the
differences in the SHS exposure between years. High school education explains 6% of the

differential at work.

5. Conclusion

This work analyzes the main factors associated with SHS at home, work, restaurants,
public buildings and public transportation in Turkey and obtain the contributions of those factors
to the differences in SHS exposure between 2008 and 2012. For this purpose 2008 and 2012
releases of GATS are used. Logit models estimated for SHS exposure at these places indicate
that young people are disproportionately affected by SHS exposure at all places. Males are less
likely to be exposed to SHS at home while at other places they are more likely to be exposed to
SHS. In addition, more educated ones are less likely to be exposed to SHS at home and work
while they are more likely to be exposed to SHS at restaurants and public transportation. Income

group categories are negatively associated with SHS exposure inside of a public transportation.
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Determinants of Passive Smoking in Turkey

Table 5: Decomposition analysis (difference explained)

Passive smoking at home Passive smoking at work
. 0.266%** 0.185%%**
Difference (0.008) (0.014)
Coefficient % Coefficient %

Explained part 0.016%** 0.111%%*

(0.004) 6.04 (0.010) 60
Unexplained part 0.250%** 0.074%*%*

(0.009) 93.96 0.013) 40
Covariates
Male 0.000 0.000

(0.000) 0.13 (0.00) 0.08
Age 15-24 0.001 0.000

(0.001) 0.47 (0.001) 0.23
Age 25-44 0.001* -0.002

(0.000) 0.34 (0.001) 092
Age 45-64 -0.000 -0.000

(0.000) -0.02 (0.000) -0.01
Age 65+ 0.008*** -0.000

(0.001) 2.86 (0.000) 0.16
No education 0.001** -0.004*

(0.001) 0.56 (0.002) -2:36
Elementary education 0.002%** 0.003

(0.001) 0-75 (0.002) 174
Primary/secondary education 0.000 -0.000

(0.000) 0.18 (0.001) -0.09
High school education 0.000 -0.000

(0.000) 0.14 (0.000) -0.01
At least college education 0.002%*%* 0.000

(0.001) 0.87 (0.003) 0.21
Employed -0.000

(0.000) -0.01
Income groupl -0.000 0.005

(0.002) -0.08 (0.004) 2.58
Income group2 0.000 -0.005

(0.002) 0.09 (0.004) 275
Income group3 -0.000 0.001

(0.000) -0.01 (0.001) 0.62
Income group4 -0.000 -0.003*

(0.000) 013 (0.002) -1.52
Income group5 -0.001 0.006%**%*

(0.001) 0.29 (0.002) 3.38
Urban -0.000 -0.000

(0.000) -0.07 (0.000) -0.10
Health knowledge 0.000 -0.000

(0.000) 0.10 (0.000) 0.14
Not allowed in any indoor 0.073 %+ 3937
places at work (0.006) ’
No indoor smoking policy at 0.012%*%* 6.40
work (0.003) ’
Allowed anywhere or only in 0.025%*%* 13.60
some indoor places at work (0.004) ’

* p<0.10, ** p<0.05*** p<0.01. Standard errors are in parentheses.
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Table 6: Decomposition analysis (difference unexplained)

Economic Freedom and Unemployment Rates in the U.S

Passive smoking at home

Passive smoking at work

Coefficient % Coefficient %

Mate (-(g).g(())j) 113 85901059*) .28
Female (8:88% 201 '(%'.%%Z 3.8
Agedood (8:882) 183 [8_5874) 1
Aee o3 (_(()).8842) 062 (8:88(1)) 020
No education (-8.8(())51) 040 (-(()),k())(())11) -0.56
Elementary education (888é) 0.42 (—8.(())861) 037
Primary/secondary education (888;) 0.23 (‘8638;) 2078
High school education (888;) 0.39 (200(1)(1);‘ 6.10
At least college education (—8.(())(())31) 041 (8882) 2.97
Employed (888;) 1.07

Income groupl (-(()),t())(())g) 155 (‘8&())2) 2026
Income group2 (—8882()) 20.09 (‘88)821) -0.60
Income group3 (—88831) 027 (‘88)857) -3.86
Income group5 (—88)831) 027 (888?) 3.39
Health knowledge (—882275) 945 (88%; 12.17
No health knowledge (888:) 0.22 (‘88(())10) 2023
Not allowed in any indoor 0.011 5.70
places at work (0.014)

No indoor smoking policy at -0.000 018
work (0.001)

Allow'ed anywhere or only in 0.000 0.08
some indoor places at work (0.002)

Constant 063.7082*8*)* 104.44 (8:831}) 575

* p<0.10, ** p<0.05*** p<0.01. Standard errors are in parentheses.
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Economic Freedom and Unemployment Rates in the U.S

Decomposition results reveal that (1) differences in the proportion of age and education
categories significantly explain the difference in the SHS exposure rates between 2008 and 2012;
(2) differences in the SHS exposure at work can significantly be explained by the differences in
the distribution of indoor smoking rules at work and (3) differences in the behavioral responses
of being a male and having a high school education degree can also explain a significant portion

of the differences in the SHS exposure at work.
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Industries In Pakistan?
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Abstract

This article investigates whether financial development volatility effect on
growth volatility of industries? The findings of the study are based on panel
data consisting of seven manufacturing industries listed at Karachi Stock
Exchange (KSE) over the period of 1994-2013. The Results of this study reveal
that financial development in banking sector diminishes growth volatilities of
industries that highly depend upon external liquidity. Whereas, financial
development volatility in banking sector increases growth volatility of
industries. Further, combined effect of both volatilities, banking sector and
stock market, also raise growth volatility of Industries. Policy implications that
come out from this study that regulatory authority should closely observe the
behavior of financial markets to ensure the stability in economic growth more
precisely, industrial growth of country. In addition, this study also suggests that
there should be further development in banking sector in order to sustain
economic growth and stability in Pakistan.
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Financial Development and Growth Volatility

1. Introduction

An extensive amount of theoretical and empirical literature explored the association
between financial sector development and economic growth. Theoretically, it is argued that
well develop financial system intermediaries reduce the cost of making transaction, acquiring
information and making transactions. Theoretically argued that well developed financial
structure performs several duties like; it improves the efficiency of intermediaries by
reducing cost making of transaction, monitoring and obtaining information. Financial sector
development involves the establishment and enhancement of institutions, markets and tools
that facilitate the economy through domestic and foreign saving into productive investment.
Many studies (e.g; Schumpeter 1911; Patrick 1966; Goldsmith 1969; McKinnon 1973; and
Shaw 1973) argued that well-functioning financial market spur economic growth.

Stability is one of the key macroeconomics challenges for sustainable economic growth
and development that concerns government, policymakers, market experts, corporate
managers and financial analysts. Numerous theoretical models have demonstrated that credit
market flaws may lead to macroeconomic fluctuations (e.g; Bernanke and Gertler, 1989;
Kiyotaki and Moore, 1997). Bernanke and Blinder (1992) confirmed that monetary policy
can influence the real economy through credit market.

Numerous studies show that there is negative association between financial development
and economic growth Volatility3. However, few studies like Khadraoui (2011), Cermeno
(2012) are contrast to them. The previous studies like (Behn (2014); Eweton (2014); Hoxha
(2013); Francisco (2009); Binah (2005)) showed that financial development enhance
industrial growth. Fang (2014) argued that volatility in financial sector development increase
the industrial sector volatilities with high liquidity needs. Further, volatilities of both banking
and stock market development have significant positive impact on industrial growth
volatility. Lin and Huang (2012) found that volatility of banking sector reduces the growth of
industries that highly depends on external finance. Levchenko (2009) stated that financial
liberalization plays significant positive role in industrial growth and its volatility. Financial
development diminishes output volatility of industries with more externally financially
dependent (Larrin; 2006). Raddatz (2006) explored that financial development declines the
growth volatility of industries with high external dependence.

Investment is more volatile component of GDP. Financial markets fluctuation can create
uncertainty for investment in any project or business. In Pakistan, financial reforms started
from late 1980’s on the suggestion and financial support of World Bank (WB). Financial
markets and industrial growth at aggregate and disaggregate (industry wise) level remained
unstable since 1990s (see appendix). It is more likely that volatility in financial markets may
adversely affect economic growth or more precisely industries growth and its volatility.
Many studies like Khan, et al. 2005; Hussain, 2011; Hye and Wizarat, 2013; Munir et al,
2013 show that financial development enhance economic performance in Pakistan. All these
studies show association between financial development and economic growth but largely
ignore the shocks or variation or volatility at aggregate and disaggregate (agriculture,
industrial and firm) level. Therefore purpose of this study is to examining the association
between growth volatility of industries and financial development volatility in context of
Pakistan.

This paper organizes as follows; section 2 provides the summary the financial
development in Pakistan. Section 3 presents the data description and methodology. Section 4
of study discusses empirical results. Finally, last section describes concluding remarks.

? See Wahid and Jalil (2012), Gouider and Trabelsi (2006), Bekaert (2006) and Danizer (2002),and Omay
(2011) has a detail analysis about the simultaneous estimation of related variables volatility (or uncertainty).
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2. Overview of Financial Sector Development in Pakistan

Well-functioning financial institutions are essential for the economic development of a
country. Before 1990s, financial sector in Pakistan was underdeveloped illustrated by credit
ceiling, highly control on lending and deposit rates. Nationalized financial institutions hold
about 93.8 percent of the aggregate resources of the whole financial sector till the end of
1980s. All these aspects created extreme inefficiencies, distortions and macroeconomic
challenges in the late1980s. To overcome these problems the Government of Pakistan
initiated the process of financial sector development in early 1990s, keeping in view a
significant role to achieve sustainable economic growth in the country. For this purpose,
World Bank and agriculture development bank of Pakistan provided technical and financial
support. Firstly, the Government of Pakistan liberalizes the entry of foreign and private
banking industries, to create competition and efficiency in financial markets. Secondly,
nationalized banking intuitions, like Muslim commercial bank and Allied Bank limited were
mostly privatized. The privatization of financial intuitions raised greater competition and
transparency among these organizations. Thirdly, big nationalized commercial banks were
downsized their branches and also their employees. Fourthly, State bank of Pakistan (SBP)
was given full autonomy for modification in SBP act 1956. Now Banks are free from high
control restrictions of liquidity ratio and cash reserve ratio. Fifthly, monetary policy used
open market operation as major instrument instead of credit-deposit ratio (CDR). Fully
liberalized banks permitted to grow faster and enhance their market share. Collateral was
encouraged to reduce the costs of lending. Nationwide saving schemes were improved to
amalgamate the financial market. Finally, SBP played effective role as supervisory body and
guardian of the banking sector to promote credit projects.

Figure 1. Trends of Financial Development (Banking Sector and Stock Market) in Pakistan
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3. Data description and Methodology

3.1 Data Description

This study uses the panel data set of seven manufacturing industries (e.g; Textile, Sugar,
chemical, cement, transportation, paper and paper products, fuel and energy) over the period
of 1994-2013. Industrial level data set has been taken from “financial statement analysis of
companies listed at Karachi Stock Exchange”, published by State Bank of Pakistan (SBP).
Sectors are selected on the basis of completeness and consistency in data series. Financial
markets data such as banking and stock market development is taken from World
Development Indicator (WDI). Other control variables Inflation, Government Size and Trade
openness are also taken from WDI.

Table 1. Summary Statistics

Industry wise Growth Volatility Mean St.dev Min. Max Obs.
Textile 2216198  25804.33 282594  99083.21 20
Sugar 5475.08 7650.49 201.99 34909.33 20
Chem 20292.67  23289.27 94.01 89725.50 20
Cement 6871.62 9504.53 208.25 36388.45 20
Fuel 71381.88  92009.68 83332  367698.61 20
Transp. 12488.87  9804.55 625.53 40477.16 20
Paper 1479.53 1625.60 19.76 7046.27 20
Overall targeted industries 20021.66  31113.29 19.76 367698.61 140
Sectorial Liquidity Needs

Textile 0.95 0.08 0.40 0.70 20
Sugar 0.47 0.12 0.29 0.69 20
Chem 0.42 0.10 0.29 0.66 20
Cement 0.56 0.12 0.35 0.81 20
Fuel 0.39 0.11 0.22 0.59 20
Transp. 0.66 0.21 0.33 1.18 20
Paper 0.37 0.10 0.25 0.59 20
Overall targeted industries 0.55 0.04 0.22 1.18 140
Financial Development and Volatility

Private Credit to GDP 23.71 3.75 15.75 28.74 20
Stock market capitalization to GDP 20.47 10.54 6.84 46.11 20
Volatility of private credit to GDP 1.05 1.14 0.03 0.03 20
Volatility of stock market

capit. to GDP 4.97 4.95 0.54 22.84 20

Source: Author's calculations from financial statement of analysis of companies listed KSE
and WDI
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The primary measures for financial development in the context of banking sector, study
uses the “ratio of private credit to GDP” *. Secondly, financial development in the context of
stock market measure through the “ratio of stock market capitalization to GDP”°. To measure
the volatility in financial market (either in form of banking or stock market), this study uses
“standard deviation of private credit to GDP ratio” for volatility in banking sector and to
measure the volatility of stock market development we use “standard deviation of stock
market capitalization to GDP ratio ”. For liquidity needs we use proxy as “short-run debt to
sales ratio”. Three main control variables are used in this study including other determinants
of industrial growth, e.g; inflation, and government size and trade openness.

3.2 Methodology

To measure whether volatility of financial sector effects on growth volatility of industries
in Pakistan, this study uses fixed effect method to estimate the both models. Fixed effects
regressions are preferable not only because they control for all time-invariant factors but also
they use only within-cross section variation in the data for estimation. Benchmark Model
given as follows:

VINDG, = a,,+ o, (LN, * Fin.Dev)+a, (LN, *SD Fin.Dev)+ A0C, + p, (1

where subscript i denote " industry and ¢ use for time period. The dependent variable
(VINDQG) is the standard deviation of real sales growth of industry. The explanatory variable
(LN*Fin.Dev) is the interaction term of liquidity needs and financial development, which test
whether financial development in banking sector leads a causal effect on growth volatility of
industries which desire more liquidity needs’. Our core interest identifies with second
explanatory variable (LN*SD Fin.Dev), which is the association between liquidity needs and
financial volatility that determine whether fluctuation in banking sector exerts any effect on
growth volatilities of industries with high demand for external liquidity. Finally, model (1)
incorporates the other set control variables (OC) e.g; government Size, inflation rate and
trade openness that are the additional determinants of industrial volatility and error term ().
In an addition to this, study also estimates association of volatilities between stock market
and industries with larger liquidity needs. This specify as follow Regression:

VINDG, = o, +a, (LN, * Fin.Dev)+c, (LN, *SD Fin.Dev)
2
+a, (LN, *Stock.Dev) + a, (LN, *SDStock .Dev) + A0C, + 41, )

Model (2) is the same as Model (1) with the exception of two additional association terms,
(LN;; * Stock.Dev) liquidity needs with stock market development and (LN;, *
SDStock. Dev) liquidity needs with stock market volatility. Which trying to explore role of

*This proxy is frequently used in literature see Fang (2014); Lin and Huang (2012); Levchenko et al. (2009);
Raddatz (2006).

>See Fang (2014); Lin and Huang (2012); Fishman and love (2003); Udegbunam (2002);.

% Fang et al.(2014) uses three proxies to measure liquidity needs of industries; i) cash conversion cycle ii) labour
cost to sales ratio iii) short run debt to sales.

7 Rajan and Zingales (1998) and Raddatz (2006) tested whether financial development effects on the industrial
output volatility with more liquidity needs. Results explored that financial development declines the growth
volatility of industries with high external dependence.
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stock market development or its volatility has any significant affect on industrial growth
volatility with high liquidity needs?

Table 2. Correlation Matrix

1 2 3 4 5 6 7 8
1,000
0,366 1,000

-0,098 0,028 1,000

0,455 0,217 -0,015 1,000

0,009 0,034 0,038 0,220 1,000

0,038 -0,037 0,092 -0,298  -0,068 1,000

-0,258  -0,158 0,203 -0,116 0,187 0,459 1,000

0,458 0,153 0,184 0,153 -0,029  -0,001 0,006 1,000

OO DN RN~

Note: 1) Private Credit to GDP, 2) Stock market capital to GDP, 3)Volume of Private Credit to GDP, 4) Volume
of stock market capital to GDP, 5) Short-run Debt to Sales, 6) Volume in Government Expenditure, 7) Volatility
of Inflation, 8) Volatility in Trade Openness.

4. Econometrics Results and Discussions

4.1 Financial Development (Banks), Volatility and Growth Volatility of industries

Table 3 explores the empirical results of model (1) as follows:

Table 3. Impact of Financial Development (Banks) Volatility on Growth Volatility of
Industries by Using Fixed Effect

Independent Model Model Model Model Model Model Model Model

Variables 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8

C 11362  11.279  11.013  11.129  10.631  10.992  10.944  10.536
(0.000)  (0.000)  (0.000)  (0.000) (0.000)  (0.000) (0.000)  (0.000)

1 0961 -0989  -0978  -0.868 -1.057 -0.881  -0.947  -1.016
(0.008)  (0.007)  (0.006) (0.023)  (0.003) (0.021) (0.012)  (0.006)

2 0.282 0.268 0.268 0.276 0.226 0.260 0.266 0.223
(0.000)  (0.001) (0.001) (0.001) (0.004) (0.001) (0.001) (0.005)

3 -0.142 -0.359  -0.156 -0.361
i (0.274) i i (0.001)  (0.232) ) (0.011)

4 0.290 0.433 0.284 0.426
i i (0.011) i (0.001) i (0.015)  (0.001)

5 -0.074 -0.088  -0.024  -0.032
i i i (0.451) i (0.371)  (0.806)  (0.735)

R’ 0.515 0.520 0.539 0.517 0.561 0.523 0.539 0.562

Note: Values in parenthesis indicate p values. All variable are in natural logarithm. The
indepdendent variables are listed as follows; 1){(Private Credit)(Liquidity Needs ; )},
2){(Volatility of Private Credit ,;)(Liquidity Needs ; ;)} {(Volatility of Private Credit .
(Liquidity Needs ; 1)}, 3) Volatility of Government Size, 4) volatility of Inflation, 5)
Volatility of Trade openness. Dependent variable is Growth volatilities of Industries. Number
of observation is 140.

Source: Author's calculations from financial statement of analysis of companies listed KSE of
respective years and WDI.
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Result of First interaction term of Private Credit to GDP and liquidity need is statistically
negatively significant at 1% level. This coefficient shows that financial development in
banking sector reduces growth volatility of industries that are highly dependent on external
liquidity. This estimate of the study authenticates Raddatz’s (2006), Larrin (2006), Lin and
Huang (2012) and Fang (2014). Second, Estimate of associated term that is standard
deviation of Private Credit to GDP and liquidity need of industry is statistically positively
significant at 1% level. Result of this interact term suggests that volatility of financial
development in banking sector enhance the growth volatility of industries having higher
liquidity needs. This estimate authenticates the Fang (2014) results. Hence, to overcome the
problem of growth volatility of industries it is obligatory to stabilize the financial system of
the country.

Control variables, like volatility in Government size is statistically negatively significant
at 5 % level. This means that government expenditure reduces the volatility of industrial
growth. Second, inflation volatility is positively significant at 1 % level. It recommends that
volatile inflation stimulates the growth volatility of industries. Finally, fluctuations in trade
openness have no significant effect on growth volatility of industries in Pakistan.

4.2 Financial Development, Banks and Stock Market, Volatility and Growth Volatility
of Industries
Table 4 reported the results of model (2) as follows:

Table 4. Impact of Financial Development (Banks and Stock Market) Volatility on Growth Volatility
of Industries by Using Fixed Effect

Independent Model Model Model Model Model Model Model Model

Variables 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8
C 11.643  11.614 11363 11545 10.895 11.488 11.677 11.157
(0.000)  (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)  (0.000)
1 1562 -1.558  -1.828  -1516  -1.834  -1.503  -2.001  -1.969
(0.000)  (0.000) (0.000) (0.001) (0.000) (0.002)  (0.000)  (0.000)

2 0217 0215  0.186 0218  0.148 0215 0.182  0.146
0.011)  (0.013) (0.022) (0.011) (0.072) (0.014) (0.026) (0.076)

3 0355 0356 0509 0351 0561 0352 0534 0579
(0.131)  (0.132)  (0.026) (0.138) (0.014) (0.139)  (0.021)  (0.012)

4 0300 0294 0359 0293 0285 0283 0387 0310
0.014)  (0.023) (0.002) (0.020) (0.019) (0.036) (0.002)  (0.015)
5 -0.020 0276  -0.028 0.267
_ (0.884) _ _ (0.048)  (0.840) _ (0.058)

6 0.424 0.524 0453  0.543
- - (0.000) - (0.000) - (0.000)  (0.000)

7 -0.025 0.029  0.084  0.066
- - - (0.801) _ 0.773)  (0.383)  (0.492)

R’ 0.550 0550 0597 0550  0.609 0550 0599  0.611

Note: 1) {(Private Credit)(Liquidity Needs )}, 2) {(Stock market Capitalization)(Liquidity Needs ;)}, 3) {(Stock
market Capitalization)(Liquidity Needs ;)}, 4) {(Volatility of Stock market Capt.)(Liquidity Needs ; )}, 5)
Volatility of Government Size, 6) Volatility of Inflation, 7) Volatility of Trade openness Dependent variable is
Growth volatilities of Industries. Number of observation is 140.

Source: Author's calculations from financial statement of analysis of companies listed KSE of respective years
and WDL.
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First interaction (otq) term, private credit and liquidity needs is statistically negatively
significant at 1 % level. This estimate states that financial development in banking sector
decline growth volatility of industries that highly rely on external liquidity. Second
interaction term (a;), standard deviation of private credit and liquidity needs is statistically
positively significant at 5% level. This interaction term explores that volatility of financial
intermediaries in banking sector enhance the growth volatility of industries highly relying on
external liquidity. Both estimates confirm the result reported in Table 3 that private credit and
its standard deviation have significant impact on growth volatility of industries with high
liquidity needs.

Reported result of parameter (a3) shows that market capitalization to GDP has no
statistically significant impact on growth volatility of industries with higher liquidity needs.
Finally, interaction term (ot4) the standard deviation of stock market capitalization and
liquidity needs is statistically positively significant at 5 percent level. It shows volatilities of
stock market also have positive impact on growth volatility of industries having higher
liquidity needs. Finally control variables like, volatile inflation has statistically positive
significant at 1% level. Whereas, fluctuation in trade openness and government expenditure
have no or weak impact on growth volatility of industries

5. Conclusions

This article investigates whether financial development volatility, which an indicator of
stability of financial development, has an effect on growth volatilities as of industries in
Pakistan? Results of this study reveal that financial development in banking sector diminishes
growth volatility industries that highly rely on external liquidity. Secondly, Stock market
development has no or weak impact on growth volatilities of industries. Thirdly, volatility of
financial sector development (banking) increases the growth volatility of industries. Finally,
major contribution of this paper is that combined effect of both volatilities, banking sector
and stock market, has positive impact on industrial growth volatility that demand high
liquidity needs

Thus, fluctuations of financial development either in form of banks or stock market
enlarges the growth volatility of industries in developing countries like Pakistan. Further,
well-functioning financial intermediaries can smooth industrial growth volatilities, whereas
highly volatile financial intermediary raises growth volatility of sectors with high liquidity
needs.

Policy implications that come out from this study that regulatory authority should closely
observe the behavior of financial markets to ensure the stability in economic growth more
precisely industrial growth. In addition, this study also suggests that there should be further
development in banking sector in order to sustain economic growth and stability in Pakistan.
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Appendix

Figure A.1. Financial Development Volatility in Pakistan
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Figure A.2. Industrial Growth Rate Trends in Pakistan
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Figure A.3. Sectorial Volatilities In Pakistan
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Reflections and Comments on Randomness

1. Introduction

Human beings who are in the effort of understanding and helping others understand the
things happening in the universe, construct models about the events and processes they are
interested in and try to shed light on the future of the events by means of those models. Models
are meant to express the structure and process of the systems in the real world by the help of the
terms and laws of the related discipline. Models are also representation of various phenomena in
the real world. They are not identical with the truth itself and because of the simplifying
assumptions involved, they only present certain aspects of the truth, not every. In summary, a
model is a product of the perception who builds it. Models are classified under different
categories. Mathematical models are the ones with the most valid and highest power of
expression. Different models can be proposed in order to explain the same phenomenon.

Deterministic world view and related terms, ‘causality’ and ‘randomness’ are controversial
concepts in science, philosophy, and arts. Psychologists explain the pursuit of certainty as the
desire to return to the first days of the life when no emotion of suspicion existed and one was
safe in the arms of his/her mother and father. This desire is generally intensified by an education
which regards suspicion as a sin and trust as a religious requisite.

2. Philosophical Approach

In every moment of life, people consciously or unconsciously observe the events or processes
going on around them, gather information about how these events evolve, and respond
accordingly. Searching the relations among events and processes is a type of behavior that a
person with a holistic view of life would do. People tend to set relations between events in
accordance with their purposes. One’s ability to have control over the conditions is determined
by their ability to change and transform them.

If an event does not emerge necessarily and essentially from the existing processes or, has a
possibility to occur independent of other processes, and is unnecessary, then it is random. Every
case of randomness has its own reasons. In other words, randomness is conditioned by causality.
The distinction between randomness and causality is not absolute but relative, which means that
it only appears under specific conditions. An event which happens inevitably under specific
conditions can also happen randomly under different conditions. Also the reverse is possible. A
random event can transform into a necessity during a process. As necessity always comes with
randomness, randomness is a complement of necessity; that is, a necessary event is always
complemented with random elements. Randomness is not a necessity whose reasons are
unknown. Randomness still exists even if reasons are defined. Every fact and event occur
necessarily as a result of their internal reasons. But also every event and fact are affected by the
external reasons. External reasons are not fundamental and determinate as the internal reasons.
Everything existing in the society and nature is intertwined and has a feature of affecting each
other.

One’s place of birth and the environment in which he lives are random while his eating and
drinking are necessities to survive. In order to decide whether an event or fact comes into being
randomly or from a necessity, it should be examined whether it is an outcome of an internal or
external reason. By taking the necessary measures, events that bear randomness can be removed.
Winning a lottery is regarded as a chance, but to obtain this chance you have to buy a lottery
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ticket. A car accident is a random event, but its probability will decrease in the societies where
everyone obeys the traffic rules, the ped-ways and motorways are highly ordered, and public
transportation is preferred. Randomness is objective, which means that it is independent of one’s
ideas and will. Randomness in some cases can inhibit the process of necessities. Necessity finds
its own way between several random events and serves its duty.

Necessity in nature and society is the result of laws. Every law is the indication of necessity
which objects and facts are bound to. Every event and fact are bound to another with either an
internal and essential or an external and unessential connection. Randomness always hides an
objective necessity, which is a law. Saying that occurrence of an event is necessary means that its
connections are completed, and it has resistance to further external effects so that it cannot be
changed or transformed to its opposite disposition.

Each of the many events the general result of which is a law creates deviations from the law
and has randomness in it. In this case the law does not act unsuccessfully; it is just counter-
observed. If a law works despite all of its deviations, it is by the help of randomness. Law is in
this case incomplete, narrow, and convergent. Science is nothing but the application of the
statistical models. In the Kinetic Theory of Gases, every gas molecule moves in a complex orbit,
but due to the Law of Large Numbers, observable average events obey the simple laws like
Mariot and Gay-Lussac. Gas molecules in a closed container hit the walls of the container
randomly but mandatorily every hit applies the same amount of pressure to the walls. Physical
and chemical necessities are observed on the movements of the gas molecules. Science always
takes randomness into account but aims to minimize it.

It should be understood that under the universal laws of correlation no fact and event are
absolute, but they are in the state of continuous formation and transformation. There can be cases
when many disconnected single events can somehow unite and exhibit orderliness and relation.
These relations can repeat, and when it reaches a continuous and general form, the randomness is
terminated. Random event is one that is formed under defined conditions, or it is one that is
impossible to happen. However, in philosophical approach it has a dual character, which is
opposite to each other. While some philosophers deny randomness and accept that the events
obey the laws, others name all events as random. What is the relationship between necessity and
randomness in the world surrounding us? One answer to this question could be that there is
nothing that happens inevitably and nothing that is impossible. Every event can happen with
some probability, even if it seems unbelievable. This view accepts everything as possible. It
states that there is nothing as necessity. It also states that everything in the world is random.

The group of philosophers which deny necessities and see everything as possible are called
indeterminists. Science shows that everything obeys laws of the nature, and it is controlled by an
unknown necessity. Nothing can happen in a different way than it happens in the real world.
Something that happens against its natural occurence or without any reason is called a miracle in
science. But miracles are not real; they cannot happen. Some philosophers think that everything
in nature is predefined and not random. The ones who find this thought reliable also find
Newton’s deterministic classical mechanics laws true, and mechanical determinism has ruled the
scientific world since then. But when science faces more complex problems than the orbits of
objects, mechanical determinism collapses. Contending that nothing can be changed and that
every event is somehow predetermined brings us to fatalism. The belief that predetermination is
a result of mechanical determinism. The universe does not have a supreme theory; it only has
infinite sequences of theories which define the universe better each time. Events can be
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predictable to some extent, and the rest are arbitrary and happen by chance. In our era, the aim of
natural sciences is to state the facts with laws whose limits are determined by law of uncertainty.
Some philosophers who think that mechanical determinism and indeterminism cannot be
proven, state that events happen both necessarily and randomly. They choose the midway by
stating that small events happen randomly and big ones happen necessarily. According to this
view, random events are independent of laws since they do not occur due to the necessity and are
nothing but miracles, and necessary facts are accepted as predefined. Both in nature and society,
nothing is repeated identically. However, repetitions of some relations that are not absolute but
approximate are still compulsory. Necessity manifests itself like this. Individual facts can deviate
from laws in a certain limit, but sociologist Auguste Comte states that social facts happen due to
absolute cause and effect relations like physical ones, which, according to Laplace, is a
deterministic view. The reason is that social events do not occur as a result of mechanical cause
and effect relations. Many relations and contradictions can not only form new conditions but also
prevent the emergence of same results from the same causes. When viewed carefully it can be
realized that the world has a probabilistic structure. We cannot think about our lives without
randomness. Now we can answer the question “What is random?” in the following way:

It is the result of the mutual dependency of the universe.
It is a result of the uncertainty.
It is the result of material and the movements of the material.

For this reason, randomness can be explained by the characteristics of the universe as
well as the mutual dependency of events.

3. Mathematical Approach

Probability concept is related to one of the most important problems about knowledge.
Probability manifests itself in the natural laws first. According to classical probability theory,
numerical probability value is calculated by dividing “probable results” by “all results”. This
definition leads to objective and subjective interpretations. The proposition that “throwing a 6
has a probability of 1/6” is an example for a numerical probability proposition. The problem
arises in the interpretation.

Popper states that there are some psychological elements in subjective interpretation; for this
reason, he evaluates the probability level as a measurement of the belief of certainty or
uncertainty. Regarding rationalists, Reichanbach made the evaluation that “the thing that is
called probability level is the product of mind in the absence of reasons”. Popper’s objective
interpretation is that every numerical probability proposition is a proposition about the relative
frequency of occurrence of specific events in the sequence of events. For example, a proposition
in the form of “the probability of throwing a 1 in the next attempt is 1/6” is not a proposition of
the next throwing but a proposition of the whole set of throwings. The proposition of the next
result is also an element of this set, but this proposition only states that the relative occurrence of
getting 1 is 1/6. According to this approach, numerical probability propositions are acceptable
only when the interpretation of frequencies is possible.

The frequency model that ensures the validity of the essential propositions in the probability
calculations was developed by R.V. Mises. Reichanbach named this model as the empirical
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(experimental) philosophy of probability and stated that rationalist interpretation should not play
a part in scientific philosophy. According to this model, probability calculation is the model of
the sequence of events that have randomness. There are two axiomatic conditions completing the
sequence of events: “border-value axiom” and “randomness axiom”. When a sequence of facts
satisfies these two conditions, Mises defines it as “collective” which refers to the trials believed
to repeat infinitely. For example, a sequence of throwing with a non-corroding dice is a
collective. Every such event has some characteristics; for example, “throwing a 5” is a
characteristic. For every element in a sequence of events, a new “relative frequency sequence”
can be assigned. When the “relative frequency sequences” get larger, according to the border-
value axiom, the relative frequency sequence has to reach a border value.

According to Mises, the word “probability” is another expression of the border value of the
relative frequency in the collective. According to Mises, the only aim of probability calculation
is the calculation of another probability from a given probability. Reichanbach stated that the
frequency interpretation of probability will be harder when a probability proposition is applied to
a single event, and it is meaningless to name the probability of a single event as frequency. The
modern definition of probability is made by Kolmogorov, who uses the terminology of a sub-
branch of mathematics called “measurement theory”. This way the theory of probability
achieved an axiomatic structure. This definition also covers the classical probability definition.
Probability theory is handled with Mises’ frequency theory and takes its mathematical basis from
Kolmogorov Axioms. It is used for modelling the processes containing randomness. Mises’
frequency theory could be better understood mathematically by the help of Bernoulli Large
Numbers Rule. Large Numbers Rule connects two numbers to each other, one of which is a
theoretical and the other one is an experimental number. Thanks to this rule, probability theory
1s connected with experimental studies, and when the results obtained from this theory is applied
to experimental fields of science, some deep laws of nature which could not be explained with
absolute laws can be expressed mathematically.

While Pagels, a theoretical physicist, tries to answer the question “What is random?”, he
mentions the importance of making a distinction between physical and mathematical problems of
randomness. He says, “Mathematical problem is the logical problem defining the meaning of
random order of numbers or functions. Physical randomness problem is the evaluation of
whether real events obey the criteria of mathematical randomness or not. We cannot predict if a
sequence of natural events is random or not, without depending on a mathematical definition of
randomness. Once we have this definition, then we further have an experimental problem of
examining whether real events obey this definition or not. We face two problems here:
mathematicians could not give an absolute definition of randomness, or they could never succeed
in defining probability which is also related to the randomness.”
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