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Marijuana Use among College Students after the 
COVID-19 Pandemic: A Classification and Regres-
sion Tree Modeling
	 The use of marijuana and other substances among college stu-
dents remains a concern because of the association with negative 
outcomes (e.g., depression; anxiety) regardless of whether the sub-
stances are used simultaneously or concurrently [1]. Wedel [2] has 
reported that marijuana use among college students has dramatically 
increased during the COVID-19 pandemic. Studies have examined 
several factors related to increased marijuana use, including limited 
social contact, distress and uncertainty [2-4]. Also, other factors such 
as sociodemographic variables and other substance uses are associat-
ed with marijuana use [1,5,6], which makes it imperative to identify 
marijuana use risk factors to understand this phenomenon.

	 While numerous studies have explored the relationship between 
marijuana use and its risk factors among college students after the 
COVID-19 pandemic, there is a gap in the literature concerning the 
investigation of how these factors interact and relate to each other 
through classification. To date, no studies have been conducted to ex-
amine the interplay and categorization of these risk factors system-
atically. Specifically, existing research has predominantly focused 
on examining individual risk factors in isolation without considering 
their potential interactions or the broader classification of these fac-
tors into meaningful groups or categories. Understanding how these 
factors interact and relate can provide a more comprehensive under-
standing of the complex dynamics of marijuana use among college 
students in the post-COVID-19 context. By conducting a classifica-
tion analysis, researchers can identify distinct patterns or profiles of 
risk factors associated with different levels or patterns of marijuana 
use. This deeper level of analysis can enhance our understanding 
of the multifaceted nature of marijuana use among college students 
and inform the development of targeted interventions and prevention 
strategies. According to De’ath and Fabricius [7], “Regression trees 
can be used for interactive exploration and for description and pre-
diction of patterns and processes” (p. 3178) that may not have been 
revealed through common linear regression techniques, which makes 
it a useful analytic technique in the process of examining marijuana 
use among college students in the United States.

Socio-demographic variables and marijuana use

	 Various socio-demographic variables have been identified as fac-
tors associated with marijuana and substance use among college stu-
dents. These variables include living arrangements (on-campus vs. 
off-campus), participation in Greek life, age, gender, race/ethnicity 
and mental illness [8-10]. For instance, research by Jackson et al., [1] 
found that concurrent use of marijuana and alcohol was more preva-
lent among non-white and Hispanic students.

	 Furthermore, Pro et al., [11] examined the influence of micro-
aggressions on marijuana use among minority college students. 
They found that experiencing microaggressions increased stress 
levels, and marijuana was often used as a coping mechanism. Each  
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Abstract
	 Marijuana is one of the most frequently used substances among 
young adults, and its use among college students has been increas-
ing since the start of the COVID-19 pandemic. Sociodemographic 
and mental health correlates of marijuana use in this population are 
complex and not well understood. Using a decision tree analysis, we 
examined correlates of marijuana use in a sample of 835 U.S. col-
lege students to classify how the factors relate to one another during 
the COVID-19. The results presented the six most important factors 
of marijuana use in descending order: 1) electronic vapor product, 2) 
current alcohol use, 3) stress, 4) race and ethnicity, 5) loneliness and 
6) COVID-19 protective behaviors. These findings can inform current 
responses to prevent and treat substance use among college stu-
dents.
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experience of microaggressions was associated with higher marijuana 
use, highlighting how some minority students use marijuana to man-
age distressing social and relational problems. Gender differences in 
marijuana use have also been observed. White et al., [10] noted that 
males were more likely than females to engage in concurrent marijua-
na and alcohol use. Additionally, Casey and Cservenka [5] found that 
females reported initiating marijuana use at a younger age than males.

Mental health, stress and marijuana use

	 Several studies have found a positive association between anxiety 
and marijuana use among college students. For example, Buckner, 
Heimberg, and Matthews [12] found that individuals with social anxi-
ety disorder were more likely to use marijuana to cope with their anx-
iety symptoms. Similarly, Bonn-Miller, Zvolensky and Bernstein [13] 
observed that individuals with elevated anxiety symptoms reported 
higher rates of marijuana use. Depression has also been identified as a 
potential predictor of marijuana use among college students. A study 
by Lev-Ran, Roerecke, Le Foll, George, and McKenzie [14] found a 
significant association between depression and marijuana use among 
college students. They suggested that individuals with depression may 
turn to marijuana as a form of self-medication or to alleviate depres-
sive symptoms. It is important to note that the relationship between 
mental health and marijuana use is complex and can be bidirectional. 
While some individuals may use marijuana to cope with symptoms of 
anxiety or depression, marijuana use can also potentially contribute to 
or worsen mental health problems in susceptible individuals [13].

	 The association between stress and marijuana use among college 
students has been a topic of interest in recent research. A study by 
Buckner, Bonn-Miller, Zvolensky, and Schmidt [15] found that high-
er levels of perceived stress were associated with increased marijuana 
use among college students. They suggested that individuals may use 
marijuana as a coping mechanism to alleviate stress and manage neg-
ative emotions. Similarly, Lee, Neighbors, and Woods [16] investigat-
ed the role of perceived stress and coping motives in marijuana use 
among college students. They found that higher levels of perceived 
stress were associated with greater coping motives for marijuana use. 
This suggests that individuals may turn to marijuana to cope with 
life stressors. Furthermore, research by Ham, Hope, and College 
Drinking Prevention Research Team [17] indicated that perceived 
stress was positively associated with marijuana use among college 
students. They suggested that individuals may use marijuana to relax 
and unwind, particularly in response to high-stress levels. However, it 
is essential to note that the relationship between stress and marijuana 
use is complex and bidirectional. While some individuals may use 
marijuana as a coping mechanism, others may experience increased 
stress levels due to the negative consequences or conflicts associated 
with marijuana use [15].

Substance use and marijuana use

	 Pro et al., [11] found that “College student substance use is asso-
ciated with reduced achievement, decreased retention and lower post-
college employment” (p?). . In general, college students were found 
to use substances such as marijuana, tobacco, vaping substances and 
alcohol [1,10,18]. A study by Gunn et al., [6] found that the order 
that which one consumes alcohol and/or marijuana plays an important 
role in the rate of consumption, using alcohol first on days that both 
substances are consumed, contributes to more drinking, even though 
consuming alcohol typically occurs later in the day [6]. Another as-
pect of the usage of substances had directly correlated with college  

student driving under the influence with marijuana and alcohol simul-
taneously being a high percentage of 36 compared to 5 percent with 
only those consuming alcohol [1,19].

	 A study that followed college students over four semesters found 
that those who used both alcohol and marijuana had lower grades 
compared their peers [18]. However, students who moderate their 
use of substances improved their academic performance compared to 
those who remained with the same amount of usage [18]. Gunn et al., 
[6] found that being at a friend’s house made individuals more likely 
to use marijuana and alcohol together compared to alcohol-only and 
cannabis-only. The presence of being at a “social event in [a] private 
setting”, such as at a friend’s house, increases the simultaneous use of 
substances.

COVID-19 preventive behavior and marijuana use

	 Firkey, Sheinfil, and Woolf-King [20] found that 73.2 percent of 
their participants reported following the CDC guidelines of physical 
distancing. Of this percentage of respondents practicing protocols 
72% reported lower levels of wellbeing and 64% reported higher anx-
iety levels. Regarding the use of marijuana during the pandemic 15% 
increased use, 26% decreased use and most (58%) had no change 
[20]. Pandemic related adjustment appear to be impacting substance 
use and social support. Even students with high exposure to news 
related to the COVID-19 pandemic had increased vaping and tobacco 
use [21]. College students engaging in the social distancing protocol 
report decreased social support and increased use of alcohol as time 
passed during the pandemic [4].

Methods
Study design and sample

	 Between July and August 2020, in collaboration with five re-
searchers across five universities, we collected cross-sectional data 
from public and private universities in the United States via an online 
survey. We employed a nonprobability sampling approach to recruit 
undergraduate and graduate students aged 18 years and older who 
were enrolled at colleges and universities in the U.S. during the 2020 
summer semester. The research team distributed a link to the online 
survey that was hosted on a Qualtrics platform using the email list-
servs of students who attended their programs. The team also collab-
orated with course instructors of the 2020 summer semester programs 
and asked them to share the survey link with their students.

	 Two weeks after the initial distribution of the survey link, remind-
ers to complete the online survey were sent to all students who had 
been initially contacted with the survey link. Participation in the on-
line survey was voluntary. No incentives were offered for complet-
ing the survey, which took about 20-30 minutes to complete. After 
Institutional Review Board (IRB) approval had been obtained at the 
host study site, IRB approvals of the remaining four universities were 
relinquished to the host institution in line with the IRB reliance agree-
ment approvals from the four universities.

	 The survey was completed by 855 college students attending uni-
versities across the United States. Participants represented a diverse 
range of institutions, with the largest proportion (34.4%) attending 
a southwest university. Additionally, two universities located in 
the South contributed 27.0% and 9.0% of the sample, respectively, 
while two Midwest institutions accounted for 14.9% and 9.0% of 
the responses. The remaining 5.7% of participants were from other  
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universities scattered across the U.S. Regarding handling missing 
data, we adopted a listwise deletion approach. As a result, the sam-
ple sizes varied between bivariate and multivariate analyses due to 
participants omitting responses to specific survey questions. While 
listwise deletion can lead to reduced sample sizes and potential loss of 
information, we considered this method appropriate for our analysis, 
given its simplicity and ability to provide valid estimates under the 
assumption that data are missing completely at random.

	 We used the terms “Hispanic,” “Latino,” and ”Latinx” inter-
changeably in the current study because they are often used in re-
search and discussions to describe individuals of Latin American or 
Spanish origin or descent. While these terms are used to refer to sim-
ilar populations, they may have different historical, cultural, and lin-
guistic connotations. We decided to use these terms interchangeably 
in our manuscript to ensure inclusivity and recognize the diversity 
and complexity of the populations we are studying.

Measures	

	 The selected variables, derived from a comprehensive literature 
review, were measured using the following instruments:

Marijuana use

	 Marijuana use was originally assessed on a 6-point Likert scale 
(1 = 0 times, 2 = 1 or 2 times, 3 = 3 to 9 times, 4 = 10 to 19 times, 5 
= 20 to 39 times, 6 = 40 or more times). This variable was changed 
to a binary form for the current study (0 = never used, 1 = used). As 
a cross-sectional study, our research focused on obtaining a snapshot 
of marijuana use among participants at a specific point in time. The 
survey questions were designed to capture information on marijuana 
use within the past year without specifying distinct measurement in-
tervals.

Sociodemographic variables

	 The current study had nine sociodemographic variables: age, sex, 
race/ethnicity, GPA, marital status, hours worked per week, living 
with children, loss of employment during the COVID-19 pandemic, 
and living arrangements.

Mental health variables and substance use

Anxiety: The seven-item Generalized Anxiety Disorder scale (GAD-
7; Spitzer et al., [22]) was used to assess anxiety levels among partic-
ipants. The self-administered GAD-7 scale assesses the frequency of 
anxiety symptoms in both clinical and research settings. For response 
options, GAD-7 uses a 4-point Likert scale ranging from 0 (never) to 
3 (nearly every day). Anxiety can be rated as mild (5 points), moder-
ate (10 points), moderately severe (15 points), and severe (20 points), 
with 10 points being the threshold for a diagnosis of anxiety [22]. All 
items were summed to create a total score, with higher scores indicat-
ing higher levels of anxiety. Cronbach’s alpha was 0.90 in our sample.

Depression: The Patient Health Questionnaire 9 (PHQ-9; Kroenke et 
al., [23]) was used to assess depressive symptoms among the respon-
dents. The nine-item self-administered PHQ-9 uses a 4-point Likert 
scale ranging from 0 (never) to 3 (nearly every day). Depression can 
be rated as mild (5 points), moderate (10 points), moderately severe 
(15 points), and severe (20 points), with 10 points being the threshold 
for a diagnosis of depression [23]. All items were summed to create a 
total score, with higher scores indicating higher levels of depressive 
symptoms. Cronbach’s alpha was 0.87 in our sample.

Stress: The 11-item College Student Stress Scale [24] was used to 
measure perceived stress frequently experienced by university stu-
dents. Respondents rated the frequency with which they experience 
anxiety or distress because of the 11 listed events (e.g., financial mat-
ters; academic matters) using a 5-point Likert scale ranging from 0 
(never) to 4 (very often). All items were summed to create a total 
score, with higher scores indicating higher levels of stress. Cron-
bach’s alpha was 0.83 in our sample.

Self-harming thoughts: To measure the frequency of self-harming 
thoughts, we asked the following question: “How often have you had 
thoughts about harming yourself during the COVID-19 pandemic?” 
This question was measured on a 5-point Likert scale ranging from 0 
(never) to 4 (very often). Higher scores indicate more frequent occur-
rences of self-harming thoughts.

Substance Use (SU) variables: Alcohol, tobacco, EVP (Electronic 
Vapor Products) use were originally assessed on a 6-point Likert scale 
(1 = 0 times, 2 = 1 or 2 times, 3 = 3 to 9 times, 4 = 10 to 19 times, 5 
= 20 to 39 times, 6 = 40 or more times). Variables were dichotomized 
to indicate any use (0 = never used and 1 = used) of each variable. 
As a cross-sectional survey, we focused on obtaining a snapshot of 
substance uses within the past year, without specifying distinct mea-
surement intervals.

COVID-19 Protective Behaviors (CPB)

	 CPBs were measured using six items: 1) Wash hands more; 2) 
Exercise; 3) Wear a mask; 4) Eat nutrition food; 5) Practice social dis-
tancing; and 6) Get a good night’s sleep. Each item was measured on a 
5-point Likert scale as follows: 0 = never, 1 = rarely, 2 = sometimes, 3 
= often and 4 = always. All items were summed to create a total score, 
with higher scores indicating higher levels of CPB. Cronbach’s alpha 
was 0.87 in our sample.

Data analysis

	 We began the analysis by providing descriptive statistics for all 
variables included in the study. Continuous variables, such as age and 
frequency of substance use, were summarized using means and stan-
dard deviations. Categorical variables, such as gender, race/ethnicity, 
and living arrangements, were presented as frequencies and percent-
ages.

Bivariate analysis

	 We conducted bivariate analyses to explore the relationships be-
tween marijuana use and individual predictors. Chi-square tests were 
employed for categorical predictors, examining the associations be-
tween marijuana use and variables such as gender, race/ethnicity, 
participation in Greek life, and COVID-19 protective behaviors. For 
continuous predictors, such as age and psychological factors, t-tests 
were conducted to assess the differences in marijuana use among dif-
ferent subgroups.

Classification and Regression Trees (CART) analysis

	 To identify significant predictors of marijuana use among college 
students, we applied Classification and Regression Trees (CART) 
analysis. CART is a data-driven, non-parametric technique that recur-
sively partitions the data based on predictor variables to form distinct 
subgroups with similar outcomes. The primary outcome variable in 
the CART analysis was marijuana use, and the predictors considered 
included substance use, psychological factors, COVID-19 protective  
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behaviors, and sociodemographic characteristics. The tree-growing 
process involved evaluating multiple splits based on the predictors’ 
significance in predicting marijuana use. We employed cross-valida-
tion techniques to assess the model’s predictive accuracy and identify 
the most parsimonious tree with the optimal number of splits. All data 
analyses were conducted using Minitab Salford Predictive Modeler 
(2019), and a significance level of 0.05 was used for all inferential 
tests.

Results
	 This study found that the prevalence of marijuana use was 19.5%. 
The mean age of participants was 28.6 years (SD = 8.84). Among the 
participants, 81.6% were female, 64.4% were White, and 25.7% were 
living with their children. 62.1% of the study participants were single 
or never married, 50.2% were living with family, 19.4% had lost a job 
during the COVID-19 pandemic, 21.4% were working 11-20 hours 
per week, and 50.2% of them had a current GPA between 3.5 and 4.0 
(Table 1).

Descriptive and bivariate results

	 Using bivariate analysis, the sociodemographic variables of age, 
race, working hours per week, and living with children were signifi-
cantly associated with current marijuana use (Table 2).

Sociodemographic Variables Frequency Percentage

Age
 18-25
 26-30
 31-35
 36-40
 41 or older
 Total

400
183
96
59
95
833

48.0
22.0
11.5
7.1
11.4
100

Gender
 Male
 Female
 Other
 Total

147
681
7
835

17.6
81.6
0.8
100

Race/Ethnicity
 White
 Black/African Americans
 Hispanic/Latino
 Asian
 American Indian/Alaska Native
 Native Hawaiian or Pacific Islander
 Other
 Total

538
77
83
100
6
1
30
835

64.4
9.2
9.9
12.0
0.7
0.1
3.6
100

GPA
 2.0-2.49
 2.5-2.99
 3.0-3.49
 3.5-3.99
 4.0 or over
 Total

4
27
125
416
256
828

0.5
3.3
15.1
50.2
30.9
100

Marital Status
 Single/Never married
 Married
 Cohabitation
 Divorced
 Separated
 Widowed
 Other
 Total

518
212
45
38
4
4
13
834

62.1
25.4
5.4
4.6
0.5
0.5
1.6
100

Working hours per week
 No job
 10 hours or less
 11-20 hours
 21-30 hours
 31-40 hours
 More than 41 hours
 Total

222
87
179
75
166
106
835

26.6
10.4
21.4
9.0
19.9
12.7
100

Living with Children
 No
 Yes
 Total

620
214
834

74.3
25.7
100

Lost job during the COVID-19
 No
 Yes
 Total

673
162
835

80.6
19.4
100

Living arrangement
 Live alone
 Share a place with friend(s)
 Live with family
 Other (Dorm, Shelter, Others)
 Total

130
190
419
96
835

15.6
22.8
50.2
11.5
100

Current Marijuana Use
 No
 Yes
 Total

634
154
788

80.5
19.5
100

Table 1: Sociodemographic characteristics of the participants (N=835).

Sociodemographic 
Variables

Marijuana 
Use (%)

No Mari-
juana Use 
(%)

Total
(%)

C h i -
Square

p

Age
 18-25
 26-30
 31-35
 36-40
 41 or older
 Total

80(21.4)
41(23.4)
19(20.9)
6(10.5)
8(9.0)
154 (19.6)

294(78.6)
134(76.6)
72(79.1)
57(89.5)
89(91.0)
632(80.4)

374(100)
175(100)
91(100)
57(100)
89(100)
786(100)

11.82 0.02

Gender
 Male
 Female
 Other
 Total

32(22.9)
120(18.7)
2(28.6)
154(19.5)

108(77.1)
521(81.3)
5(71.4)
634(80.5)

140(100)
641(100)
7(100)
788(100)

1.62 0.52

Race/Ethnicity
 White
 Black/African Amer-
icans
 Hispanic/Latino
 Asian
 Other
 Total

118(23.0)
12(16.7)
14(17.7)
5(5.6)
5(18.5)
154(19.5)

396(77.0)
60(83.3)
65(82.3)
84(94.4)
29(81.5)
634(80.5)

514(100)
72(100)
79(100)
89(100)
34(100)
788(100)

17.05 0.01

GPA
 2.0-2.49
 2.5-2.99
 3.0-3.49
 3.5-3.99
 4.0 or over
 Total

1(25.0)
9(34.6)
24(20.3)
77(19.5)
41(17.2)
152(19.4)

3(75.0)
17(65.4)
94(79.7)
318(80.5)
198(82.8)
630(80.6)

4(100)
26(100)
118(100)
395(100)
239(100)
782(100)

4.76 0.31

Marital Status
Single/Never married
 Married
 Cohabitation
 Divorced
 Separated
 Widowed
 Other
 Total

96(19.8)
36(17.6)
15(34.1)
4(11.8)
0
1(33.3)
2(16.7)
154(19.6)

389(80.2)
169(82.4)
29(65.9)
30(88.2)
4(100)
2(66.7)
10(83.3)
633(80.4)

485(100)
205(100)
44(100)
34(100)
4(100)
3(100)
12(100)
787(100)

9.15 0.17
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	 Another bivariate analysis revealed the psychological variables 
of anxiety, depression, COVID protective behavior, self-harming 
thoughts, as well as current smoking and alcohol drinking behavior 
were significantly associated with current marijuana use (Table 3).

Decision tree results

	 The Classification and Regression Tree (CART) model for recog-
nizing significantly associated factors with marijuana use among U.S. 
college students during the COVID-19 pandemic is shown in figure 1. 
The CART algorithm builds a tree model by splitting the independent 
variable space into regions with similar response variables. The final 
regions are specified by the terminal nodes of the tree. Each node of 
the tree specifies conditions that split an existing region. The top-most 
rectangle in figure 1 is referred to as the root node, which represents 
100% of the respondents who answered 1 = yes or 0 = no of which 
19.5% (n = 154) of U.S. college students reported using marijuana 
and 80.5% (n = 634) reported they did not used marijuana during the 
COVID-19 pandemic.

	 The first split of all the respondents was based on the use of an 
EVP. Those who used an EVP (n = 87) branched rightward and down-
ward to a terminal node (no further splitting/classification possible), 
where 47% (n=47) of 87 respondents who used EVP, expressed they  

Working hours per 
week
 No job
 10 hours or less
 11-20 hours
 21-30 hours
 31-40 hours
 More than 41 hours
 Total

35(16.8)
16(19.5)
42(24.9)
17(23.6)
34(21.5)
10(10.1)
154(19.5)

173(83.2)
66(80.5)
127(75.1)
55(76.4)
124(78.5)
89(89.9)
634(80.5)

208(100)
82(100)
169(100)
72(100)
158(100)
99(100)
788(100)

10.77 0.05

Living with Children
 No
 Yes
 Total

125(21.3)
29(14.5)
154(19.6)

462(78.7)
171(85.5)
633(80.4)

587(100)
200(100)
787(100)

4.38 0.04

Lost job during the 
COVID-19
 No
 Yes
 Total

117(18.3)
37(24.7)
154(19.5)

521(82.2)
113(75.3)
634(80.5)

638(100)
150(100)
788(100)

3.09 0.08

Living arrangement
Live alone
Share a place with 
friend(s)
Live with family
Other (Dorm, Shelter, 
Others)
Total

32(26.0)
32(18.0)
69(17.4)
21(25.9)
154(19.5)

91(74.0)
146(82.0)
328(82.6)
69(74.1)
634(80.5)

123(100)
178(100)
397(100)
91(100)
(100)

9.01 0.11

Table 2: Association of sociodemographic variables with marijuana uses 
among college students (N=835) during the COVID-19 pandemic.

Note: p values in bold signify significant statistical association.

Psychologi-
cal Variables

Marijuana 
Use
Mean (SD)

No Marijua-
na Use
Mean (SD)

Total
Mean (SD)

t-value p-value

Anxiety 9.87(5.38) 8.53(5.22) 8.84(5.32) 2.214 0.027

Depression 10.95(6.82) 8.31(5.70) 8.89(6.06) 3.801 <0.001

Stress 36.40(7.47) 34.69(8.03) 35.06(8.01) 1.859 0.064

Loneliness 19.19(4.95) 18.07(5.46) 18.28(3.37) 1.791 0.074

CPB 16.46(2.83) 17.21(3.01) 17.06(2.99) -2.778 0.006

Marijuana 
Use

Frequency 
(%)

No Marijua-
na Use

Frequency 
(%)

Total
Frequency 

(%)

Chi-
Square

p-value

Self-harming 
thoughts
 No
 Yes
 Total

99(17.0)
52(26.9)
151(19.4)

485(83.0)
141(73.1)
626(80.6)

584(100)
193(100)
777(100)

9.25 0.002

Current 
smoking
 No
 Yes
 Total

123(17.5)
28(38.4)
151(19.4)

581(82.5)
45(61.6)
626(80.6)

704(100)
73(100)
777(100)

18.43 <0.001

Current alco-
hol drinking
 No
 Yes
 Total

18(7.5)
133(24.7)
151(19.4)

221(92.5)
405(75.3)
626(80.6)

239(100)
538(100)
777(100)

31.23 <0.001

EVP
 No
 Yes
 Total

106(15.3)
47(54.0)
153(19.7)

585(84.7)
40(46.0)
625(80.3)

691(100)
87(100)
778(100)

73.19 <0.001

Table 3: Association of psychological variables with marijuana uses 
among college students (N=835) during the COVID-19 pandemic.

Note: p values in bold signify significant statistical association. CPB: 
COVID-19 protective behavior. EVP: Electronic vapor products.

Figure 1: Classification and regression tree model of marijuana use.

Note: EVP: Electronic Vapor Product Use; CPB: COVID-19 Protective 
Behavior; AL: Alcohol use.
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used marijuana. Those who did not use an EVP (n=701) branched left-
ward and downward to a child node (further splitting/ classification 
possible) where 15.3% of 701 participants reported marijuana use. 
These results indicate an interaction between college students who 
are using an EVP and experiencing job loss during the COVID-19 
pandemic. More specifically, job loss is significantly associated with 
marijuana use for college students who are using an EVP.

	 The second split shows that college students who “did not have 
at least one drink of alcohol in past 30 days” (n=219) are branched 
leftward and downward to a terminal node where 10% (n=10) of 219 
expressed they had used marijuana. Those who reported drinking 
alcohol (n=482) branched leftward and downward to a child node, 
where 20.1% (n=97) of 482 expressed they had used marijuana. 
These results indicate an interaction between college students who 
are drinking alcohol without using an EVP and experiencing job loss 
during the COVID-19 pandemic. More specifically, job loss was sig-
nificantly associated with marijuana use for college students who are 
drinking alcohol.

	 The next nodes are divided by the psychological variable stress. 
Those who scored less than 19.50 on the stress scale (n=127) among 
the participants who reported drinking alcohol branched leftward, 
where 10.2% (n=13) of 127 expressed they used marijuana use. This 
node continued downward to a final node divided by race. Hispanic 
or Latino students were more likely to use marijuana than any other 
racial group. Those who scored higher than 19.50 on stress (n=355) 
among the participants who are currently drinking alcohol without 
using an EVP branched rightward, where 23.7% (n=84) of 355 ex-
pressed they used marijuana use. These results indicate that partici-
pants who had higher stress related to COVID-19 were more likely to 
use marijuana than those who had less stress related to COVID-19.

	 The next nodes are divided by COVID-19 protective behaviors. 
Figure 1 shows that those who scored lower than 22.50 on the CPB 
scale among the participants who reported lower less level of stress 
and not using an EVP but drinking alcohol branched leftward where 
24.3% (n=84) of 345 expressed they used marijuana use, while those 
who scored higher than 22.5 on the CPB scale branched rightward, 
where 0% (n=1) of 10 expressed they used marijuana use. These re-
sults indicate that participants who have higher rates of CPB were less 
likely to use marijuana than those who have lower rates of CPB. The 
remaining nodes of the regression tree show that age, marital status, 
and feelings of hopelessness are significantly associated with mari-
juana use among participants who scored less than 22.5 on the CPB 
scale and higher than 19.50 on the stress scale among participants 
who reported alcohol use but not EVP use.

	 For each class, the highest prediction accuracy was achieved in 
marijuana use (65.6%), followed by no marijuana use (60.1%). For 
variable selection, CART software provides “variable importance 
scores.” The variable that receives a score of 100 indicates the most 
influential independent variable for predicting marijuana use, fol-
lowed by other variables, based on their relative importance to the 
most important one. Based on the variable importance scores, EVP 
was the most influential variable (100%), followed by current al-
cohol use (73.9%), stress (32.7%), race/ethnicity (25.2%), loneli-
ness (17.0%), COVID-19 protective behaviors (11.6%), depression 
(9.6%), age (8.6%), marital status (5.6%), and feelings of hopeless-
ness (4.8%). Anxiety, self-harming thoughts, GPA, current smoking, 
and gender were not important in the analysis with percentages close 
to 0.

Discussion
	 This study utilized classification analysis to identify ordered rela-
tions that accurately predict college students’ marijuana use follow-
ing the onset of the pandemic. Our findings confirmed our research 
hypotheses, indicating that substance use, psychological factors, 
COVID-19 protective behaviors, and sociodemographic characteris-
tics were significant predictors.

EVP use as a risk factor: EVP use emerged as the most influential 
predictor of marijuana use among college students. Those who re-
ported using EVPs, such as e-cigarettes and vapes, had a significantly 
higher prevalence of marijuana use (54.1%) compared to non-users 
(15.3%). This finding aligns with existing literature [25,26], suggest-
ing that EVPs may serve as a gateway for marijuana use due to their 
ability to aerosolize and deliver substances like marijuana. Consider-
ing this relationship, interventions targeting substances that share the 
same route of administration as marijuana, such as EVPs, may be par-
ticularly effective in reducing marijuana use among college students.

Tobacco use and its impact: Contrary to prior beliefs, our study 
found that tobacco use had minimal impact on marijuana use among 
college students, contradicting the notion of tobacco serving as a gate-
way drug to marijuana [27]. Instead, our findings are consistent with 
recent evidence indicating that marijuana use often leads to tobacco 
initiation and nicotine dependence in young adulthood [28,29]. This 
observation suggests a potential role for marijuana as a reverse gate-
way to tobacco use, especially given the recent changes in marijuana 
legalization at the state level [30,31].

	 Alcohol Use and Co-Use with EVPs: The study revealed that al-
cohol use was the second strongest correlate of marijuana use among 
college students. The risk of marijuana use was notably higher when 
alcohol and EVP use intersected. Specifically, among non-EVP us-
ers, those who consumed alcohol had a significantly higher rate of 
marijuana use (20.1%) compared to those who abstained from alco-
hol (4.6%). This finding underscores the literature on the progression 
from alcohol use to marijuana use and later engagement in other 
drugs, such as cocaine and heroin [27]. It also aligns with the high 
prevalence of co-use of alcohol and marijuana among young adults 
[1,6,32]. While such co-use may result in overlapping effects sought 
by users, it has been associated with negative consequences, includ-
ing academic performance decline and risky behaviors such as driv-
ing under the influence [18,19]. As such, interventions targeting both 
alcohol moderation and abstinence, along with addressing polydrug 
use, may be necessary to prevent marijuana use among college stu-
dents and mitigate potential adverse effects.

	 Stress as a Risk Factor: Stress emerged as the third strongest cor-
relate of marijuana use among college students. Participants who re-
ported high-stress levels and alcohol use had a significantly higher 
rate of marijuana use (23.7%) compared to those with low-stress lev-
els (10.2%). This finding aligns with existing literature on motivations 
for marijuana use among young adults, as psychological problems are 
often cited as primary reasons for recreational and medical marijuana 
use [33]. Furthermore, the changes brought about by the COVID-19 
pandemic may have added layers of stress, leading some college 
students to use substances like marijuana for psychological survival 
and self-medication [34,35], potentially exacerbating psychological 
problems such as depression, insomnia, and substance use disorders 
[36-38]. These findings underscore the importance of considering and 
addressing life stressors faced by college students, especially in the  
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context of the pandemic, when designing marijuana prevention and 
treatment initiatives.

	 Interaction of Stress, Race/Ethnicity, and COVID-19 Protective 
Behaviors: Stress interacted with race/ethnicity and COVID-19 pro-
tective behaviors in predicting marijuana use among college students. 
Latinx college students who reported low-stress levels and alcohol 
use were significantly more likely to have used marijuana (35.3%) 
compared to their White, Black, Asian, Native American, and Native 
Hawaiian counterparts (6.4%). This finding contrasts with previous 
studies suggesting similar or lower rates of marijuana use among 
Latinx students compared to White students [39,40]. The excep-
tionally high rate of marijuana use among Latinx college students is 
concerning, given the challenges faced by this fast-growing minority 
group in accessing substance use treatment [41] and their potential in-
volvement in drug-related offenses within the criminal justice system 
[42,43]. It calls for marijuana interventions tailored to the unique so-
cial and cultural environment and potential impacts of the pandemic 
among Latinx college students.

	 While the exact reasons for the higher marijuana use among Latinx 
college students in this study are not directly measured or explored, 
we can provide some potential explanations based on existing liter-
ature and contextual factors: 1) Cultural and Social Norms: Cultural 
norms within specific Latinx communities may be more permissive 
or accepting of marijuana use, leading to higher rates of use among 
college students belonging to these communities. Additionally, social 
influences and peer networks can play a significant role in shaping be-
havior. If marijuana use is prevalent within the students’ social circles, 
it may increase the likelihood of use [44,45]; 2) Acculturative Stress: 
Latinx college students often face acculturative stress, which stems 
from adapting to a new culture while retaining cultural heritage ele-
ments. This stress may impact coping mechanisms, and some students 
may turn to marijuana to deal with the challenges of acculturation 
[46,47]; 3) Environmental Factors: The accessibility and availabili-
ty of marijuana within specific Latinx communities may be higher, 
making it easier for college students to access the substance [48]; 4) 
Economic Disparities: Economic disparities and financial stress expe-
rienced by some Latinx college students may contribute to coping be-
haviors like marijuana use [49,50]; 5) Stress and Coping: As the study 
shows, stress significantly predicts marijuana use. Latinx college stu-
dents who reported low-stress levels and used alcohol may still use 
marijuana as a coping mechanism for other stressors [51,52]; and 6) 
COVID-19 Pandemic Impact: The COVID-19 pandemic may have 
disproportionately affected Latinx communities, leading to height-
ened stress and challenges that may have influenced their marijuana 
use [53,54].

	 It is important to emphasize that these are speculative explana-
tions, and the specific reasons for the higher marijuana use among 
Latinx college students in this study would require further research 
and in-depth exploration. Addressing these potential factors is es-
sential for developing culturally sensitive and effective marijuana 
interventions tailored to the unique needs and experiences of Latinx 
college students. Furthermore, understanding the complexities of sub-
stance use patterns in diverse communities, including Latinx college 
students, requires a comprehensive approach that considers cultural, 
social, economic, and environmental factors and the impact of his-
torical and systemic inequities. Future research can shed light on the 
interplay of these factors and contribute to developing targeted and 
equitable interventions to address substance use issues in college set-
tings.

	 Finally, stress interacted with COVID-19 protective behaviors, 
age, and marital status, revealing a unique risk profile. College 
students who reported high-stress levels adopted relatively fewer 
COVID-19 protective behaviors, were under 35, married, or cohab-
iting had a dramatically higher rate of marijuana use (38.0%). This 
finding highlights the potential positive impact of COVID-19 protec-
tive behaviors and is consistent with previous evidence indicating age 
and spousal substance use as significant indicators of marijuana use 
[55,56]. Understanding the short-term and long-lasting impacts of the 
COVID-19 pandemic and related behavioral changes on college stu-
dents’ marijuana use is a critical area for future research.

	 Study Limitations: It is essential to interpret the findings within 
the context of the study’s limitations. The data were collected through 
surveys, which may be subject to recall and self-report biases. The 
cross-sectional nature of the data also limits the establishment of 
causal inferences, as the temporal relationship between variables re-
mains unclear. Caution is needed when generalizing findings to other 
college student populations, as nonprobability sampling was used to 
select study participants.

	 Another notable limitation of our study is the absence of differ-
entiation between states with varying marijuana policies. While the 
legalization of recreational marijuana has been a significant and 
evolving trend across the United States, our dataset does not provide 
information on the specific state-level variations in marijuana legal-
ization status [57]. The differences in marijuana policies among states 
can substantially impact marijuana use patterns and related behaviors 
among college students. States with legalized recreational marijuana 
may experience different rates of use, attitudes toward marijuana, and 
access to the substance compared to states where marijuana remains 
illegal [58]. Additionally, the availability of marijuana products and 
the influence of advertising and marketing strategies might differ be-
tween states with contrasting policies [59]. Understanding the effects 
of state-level marijuana policies on college students’ marijuana use is 
a crucial area for investigation [60]. Research has suggested that the 
presence of legalized marijuana can influence perceptions of risk and 
the overall prevalence of use [61]. Additionally, marijuana use laws 
and regulations can impact college substance use prevention and in-
tervention efforts and influence campus culture and social norms [62]. 
Unfortunately, due to our dataset’s limitations, we could not incor-
porate state-level differentiation into our analysis. Consequently, the 
findings of this study provide a broader perspective on marijuana use 
among college students without delving into the nuances influenced 
by specific state policies. Future research endeavors should examine 
the interplay between state-level marijuana policies and college stu-
dent marijuana use more closely. Utilizing data sources incorporating 
information on state-specific marijuana legalization status could offer 
valuable insights into the relationships between policy environments 
and substance use behaviors [63]. Such investigations would contrib-
ute to a more comprehensive understanding of the contextual factors 
influencing marijuana use among college students and inform the de-
velopment of tailored interventions that address state-level variations.

	 The absence of direct assessment and exploration of acculturative 
stress and discrimination among Latino college student respondents 
should be considered as a study limitation. While our study identified 
a finding of low-stress Latino respondents with higher rates of mari-
juana use, we acknowledge that acculturative stress and experiences 
of discrimination may offer significant explanatory insights for this 
relationship. It is plausible that some low-stress Latino respondents  
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in our sample may have encountered elevated levels of acculturative 
stress or faced discrimination, which could influence their marijuana 
use as a coping strategy or means of navigating stressors related to 
their cultural adaptation and social environment [38]. Furthermore, 
it is essential to recognize the diverse environments in which Latino 
College students reside, with some individuals living in crime-filled 
neighborhoods while experiencing varying stress levels [64]. The in-
tricate interplay between stress, coping mechanisms, and substance 
use patterns warrants deeper investigation and understanding. As we 
did not directly assess acculturative stress or discrimination in our 
study, we cannot fully account for their potential impact on the ob-
served findings. Therefore, our discussion of stress and its association 
with marijuana use among Latino respondents remains limited with-
out considering these influential factors. Future research endeavors 
should incorporate specific measures to assess acculturative stress, 
discrimination experiences, and neighborhood characteristics among 
Latino college students [65]. By addressing these factors in future 
studies, we can better understand the complex relationship between 
stress, cultural experiences, and substance use behaviors within this 
diverse population.

Conclusion

	 Despite these limitations, this study identified ordered relation-
ships between variables that accurately predict the probability of 
marijuana use among U. S. college students after the COVID-19 pan-
demic. Identifying EVP use, alcohol use and stress level as the three 
most influential factors for marijuana use contributes to developing 
effective prevention and treatment programs for college students. 
The intersections between stress and race and ethnicity, COVID-19 
protective behaviors, age, and marital status also generated unique 
risk profiles. Specifically, college students under a high level of stress 
who adopted fewer COVID-19 protective behaviors, were relatively 
young and married or cohabiting reported a high rate of marijuana 
use. Latinx students with a low stress level who reported alcohol use 
were also at heightened risk of marijuana use. In this study, a very 
low rate of marijuana use was observed among those under a high 
stress level who adopted more COVID-19 protective behaviors. This 
study revealed the complicated etiology of marijuana use among col-
lege students during the COVID-19 pandemic. It provides specific 
directions for practice and future research and generates insights on 
tailored interventions targeting subgroups of college students at high 
risk for marijuana use.
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