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Abstract Youth marijuana use is a growing concern
with increasingly permissive views towards marijuana use.
Little is known about attitudes and beliefs toward mari-
juana use among youth in the context of legalization. This
study describes youth attitudes and beliefs about health
risks associated with marijuana use, social norms of peer
use, conversations with parents about marijuana use, and
knowledge of recreational marijuana laws, using a venue-
day-time sampling approach with diverse Colorado youth
(n=241) post-legalization. We considered demographic
(gender, racial/ethnic and geographic) differences in
knowledge of laws and perceptions of risk using bivariate
and multivariate analyses. While many youth are knowl-
edgeable about retail marijuana laws in Colorado, males
were 2.12 times more likely to be familiar with laws com-
pared to females. While 40% of the sample perceived a
moderate to high risk from weekly marijuana consumption
and 57% from daily consumption, fewer males perceived
these risks. Over % of the sample indicate they discuss
marijuana with parents, but many fewer indicate discuss-
ing consequences and health effects of use with parents.
Results suggest opportunities for parents and clinicians to
influence youth attitudes and behaviors towards marijuana
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use. It may be worthwhile to target educational campaigns
to different demographic groups, and to offer training and
capacity building for parents to discuss marijuana with
their teenaged children.
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Background

Nearly one quarter of U.S. youth aged 13—18 (23 %) (hereaf-
ter called youth) report marijuana use in the past 30 days [1].
The prevalence of having ever used marijuana among U.S.
youth (40.7 %) is nearly the same as for cigarette smoking
(41.1%) [1] and nationally, daily use of marijuana is more
common than daily cigarette smoking [2]. This relatively
high prevalence of use is concerning considering that youth
marijuana use is not without risks. Youth marijuana use,
particularly frequent use and use starting at a younger age,
is associated with an increased risk for cannabis use disor-
der [3, 4], impaired cognitive abilities [5—7] and decreased
educational achievement [8—11].

Monitoring the Future, an ongoing survey of 50,000
8—12th graders that has been ongoing since 1975 documents
that youth attitudes towards marijuana use have been trend-
ing toward greater acceptance of use; there was a significant
decline from 2014 to 2015 in perceived risk of regularly
smoking marijuna, and disapproval of those who smoke
regularly edged slightly downward [2]. Recent research
indicates youth have increasingly permissive views on use
[12]. This reflects the same secular trend seen in adults,
where now a majority of adults in the U.S. favor legaliza-
tion of marijuana [13]. However little is known about youth
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attitudes and beliefs toward marijuana use beyond an over-
all perception of risk or disapproval.

Colorado is among the first states to pass a law permit-
ting the legal sale of recreational (non-medical) marijuana
for adults ages 21 and older. Currently, three additional
states and D.C. have decriminalized or allow legal recre-
ational marijuana use [14]. Retail sales began in Colorado
on January 1, 2014, and sales topped $990 million in 2015
[15]. Colorado provides a relatively unique environment for
studying youth marijuana use, attitudes, and beliefs. In states
like Colorado, parents face a difficult challenge communi-
cating risks associated with marijuana use to their children
in the presence of conflicting messages about the medicinal
benefits of marijuana use [16]. Given that parents frequently
underestimate the amount of their youth’s substance use and
that parent—child communication is inconsistent regarding
substance use more generally [17], it is possible that parents
are not having conversations with their youth about mari-
juana use.

The Current Study

After passage of the Amendment 64 ballot measure to legal-
ize marijuana, Colorado legislators charged the Colorado
Department of Public Health and Environment (CDPHE) to
create statewide informational campaigns to educate Colo-
rado residents and visitors on the parameters of safe, legal
and responsible use of recreational marijuana through pre-
vention and public awareness activities (Colorado Revised
Statute, 2014). Funding for these activities was set aside
from the tax revenue from the sale of recreational mari-
juana. The purpose of this paper is to offer data to inform
state funding for youth prevention strategies to increase
perceptions of risk about recreational marijuana health
effects, increase accurate knowledge of the marijuana laws,
and influence parent conversations with adolescents about
marijuana.

Methods
Sample Design

We used a venue-day-time (VDT) sampling methodology
to identify and recruit 241 youth (13-18 years old) state-
wide for the survey. This approach offers rigor superior to a
convenience sample, while allowing for potentially greater
access to groups when a topic is stigmatized or touches on
illegal activity [18]. Counties for the survey were stratified
based on their overall population, including counties with
the highest and lowest numbers of residents; counties with
the highest numbers of Hispanic and African-American res-
idents; counties with high numbers of youth under age 21;

and counties representing urban and rural populations; we
selected counties at random from within each of these strata.
Shown in Fig. 1 are all the counties (marked with a star)
entered into the sampling frame. Those selected at random
from among those in the sampling frame included urban
counties (Denver, Adams, and El Paso) as well as rural and
semi rural counties (Weld, Mesa, Eagle, Rio Grande and
Alamosa).

Once counties were selected, staff identified commu-
nity organizations, public settings and businesses where we
would be likely to encounter youth targeted for the survey.
Staff contacted representatives from these organizations,
settings and businesses to explain the purpose of the venue-
day-time survey and obtain permission for recruiting survey
participants in these settings. When a location identified was
a public setting, we did not obtain permission (e.g. a city
park or street corner).

Once we identified locations to recruit participants in
each county, we went to these locations and generated esti-
mates of how many people we could survey from our tar-
get audience in a 2.5-hour period. Staff went to the venue
on days of the week and times of the day when there was
an anticipated high volume of participants and counted the
potential participants they observed entering the venue. If
we estimated a yield of at least six completed surveys in
a given venue on a specific day and time, it was included
in the final sampling frame. These venue-day-times (VDTs)
comprised the final sampling frame.

We chose VDTs at random from within this sampling
frame for each sampled county and sent staff on the selected
days and times to approach potential survey participants
and invite them to complete a survey. Data collection began
November 30, 2014 and continued through January 4th,
2015. We approached 394 youth in study venues; of these,
294 or 75 % were eligible for participation. Of these, 241 or
82 9% agreed to participate.

Data collection staff included at least two people per
VDT. Surveys were self-administered by participants on
tablets into the Research Electronic Data Capture (RED-
Cap) system, an online survey tool that stores data behind
firewalls at the University of Colorado. All surveys were
anonymous and collected no identifiers beyond age, gender,
race/ethnicity and zip code.

Measures

Participants were asked about multiple elements of rec-
reational marijuana laws including (a) legal age of recre-
ational marijuana use (open-ended response), (b) legal
locations for marijuana use (in a home, in a business, in
an outdoor public place, don’t know/not sure, don’t want
to answer), (c) if an individual who is driving after using
marijuana could be ticketed for driving under the influence
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Fig. 1 Counties where data were collected selected at random are marked with a star

(yes, no, don’t know/not sure, don’t want to answer). For
analysis, each response was collapsed into a binary response
(1 =correct knowledge of the law and 0 =incorrect or lack
of knowledge of the law). Correct knowledge was defined
as reporting age 21 to buy, marijuana can be used in a home
but not in a business or outdoor public place, and an indi-
vidual using marijuana can be ticketed for driving under the
influence.

We asked youth to share their perceptions of risk asso-
ciated with daily and weekly marijuana use for adults and
youth, use while pregnant and breastfeeding, and percep-
tions of risk in extracting hash oil, in exposure via second
hand smoke and through consumption of edibles.

We asked youth about their own use and perceived use
among friends. Participants rated perceptions of risk along a
Likert scale from “No risk”, “little risk” to “moderate risk”
and “high risk”. Moderate and high risk were collapsed into
a single item representing perceived risk associated with
marijuana use. We asked youth to indicate by responding
yes or not to queries about whether their parents and care
providers discussed various aspects of marijuana use with
them.

@ Springer

We created two composite score variables similar to pre-
vious work [19, 20] designed to capture a broad level of
knowledge and perception of risk. These were utilized as
outcome variables in multivariate regression analyses. The
“knowledge of laws” composite score utilized the three
items that were most central to the campaign’s messaging
by creating a variable that captured whether participants
answered all of the marijuana laws correctly: (a) legal age of
recreational marijuana use, (b) if it is legal to use marijuana
use in an outdoor public place, and (c) if an individual who
is driving after using marijuana will be ticketed for driv-
ing under the influence. Those who answered all three items
correctly were given a score of 1 and all others were given a
score of 0. We created a composite perception of risk score
in a similar manner. This score ranged from 0 to 10 where
10 would represent a moderate or high-risk perception on all
10 aforementioned Likert scale risk perception questions.
Table 3 presents items assessing perception of risk.

Demographic variables included gender (male, female)
and race/ethnicity (African American, Hispanic, White, and
Other race/ethnicity). Due to the high degree of missing-
ness on the question about the use of marijuana in the past
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30 days (105 of 241; 44 % missing), presumably due to the
illegality of underage use, we categorized respondents as
current users, current non-users, and non-responders.

Analysis Plan

We conducted descriptive statistics with frequencies for all
the survey measures for the sample with follow up multivar-
iate regression on composite score variables. We compared
knowledge of laws and risk attitudes in youth towards use
between males and females, among diverse race/ethnicity
and among geographic regions using %> and Fisher’s exact
test as appropriate.

We followed descriptive comparisons with multivariate
logistic regression of the mentioned predictors (user group,
gender, county and race/ethnicity) on the combined knowl-
edge score variable. We also conducted multivariate linear
regression analyses on the perceptions of risk variable. In all
models we examined the following covariates: user group,
gender, county of residence and race/ethnicity. Residual
diagnostics did not suggest violations of linear assumptions
in the case on the linear regression. Parsimonious models
were selected through a backwards selection process that
removed variables with p-values greater than or equal to
0.05. Analyses were conducted in R [21].

Results
Sample Characteristics

The sample is majority male (64 %), and ethnically diverse
with the majority of respondents being classified multi-
racial Hispanic (43 %; Table 1). The sample also included
non-Hispanic African American (18%), non-Hispanic
White (26 %) and other (13 %) (Table 1). Almost three quar-
ters (73 %) were from urban counties and the remainder
rural or semi rural.

Knowledge of Retail Marijuana Laws

Table 2 shows data on knowledge of marijuana laws over-
all and stratified by gender and race/ethnicity. Youth were
generally successful identifying specific laws; 68 % could
correctly identify the laws regulations related to legal age
to purchase, 70 % knew outdoor consumption is not permit-
ted and 74 % were aware one can get a DUL. However, only
45 % of youth could correctly identify all three of these laws.

When exploring whether awareness of laws differed
across geographic regions in this sample, we observed that
60% of front range youth are aware there are penalties for
driving while high compared to 16 % of all other youth (data
not shown).

281
Table 1 Sample demographics (N=241)
Characteristic n (%)
Geographic location
Urban counties
Denver/Adams County 128 (53)
El Paso 48 (20)
Rural/semi-rural counties
Weld 12 (5)
Mesa 22 (9)
Eagle 12 (5)
Rio Grande and Alamosa 19 (8)
Language
Primarily Spanish 28 (12)
English 201 (83)
Race/ethnicity
White 64 (27)
African American 49 (20)
Multi-racial Hispanic 103 (43)
Other 25 (10)
Gender?
Female 84 (36)
Male 152 (64)

Two ‘non-response’ and three transgender individuals were not
included in the analysis

Perception of Risk and Health Effects

As presented in Table 2 only 40% of youth perceived a
moderate or high level of risk to teens from weekly use of
marijuana and just over half (57 %) perceived moderate or
high risk to teens from daily use. Similarly just over half
(55%) perceived a moderate or high risk to children from
second hand smoke exposure.

When considering unadjusted differences among respon-
dents, males were more aware of the legality of use outdoors
in a public space, but less frequently perceived high to mod-
erate risk associated with daily use among adults. Females
more often perceived childhood exposure to second hand
smoke, consumption of more than one serving of edibles,
use while pregnant, and extracting hash oil at home, as hav-
ing high to moderate risk compared to males.

We did not document unadjusted differences in the
knowledge of laws across diverse racial/ethnic groups.
However perceptions of risk were generally different by
race/ethnicity, perhaps most notably those self-identifying
as “other” did not perceive as great a risk of adult daily use
compared to their peers.

Also shown in Table 2 are data on perceptions of peer
use as well as personal experience and parental communica-
tion. Many teens surveyed indicate that most or all of their
friends use marijuana (40%), and over half consider that
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Table 2 (continued)

Total?
(n

Race/ethnicity

Gender

Question

=241)

Other

(n

White

(n

African Hispanic

Female

(n

Male (n=152)
N (%)

N (%)

=32)

=62)

(n=103)
N (%)

American

84)

N (%)

N (%)

=44)
N (%)

(n

N (%)

85 (35)

8 (25)
4(13)
8 (25)
4(13)

38 (37) 26 (42)

32(38) 13 (30)

52 (34)
17 (11)
43 (28)
10 (7)
29 (19)
45 (33)

110 (76)
81 (58)

Parents/guardians have discussed the consequences of using marijuana with you

32 (13)

3(7) 19 (18) 6 (10)
15 (24)

6 (14)
2(5)

15 (18)

Parents/guardians have told you not to eat marijuana edibles

62 (26)
23 (10)
48 (20)

33 (32)
9(9)

18 (21)
12 (14)
18 (21)
28 (37)

Parents/guardians have told you not to drive after using marijuana

8 (13)
21 (34)++

24 (40)

Parents/guardians have discussed news reports concerning marijuana with you

6 (19)++
7(28)

24 (83)++

12 (43)

17 A7) ++
31 (33)

49)++
15 (39)

Parents/guardians have discussed their personal experience with marijuana with you

73 (30)
169 (70)
104 (43)

Spoke with a care provider in the past 12 months about marijuana use

49 (84)++
35 (60)

71 (72)++

38 (40)

25 (57)++
22 (52)

54 (67)
23 (29)*

Easy to get marijuana if you wanted it

Definitely or probably will be using marijuana in 5 years

3, p-value < 0.05), ++ significant (Fisher’s Exact, p-value < 0.05)

Bold values indicate significance; *(y%, d.f.= 1, p-value < 0.05), + significant (%, d.f.

*The columns include sample sizes that add up to more than 241; this is because people can select multiple racial categories, and can also identify as Hispanic in addition to a single or multiple

racial categories. Additionally, the proportions and N shown in the total column include the entire sample, whereas those shown for male and female include only 236 participants who identi-

fied as male or female (see notation on Table 1)

most or all of their peers use marijuana (54 %); significantly
higher proportions of African American and white youth
indicate friend and peer use than Hispanic and “other” teens.
Many teens perceive that people they live with consume
marijuana (41%) and, while youth overall indicate their
parents have discussed marijuana use with them generally
(77 %), significantly greater numbers of Hispanic youth and
white youth acknowledge this compared to African Ameri-
can and “other” youth. Fewer indicate that their parents spe-
cifically discussed consequences of marijuana use (35 %),
health effects (30 %), or directly admonished youth to avoid
edibles (13 %) and to avoid driving while high (26 %). Just
under one-third (30 %) indicated that a medical provider has
discussed marijuana use with them. Over two-thirds (70 %)
indicate marijuana is easy to get if they wanted it. Of note
a higher proportion of non-Hispanic, white individuals had
discussions with their parents in which their parents shared
personal marijuana experiences. While 43 % overall indi-
cate they will likely be using marijuana in 5 years, signifi-
cantly more males than females indicated this.

There were 84 of the 241 youth participating who indi-
cated they had used marijuana in the past 30 days (35 %).
Fifty-three (22 %) indicated they did not use marijuana in
the past 30 days and 104 (43 %) youth refused to answer the
question. Univariate analyses suggested a lower perception
of risk in those who identified as users regarding scenarios
of frequency of use including; adult use once per week,
adult daily use, and teenager daily use (Table 3).

Mutivariate analyses of “knowledge of laws” (Table 4)
identified males with increased odds of knowledge over
females (OR=2.12, p=0.013), non-responders with
reduced odds (OR=0.43, p=0.012) versus users, and non-
Hispanic African Americans with reduced odds (OR=0.37,
p=0.016) verses multiracial Hispanics. County was not a
significant predictor of the knowledge score variable. Linear
multivariate analyses identified significant predictors of per-
ceptions of risk including males with reduced risk percep-
tions verses females (b=—1.37, p=0.004), and geographic
differences in risk perception, where Mesa, Alamosa and
Weld all had greater perception of risk than individu-
als in Denver County (bygee, 1-84, P=0.023, bajamosa 2-46,
p=0.004, by q=2.97, p=0.002). Conversely user group
and race/ethnicity were not significant predictors of higher
perceptions of risk (data not shown).

Discussion

We present data from a community survey using a probabil-
ity VDT sample of youth systematically selected for par-
ticipation to document knowledge of Colorado recreational
marijuana laws, attitudes towards and perceptions of risk
from use.
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Table 3 Knowledge of mari-
juana laws and perceptions of
risk among youth by those who

indicate using marijuana com-
pared to those not indicating use
or not responding to question
on use

Question Non response Non user User p-value
(n=104) (%) (n=53) (%) (n=84) (%)

Can be ticketed for using and driving 75 (74.3) 46 (90.2) 63 (75.9) 0.05%

Can consume marijuana 64 (65.3) 39 (78.0) 71 (85.5 0.01
in a private home

Marijuana can cause depression or 49 (58.3) 23 (45.1) 27 (33.8) 0.01
anxiety: agree

Wait 6 h after using to drive: agree 69 (74.2) 34 (66.7) 31 (36.9) <0.00

Daily use leads to addiction: agree 61(65.6) 23 (45.1) 35 (42.7) 0.00

Marijuana use during pregnancy 74 (86.0) 32 (72.7) 43 (61.4) 0.00
leads to attention problems and
lower 1Q: agree

Daily use marijuana leads to impaired 71 (79.8) 32 (64.0) 47 (60.3) 0.02
memory: agree

Risk in adult using once per week 24 (23.8) 13 (25.5) 8(9.6.8) 0.02

Risk in adult daily use 56 (56.6) 22 (43.1) 25(29.8) 0.00

Risk in teenager using once a week 50 (49.5) 21 (41.2) 28 (33.7) 0.10

Risk in teenager using daily 69 (71.1) 26 (51.0) 46 (54.8) 0.02

Risk in women using often while 70 (76.1) 44 (84.6) 55 (69.6) 0.14
pregnant

Risk in mother using while 78 (81.3) 36 (73.5) 61 (75.3) 0.48
breastfeeding

Risk in extracting hash oil at home 55 (66.3) 26 (54.2) 51 (63.8) 0.37

Risk children being exposed second 65 (69.1) 28 (56.0) 44 (52.4) 0.06
hand marijuana smoke

Risk in consuming more than one 84 (80.8) 48 (90.6) 77 (91.7) 0.06
serving of edibles

Risk in storing marijuana in open 67 (69.8) 30 (58.8) 46 (55.4) 0.12

containers in a home with children

Bold values indicate significant differences between groups

aFisher’s exact test employed. All other p values based on > estimates

We know of no other work that has presented current
knowledge of laws and attitudes towards use and percep-
tions of risk among youth in locations where recreational
use as well as medical marijuana is legal for adults (in Colo-
rado, recreational marijuana is legal for those aged 21 and
older, while medical marijuana is legal for those aged 18
and older, and for those under age 18 with parental permis-
sion and with a doctors recommendation). Knowledge of
specific laws is important for youth, particularly for youth
of color who have historically been notably and negatively
impacted by the regulatory environment for controlled sub-
stances [22]. Documentation of youth attitudes towards use
and perceptions of risk in an environment where marijuana
is easy to obtain offers a better opportunity to document
trends to later consider a relationship between more liberal
attitudes towards use and increased risk.

Our data demonstrate that youth are generally quite
knowledgeable about specific elements of the retail mari-
juana law in Colorado, although awareness of restrictions
for use under the age of 21 may not translate into limited
use, given that our sample felt that use is relatively com-
mon among peers and personal friends; certainly most of the
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youth felt marijuana is easy to obtain. These data document
higher perceived peer use than that of other sources—a rep-
resentative sample from the Healthy Kids Colorado Survey
indicates higher proportions of youth perceive regular use
of marijuana as harmful compared to those in our sample
[23]. Tt is not clear if this higher perception is due to the

Table 4 Mutivariate logistic regression of knowledge of marijuana
laws by individual characteristics

OR 95% CI p-value
Non users? 0.95 0.45-1.97 0.89
Non response® 0.43 0.23-0.82 0.01
African American® 0.37 0.17-0.83 0.02
Non-Hispanic white® 0.88 0.44-1.73 0.715
Other® 0.51 0.28-1.23 0.13
Males® 2.12 1.17-3.82 0.01

Bold values indicate significance
“Reference is users
PReference is Multiracial Hispanic

“Reference is females



J Community Health (2017) 42:278-286

285

difference in samples or to an increased perception of use
since retail marijuana was legalized. We observed that sig-
nificantly fewer youth who indicate use agree that marijuana
use during pregnancy may be detrimental to child IQ or that
daily use may contribute to impaired memory compared
to those who indicate not using marijuana or who do not
respond to a query on use. Young men from the sample as
well as African American and Latino respondents were less
often in agreement that daily use of marijuana among youth
was risky compared to the whole sample, who more often
consider daily use detrimental.

These findings suggest specific actionable areas for
concern related to youth perceptions of marijuana risk and
youth use of marijuana. While our data suggest that youth
overall are well educated about marijuana laws and gener-
ally have some understanding of what the scientific evi-
dence shows related to risks associated with use, we submit
that increasing awareness of laws and perceptions of risk is
a priority for public health in Colorado. These suggestions
underscore the fact that retail marijuana use remains illegal
for those under the age of 21, and that there is evidence that
chronic use, use during adolescence and use while driving
is harmful. Additionally, with evidence demonstrating that
youth substance use behaviors decrease when they are made
aware that such behaviors are not normative we can con-
sider future campaigns that target misperceptions regarding
generalized youth marijuana use.

While many youth indicate that their parents have spoken
to them about marijuana, many fewer indicate that their par-
ents have specifically discussed health effects of marijuana
use or consequences of use, and few overall have admon-
ished their teens to be careful about using, about edibles in
particular, and driving while high. Additionally, few teens
have spoken with a clinical provider about use. This sug-
gests that helping parents and clinicians to build skills in
communication with teens about marijuana use is war-
ranted. Given that parents remain an important influence on
youth risk behavior in the teen years, [24-26] working to
develop parent skills in communication will likely be ben-
eficial for youth. It also remains imperative for educators,
clinicians and other personnel in contact with youth bring
the conversation about risk and health effects into the main-
stream for youth.

It is critical that we target educational efforts to reach
youth in relation to marijuana laws and risk. Based on the
data presented here, it would be useful to develop strategies
to reach young women regarding retail marijuana laws in
particular. Also, young White male youth could use more
messaging around specific risk behaviors. We also found
some racial differences in perceptions of friends’ consump-
tion of marijuana, which may call for developing culturally
appropriate messaging for racial subgroups. Specifically,
these messages would dissuade perceptions of norms that

marijuana use is common. It can also be worthwhile to tar-
get efforts in the urban communities in Colorado to raise
perceptions of risk, given the generally higher perception of
risk in rural communities found here.

Strengths and Limitations

The VDT sampling approach is one that is methodologically
more rigorous than one employing a convenience sample.
Biases associated with non-random selection of venues days
and times for data collection include such things as collect-
ing data where it is most convenient for the staff, or on days
of the week or times of the day that are preferred, meaning
that participants in a given venue may have a greater likeli-
hood of being selected and included in the sample. This is a
more rigorous approach than a convenience sample because
participants have an equal probability of being included
in the sample, but it does not completely remove bias, so
results are not generalizable to 13—18 year olds in Colorado.

Conclusion

It is important to continue to track youth attitudes and
beliefs about health risks associated with marijuana use and
social norms of peer use in an evolving legal climate and
changing social norms. Parents and other influential adults
(e.g., teachers, clinicians) have an important role in com-
munication with adolescents and the risks of marijuana use.

Building upon these findings and other research, CDPHE
launched a youth prevention campaign, Whats Next, in the
summer of 2015 with the objective is create a culture of non-
use by helping young people realize their immediate goals
and dreams are easier to achieve without marijuana through
social media, video, and mobile content, and a simultaneous
campaign to support “askable” adults (parents, guardians,
educators, coaches and other youth-serving professionals)
to reinforce the important reasons youth should not use
marijuana.
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