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ABSTRACT

Background: Indonesia has the second-highest smoking prevalence among adult males in the world,
with over 61.4 million current smokers. However, there is no national regulation on outdoor tobacco
advertising. Objective: The study aims to assess the density and hotspots of outdoor tobacco
advertisements around schools in Indonesia with Semarang city as an example. Methods: We
conducted geospatial analyses using buffer and hotspot analyses using advertisement and school data
in ArcMap 10.6. We statistically test the significance of different densities, including between area 100
meter and 100-300-meter buffers from schools using Stata 15.1. Results: We found a total of 3,453
advertisements, of which 3,026 (87%) were at least medium in size (1.3x1.9 meters), and 2,556 (74%)
were within 300 meters from schools. We also found a 45% higher density of advertisements within
100-meter around schools (compared to within 100-300 meters). There were 378 schools (39%) were
in the advertisement hotspots. Conclusion: There were high density and significant hotspots of outdoor
tobacco advertising around schools in Semarang city. Policy implications were discussed.
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INTRODUCTION

Indonesia has the second-highest smoking prevalence among adult males in the world and is among the
main contributors of global smokers with more than 61.4 million current smokers in 2018.[1] The latest
national survey showed that although the overall smoking prevalence among those aged above 15 years
old had decreased slightly from 36% to 34%, that among those 10-18 years increased by almost 30%,
from 7% to 9% during 2013-2018, respectively.[2] Furthermore, the Global School Health Survey
showed that 22% of Indonesian students were smokers in 2015, and 33% of male students initiated
smoking before age 13.[3]

There is, however, a lack of national tobacco control efforts. The country is not among the 181
signatories of the Framework Convention on Tobacco Control, which provides a legal framework and
support for comprehensive efforts.[4] While there is a national regulation that encourages districts to
implement the smoke-free policy that bans smoking, advertising, promotion and sale inside selected
areas including schools, only 345 districts (67%) adopted the policy during 2012-2018, with large
variation in compliance rates from 17% in Jayapura city to 78% in Bogor city.[5,6] To date, there is no
national regulation to ban outdoor tobacco advertising. A study in 2015 examined the surrounding of
360 high schools in five Indonesian cities. It found that tobacco billboards were visible from the gate
in 32% of schools and that retailers with tobacco advertisements surrounded 85% of the schools.[7]
Also, a study in 2017 took samples of tobacco advertisements and promotions around schools in ten
cities (including Semarang). It found aggressive marketing strategies showing the brand and a very low
price.[8]

There is extensive evidence that youth are highly receptive to tobacco advertising and that young people
exposed to tobacco advertising and promotion are more likely to smoke.[9-16] A Surgeon General’s
Report in 1994 concluded that nearly all first use of tobacco occurs before high school graduation,
which suggests that if they can be kept tobacco-free, most will never start using tobacco.[10] A
Cochrane review in 2011 concluded that longitudinal studies consistently suggest that exposure to
tobacco advertising is associated with the likelihood that adolescents will start to smoke.[11] Further
evidence suggests that very young children understand that tobacco promotion is promoting smoking
rather than a particular brand.[17]

Given the well-established link between advertising and youth smoking, many countries such as the
United States, the United Kingdom, and Sri Lanka have banned outdoor tobacco advertising since 1998,
2003, and 2006, respectively. While there is no national regulation in Indonesia, a few district
governments (about 15 of 514) have started the ban; albeit with enforcement and compliance issues.
Banyuwangi district enacted the ban along the main roads and sports arenas in 2016. Still, a study found
a very high visibility of small to large size outdoor tobacco advertising (around 1,300 materials) around
schools a year later.[18] Such evidence is lacking in districts without the ban.

Previous studies are limited in at least two ways. First, many studies are mainly older (1990s) and from
high-income countries such as the United States.[19-21] Second, since many countries have national
bans even before the FCTC, those studies have not employed the latest geospatial techniques such as
hotspot analysis that uses Getis-Ord Gi* statistics to identify significant clustering. This approach has
been regularly used in infectious disease but not in non-communicable disease research, especially
tobacco control.[22,23] Thus, our study aims to assess the density and hotspots of outdoor tobacco
advertisements around schools in Indonesia, a lower-middle-income country, using Semarang city
where there is no outdoor advertising ban as an example.
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Semarang is the capital city of Central Java province and among the largest city with over 1.7 million
population in 2016. The city started to implement the smoke-free policy in 2013 but lacks more
comprehensive tobacco control efforts, including an outdoor advertisement ban. Data from the Ministry
of Industry showed there are currently 110 tobacco manufacturers in Central Java, including PT.
Djarum that supplies about 40% of national cigarette sales, together with its subsidiary PT. Gudang
Garam.

METHODS

We conducted geospatial analyses on the density of outdoor tobacco cigarette advertisements around
primary and high schools in Indonesia, using Semarang city as an example. There were two primary
data: advertisement and school. First, the advertisement data was collected by 16 enumerators during
November-December 2018 through survey of outdoor advertisements using Open Data Kit smartphone
application for data collection (https://opendatakit.org) and KoboToolbox for data server
(https://www.kobotoolbox.org). Variables included geocodes (latitude and longitude), types of
advertisements (billboard, videoboard, banner, store sign, neon box, poster, and sticker), brand/product
name, content, and pictures. The advertisement sizes categorized into small (between 21x30 centimeters
[approximately A4 size] and 1.3%1.9 meters), medium (1.3x1.9 meters [approximately the size of a bus
shelter poster] and 2.0x2.5 meters), and large (>2.0x2.5 m [the size of a typical billboard]).[24] The
inclusion criteria were outdoor advertisements in front of the stores/retailers with the size of A4 paper
or bigger. There were 3,484 advertisement materials collected, but 31 were dropped during analysis due
to locations were out of city boundary, leaving 3,453 advertisements in our analysis. Second, the school
data was obtained from the city education office (http://disdik.semarangkota.go.id) and included 978
governmental and private schools in Semarang city. Variables included school name, level (primary,
junior high, and senior high), and address. Google Sheets and geocoding add-ons were used to convert
the addresses into geocodes.

The geospatial analyses, conducted in ArcMap 10.6 using World Topographic Map, included buffer
and hotspot analysis. In buffer analysis, we used the geoprocessing tool to generate buffers of 100 and
300 meters around schools.[25,26] Using the spatial join tool, we then calculated the number of schools
that had at least one advertisement inside the buffer. We used the spatial join and dissolve tools to
produce the number of advertisements within the dissolved school buffer. The dissolve tool removed
all the overlapping buffers and created one area (layer) around 100 or 300 meters from any schools
(Appendix 1). In hotspot analysis, we used the optimized hotspot analysis tool using Getis-Ord Gi*
statistics to produce the hotspots, areas with a significantly higher density of advertisements (at a 95%
significance level). We used the default fish net method that divided the study area into square grids.
We then used the spatial join tool to calculate the number of schools within hotspots and the geometry
tool to calculate the area inside the school buffer.

Also, we identified the areas (subdistricts) inside and outside of hotspots and examined the variations.
Inside was defined as subdistricts with hotspot areas covering more than half of subdistrict (Appendices
2-3). In our analyses, each advertisement and school were represented as a point on the map. Unlike in
infectious disease epidemiology, hotspot analysis that identifies spatial clusters using Getis-Ord Gi*
statistics has not commonly utilized in tobacco control research.[23,27] In addition, we conducted t-test
and chi-square in Stata 15.1 to test the significance of different proportions of schools with at least one
advertisement inside buffer between government/private and primary/junior high/senior high schools,
respectively. We also conducted a t-test for different densities between area 100-meter and 100-300-
meter buffers from schools.
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RESULTS

Table 1 shows the sample characteristics of outdoor tobacco advertisements and schools in Semarang
city, which has 1.7 million population and a total area of 374 square kilometers. There were 3,453
advertisements found, of which 3,026 (87%) were medium-sized or larger (i.e., at least 1.3x1.9 meters).
While the majority of type were banners (2,489 advertisements or 72%), other types included posters,
store signs, video board, and neon box. The video board and neon box were not many (86
advertisements or 2%), but potentially have more exposure because of visibility day and night because
of the lights. Figure 1 shows the sampled pictures. Moreover, the top three companies were Djarum
with 1,205 advertisements (35%), Gudang Garam with 636 (18%), and Norojono with 452 (13%). For
educational facilities, there were 978 schools included in our analysis, of which 579 (59%) were private,
and 563 (57%) were primary schools.

Figure 2 shows the visibility of outdoor tobacco advertisements around schools in Semarang city. In
the buffer analysis (panel a), the red dots show advertisements and grey lines show 100 and 300 meters
of dissolved buffers around schools. Results show high visibility of advertisements throughout the city,
particularly around the school buffers. In the hotspot analysis (panel b), blue dots show schools and red
cells show hotspots, areas with a significantly higher density of advertisements. Results show relatively
large hotspot areas (i.e., areas covered in red squares) around the city center. When comparing between
the areas (subdistricts) inside and outside hotspots, we found relatively similar in population size.
However, subdistricts inside hotspots had on average smaller area size, more population density,
proximity to the city center, and higher poverty rates (Appendices 2-3).

Table 2 shows the number and proportion of outdoor tobacco advertisements inside and outside of a
300-meter dissolved school buffer. Out of 3,453 advertisements in our analysis, 2,556 (74%) were
within 300 meters from schools with almost an equal split around government and private schools. By
level, 64%, 16%, and 28% of advertisements were within 300 meters from primary, junior high, and
senior high schools, respectively. Furthermore, Table 3 shows the number of schools that had at least
one advertisement within buffers and the number of schools within hotspots. Out of 978 schools in our
analysis, 324 (33% of total 978) and 791 (81%) had at least one advertisement within their 100 and
300-meter radius, respectively. By ownership, the proportion of government schools that had at least
one advertisement within 300-meter was higher than that of private schools (85% v. 78%; p-
value=0.007). By level, all schools had a high proportion of having at least one advertisement within
300-meter buffer, ranging from 75% to 83%. Results also show 378 schools (39%) were inside
advertisement hotspots, with similar findings by ownership and level.

Table 4 compares the density of advertisements between areas within 100 meters and within 100 to 300
meters from schools. Overall, the densities were 29.6 and 20.4 advertisements per square kilometer
within 100 meters and 100-300 meters, respectively, indicating a significant nine absolute difference or
1.45 relative difference (i.e., 45%). The density was higher around private schools relative to
government schools. The densities were 28.1 v. 22.0 (i.e., 28% higher) and 30.6 v. 19.3 (i.e., 58%
higher) within 100 meters and 100-300 meters from government and private schools, respectively. The
densities were also highest around senior high and higher around primary relative to junior high schools.
The densities were 39.0 v. 23.0 (i.e., 70% higher), 30.7 v. 20.3 (i.e., 51% higher), 18.3 v. 18.4 within
100 meters and 100-300 meters from senior high, primary, and junior high schools, respectively.
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DISCUSSION AND CONCLUSION

Our study showed a significant 45% higher density of outdoor tobacco advertising in the area of 100
meters from schools, compared to that of 100-300 meters in Semarang city. This result is similar to
studies from high-income countries such as the United States, which showed that outdoor tobacco
advertising was intense in areas close to schools.[19,21] Moreover, our findings showed even higher
densities of 70% and 51% in the area of 100 meters from primary schools (usually 6-12 years old) and
senior high schools (16-18 years old), respectively. Also, 2215 advertisements (64% of total) and 964
advertisements (28%) were within 300 meters (about 10-minute walk) from primary schools and senior
high schools, respectively.

These findings are important for two reasons. First, primary schools are dominant in number (e.g., 562
schools or 57% of total), indicating higher potential exposure to tobacco advertising to many very young
children. Data show that smokers in Indonesia are getting younger, including the infamous 2-year-old
smoker.[28] A study on cigarette retailers in Scotland analyzed data from almost 1,500 students and
found 80% of them recalled seeing advertising through tobacco displays.[29] Second, students at senior
high schools are more likely to experimentally smoke [30], which would make them more vulnerable
to exposure from tobacco advertising.

Moreover, 3,028 advertisements (87% of total) were at least medium to large-sized banners and
billboards, which young people are more likely to remember (compared to smaller ones).[31] Also,
most advertisements were from the most prominent national tobacco companies with aggressive and
attractive marketing strategies, especially towards young people.[32-34] Results also show
considerably large hotspot areas, where 378 schools (39% of total) were located. These hotspots are
shown to be more densely populated and have higher poverty rates. This could contribute to the
increasing tobacco use among the poor, including young people.[20]

For global health, our findings provide support for an effective national ban on outdoor tobacco
advertising to reduce potential exposure to tobacco advertising among youth.[35,36] For Indonesia,
these findings should be used as policy evidence for the government to ban outdoor tobacco advertising,
or at least around schools and other youth populated areas. Indonesia is the only country in Southeast
Asia without an outdoor tobacco advertising ban[37], which is most likely due to having the highest
tobacco company interference.[38] While only 3% of district governments currently have the ban,
having a national regulation is more likely to increase the adoption at the local level. All this is to halt
the increasing trend of smoking prevalence among youth.[2,25,26]

Our study has at least two limitations. First, our study only assessed the density and hotspots around
schools. Further studies should also examine those around other youth populated areas such as math
and English tuitions, places of worship, and playgrounds. Second, our research is not representative of
the entire country. Further studies should also assess the density and hotspots of advertisements in rural
areas and other regions.
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Table 1 Characteristics of outdoor tobacco advertisements and school in Semarang, 2018

n %
(a) Advertisement by size
Large 144 4%
Medium 2,882 83%
Small 427 12%
Total 3,453 100%
(b) Advertisement by type
Billboard 137 1%
Videoboard 7 0.2%
Banner 2,489 2%
Store sign 315 9%
Neon box 78 2%
Poster 376 11%
Sticker 51 1%
Total 3,453 100%
(c) Advertisement by company
Djarum 1,205 35%
Gudang Garam 636 18%
Norojono 452 13%
KDM (JTI) 321 9%
Bentoel (BAT) 319 9%
Others 305 9%
Sampoerna (PMI) 215 6%
Total 3,453 100%
(d) School by ownership
Government 399 41%
Private 579 59%
Total 978 100%
(e) School by type
Primary school (6-12 years) 562 57%
Junior high school (13-15 years) 220 22%
Senior high school (16-18 years) 196 20%
Total 978 100%

Note:

e  Large size = 95% billboard and 5% videoboard; Medium size = 87% banner,
11% store sign, and 3% neon box; Small = 88% poster and 12% sticker

e PMI = Philip Morris Indonesia, Norojono = Norojono Tobacco International,
KDM (JTI) = Karyadibya (Japan Tobacco Inc.), Bentoel (BAT) = Bentoel
International Investama (British American Tobacco), Others = Wismilak Inti
Makmur, Sukun, and 1UI Indonesia.
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Table 2. Advertisements inside and outside of 300-m school buffer in Semarang, 2018

Advertisements in/out of dissolved school buffer

<300 m > 300 m
Total ads n % of total ads n % of total ads
[1] [2] [3] [4] [5]

All schools 3453 2556 74% 897 26%
By ownership

Government 3453 1768 51% 1685 49%

Private 3453 1709 49% 1744 51%
By level

Primary 3453 2215 64% 1238 36%

Junior high 3453 541 16% 2912 84%

Senior high 3453 964 28% 2489 72%

Note: m=meter; See Appendix 1 for the dissolved school buffers; Density = number of
advertisements per square kilometer. Buffer analysis and calculation were conducted in
ArcMap 10.6.

Table 3. Number and proportion of schools with at least one advertisement within school buffers
and advertisement hotspot in Semarang, 2018

Number of schools and % of total Number of schools
with at least one advert within school buffer and % of total
Total 100 m 300 m within advert hotspot
[1] [2] [3] [4] (5] [7] (8]
All schools 978 324 33% 791 81% 378 39%
By ownership
Government 399 132 33% 339 85% 150 38%
Private 579 192 33% 452 78% 228 39%
By level
Primary 562 200 36% 468 83% 216 38%
Junior high 220 44 20% 165 75% 81 37%
Senior high 196 80 41% 158 81% 81 41%

Note: m=meter; Buffer analysis, hotspot analysis, and calculation were conducted in ArcMap 10.6; Hotspot analysis,
used Getis-Ord Gi* statistics, show significant cluster of higher number of tobacco advertisements at 95% level of
significance. We conducted t-test and chi-square in Stata 15.1 to test the different proportions in columns 3 and 5
by ownership and by level, respectively.
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Table 4. Density of advertisement within 100 and 100-300 meters from schools in Semarang, 2018

Density (SD) per sq km Comparison
Sample Area 100 m 100-300 m Difference Ratio p-value
(1 [2] 3] [41=[2-3] [5]=[2/3]  [6]

All schools 978 29.6 (57.5) 20.4 (23.5) 9.1 1.45 <0.001
By ownership

Government 399 28.1 (54.6) 220 (24.7) 6.1 1.28 0.033

Private 579 30.6 (59.4) 19.3 (22.6) 11.3 1.58 <0.001
By level

Primary 562 30.7 (58.4) 20.3 (22.4) 10.4 151 <0.001

Junior high 220 18.3 (46.3) 18.4 (23.9) -0.1 1.00 0.976

Senior high 196 39.0 (64.0) 23.0 (26.0 16.0 1.70 <0.001

Note: m = meter; km2 = square kilometer; SD=standard deviation. Density is the number of schools per square
kilometer. Density calculations were conducted in ArcMap 10.6. P-values show the statistical significance of the
difference using the t-test in Stata 15.1.

Figure 1. Samples of advertisements by type in Semarang, 2018
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Note: A=video board, B=billboard, C=banner, D=neon box, E=store name board, F=poster
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Figure 2. Visibility and hotspots of outdoor tobacco advertisement around schools in Semarang, 2018

(a) Buffer analysis
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Note: In panel a, red dots show outdoor tobacco advertisements and grey lines show 100 and 300-meter (dissolved)
buffers around schools; In panel b, blue dots show schools and red cells show hot spots that are areas with
significantly (95% level) higher density of adverts; Buffer and hotspot analyses we conducted in ArcMap.
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