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Abstract
Objective. To evaluate the inter-rater reliability of a data 
collection instrument to assess the tobacco retail environ-
ment in Mexico, after major marketing regulations were 
implemented. Materials and methods. In 2013, two data 
collectors independently evaluated 21 stores in two census 
tracts, through a data collection instrument  that assessed 
the presence of price promotions, whether single cigarettes 
were sold, the number of visible advertisements, the pre-
sence of signage prohibiting the sale of cigarettes to minors, 
and characteristics of cigarette pack displays. We evaluated 
the inter-rater reliability of the collected data, through the 
calculation of metrics such as intraclass correlation coeffi-
cient, percent agreement, Cohen’s kappa and Krippendorff ’s 
alpha. Results. Most measures demonstrated substantial 
or perfect inter-rater reliability. Conclusions. Our results 
indicate the potential utility of the data collection instrument 
for future point-of-sale research. 
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Resumen
Objetivo. Evaluar la confiabilidad interobservador de un 
instrumento de recolección de datos para el entorno mino-
rista de tabaco en México, después de que se implementaran 
fuertes regulaciones para su comercialización. Material y 
métodos. En 2013, se evaluaron de forma independiente 
21 tiendas en dos áreas geoestadísticas básicas, a través de 
un instrumento de recolección de datos que evalúa la pre-
sencia de promociones, si se venden cigarrillos sueltos, el 
número de anuncios visibles, la presencia de la señalización 
que prohíbe la venta de cigarrillos a menores de edad, y las 
características de los exhibidores de cigarrillos. Se evaluó la 
fiabilidad interobservador de los datos recabados, a través 
del cálculo de métricas como el coeficiente de correlación 
intraclase, porcentaje de concordancia, kappa de Cohen y alfa 
de Krippendorff. Resultados. La mayoría de las variables 
observadas demostraron un nivel de confiabilidad interob-
servador sustancial. Conclusiones. Los resultados indican 
la utilidad potencial del instrumento de recolección de datos 
para la investigación futura.
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Globally, tobacco marketing through traditional 
mass media channels (e.g., radio, TV) has been 

increasingly banned.1As a result, the tobacco industry 
uses various strategies to market their products at the 
point of sale (PoS), including advertisements, product 
displays, and price promotions. Two systematic reviews 
have found positive associations between exposure to 
PoS tobacco marketing and tobacco use.2,3 The World 
Health Organization’s Framework Convention on 
Tobacco Control requires its Parties to enact a compre-
hensive ban on tobacco advertising, promotion, and 
sponsorship, including PoS advertising,4 but data are 
needed to show the extent and impact of PoS marketing. 
	 The tobacco retail environment remains understu-
died in Mexico, where 16% of adults smoke cigarettes.5 
The Mexican government has taken steps to regulate 
the tobacco retail environment and tobacco advertising 
and marketing. For example, the government banned 
the sale of single cigarettes in 1999. Moreover, in 2000, 
Mexico banned tobacco advertising on billboards near 
schools, as well as advertising on radio, internet, and te-
levision.6 More recently, Mexico passed the 2008 General 
Law of Tobacco Control, which banned PoS marketing 
except inside of stores only accessible to adults.7 The law 
also requires that pictorial warnings on cigarette packs 
be visible while on display.7 However, recent studies in 
Mexico have found low compliance with many of these 
measures.8,9,* 
	 Reliable measurement of the tobacco retail environ-
ment is critical for monitoring compliance to PoS laws, 
and for characterizing the impact of the tobacco retail 
environment on smoking behavior. A recent systematic 
review described 88 tobacco store audit studies, finding 
that only 11% of studies reported the reliability of the 
measures used.10 These studies11-21 generally found ad-
equate reliability with a few exceptions (see Appendix A 
of Lee and colleagues 2014).10 All studies with reliability 
assessments were conducted in high-income countries, 
and their findings may not generalize to low- and 
middle-income countries, which may include different 
types of retail environments and promotional strate-
gies. For example, the illegal sale of single cigarettes is 
common in Mexico,8,22,23 whereas single cigarettes are 
less frequently sold in higher-income countries. Nei-
ther of the two Mexican studies in the review reported 
reliability information,6,24 highlighting the need for 
additional research on the reliability of measures used 

in this distinct environment. Furthermore, these stud-
ies took place before many of marketing regulations 
were implemented in 2009. The current study aimed 
to evaluate the inter-rater reliability of a data collection 
instrument that assessed the tobacco retail environment 
in Mexico, in the period after major marketing regula-
tions were implemented.

Materials and methods
The data collection instrument and protocol were 
adapted from two previously-developed PoS study 
protocols.25,26 In 2013, researchers developed a paper-
and-pencil data collection instrument that assessed the 
presence of price promotions, whether single cigarettes 
were sold, the number of visible advertisements, the 
presence of signage prohibiting the sale of cigarettes to 
minors, and characteristics of cigarette pack displays.* 
The instrument also assessed the area occupied by ciga-
rette pack displays by counting the number of rows of 
packs in the display and the number of packs in each 
row, taking into consideration the pack side that was 
displayed (i.e., side, top, face). 
	 The first author developed a brief training manual 
describing the coding protocol.*After reviewing the 
training manual, two data collectors visited one census 
tract in Puebla and another in Guadalajara in May, 2013. 
Data collectors canvassed the census tract and, pretend-
ing to be customers, visited all tobacco retailers that 
were open for business. Data collectors independently 
answered questions about each store. Here, we present 
data from 21 stores and 35 product displays (some stores 
had more than one display). There were no missing data 
for the variables of interest.
	 Analyses were conducted in Stata version 13.1. We 
measured product display size in cm2, multiplying the 
number of rows by the number packs in each row by the 
area of the pack face. We then computed the intraclass 
correlation coefficient, representing the proportion of the 
total variance that is due to differences across displays 
rather than between raters, which is recommend for 
evaluating the inter-rater reliability of continuous vari-
ables.27-29 For categorical variables, we first computed the 
percent agreement, representing the number of agree-
ments divided by the total number of observations. We 
also calculated Cohen’s kappa (k), which measures the 
level of agreement among raters while correcting for the 
expected agreement that would be expected by chance 
(i.e., higher expected agreement will reduce kappa).30,31 

*	 Rodríguez-Bolaños RA, Reynales-Shigematsu LM, Barrientos-
Gutiérrez T, Santos-Luna R, Ávila-Tang E, Sáenz de Miera Juárez B. 
Vigilancia y monitoreo de las estrategias para el control del tabaco: 
Un análisis a través del Sistema de Información Geográfica. In press.

*	 The manual is available online at: http://www.controltabaco.mx/
proyectos/confiabilidad-inter-observador
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Finally, we calculated Krippendorff’s alpha (α), an al-
ternative measure of inter-rater reliability that calculates 
reliability by examining the frequencies of disagree-
ments rather than agreements and also adjusts for small 
sample sizes.32 We chose to calculate multiple metrics in 
order to provide a more comprehensive, triangulated 
assessment of inter-rater reliability. We were unable to 
compute measures of inter-rater reliability for questions 
that did not have variability in responses, including 
presence of exterior publicity, sale of items with tobacco 
publicity, placement of tobacco products at children’s 
eye-level, and sale of contraband cigarettes. We adopted 
commonly-used thresholds for determining acceptable 
reliability in which values less than 0.40 indicate poor or 
fair agreement, 0.41 to 0.60 indicate moderate agreement, 
0.61 to 0.80 indicate substantial agreement, and 0.81 to 
1.00 indicate near perfect or perfect agreement.33 

Results
The average size of tobacco product displays was 921 cm.2 
The intraclass correlation coefficient for product display 
size was 0.99, demonstrating high reliability. In other 
words, 99% of the variance in size was due to the product 
display, rather than the rater. Most categorical variables 
had high inter-rater reliability (table I). There was per-
fect agreement on four variables, including presence of 
interior publicity, presence of any promotions, presence 

of price promotions or coupon, and sale of single ciga-
rettes (k=1.00). Six variables demonstrated substantial 
agreement (α > 0.60). Three variables (i.e., presence of 
anti-smoking signage sponsored by the tobacco industry, 
shelf location, and whether the shelf was within one meter 
of the register) had poor or fair reliability. 

Discussion
Most measures of tobacco marketing of PoS had ad-
equate or high inter-rater reliability, demonstrating that 
they are appropriate measures for future tobacco PoS 
research. These measures performed similarly to point-
of-sale measures tested in high-income settings.11,21 Our 
innovative measure for evaluating the size of tobacco 
product displays performed well; reliability for this 
measure has not been reported previously in the peer-
reviewed literature. This variable may be particularly 
important because the tobacco industry increasingly re-
lies on tobacco product displays for advertisement, espe-
cially other forms of advertising are banned.1Exposure 
to tobacco product displays may increase youth smoking 
susceptibility34-36 and impulse cigarette purchases.37,38As 
such, evaluating characteristics of tobacco product dis-
plays (e.g., size, location) may be particularly important 
for future PoS research.
	 Three of our measures had low reliability and may 
benefit from slight changes. The question about the 

Table I
Inter-rater reliability of variables assessing the tobacco retail environment in Mexico, 2013

Variable % yes, rater 1 % yes, rater 2 % agreement k α

General (n stores = 21)

      Interior publicity: yes/no 19 19 100 1.00 --

      Number of ads inside the establishment -- -- 75 .56 .70

      Any promotions: yes/no 14 14 100 1.00 --

      Price promotions or coupons: yes/no 14 14 100 1.00 --

      Single cigarettes sold: yes/no 62 62 100 1.00 --

      Anti-smoking signage sponsored by the tobacco industry: yes/no 14 0 86 .00 -.05

      Signage prohibiting sale of cigarettes to minors: yes/no 29 19 90 .74 .74

Product displays (n displays = 35)

      Shelf location: Above the register/behind the register/other -- -- 71 .57 .56

      Shelf within one meter of the register: yes/no 94 90 90 .35 .36

      Shelf exclusively for cigarettes: yes/no 81 84 97 .89 .87

      Shelf also used to display sample packs: yes/no 58 58 87 .74 .73

      Shelf contains color or brand of cigarettes: yes/no 58 61 90 .80 .80

      Pictorial warnings visible on the shelf: yes/no 65 65 94 .86 .86

Note: Krippendorff ’s alpha cannot be calculated when percent agreement is 100%
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product display location, for example, lacked a response 
option for whether the display was located in front of 
the cash register, causing some confusion among data 
collectors. Inter-rater reliability may also be improved 
by using a more detailed coding protocol and with more 
intensive training of data collectors. For instance, the 
question about industry-sponsored signage performed 
poorly, perhaps because the training manual lacked a 
photograph example of this type of sign.
	 Overall, our measures performed well and thus 
hold promise for future PoS research. Moreover, the data 
collection instrument was feasible to use and yielded 
high-quality data when collecting data covertly. Future 
studies should test these measures in a larger sample 
of retailers, and in different environments, to see if the 
measures continue to perform well. Reliable measure-
ment and a well-developed protocol are crucial for 
accurately capturing important elements of the tobacco 
PoS environment.
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