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ARTICLE INFO ABSTRACT

Keywords: Global Youth Tobacco Survey (GYTS), Indonesia showed that 60,9 % of students noticed cigarette advertisements
Advertising or promotions in outdoor media. Our study aimed to understand the impact of outdoor tobacco advertising and
Famﬂ_y peer and family association with Youth’s smoking behavior.

5Zirﬂllnﬂ“ence This study deployed a cross-sectional approach to explore factors related to youth smoking behavior, such as
Smoking peers, family, and tobacco advertising. The GYTS questionnaire was adapted as the instrument and distributed to
Indonesia 400 students from 20 high schools to observe smoking behavior. The chosen schools based on the previous study

whose classify school in hot-spot and non hot-spot area. This study applied a data mining approach with a de-
cision tree to generate the models.

This study generates a decision tree model that describes the peer factor as the key to introducing Youth to
smoking. The model also reveals that youth in the non-hotspot advertising area are not likely to develop Youth to
smoke. The model has a performance classification of 77.5 % This study found that youth with smoking fathers
are more likely to start smoking earlier, youth whose both parents are smokers, and mothers who are smokers
have a confidence level of 100 % to smoke. Further research is warranted to investigate rural districts to explore
any regional and socioeconomic variations.

Data mining

Introduction

The Global Youth Tobacco Survey (GYTS) reveals that >60 % of
Indonesian students have been exposed to tobacco advertising in out-
door media, raising concerns. In response, our study investigated the
impact of this advertising on youth’s smoking behavior, examining its
interplay with peer and family influences. This issue is worsened by
Indonesia’s health landscape, which faces a dual challenge: rising
chronic diseases due to changing demographics and lifestyles, alongside
alarmingly high rates of infectious diseases. The surge in Non-
communicable Diseases (NCDs) is extraordinary, contributing signifi-
cantly to global mortality, comprising nearly 70 % of deaths worldwide
[1]. Tobacco consumption is accountable for 225,720 fatalities

annually, representing 14.7 % of all recorded deaths. Notably, the pre-
dominant cause of mortality attributed to tobacco is within the popu-
lation having cardiovascular diseases (CVDs). Particularly concerning is
the increased likelihood of tobacco-induced CVD among younger in-
dividuals [2].

Tobacco advertising stands out as one of the most assertive and
innovative, employed worldwide for promoting tobacco products. It
serves as a powerful tool in shaping perceptions, attitudes, and behav-
iors related to smoking [3]. Particularly in Indonesia, tobacco com-
panies integrate advertising as a pivotal tool to cultivate new consumers,
often targeting younger ones, thus embedding these promotional cam-
paigns into the country’s societal roots. [4]. Concurrently, Indonesia
exhibits a deficiency in comprehensive national tobacco control
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measures. The existing Government Regulation (PP) No. 109/2012
about tobacco control, permits cigarette advertisements, promotions,
and sponsorship across all media platforms [5]. As per the findings of the
Global Youth Tobacco Survey (GYTS), Indonesia demonstrates that 19.2
% of students are engaged with various forms of tobacco products.
Moreover, a significant majority, accounting for 60.9 % of students,
reported exposure to cigarette advertisements or promotions in outdoor
media [6]. This issue is rising because of the high density of tobacco
advertising around the school areas [7,8]. The government should pay
attention to this because the prevalence of child smokers in Indonesia
between 2014 and 2019 increased marginally from 18.3 % to 19.2 %
within the demographic aged 13 to 15 years old [9].

Tobacco advertisements in Indonesia display images related to
friendships and helping to increase confidence and masculinity targeting
the young age group [10]. It is related to young age’s odds of smoking
susceptibility [11]. Furthermore, peer smoking is one of the most sig-
nificant factors increasing the possibility of smoking at a younger age
[12,13]. Social learning theory introduced the term of social modeling,
which refers to the perceived conduct of others as a primary source of
influence on the observer’s behavior such as smoking [14]. Studies have
proven the relationship between peer smoking behavior and individual
smoking, such that having friends who smoke increases the likelihood of
becoming a smoker [15]. There is diverse evidence about peer percep-
tion of popularity and health behaviors, particularly smoking. For
example, a study indicated that popular adolescents (aged 11-12) were
more likely to smoke than their less popular peers. Other research,
however, reveals that smoking may be connected with social isolation or
having fewer friends (aged 11-19 years) and that popular individuals
may be more influential than their less popular peers [16].

According to previous research, parental and peer factors are a sig-
nificant component in adolescents’ smoking behavior. Youth often
imitate their parents’ smoking habits, which can lead to heavy smoking
in early adulthood [17]. The impact of parental modeling on youths’
smoking behavior is widely recognized. Previous studies indicated that
when at least one parent smokes, the risk of smoking uptake in child-
hood and adolescence increases almost twofold, and when both parents
smoke, the risk nearly triples [18]. Adolescents are less likely to smoke if
their parents are former or declining smokers. Quitting smoking earlier
also reduces the likelihood of adolescent smoking.

The survey also showed that exposure to family smoking tends to
persuade youth to smoke in the future and increase the odds of peer
exposure. [13] Previous studies have shown the pattern of substance
use, including tobacco use, related to perceived parenting style and peer
consumption. [19] Student smokers are associated with deviant groups.
[20]

This study followed the previous research in Semarang, Indonesia.
[8,21] that aimed to examine the density and hotspots of outdoor to-
bacco advertisements near schools and investigate the relationship be-
tween youth smoking behavior and indicators of outdoor tobacco
advertisement density and proximity in Indonesia, both of which were
conducted in Semarang.

Our study attempted to explain the relationship between outdoor
tobacco advertising, peer influence, family dynamics, and their inter-
play with youth’s smoking behaviors. Employing a data mining meth-
odology featuring a decision tree algorithm, we conducted a
classification analysis to discern patterns among these factors. This
research marks the primary utilization of a data mining approach to
delve into the determinants of Youth’s smoking behavior.

Materials and methods
Data collections
This study used a cross-sectional quantitative approach to investigate

the determinants associated with youth smoking behavior, building
upon a prior investigation focused on the density and proximity of
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outdoor tobacco advertising in Indonesia. [8] The advertising data were
acquired from our previous study conducted from November to
December 2018 through a survey of outdoor tobacco advertisements.
The advertisements included a wide range of media, such as billboards,
videoboards, banners, retail signs, neon boxes, posters, and stickers. A
total of 3453 outdoor tobacco advertisements, including those displayed
in front of stores and retailers, were observed. The advertisements var-
ied in size, ranging from small (roughly A4 size, measuring between 21
x 30 cm) to huge (typical billboard size, measuring greater than 2.0 x
2.5 m).

The classification of advertising density around schools was based on
two categories: areas identified as hotspots and those designated as non-
hotspot regions (Fig. 1). Hotspot classification was determined by the
quantity of advertisements located schools, utilizing criteria established
in earlier studies. In hotspot analysis, the previous study used the opti-
mized hotspot analysis tool using Getis-Ord Gi* statistics to identify
areas with a significantly higher density of adverts (at a 95 % signifi-
cance level) [8].

The previous study also examined school data from 978 govern-
mental and private schools in Semarang city. This data was received
from the municipal education office on 15 May 2019, and may be
accessed at http://disdik.semarangkota.go.id. The data contained
school names and levels (primary, junior high, and senior high), along
with addresses that we transformed into geocodes using Google Sheets
and geocoding add-ons. Additional information regarding the method-
ologies and findings has been published in another source [8].

As a follow-up to the previous study [8], this research conducted a
survey and interviews among high school students to assess smoking
behaviors in smoking initiation. Smoking initiation is defined as an
event indicator for being a never-smoker to an ever-smoker [22].

This study conducted a sample calculation using data from the
Indonesian Global Youth Tobacco Survey (GYTS) and used Lameshow
sample calculation [23].

{z-«)*p(1 —p)}
d2
The data GYTS indicated that 50 % of young individuals reported
being exposed to cigarette advertisements or promotions. Additionally,
a margin of error of 5 % was considered. Based on these parameters, the
minimum required sample size was 384 students, so this study got 400
samples [21].

A random selection procedure was employed to choose 20 high
schools as the study setting, with 20 students interviewed at each school.
Ethical Clearance was obtained from Semarang State University (242/
KEPK/EC/2019). This study got permission from the school and consent
from the students.

The eligibility criteria for student inclusion encompassed being male,
this study specifically targeted males due to their significantly greater
frequency of smoking in Indonesia. The respondents were at least ten
years old, having spent at least one year in the school, and expressed
willingness to participate in the study. The study employed adapted and
validated versions of the GYTS questionnaires in Indonesian. Data
collection was carried out by eleven trained enumerators over the period
spanning September to December 2019.

This research used the Tripod (Transparent Reporting of a Multi-
variable Prediction Model for Individual Prognosis or Diagnosis)
Checklist to present findings on predicting youth smokers. The Tripod
Statement aims to enhance the transparency of reporting in studies
developing prediction models, particularly in the context of Youth’s
smoking behaviors [24,25].

n=

Data set

The dataset in this study based on the previous study [21], consists of
400 data compromised five features: outdoor advertising (hotspot,
non-hotspot); family factors’s smoking status (no one, father is a smoker,
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Fig. 1. The density of advertisements classifies as Hotspot and Non-Hotspot area..
Note: locations with a substantially (95 %) higher density of advertisements are represented by grey cells, while black dots indicate schools. [8].

mother is a smoker, both of them are smokers); peer smoker (no one,
few, most of the peer are smokers, all are smokers); start of smoking (not
smoker at, < 7 years old, 8-9 years old, 10-11 years old, 12-13 years
old, 14-15 years old); and Youth is smoker (yes, no). This data set is
available at the Dryad repository.

Data analysis

Data presentation

The data set will be presented in descriptive analysis with cross-
tabulation between respondent characteristics, outdoor advertising,
peer and family factors, and smoking initiation. This study also repre-
sents the predictive model of smoking initiation among outdoor adver-
tising, peer, and family factors with an accuracy performance model.

The performance of prediction models is typically assessed using
accuracy, an evaluation metric commonly employed for classification
tasks. Accuracy measures the proportion of correct predictions made by
the model. Highly performance models result in precise and reliable
predictions. A machine learning model performs well when it achieves
an accuracy of over 70 %. A precision metric ranging from 70 % to 90 %
is practical and in line with established norms in the industry [26].

Data mining

This study used the data set [27] to apply a data mining approach
with a decision tree method, using Rapid Miner Ver. 9.8. Decision tree
algorithms are usually used for variable selection, assessing the impor-
tance of variables, handling missing values, prediction, and data
manipulation [28]. This study used a decision tree to assess the relative

importance of variables between outdoor advertising, parent’s smoking
status, and peer smoking with the smoking initiation.

The Decision Tree Classification Algorithm is like a typical tree
structure, including roots, branches, and leaves. A decision tree is a tree
where each node shows a feature (attribute), each link (branch) shows a
decision (rule), and each leaf shows an outcome (categorical or
continuous value) [29]. The decision tree has various algorithms for
splitting attributes such as CART, ID3, C4.5, and CHAID. Table 1 de-
scribes that splitting criteria such as Information Gain, Gain Ratio, and
Gini Index can be used [30]. This study applied those splitting criteria to
generate the best performance model.

Table 1
Splitting equation.
Metric Equation
Information Information Gain = I(p,n) = (P;p) log, (%) -
Gain ' +n +n
n\, n
()= (25)
Gain Ratio Gain Ratio = I(p,n) — E(A)
I(p,n) = Information before splitting
E(A) = Information after splitting
Gini Index

. 1 o
Gini Index (G) = (m> 21'11 S minklyj — yk|




E. Rachmani et al.

Results
Respondent characteristics

This study distributed a standardized GYTS questionnaire to 400
respondents in 20 schools in Semarang City. Table 2 shows that re-
spondents are distributed almost equally in hotspot and non-hotspot
areas (45 % and 55 %).

Table 2 shows that 65.5 % of Youth have smoked at least once, and
24.5 % started to smoke at the age of 12 or 13 years. Data reveals that
24.8 % of students < 11 years old ever tried to smoke, and students at
the age of 13 years, tend to smoke regularly. There is no substantial
difference in the proportion of Youth who smoked among hotspot and
non-hot spot areas.

Peer factors

The peer factors consist of having peers who are smokers and the
perception of respondents related to smokers (both boys and girls) in the
neighborhood. Table 3 shows that only 18 % of respondents do not have
friends as smokers, while 10.3 % have all friends who are smokers.

Table 3 shows that 92.7 % of youth with smoker friends have initi-
ated to smoke, while for Youth who do not have smoker friends, only
29.2 % ever tried to smoke. Furthermore, the proportion of Youth who
initiate smoking is likely higher in Youth with more attractive percep-
tions of smokers than in Youth with less attractive perceptions (80 % in
boys and 74.1 % in girls)

Table 3 also describes that respondents likely have no difference in
perception about smoker boys while perception about smoker girls
likely has negative perceptions such as naughty (52.8 %), less attractive
(49.0 %), and having fewer friends (48.0 %).

Family factors
This study reveals that 79.8 % of families who have talked about the

negative impact of smoking behavior; they have 64.3 % of the Youth
who initiated smoking. It is <6.1 % compared to the family who never

Table 2
Respondent’s characteristics.

Parameters N % Initiation of smoking
Yes No
N % N %

Outdoor Tobacco Advertising

Hotspot 180 45.0 116 64.4 64 35.6

Non-hotspot 220 55.0 146 66.4 74 33.6
Age

< 11 years old 7 1.8 4 57.1 3 42.9

12 years old 35 8.8 11 31.4 24 68.6

13 years old 71 17.8 36 50.7 35 49.3

14 years old 97 24.3 58 59.8 39 40.2

15 years old 54 13.5 43 79.6 11 20.4

16 years old 74 18.5 63 85.1 11 149

17 years old 44 11.0 35 79.5 9 20.5

Above 17 years old 18 4.5 12 66.7 6 33.3
Youth Grade

Grade 1 108 27.0 59 54.6 49 45.4

Grade 2 171 42.8 124 72.5 47 27.5

Grade 3 121 30.3 79 65.3 42 34.7
Ever tried to smoke

Yes 262 65.5 - - - -

No 138 34.5 - - - -
Tried to smoke

Never 138 34.5 - - - -

< 7 years old 20 5.0 - - - -

8 or 9 years old 19 4.8 - - - -

10 or 11 years old 60 15.0 - - - -

12 or 13 years old 98 24.5 - - - -

14 or 15 years old 65 16.2 - - - -
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Table 3
Peer factors related to smoking initiation of youth in semarang city, indonesia.

Parameters Peer Factor f % Initiation of smoking
Yes No
f % f %

Having Peer Smoker

None 72 180 21 292 51 708

Few 172 43.0 106 61.6 66 38.4

Most 115 288 97 843 18 157

All of them 41 10.3 38 92.7 3 15.7
Perception of Smoker Male Friends

Having more friends 79 19.8 62 785 17 215

Having fewer friends 77 19.3 31 40.3 46 59.7

No different 244 61.0 169 693 75 307
Perception of Smoker Female Friends

Having more friends 31 7.8 22 71.0 9 29.0

Having fewer friends 192 48.0 120 625 72 375

No different 177 443 120 67.8 57 322
Being a smoker makes boys looks

More attractive 50 125 40 80.0 10 20.0

Less attractive 119 29.8 65 546 54 454

No different 231 578 157 68.0 74 320
Being a smoker makes girls looks

More attractive 27 6.8 20 74.1 7 25.9

Less attractive 196 49.0 125 63.8 71 36.2

No different 177 443 117 661 60 339
Perception about smoker boys

Unconfident 82 20.5 65 79.3 17 20.7

Fool 70 175 37 529 33 471

Naughty 197 493 114 579 83 421

Success 15 3.8 13 86.7 2 13.3

Smart 7 1.8 6 85.7 1 14.3

Cool 29 7.3 27 93.1 2 6.9
Perception about smoker girls

Unconfident 29 7.3 21 72.4 8 27.6

Fool 139 348 89 640 50 36.0

Naughty 211 528 134 635 77 365

Success 5 1.3 5 100 0 0.0

Smart 4 1.0 3 750 1 25.0

Cool 12 3.0 10 833 2 16.7

talked about the effect of smoking behavior (Table 4).

This study describes the family factors influencing students to smoke,
while of youth whose father is a smoker, 73.2 % start to smoke, while
among Youth having a smoker mother, 100 % tried to smoke (Table 4).

Table 4
Family factors related to smoking initiation of youth in semarang city, indonesia.

Parameters Family Factor f % Initiation of smoking
Yes No
f % f %
Parents Smoker
None 148 370 78 52,7 70 47.3
Both of them 7 1.8 6 85.7 1 14,3
Father 231 57.8 169 732 62 26.8
Mother 3 0.8 3 100 0 0.0
Do not know 11 2.8 6 54.5 5 45.5
A smoker in the house (one week)
0 days 139 34.8 66 74.3 73 52.5
1 - 2 days 74 185 55 743 19 25.7
3 - 4 days 44 11.0 29 659 15 34.1
5 - 6 days 24 6.0 14 58.3 10 41.7
7 days 119 298 98 824 21 17.6
A smoker in the neighborhood (one week)
0 days 75 188 28 37.7 47 62.7
1 - 2 days 80 20.0 47 58.8 33 41.3
3 - 4 days 60 150 41 68.3 19 31.7
5 - 6 days 42 105 34 81.0 8 19.0
7 days 143 35.8 112 78.4 31 21.7
The family talked about the side effect of smoking behavior
Yes 319 798 205 643 114 25.7
No 81 20.3 57 70.4 24 29.6
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Family members’ behavior was captured through daily smoking habits;
among Youth who have family members who smoke every day, 82.4 %
tried to smoke. Furthermore, among Youth who have smokers in the
neighborhood, 78.4 % of Youth tried to smoke.

Description among outdoor advertising, peer, and family factors

Table 5 shows the cross-tabulation between factors of outdoor
advertising, peer, and family factors to generate youth smoking initia-
tion. The percentage of youth who initiate to smoke getting bigger
starting at 10-11 years old.

Table 5 shows that youth with peer smokers (at least a few smokers)
likely become smokers rather than non-peer smokers; furthermore,
youth with smoking parents and living in the hotspot advertising area

Table 5

Computer Methods and Programs in Biomedicine Update 6 (2024) 100168

initiate smoking early.
Data mining

This study simultaneously analyzed three variables or features in the
data set [27]: parents smoking status, peer smokers, and tobacco
advertising around the school. The pattern in the data is explored using
data mining approaches called decision trees function. This study re-
veals that Youth who have a smoker father and live in the hotspot area
tend to smoke earlier than their counterpart. It is found that the hotspot
area has double the number of Youth who smoke (eight Youth) than
non-hotspot (four Youth), which started smoking at seven years of age.

This study applied the decision tree technique to obtain the model-
related features between parents and peer smokers and tobacco

Cross-tabulation between outdoor advertising, peer and family factors with youth’s initiation smoking in indonesia.

Family factors Initiation of smoking (years old)  Hotspot Non-Hotspot
Having Peer Smokers Total Having Peer Smokers Total
Noone  Few Many All Noone  Few Many All
Father < 7 years 1 2 4 1 8 0 1 1 2 4
(12.5) (25.0) (50.0) (12.5) 7.8 (0.0) (25.0) (25.0) (50.0) 3.9
8-9 years 1 1 0 1 3 1 4 2 3 10
3.3) 3.3) (0.0) (3.3) 2.9 (10.0) (40.0) (20.0) (30.0) 9.8)
10-11 years 1 8 4 4 17 0 7 6 2 15
(5.9) (47.1) (23.5) (23.5) (16.6)  (0.0) (46.7) (40.0) (13.3) (14.7)
12-13 years 1 13 8 3 25 1 19 15 3 38
(4.0) (52.0) (32.0) (12.0) (24.5) (2.6) (50.0) (39.5) (7.9) 37.2)
14-15 years 0 5 17 3 25 0 4 13 6 23
(0.0) (20.0) (68.0) (12.0) (24.5) (0.0) 17.4) (56.5) (26.1) (22.5)
Not smoker 7 11 4 2 24 7 23 9 0 39
(29.2) (45.8) (16.7) (8.3) (235 (17.9) (59.0) (23.1) (0.0) (38.2)
Total 11 40 37 14 102 9 58 46 16 129
(10.8) (39.2) (36.3) (13.7) (100) (7.0) (45.0) (35.7) (12.4) (100)
Mother 8-9 years 0 0 0 0 0 0 1 0 0 1
(0.0) (0.0) (0.0) (0.0) 0.0) (0.0) (100) (0.0) (0.0) (50)
12-13 years 1 0 0 0 1 0 1 0 0 1
(100) (0.0) (0.0) (0.0) (100) (0.0) (100) (0.0) (0.0) (50)
Total 1 0 0 0 1 0 2 0 0 2
(100) (0.0) (0.0) (0.0) (100) (0.0) (100) (0.0) (0.0) (100)
Both parents are smokers 8-9 years 1 0 0 0 1 0 1 0 0 1
(100) (0.0) (0.0) (0.0) (16.6)  (0.0) (100) (0.0) (0.0) (100)
10-11 years 0 1 1 0 2 0 0 0 0 0
(0.0) (50.0) (50.0) (0.0) (33.3) (0.0) (0.0) (0.0) (0.0) 0.0
14-15 years 2 0 0 0 2 0 0 0 0 0
(100) (0.0) (0.0) (0.0) (33.3) (0.0) (0.0) (0.0) (0.0) 0.0)
Not smoker 0 0 0 1 1 0 0 0 0 0
(0.0) (0.0) (0.0) (100) (16.6)  (0.0) (0.0) (0.0) (0.0) (0.0)
Total 3 (50) 1 1 1 6 0 1 0 0 1
(16.7) (16.7) (16.7) (100) (0.0) (100) (0.0) (0.0) (100)
None of the parents are smokers < 7 years 0 2 0 0 2 0 2 1 2 5
(0.0) (100) (0.0) (0.0) 2.9 (0.0) (40.0) (20.0) (40.0) 6.3
8-9 years 1 1 0 0 2 0 0 0 1 1
(50.0) (50.0) (0.0) (0.0) 2.9 (0.0) (0.0) (0.0) (100) (1.23)
10-11 years 3 3 0 3 9 5 9 1 2 17
(33.3) (33.3) (0.0) (33.3) (13.00 (294 (52.9) (5.9) (11.8) (21.5)
12-13 years 2 5 0 2 9 2 9 4 3 18
(22.2) (55.6) (0.0) (22.2) (13.0) (11.1) (50.0) (22.2) (16.7) 22.7)
14-15 years 2 4 2 1 9 4 2 0 0 6
(22.2) (44.4) (22.2) (11.1) (13.00  (66.7) (33.3) (0.0) (0.0) (7.6)
Not smoker 4 11 1 22 38 3 17 0 12 32
(10.5) (28.9) (2.6) (57.9) (55.00 (9.9 (53.1) (0.0) (37.5) (40.5)
Total 12 26 3 28 69 14 39 6 20 79
(17.4) 37.7) (4.3 (40.6) (100) (17.7) 49.49) (7.6) (25.3) (100)
Do not know if parents are smokers < 7 years 0 0 0 0 0 0 0 1 0 1
(0.0) (0.0) (0.0) (0.0) 0.0) (0.0) (0.0) (100) (0.0) (11.1)
8-9 years 0 0 0 0 0 0 1 0 0 1
(0.0) (0.0) (0.0) (0.0) 0.0) (0.0) (100) (0.0) (0.0) (11.1)
12-13 years 0 1 0 0 1(50) 2 0 0 1 3
(0.0) (100) (0.0) (0.0) (66.7) (0.0) (0.0) (33.3) (33.3)
Not smoker 0 0 0 1 1(50) 0 3 0 1 4
(0.0) (0.0) (0.0) (100) (0.0) (75.0) (0.0) (25.0) (44.9)
Total 0 1 (/] 1 2 2 4 1 2 9
(0.0) (50.0) (0.0) (50.0)  (100) (22.2) (444 (11.1) (22.2) (100)
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advertising around the school using four criteria: Information Gain, Gini
Index, Gain Ratio, and Accuracy. Fig. 2 shows the decision tree resulting
in two models; only the Accuracy criterion has a different model among
the criteria. All the models have a performance classification of 77.5 %.

Fig. 2 shows the model produced by various weighting criteria. The
evaluation with Gini Index, Information Gain, and Gain Ratio, shows
that the resulting model is similar. However, the model produced by the
Accuracy criterion metric has a slightly different model but gives the
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same performance result as the other criterion.

Fig. 3 shows that Peer Smoker status with the branch value of All
Peer Smoker has 92.3 % confidence value that youth start smoking.
Similarly, Peer Smokers with a branch value of Most of Peer Smokers has an
80.2 % confidence value. Then, the branch value Few of Peer Smoker
must be considered the Parent Smoker node. Both parent smokers and
mother smokers have confidence values up to 100 %, except the branch
value of Parent Smoker is Do Not Know. This branch flows to the next

Decision Tree Algorithm: Gini Index, Information Gain, and Gain Ratio
Performance Classification 77.5%
Peer Smoker of i
most of hem smoker -
Few No one 3l smoker
Parent Smoker yes
— : No one yes Outdoor advertising
Both of hem Faner  \omer I
hotspot non hotspdt
Do not imow yes
yes yes
L 0o Parent Smoker
|1
Outdoor advertising
Donctknow Fater Noone
hotspot
non hotspot
es
Y yos no no
no
Decision Tree Algorithm: Accuracy,
Performance Classification 77.5%
Peer Smoker
most of them smoker yes
il No one all smoker -
Outdoor advertising Outdoor advertising yes
hotspot  non hotspot hotspot  Non hotspot —
VES O Parent Smoker
Parent Smoker
||| —— No one
no
Do notknow Father
Both of them No one
Father
Do not know Mother yes no,
yes yos
yes " —
[ I=]
no yes

Fig. 2. Decision tree model of youth smokers.
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Tree Description from Gini Index, Information Gain, Gain Ratio

Peer Smokers = Few

Parent Smokers = Both of them: yes {yes=2, no=0} (Confidence 100%)

Parent Smokers = Do not know

| Outdoor advertising = hotspot: yes {yes=1, no=0} (Confidence 100%)

| Outdoor advertising = non hotspot: no {yes=0, no=1} (Confidence 100%)
Parent Smokers = Father: yes {yes=48, no=25} (Confidence 65.8%)
Parent Smokers = Mother: yes {yes=1, n0=0} (Confidence 100%)

Parent Smokers = No one: yes {yes=25, n0=20} (Confidence 55.5%)

Outdoor advertising = hotspot: no {yes=7, no=19} (Confidence 73%)

|

|

|

|

|

|

|

Peer Smokers = No one
|

| Outdoor advertising = non hotspot
|

|

Parent Smokers = Do not know: yes {yes=1, no=1} (Confidence 50%)
Parent Smokers = Father: no {yes=2, no=4} (Confidence 66.6%)

| | Parent Smokers =No one: no {yes=7, no=9} (Confidence 56.2%)
Peer Smokers = All smokers: yes {yes=24, no=2} (Confidence 92.3%)
Peer Smokers = Most of them smokers; yes {yes=65, no=16} (Confidence 80.2%)

Fig. 3. Tree description from three weighting criteria.

consideration node, Outdoor Advertising. Its branch value Hotspot figures
out that the youth start smoking and non-Hotspot shows that they would
not start smoking with a confidence level of 100 %, respectively.

Additionally, the model indicates that the peer smoker is the root of
the model, followed by the Outdoor Advertising node in case the youths
do not have peer smokers. The findings demonstrate that the Hotspot
value within Outdoor Advertising strongly discourages the initiation of
smoking, with a confidence level of 73 % (Fig. 3). Furthermore, the non-
hotspot value of Outdoor Advertising must be considered the Parent Smoker
node, where the value of the Father and No One of the parent smokes predict
that the Youth would not start smoking. Furthermore, Do Not Know the
Value of Parent Smoker denoted that Youth would start smoking despite
the confidence level of these three branches’ value being <70 %.

Discussion

Various prior studies deployed machine learning techniques to
explore the complexity of smoking behavior in adults. [31-33] Maryam
et al. emphasize that data mining techniques are promising in predicting
smoking behavior. This study explores the factors influencing Youth to
smoke, such as peer smoking, outdoor tobacco advertisements, and
whether the parents are smokers. In our research, it was observed that
63.5 % of the subjects had experimented with smoking, and 24.5 % had
initiated smoking at the ages of 12 or 13. These outcomes closely parallel
those documented in studies conducted in the United Kingdom. Our
investigation highlighted a heightened susceptibility to smoking among
Youth aged between 11.7 and 12.7 years when subjected to both in-
fluences from smoking siblings and peer interactions [34]. The age at
which one first began smoking cigarettes every day is the most signifi-
cant explanatory factor for the prediction of the average number of
cigarettes used per day, followed by educational attainment and psy-
chological distress, according to a prior study [31].

However, our study revealed that a higher number of advertisements
contributed to increased smoking Youth. Additionally, a separate study
identified the normative social image as a risk factor for Youth when it
comes to smoking behavior [35].

These findings show the importance of making a policy on reducing
the exposure of outdoor tobacco advertisements, as a previous study also
demonstrated an increased density of 70 % and 51 % within a 100-meter
radius of primary schools [8]. Creating a safe environment for Youth is
crucial to prevent peer pressure from influencing new smokers.

The first factor related to the Youth’s decision to smoke in this study

is the peer factor because it lies in the root node of the decision tree. In
case the Youth do not have peer smokers, outdoor advertising is the
second factor affecting the Youth’s smoking behavior. Youths with few
peer smokers, the second layer factor is parents. Studies showed that
youths 8 years old became addicted to tobacco because of peer pressure
[36]. Another study showed that peer pressure significantly influenced
cigarette smoking [37]. Peer pressure positively affects cigarette
smoking [38,39]. Furthermore, the Accuracy method generated a
different model in Youth who have few peer smokers; the outdoor
advertising lies in the second layer, unlike the other methods. The pre-
vious study described that a youth’s smoking habit is most closely
connected to that of the best friend and friends in general, with a minor
relationship to parental smoking behavior. Nevertheless, longitudinal
outcomes showed a considerably reduced effect for the best friend and
friends in general in predicting smoking behavior one year later. [40]

The family’s smoking status also impacts smoking among Youth
[39]. This study found that Youth with smoking fathers are more likely
to start smoking earlier, while for Youth whose mothers are smokers, the
chance is 100 % (confidence 100 %). The previous study found that
Youth with smoking parents have tried smoking compared to those with
non-smoking parents [41]. The acceptance of Youth related to the
smoking behavior of adults because of the perception that smoking is
one of the coping strategies of the parents; Youth understand that adults
have problems [42].

The previous study found that Youth of mothers who smoked
throughout pregnancy had a higher risk of developing asthma and
chronic wheezing [43]; furthermore, tobacco use is a significant asthma
risk factor [44]. The role of the family in practicing a healthy lifestyle
influences the Youth’s behavior, including tobacco use [45]. The
intervention strategy needs to focus on the family and broader envi-
ronment to prevent Youth from smoking and healthy Youth.

This study used data mining as a novel approach to understand
human behavior instead of a generic statistical approach [46]. Data
mining is increasingly popular and essential in the health community
such as health care and public health [47,48]. It reveals previously
unknown patterns and trends in data and uses that information to build
predictive models such as treatment outcomes, and predictive behavior
[33,49]. Various functions of data mining can be applied to acquire new
knowledge in health care [50]. Moreover, recent studies have used data
mining to develop questionnaires and understand health behavior [51,
52].

Different classification algorithms are available in the literature on
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the data mining method. However, the decision tree is the most used
method because of its ease of execution and easier understanding than
other classification algorithms. Frequently used algorithms to develop
decision trees such as CART, C4.5, CHAID, QUEST, and ID3 are avail-
able. The decision tree methodology is commonly used to establish
classification systems based on multiple covariates or develop prediction
algorithms for a target variable [28].

The model resulting from the decision tree pattern in Fig. 2 shows
that the root node is the peer factor in both models, which is the key to
the initiation of smoking in the Youth. Simultaneously, parents are the
main factor in developing Youth’s smoking behavior if the Youth has
peer smokers. A previous study described that even though parents are
smokers, if the Youth are exposed to antismoking programs or awareness
programs about the negative impact of smoking, they are less likely to
try cigarettes [53].

Our findings are consistent with an earlier study that found signifi-
cant associations between smoking among youth (but not among adults)
with density and proximity to outdoor advertising in Semarang City.
Youth at schools with a medium and high density of outdoor advertising
(OTA) were up to 2.16 times more likely to smoke than those with low-
density [21].

Our study has at least two limitations. First, our study was conducted
in an urban setting and should not stand for the whole country. Second,
this study only explored the initiation of the Youth who tried to smoke,
not examining whether the Youth were active smokers or not.

Conclusion

The study findings underscore that peer influence stands as the
leading determinant in encouraging Youth to start smoking, followed by
the impact of tobacco advertising and parental smoking behaviors.
Moreover, this investigation indicates that non-hotspot regions within
outdoor advertising do not significantly influence Youth to initiate
smoking. Conversely, the smoking habits of mothers have a notable
contribution to shaping whether Youth engage in smoking behaviors or
not. These outcomes bear significant implications for policy formulation
not only within Indonesia but also at the global level.

Further study

Further research should also examine rural districts to explore
regional and socioeconomic variations. Second, our research only
interviewed high school students because data showed that smoking
initiation is penetrating in the younger age groups in Indonesia; further
studies should also assess smoking behavior among primary school
students.
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