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1 Introduction and Background

Drug and alcohol use during high school is associated with a myriad of negative impacts on students including

increased dropout rate (Townsend et al., 2007), more frequent involvement in bullying (Radliff et al., 2012),

and increased likelihood of engaging in risky sexual activity (McAloney, 2015). Research has also identified

links between high school substance use and negative outcomes later in life, with a 2006 study by Ringel

et al finding that subjects who used drugs in high school had poorer career outcomes at age 29 (nearly

a decade after graduation). Given these findings, it is unsurprising that governments and school districts

have spent significant resources on preventing student substance use: total expenditures on school drug

prevention programs in the United States in 2005 totaled over $2 billion (The National Center on Addiction

and Substance Abuse at Columbia University, 2009). These expenditures, however, seem to be of limited

effectiveness – a 2001 CASA report described these primarily classroom-based interventions as “of inherently

limited value” (p. 5), and a further meta-analysis (West & O’Neal, 2004) concluded that Project DARE,

the largest and most expensive school anti-drug program deployed in the United States, was completely

ineffective. While a variety of explanations for these apparent failures have been proposed, one possibility is

that programs have targeted the wrong schools – while substance issues are stereotypically associated with

schools in poor urban neighbourhoods, recent research has identified rural addiction as a neglected issue in

public health (Pettigrew et al., 2012). In this paper, I examine frequency of alcohol, tobacco, and cannabis

use among students attending rural and urban high schools using data from the 2018-19 Canadian Student

Tobacco, Alcohol, and Drugs Survey. Using a linear regression model developed in R, I investigate the

three-part hypothesis that attending a rural school causes higher alcohol use (Part 1), cannabis use (Part

2), and cigarette use (Part 3).

2 Data

The dataset used to investigate this hypothesis is the 2018-19 Canadian Student Tobacco, Alcohol, and

Drugs Survey, a Health Canada survey which collects data from Canadian high school students about their

substance use. Dropping responses with invalid or missing variables yields a sample size of 5322 observations.

My analysis considers six variables in total: the outcome (dependent) dataset variables ALC 040, CAN 040,

and SS 060 describe how frequently an observed student used alcohol, cannabis, or cigarettes respectively

in the 30 days before taking the questionnaire. All are ordered categorical variables ranking substance use

frequency on a scale from a lowest of 1 to highest of 7 (ALC 040 and CAN 040) or 8 (SS 060), and are

treated as continuous within this analysis. The treatment (independent) variable RURAL is a transformed
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dummy set to 1 when the dataset variable DV URBAN indicated a student attended a rural school and 0

when an urban school was indicated. The control (independent) variable IMM is a transformed dummy

set to 1 when the dataset variable DV RES indicated a student had lived 10 or fewer years in Canada and

0 otherwise. The control variable LOWINC is a transformed dummy set to 1 when the dataset variable

DVHHINC2 indicated a student’s school was located in an area with median family income at least one

standard deviation below the dataset average, and 0 otherwise. A table summarizing key statistics of the

six analyzed variables is presented below.

Table 1: Statistical Summary of Relevant Variables

Statistic N Mean St. Dev. Min Pctl(25) Pctl(75) Max

ALC 040 5,322 2.327 1.117 1 2 3 6
CAN 040 5,322 2.753 1.803 1 1 4 6
SS 060 5,322 3.111 2.497 1 1 5 8
RURAL 5,322 0.323 0.468 0 0 1 1
IMM 5,322 0.057 0.232 0 0 0 1
LOWINC 5,322 0.495 0.500 0 0 1 1

3 Methodology

I investigate my hypothesis using three parallel linear regression models in R. Model 1 predicts frequency of

alcohol use ALC 040 from the treatment variable RURAL and the control variables LOWINC and IMM .

Models 2 and 3 predict frequency of cannabis use CAN 040 and frequency of cigarette use SS 060 from

these same treatment and control variables. Regression was chosen as the most suitable analysis technique

due to the structure of the data - there is no obvious time scale or other progression over which to build

a difference-in-difference model, and the few non-substance-related variables present in the dataset make

finding good instruments unlikely.

The 3 models share the following specification:

Yi = β0 + β1Di + β2X1i + β3X2i + εi

Where Yi is the frequency of alcohol use ALC 040 in Model 1, the frequency of cannabis use CAN 040

in Model 2, and the frequency of cigarette use SS 040 in Model 3. Each model shares the same dependent

variables: Di is the dummy treatment variable RURAL, so β1 is the effect on Yi of living in a rural area. X1i

and X2i are the dummy control variables LOWINC and IMM respectively, so β2 and β3 are respectively

the effects on Yi of attending school in a low-income area and being born outside Canada. β0 is the intercept
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and εi is the residual term.

Attending school in a low-income area and being recent immigrants were chosen as covariates as failing to

control for them likely would have yielded different potential outcomes between the rural and urban groups.

Students in the rural sample are less likely to live in a low-income area and less likely to be recent immigrants,

and both these variables likely have a relationship with substance use outcomes - previous research has

identified significantly differing patterns of substance use across different income brackets (Patrick et al.,

2012), and significantly lower substance use among immigrants (Salas-Wright et al., 2018). While the

dataset contains other variables, such as gender and grade level, which have relationships with substance

use, these are not included in the models as they are present in similar proportions in the rural and urban

groups and thus unlikely to cause bias. More detailed information on demographic makeup across the urban

and rural groups is presented in the tables below.

Table 2: Covariate Means of Rural Sample

Statistic N Mean St. Dev. Min Pctl(25) Pctl(75) Max

LOWINC 1,719 0.058 0.234 0 0 0 1
IMM 1,719 0.046 0.209 0 0 0 1
SEX 1,719 1.549 0.498 1 1 2 2
GRADE 1,719 10.446 1.378 7 10 12 12

Table 3: Covariate Means of Urban Sample

Statistic N Mean St. Dev. Min Pctl(25) Pctl(75) Max

LOWINC 3,603 0.224 0.417 0 0 0 1
IMM 3,603 0.062 0.242 0 0 0 1
SEX 3,603 1.517 0.500 1 1 2 2
GRADE 3,603 10.407 1.302 7 10 11 12

To be able to interpret these models as causal, three assumptions must hold: the treated and untreated

(rural and urban) groups must have the same potential alcohol, cannabis, and tobacco use outcomes after

controlling for covariates X1i (being in a low-income school district) and X2i (being born outside Canada).

The treatment effect must be constant across all values of X1i and X2i, and the models must not omit any

variables related to their outcome variable. I discuss these assumptions further later in the paper.

4 Results

The table below gives an overview of coefficients and statistics for Models 1, 2, and 3 in the respectively

numbered columns.
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Table 4:

Dependent variable:

ALC 040 CAN 040 SS 060

(1) (2) (3)

RURAL 0.024 −0.106∗∗ 0.216∗∗∗

(0.033) (0.054) (0.075)

LOWINC −0.087∗∗ −0.271∗∗∗ 0.380∗∗∗

(0.042) (0.067) (0.093)

IMM −0.034 −0.185∗ −0.070
(0.066) (0.106) (0.147)

Constant 2.336∗∗∗ 2.844∗∗∗ 2.981∗∗∗

(0.021) (0.034) (0.047)

Observations 5,322 5,322 5,322
R2 0.001 0.004 0.004
Adjusted R2 0.001 0.003 0.003
Residual Std. Error (df = 5318) 1.116 1.800 2.493
F Statistic (df = 3; 5318) 2.038 6.933∗∗∗ 7.128∗∗∗

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

These results show statistically significant correlations between attending a rural school and cigarette

and cannabis use. Attending a rural rather than an urban school is associated with an 0.216 (p < 0.01)

unit increase in cigarette use level, and a 0.106 (p < 0.05) decrease in cannabis use level. No statistically

significant correlation is found between attending a rural school and alcohol use level. Turning attention

to control variables, statistically significant correlations are found between low income and use of all 3

substances: living in an area with below-average median household income is associated with an 0.087 unit

decrease (p < 0.05) and an 0.271 unit decrease (p < 0.01) in alcohol and cannabis use respectively, while

cigarette use is found to increase by 0.380 units (p < 0.01). The only statistically significant relationship

involving recent immigration is an 0.185 unit decrease (p < 0.1) in cannabis use.

5 Discussion and Extension

Plugging these regression results (the outcome variables, the treatment effect β1, the covariate effects

X1i, X2i, and the constant terms) and our variables into the model specifications defined above, we are

left with the following equations for Models 1, 2, and 3 respectively:

ALC 040 = 2.336 + 0.024RURAL− 0.087LOWINC − 0.034IMM + 1.116 (1)
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CAN 040 = 2.844 − 0.106RURAL− 0.271LOWINC − 0.185IMM + 1.800 (2)

SS 060 = 2.981 + 0.216RURAL+ 0.380LOWINC − 0.070IMM + 2.493 (3)

These models seem to indicate differing results with regard to our multi-part hypothesis. Part 2 seems

to be rejected, with Model 2 indicating that attending a rural school decreases cannabis use rates by 0.106

units. Part 3 is supported, with Model 3 showing that attending a rural school increases cigarette use

frequency by 0.216 units. As shown above, Model 1 finds no statistically significant relationship between

alcohol use and attending a rural school, leaving us unable to make any conclusions about Part 1. Moving

beyond our hypothesis, we also find interesting relationships between our covariates and outcome variables:

attending school in a low-income area significantly decreases alcohol and cannabis use frequency, which

sharply increasing cigarette use (an 0.38 unit jump).

As previously explained, interpreting these results causally (claiming that the differences in substance

use frequency are caused by, rather than simply associated with, rural school attendance) requires a series of

assumptions to be met. I believe these models meet the conditional independence assumption: as covariates

which occur at significantly different rates (recent immigration and low-income location) between the urban

and rural groups were controlled for, it is unlikely that there is a relationship between rural vs. urban status

and substance use potential outcomes. The treatment effect heterogeneity assumption also likely holds, as

it is hard to imagine that the effect on one’s substance use of living in a rural vs. urban area (rather than

one’s substance use level itelf) is affected by immigration status or income level. It is more challenging to

argue that no relevant variables were omitted from the models: this dataset contains information on very few

topics other than substance use, and it is likely that variables with a relationship to substance use frequency

are missing from the dataset and thus the model. In particular, previous research has identified boredom as

a risk factor for increased substance use among adolescents (Biolcati et al., 2017) - as this variable is not

included in the models, its effect may be being attributed to other variables which were included, introducing

bias and representing a significant limitation to our analysis.

Further analysis without these limitations could be performed using a more extensive dataset. In par-

ticular, it would be useful to have a variable representing student responses to a question asking how often

they experienced boredom. We could then run another set of models with this extra regression term, taking

the form:

Yi = β0 + β1Di + β2X1i + β3X2i + β4X3i + εi
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Where X3i is boredom level, β4 is the effect of boredom level on alcohol, cannabis, or tobacco use, and

the other variables are identical to those in our current models. We could then run these regression models

in R as was done in this paper, again yielding estimates of the effects of rural school attendance on alcohol,

cannabis, and tobacco use - these models are more likely to be truly causal than those in this report, as we

have removed omitted variables bias.

6 Conclusion

Analyzing the effect of rural school attendance on substance use, we find sharply differing results across

alcohol, cannabis, and cigarette use: attending a rural school decreases alcohol and cannabis use, but greatly

increases cigarette use. However, this causal interpretation is put in question by potential omitted variables

bias in our regression model estimates. Further research should investigate this question using a more detailed

dataset, allowing more variables to be included in regressions and allowing more robust causal inferences.
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