Received: 11 March 2019 Revised: 30 April 2019

Accepted: 20 May 2019

DOI: 10.1002/hbe2.154

EMPIRICAL ARTICLE

WILEY

A latent class analysis of adolescents' technology and
interactive social media use: Associations with academics and

substance use

Sandra Tang' ©® | Megan E. Patrick®?

Linstitute for Social Research, University of

Michigan, Ann Arbor, Michigan Abstract

?Institute for Translational Research in
Children's Mental Health, University of
Minnesota, Minneapolis, Minnesota

3Institute of Child Development, University of
Minnesota, Minneapolis, Minnesota

Correspondence

Sandra Tang, Survey Research Center -
Population, Neurodevelopment and Genetics
Program, Institute for Social Research,
University of Michigan, 426 Thompson Street,
Ann Arbor, Ml 48104-2321.

Email: sandtang@umich.edu

Funding information

National Institute on Alcohol Abuse and
Alcoholism, Grant/Award Number:
RO1AA023504; National Institute on Drug
Abuse, Grant/Award Numbers:
RO1DA001411, RO1DA037902

KEYWORDS

1 | INTRODUCTION

The pervasiveness of technology and interactive social media in the
lives of adolescents today has led to a growing body of research
examining the effects of use on adolescent outcomes. To date,
research findings on how technology use is associated with adoles-
cent wellbeing are inconsistent and vary depending on the specific
technology or interactive media type examined (for a review, see
Tang & Patrick, 2018). In addition, the majority of research in this area
has taken a variable-centered approach, which examines the separate
association of each technology and media type on adolescents' out-
comes (for an exception, see llakkuvan, Johnson, Villanti, Douglas
Evans, & Turner, 2019). Although a variable-centered approach can
provide valuable information, it does not capture the fact that adoles-
cents use a variety of technologies and media and the possibility that
the combination rather than any single type is a more meaningful indi-
cator of adolescents' developmental wellbeing. Thus, it is important to

use a person-centered approach to understand how adolescents'

Latent class analysis was used to identify patterns of technology and social media
use among adolescents in a national study (n = 26,348). Multinomial logistic regres-
sion was used to examine associations between latent classes and academics and
substance use. Results demonstrated four classes: Infrequent Users (55%), Interactive
Users (21%), Television Watchers (14%), and Constant Users (10%). Compared to Infre-
quent Users, Interactive, and Constant Users had lower grades and higher alcohol and
marijuana use. Television Watchers had lower grades and participated in fewer extra-
curricular activities compared to Infrequent Users, but there were no differences on
substance use. Results show that adolescents with the most media-intensive profiles

were also at greater risk for poor academic outcomes and substance use.

academic grades, alcohol, extracurricular activities, marijuana, social media, technology

patterns of technology and interactive media use are associated with
developmentally important factors.

Two particularly salient and important developmental factors in
adolescence are academics and substance use. However, relatively lit-
tle research has examined how these indicators of wellbeing are asso-
ciated with use of technology and interactive social media. Academic
factors during adolescence, such as school grades and extracurricular
activities, are key indicators of adolescent wellbeing and have implica-
tions for educational success in college and occupational success in
young adulthood (Eccles, Barber, Stone, & Hunt, 2003; Gardner,
Roth, & Brooks-Gunn, 2008; Geiser & Santelices, 2007). Similarly,
individuals begin to experiment and use substances like alcohol and
marijuana during adolescence, and substance use in adolescence is
linked to greater odds of substance use later in adulthood (Grant
et al,, 2006; Kandel, Davies, Karus, & Yamaguchi, 1986; Schulenberg
et al., 2016). Based on unstructured socialization theory (Osgood, Wil-
son, O'Malley, Bachman, & Johnston, 1996), which states that
unstructured leisure time with peers is associated with more deviant

behaviors, greater social media use may be related to poor
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developmental outcomes such as low grades and substance use. The
current study will test evidence of this theory and examine how pat-
terns of technology use are associated with academic and substance

use outcomes in a national study of youth.

1.1 | Technology use and academic outcomes

The associations between use of older, more traditional types of
media (e.g., watching television, playing video games) and school-
related outcomes are generally consistent across studies. Frequent
television watching is associated with less time spent on school work
and lower academic grades (Anderson, Huston, Schmitt, Linebarger, &
Wright, 2001; Hancox, Milne, & Poulton, 2004; Sharif & Sargent,
2006; Wiecha, Sobol, & Peterson, 2001). Similarly, studies based on
national samples have found that frequent video game playing is asso-
ciated with lower school grades and test scores (Gentile, 2009; Tang &
Patrick, 2018). Of note, though, is an emerging body of work that
emphasizes the cognitive benefits of playing video games (for a
review, see Granic, Lobel, & Engles, 2013).

In contrast to the number of studies examining the association
between academic outcomes and traditional types of media, fewer
studies have investigated the association between interactive social
media use and academic outcomes (Best, Manktelow, & Taylor, 2014),
and most of this work focuses on college students rather than youn-
ger adolescents. Existing studies indicate that college students' fre-
quent texting, talking on the phone, and social media use are
associated with less homework completion, less studying, and lower
grade point average (GPAs) (Jacobsen & Forste, 2011; Kirschner &
Karpinski, 2010). Similarly, a recent meta-analysis found that frequent
online social networking was associated with lower grades (Marker,
Gnambs, & Appel, 2017). Despite research indicating a negative asso-
ciation between social media use and academic outcomes, however,
there is some evidence suggesting that college students who used
interactive social media, such as Twitter, exhibited higher academic
engagement and higher GPAs (Junco, Heibergert, & Loken, 2010).
Few studies, however, have investigated the link between academic
engagement measured by participation in extracurricular activities and
technology and social media use among adolescents. This is an omis-
sion in the literature worth investigating given research findings
suggesting that technology and social media use can displace time
spent doing more productive activities (Anderson et al., 2001; Sharif &
Sargent, 2006) and contrasting findings suggesting that social media
can help facilitate more interaction between individuals and increase
participation in extracurricular activities and better educational out-
comes (Eccles et al., 2003; Junco, 2012). Together, these studies indi-
cate that the direction of association between academic outcomes
and frequent interactive social media use is unclear, especially for
younger adolescents, who are typically underrepresented in this area
of research. Furthermore, it is unclear how the combination of differ-
ent types of social media use may be associated with academic out-

comes for adolescents.

1.2 | Technology and substance use

Similarly, there is limited research on the associations between ado-
lescents' media use and substance use, and the findings from the
body of work on this age group vary. One longitudinal study of 9th
graders in California found that more frequent television watching,
and subsequently greater exposure to alcohol advertisements,
predicted onset of drinking in the following year after controlling for
demographics and other media use (Robinson, Chen, & Killen, 1998).
A more recent longitudinal study of 7th graders in North Dakota,
however, found that exposure to alcohol advertisements on televi-
sion did not predict onset of drinking, but exposure to alcohol adver-
tisements in magazines did (Ellickson, Collins, Hambarsoomians, &
McCaffrey, 2005), which highlights that different types of media can
have differential effects on adolescents. Less research has examined
the association between playing video games and drinking, but a
study on Norwegian adolescents found no significant associations
between heavy video game playing and drinking (Brunborg,
Mentzoni, & Frgyland, 2014).

Interactive social media has provided another platform for
drug-related content to reach adolescents. Content analysis
studies of adolescents' social networking websites found fre-
quent references to alcohol use (Egan & Moreno, 2011; Moreno
et al.,, 2010) and mentions of drug use (Moreno, Parks, & Rich-
ardson, 2007; Moreno, Parks, Zimmerman, Brito, & Christakis,
2009). Research findings from a national study indicate that
adolescents who spend more time on social networking sites are
more likely to use alcohol and marijuana in comparison to ado-
lescents who spent no time on social
(CASAColumbia, 2011). Moreover, other studies indicate that
the more exposure to alcohol content in mass media, the more

networking sites

positive adolescents' attitudes towards drinking and the more
likely they were to drink (Austin & Knaus, 2000; Fleming,
Thorson, & Atkin, 2004).

Limited studies have investigated the links between use of mari-
juana and use of technology and interactive social media. Similar to
alcohol, a review of the literature suggests that the more marijuana
content adolescents see in mass media, the more likely they are to
use marijuana (Nunez-Smith et al., 2010). For example, one national
study found that adolescents who watched R-rated movies had an
increased risk of smoking marijuana (CASAColumbia, 2011). On the
other hand, there is evidence that media has positive associations
with adolescents' drug use. For example, one study found that televi-
sion campaigns to reduce marijuana use reversed upward trends in
marijuana use for high sensation seekers (Palmgreen, Donohew,
Lorch, Hoyle, & Stephenson, 2001). In alignment with this work, a
national study found that adolescents rely on social networking sites
to access information on sensitive health topics such as drug use
(Lenhart, Purcell, Smith, & Zickuhr, 2010). Given the limited work in
this area, it is unclear whether particular patterns of technology and
interactive social media use are associated with adolescent

substance use.
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1.3 | Current study

The inconsistencies in associations are due, in part, to studies that
examine different study populations (e.g., different ages), use conve-
nience sampling or small samples (e.g., college students, non-
representative samples), and focus on only one or two types of
technology or interactive social media, which may not be representa-
tive of how adolescents actually use media overall. In other words,
there may be heterogeneity in the combinations of ways in which
adolescents use these technologies which in turn may have implica-
tions for their academic outcomes and substance use. In addition, the
majority of prior research on technology and interactive social media
use has employed a variable-centered approach whereby researchers
examine how an individual's use of one type of technology and inter-
active social media (independent of all other types) is associated with
a certain outcome. In reality, adolescents rarely use technology and
interactive social media singularly and often use them in combination
(Carrier, Cheever, Rosen, Benitez, & Chang, 2009). Although use of
one type of technology may not be associated with risky outcomes, it
may be the case that certain combinations of technology and interac-
tive social media use indicate risk for adolescents.

Thus, to garner a better understanding of how technology and
interactive social media relates to adolescent outcomes, we build
upon prior variable-centered work and take a person-centered
approach to explore whether distinct and meaningful user profiles can
be identified, and to examine whether these combinations of media
use behaviors are associated with risky outcomes in adolescence
(i.e., poor academic outcomes and substance use). Furthermore, we
use national data to examine how technology and interactive social
media use cluster together during adolescence, a developmental
period when technology and social media use increases dramatically
(Rideout, Foehr, & Roberts, 2010), when academic grades and extra-
curricular activities become more variable and more powerful predic-
tors of later achievement and career success (Gardner et al., 2008;
Geiser & Santelices, 2007), and when substance use in adolescence is
linked to long-term problems in adulthood (Grant et al., 2006; Guo,
Hawkins, Hill, & Abbott, 2001; Schulenberg et al., 2016). Finally, latent
class analysis (LCA) is helpful for identifying subgroups that may be at
particularly high risk and in need of intervention support focused on
technology and social media use, academic support, and/or substance
use prevention. In other words, based on reviews of the social media
and health promotion literature, interventions are most effective at
targeting an audience and enacting change when they take into con-
sideration the demographic profiles of users and their preferred tech-
nologies (Korda & Itani, 2011; Shaw, Mitchell, Welch, &
Williamson, 2015).

Thus, the current study sets out to answer the following ques-
tions: (a) are there distinct subgroups of adolescents that engage in
particular patterns of technology and interactive social media use, and
(b) what are the associations between these subgroups and adoles-
cents' demographic characteristics, and academic (i.e., grades, extra-
curricular activities) and substance use (i.e., alcohol, marijuana)

behaviors?

2 | METHOD

2.1 | Sample

The data for this study are from Monitoring the Future (MTF), an
ongoing study that has been administering national cross-sectional
surveys of 8th and 10th graders since 1991, with the purpose of
investigating trends in risky behaviors such as drinking and drug use,
values, and attitudes (Miech et al., 2018). The present study is based
on adolescents in Grades 8 and 10 who answered questions related
to their technology and interactive social media use during the years
2013-2016. Survey response rates for 8th and 10th graders during
these years ranged from 89 to 90% (Miech et al., 2018). Only adoles-
cents with complete data on the variables of interest were included in
this study (n = 26,348). The analytic sample was 48% male;
racial/ethnic breakdown was 58% White, 15% Hispanic, 12% other
race/ethnicity, 10% Black, and 5% Asian. About half of the sample
(47%) was in 8th grade, and over half of the sample (63%) had at least
one parent with a college degree or higher. Specifically, 6% of parents
had less than a high school degree, 16% had a high school degree,
15% had some college, 36% had a college degree, and 27% had more

than a college degree.

2.2 | Measures

Seven technology and interactive social media use measures were
used as latent class indicators. All of these measures were dichoto-
mized where 0 = below the sample mean (i.e., low use) and 1 = above

the sample mean (i.e., high use).

2.2.1 | Watch television on a weekday

Adolescents were asked: “How much TV do you estimate you watch
on an average weekday?” Students reported on weekday television
using the following options: 1 = “none,” 2 = “half hr or less,” 3 = “about
1 hr,” 4 = “about 2 hr,” 5 = “about 3 hr,” 6 = “about 4 hr,” 7 = “5 hr or
more.” Responses were dichotomized at the mean so that 0 = 0-2 hr

and 1 = 3+ hr on an average weekday spent watching television.

2.2.2 | Watch television on a weekend

Similarly, adolescents were asked: “How much TV do you estimate
you watch on an average weekend (both Saturday and Sunday com-
bined)?” Students reported on weekend television using the follow-
ing options: 1 = “none,” 2="half hr or less,” 3 = “1-2 hr/~
4 ="3-4 hr,” 5 ="5-6 hr,” 6 = “7-8 hr,” 7 = “9+ hr.” Responses
were dichotomized at the mean so that 0 = 0-6 hr and 1 = 7+ hr

on an average weekend spent watching television.

2.2.3 | Play video games

Adolescents were asked: “About how many hr a week do you spend

playing electronic games on a computer, TV, phone, or other device?”
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Students reported on playing video games using the following
options: 1 = “none,” 2 = “less than 1 hr,” 3 = “1-2 hr,” 4 = “3-5 hr,”
5="6-9 hr,” 6 = “10-19 hr,” 7 = “20-29 hr,” 8 = “30-39 hr,” 9 = “40
or more hr.” Responses were dichotomized at the mean so that

0 =0-9 hrand 1 = 10+ hr per week spent playing video games.

224 | Text

Adolescents were asked: “About how many hr a week do you spend
texting on a cell phone?” Students reported on texting using the fol-
lowing options: 1 = “none,” 2 = “less than 1 hr,” 3 = “1-2 hr,”
4 = “3-5 hr,” 5 = “6-9 hr,” 6 = “10-19 hr,” 7 = “20-29 hr,”
8 = “30-39 hr,” 9 = “40 or more.” Responses were dichotomized at

the mean so that 0 = 0-9 hr and 1 = 10+ hr per week spent texting.

2.2.5 | Talk on phone

Adolescents were asked: “About how many hr a week do you spend
talking on a cell phone?” Students reported on talking on the phone
using the following options: 1 = “none,” 2 = ‘“less than 1 hr,”
3 ="1-2 hr,” 4 = “3-5 hr,” 5 = “6-9 hr,” 6 = “10-19 hr,”
7 =“20-29 hr,” 8 =
dichotomized at the mean so that 0 = 0-2 hr and 1 = 3+ hr per week

“30-39 hr,” 9 = “40 or more.” Responses were

spent talking on the phone.

2.2.6 | Video chat

Adolescents were asked: “About how many hr a week do you spend
video chatting (Skype, etc.)?” Students reported on video chatting
using the following options: 1 = “none,” 2 = “less than 1 hr,”
3 ="1-2 hr,” 4 = “3-5 hr,” 5 = “6-9 hr,” 6 = “10-19 hr,”
7 = “20-29 hr,” 8 = “30-39 hr,” 9 = “40 or more.” Responses were
dichotomized at the mean so that O = 0-2 hr and 1 = 3+ hr per week

spent video chatting.

2.2.7 | Visit social networking websites

Adolescents were asked: “About how many hr a week do you spend
visiting social networking websites like Facebook, Twitter, Instagram,
etc.?” Students reported on visiting social networking websites using
the following options: 1 = “none,” 2 = “less than 1 hr,” 3 = “1-2 hr,”
4 = “3-5 hr,” 5 = “6-9 hr,” 6 = “10-19 hr,” 7 = “20-29 hr,”
8 = “30-39 hr,” 9 = “40 or more.” Responses were dichotomized at
the mean so that 0 = 0-9 hr and 1 = 10+ hr per week visiting social
networking websites.

Academic-related and substance use covariates and demographic

factors were used to examine associations with the latent classes.

2.2.8 | High grades

Adolescents were asked: “Which of the following best describes your
average grade in this school year: 9 = “A (93-100),” 8 = “A— (90-92),”
7 ="“B+(97-89),” 6 = “B (83-86),” 5 = “B— (80-82),” 4 = “C+ (77-79),”

3 = "“C(73-76),” 2 = “C— (70-72),” 1= “D (69 or below).” For concep-
tual clarity, responses were recoded into a dichotomous variable to
indicate high (1 = average of A's and B's) versus low (0 = average of
C's and D's) grades. The majority of the sample (83%) reported having
high grades.

2.2.9 | Homework hours

Adolescents were asked: “About how many hr do you spend in an
average week on all of your homework including both in school and
out of school?” Reponses were on a 7-point scale: 1 = “O hr,”
2 = "“1-4 hr,” 3 = “5-9 hr,” 4 = “10-14hr,” 5 = “15-19 hr,”
6 ="20-24 hr,” 7 = “25 or more hr.” Responses were dichotomized at
the mean where 0 = spent less than 5 hr and 1 = spent 5 or more hr
per week on homework. About half of the sample (44%) reported
spending 5 or more hr per week (i.e., at least 1 hr per weekday) on

homework.

2.2.10 | Participation in extracurricular activities

Adolescents were asked: “To what extent have you participated in the
following school activities [school newspaper or yearbook; music or
other performing arts; athletic teams; other school clubs or activities]
during this school year?” Responses were on a 5-point scale: 1 = “not
at all,” 2 = “slight,” 3 = “moderate,” 4 = “considerable,” 5 = “great.” A
variable representing their level of participation in extracurricular
activities was created by averaging all four extracurricular activities
and dichotomizing at the mean so that O = no to slight participation
(i.e., below the mean) and 1 = moderate to great participation
(i.e., above the mean) in extracurricular activities. About a third of the
sample (29%) reported participating in extracurricular activities a mod-

erate to great extent.

2.2.11 | Substance use

Two common substances, alcohol and marijuana, used by adolescents
were included in this study. Adolescents were asked: “On how many
occasions have you had alcoholic beverages to drink—more than just
a few sips—during the last 12 months”, and “On how many occasions
(if any) have you used marijuana (weed, pot) or hashish (hash, hash oil)
during the last 12 months?” Two dichotomous variables were created
indicating whether the adolescent used alcohol in the last 12 months
(0 = no, 1 = yes) and used marijuana in the last 12 months (O = no,
1 = yes). About a third of the sample (33%) reported using alcohol in
the last year. A smaller proportion of the sample (19%) reported hav-

ing used marijuana in the last year.

2.2.12 | Demographics

Dichotomous indicators for adolescent gender (0 = female, 1 = male),
grade in school (0 = Grade 10, 1 = Grade 8), highest parent educa-

tional attainment (O = less than college degree, 1 = college degree or
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higher), and race/ethnicity categories (Black, White [reference], Asian,

Hispanic, and Other) were also included.

2.3 | Analysis

In the present study, we used LCA, a person-centered approach, to
explore the different patterns of technology and interactive social
media use among adolescents in the U.S. LCA is used to classify a
population into mutually exclusive and exhaustive subgroups based
on their patterns across behaviors. In the first step, we selected the
number of latent classes based on model fit statistics and interpret-
ability (Collins & Lanza, 2010). We used the Akaike information crite-
rion (AIC; Akaike, 1974), Bayesian information criterion (BIC;
Schwartz, 1978), the sample-sized adjusted Bayesian information cri-
terion (ABIC; Sclove, 1987), and the Vuong-Lo-Mendell-Rubin
(VLMR) likelihood ratio test to assess model fit. Lower values for the
AIC, BIC, and ABIC indicated more optimal models. Significant
p-values for the VLMR likelihood ratio test indicated better model fit
compared to models with 1 fewer classes.

In the second step, we described the classes of technology and
interactive social media use by examining the prevalence of the
classes in the population (class membership probability) and the prob-
ability of providing particular responses to each item for each class
(item-response probability).

In the final step, we used covariates to examine correlations with
class membership in a multinomial logistic regression. Specifically, we
examined the associations between class membership, demographic
characteristics, and academics and substance use using the rec-
ommended R3STEP command in Mplus 7.4 (Muthén & Muthén,
1998), which does not allow covariates to affect latent class formation
(Asparouhov & Muthén, 2015). All analyses accounted for the com-
plex multistage sample design and were weighted to adjust for differ-

ential selection probabilities.

3 | RESULTS

Table 1 presents the descriptive statistics for high frequency of use of
all the technology and social media indicator variables (i.e., coded as
1). About a third of the adolescents reported watching television on
the weekday, playing electronic video games, and texting at high fre-
quencies. A slightly smaller proportion of adolescents reported fre-
quently visiting social networking sites (27%) and talking on the
phone (25%). The smallest proportion of adolescents reported video
chatting (20%) and watching television on the weekend (18%) at high

frequencies.

3.1 | Latent classes of technology and interactive
social media use

Using these seven indicator variables, we estimated and compared

latent class models with 2-7 classes using a variety of model selection

TABLE 1 Descriptive statistics of technology and interactive
social media use indicators (n = 26,348)
Frequency %
High frequency of technology and
interactive social media use
Watch television for 3+ hr on an 7,848 30
average weekday
Watch television for 7+ hr in an 4,723 18
average weekend
Play video games for 10+ hr per week 7,669 30
Text for 10+ hr per week 8,019 31
Talk on phone for 3+ hr per week 6,467 25
Video chat for 3+ hr per week 5,037 20
Visit social networking sites for 10+ hr 7,017 27

per week

Note: Descriptives reflect when variables are coded 1 (high frequency
of use).

criteria to identify the best fitting model. Table 2 displays a range of
model fit indices used to compare the 2-7 class models.

As evident from the fit statistics, the AIC, BIC, and ABIC continue
to decrease as the number of classes increase, but the decrement in
value is relatively small after four classes. Given our large sample size,
we were able to conduct a thorough validation of our model selection.
We randomly divided our sample into 10 subsets and with each sub-
set, we compared models with 2-7 classes based on a variety of
model fit indices (AIC, BIC, ABIC, VLMR). In eight of the subsamples,
the fit criteria suggested that the optimal model was the 4-class model
(e.g., VLMR p <.01). In two of the subsamples, the fit criteria
suggested that the optimal model was the 5-class model. When we
compared the interpretability of the classes between the 4- and
5-class models, we found that one of the classes (Infrequent Users)
split into two classes, but the difference between the two classes was
not substantive. Thus, we chose the more parsimonious model, the
4-class model, as our final model. The final parameter estimates are
based on the full sample.

Table 3 presents the prevalence and item-response probabilities
for the 4-class model of frequent technology and interactive social
media use. The first class labeled Constant Users (about 10% of the
total sample) consisted of adolescents who had high probabilities of
being frequent users of all technology and interactive social media.
For example, adolescents in this class had a 0.82 probability of
watching television 3+ hr on an average weekday. Although the prob-
ability of video chatting for 3+ hr per week (0.48) was below 0.50, the
probability was more than twice the sample proportion (0.20), and
adolescents in this class had a higher probability of being a frequent
video chatter in comparison to all other classes. The second class
labeled Interactive Users had the second largest prevalence in the sam-
ple with 21% of the sample classified in this group. Adolescents in the
Interactive Users group had a high probability of texting 10+ hr per
week (0.80), talking on the phone for 3+ hr per week (0.56), and visit-

ing social networking sites for 10+ hr per week (0.69). Their
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TABLE 2 Model fit information for latent class analyses (n = 26,348)

Number of classes Log-likelihood AlC

2 -91,632.52 183,295.05
3 —89,834.45 179,714.90
42 -89,020.22 178,102.44
5 —88,683.02 177,444.04
6 —88,390.56 176,875.11
7 —88,245.03 176,600.07

BIC ABIC Entropy VLMR p-value
183,417.73 183,370.06 0.78

179,903.02 179,829.93 0.84 .00
178,356.00 178,257.48 0.75 .00
177,763.03 177,639.09 0.69 .00
177,259.53 177,110.17 0.78 .00
177,049.92 176,875.13 0.68 .00

Abbreviations: ABIC, sample-size-adjusted BIC; AIC, Akaike information criterion; BIC, Bayesian information criterion; VLMR, Vuong-Lo-Mendell-Rubin.

2Selected as final model.

TABLE 3

Prevalence and item-response probabilities for 4-class model of frequent technology and interactive social media use (n = 26,348)

Latent classes

Constant users

Interactive users Television watchers Infrequent users

Latent class prevalences

9.87% n = 2,645

21.06% n=5,209 14.25%n = 3,185 54.82% n = 15,308

Sample

Indicators proportion

Watch television for 3+ hr on an average weekday 0.30 0.82
Watch television for 7+ hr in an average weekend 0.18 0.62
Play video games for 10+ hr per week 0.30 0.69
Text for 10+ hr per week 0.31 0.95
Talk on phone for 3+ hr per week 0.25 0.72
Video chat for 3+ hr per week 0.20 0.48
Visit social networking sites for 10+ hr per week  0.27 0.86

probabilities of playing video games for 10+ hr per week (0.49) and
video chatting for 3+ hr per week (0.38) were higher than the sample
proportion as well. Adolescents in this group also had low probabilities
of watching television 3+ hr of television on an average weekday
(0.14) and watching 7+ hr of television in an average weekend (0.02).
In contrast, the third class labeled Television Watchers (14% of the
sample) consisted of adolescents who only had high probabilities of
watching 3+ hr on an average weekday (0.78) and 7+ hr in an average
weekend (0.76). For adolescents in this group, the probability of
playing video games for 10+ hr per week was at the sample propor-
tion. The fourth class labeled Infrequent Users had the largest preva-
lence in the sample with over half (55%) of the total sample.
Adolescents in this class had low probabilities of high-frequency use
of all types of technology and interactive social media.

Finally, given that the analytic sample consisted of adolescents
in two grades and the possibility that the latent classes could differ
by grade, we also estimated latent classes separately for 8th and
10th graders as a sensitivity test. The best fitting model had the
same number of classes with similar substantive interpretations and
item-response probabilities as the model that included both grades.
Thus, we present the model with the two grades combined for

parsimony.

Item-response probabilities

0.14 0.78 0.15
0.02 0.76 0.02
0.49 0.32 0.15
0.80 0.13 0.06
0.56 0.14 0.08
0.38 0.11 0.08
0.69 0.14 0.04

3.2 | Associations between latent class membership
and demographic, academic, and substance use
variables

In the last step, we included demographic, academic, and substance
use factors in a multinomial logistic regression model to investigate
their associations with adolescents' technology and interactive social
media use class membership (see Table 4). The largest class, Infrequent
Users, was designated as the reference class. In addition, due to the
large sample in the present study, a more conservative threshold for
significance (p < .01) was used in an effort to reduce potential Type I
errors.

Compared to the Infrequent Users class, males had lower odds of
being in the Constant Users (odds ratio [OR] = 0.44, p < .01) or Interac-
tive Users (OR = 0.47, p < .01) classes than females. Adolescents who
were Black and in the Other race/ethnicity group had higher odds
than White adolescents of being in all classes than the Infrequent Users
class. In contrast, Asian adolescents were less likely than their White
counterparts to be in the Constant Users (OR = 0.47, p < .01) and Tele-
vision Watchers (OR = 0.59, p < .01) classes than Infrequent Users class.
Adolescents in Grade 8 had lower odds than those in Grade 10 of
being in the Interactive Users than Infrequent Users class (OR = 0.73,

p < .01). Adolescents with parents with a college degree were less
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Latent class multinomial logistic regression: predictors of latent class membership (n=26,348)

Latent class

Interactive users

Television watchers Infrequent users

TABLE 4
Constant users
b SE OR p b
Intercepts -143 013 024 .00 -.56
Demographics
Male (vs. female) -83 007 044 00 -76
Race/ethnicity (vs. White)
Black 1.72 010 558 .00 .27
Asian -76 028 047 .01 -36
Hispanic 39 012 148 .00 -.07
Other .77 010 217 .00 .27
Grade 8 (vs. Grade 10) .03 009 103 .76 -32
Parent ed. (college+ vs. < college) —43 0.07 065 .00 -29
Academics
High grades -.60 008 055 .00 -.22
5+ homework hr -03 008 097 .72 .06
Participate in extracurricular 11 0.08 111 .18 12
activities
Substance use
Alcohol use past 12 months .82 0.08 228 .00 .63
Marijuana use past 12 months 39 0.09 147 .00 .57

Note: Significance at p < .01.
Abbreviation: OR, odds ratio.

likely than those with parents with less than a college degree to be in
the all other classes, compared to the Infrequent Users class.

For academic-related factors, adolescents with higher grades were
more likely to be in the Infrequent Users class compared to all other
classes. The number of hr spent on homework was not associated
with class membership, but adolescents who participated in extracur-
ricular activities had lower odds of being in the Television Watchers
class than the Infrequent Users class (OR = 0.82, p < .01).

Finally, adolescents' substance use had similar associations with
their technology and interactive social media classification, with Infre-
quent Users at lowest risk. Adolescents who used alcohol or marijuana
in the past year had higher odds of being in the Constant Users
(ORyc = 228, p<.01; ORy; = 147, p<.01) or Interactive Users
(OR,ic = 1.88, p < .01; ORy,j = 1.76, p < .01) classes than the Infrequent
Users class.

4 | DISCUSSION

Using national data, the present study used a person-centered
approach in an attempt to clarify the associations between adoles-
cents' frequent use of technology and interactive social media and
school-based outcomes and substance use. The results indicated

heterogeneity in how adolescents use technology and interactive

SE OR p b SE OR p

009 057 00 -102 010 036 .00 Ref
0.05 047 .00 -04 006 096 .48 Ref
010 130 .01 99 011 269 .00 Ref
0.17 0.70 .03 -53 017 059 .00 Ref
0.08 093 .39 19 008 121 .02 Ref
009 130 .00 37 010 144 00 Ref
006 0.73 .00 07 007 107 .33 Ref
006 0.75 .00 -35 007 070 .00 Ref
007 080 .00 -23 008 079 .00 Ref
005 106 .27 02 006 102 .80 Ref
006 113 .04 -20 007 082 .00 Ref
006 188 .00 -08 008 093 .33 Ref
007 176 .00 -17 010 084 .10 Ref

social media, and demonstrated that there were four distinct pat-
terns of use among adolescents in the United States. Study results
also provided some evidence to support the unstructured socializ-
ing theory; results demonstrated that membership in most classes
were associated with risky developmental factors such as lower
academic grades and higher odds of substance use in comparison
to adolescents who used technology and interactive social media
infrequently.

Interestingly, the majority of middle and high school-aged adoles-
cents (55%) did not use technology and interactive social media at
high frequencies. One fifth of young adolescents were Interactive
Users who did not watch a lot of television, but were frequent users
of all other types of technology and interactive social media
(i.e., texting 10+ hr per week, talking on the phone for 3+ hr per week,
visiting social networking sites for 10+ hr per week). This user group
was more likely to have low grades and to have used alcohol and mar-
ijjluana in the past year. Contrary to prior research with college stu-
dents (e.g., Junco, 2012), younger adolescent Interactive Users did not
participate in more extracurricular activities in comparison to Infre-
quent Users. It may be the case that extracurricular activities in college
are facilitated through social media whereas social media is not as
integral a tool for participating in extracurricular activities for younger

adolescents.
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The second most common subgroup among adolescents was Tele-
vision Watchers, who primarily watched television (i.e., watch 3+ hr on
an average weekday, 7+ hr in an average weekend) and used all other
types of technology and interactive social media at lower frequencies.
Adolescents in this group were more likely to have low grades and
less likely to participate in extracurricular activities. This finding is in
alignment with research demonstrating that adolescents who watched
a lot of television were less engaged in school, led more sedentary
lives, and were at higher risk of developing health problems later in
life (Hancox et al., 2004; Motl, McAuley, Birnbaum, & Lytle, 2006;
Pagani, Fitzpatrick, & Barnett, 2010). Thus, these findings highlight
that adolescents who frequently watch television are at risk for poor
academic outcomes. Additional research focused on this subgroup is
needed to identify the types of interventions that can help increase
participation in extracurricular activities and engagement in school.

Only a small proportion of young adolescents were so-called Con-
stant Users, who reported frequently using all technology and interac-
tive social media. This group was more likely to have low grades and
to have engaged in substance use, especially alcohol, two risky behav-
iors found to be correlated among adolescents (Bachman et al., 2008).
These correlates suggest that adolescents in this subgroup may be
particularly prone to seeking out stimulation and thus, frequent users
of all types of technology and social media may be one way of identi-
fying young adolescents who may benefit from some intervention in
supporting their academic outcomes and curbing their substance use.
Given their frequent use of technology and social media, using these
modes of prevention delivery may be particularly influential for this

high-risk group of adolescents.

4.1 | Strengths and limitations

This study had several strengths. One, analyses were based on nation-
ally representative data on 8th and 10th graders in the United States.
Two, a variety of technologies and interactive social media types were
examined in this study along with important covariates, which allowed
us to isolate the association between technology and social media use
and adolescents' academic grades, participation in extracurricular
activities, and substance use, and control for potentially confounding
factors. Three, this study built upon prior variable-centered work and
employed a person-centered approach to provide a better under-
standing of the profiles of different types of high-frequency technol-
ogy and interactive social media use.

However, this study also had some limitations. One, all analyses
are based on cross-sectional data, so the direction of associations can-
not be examined. Future research is needed to examine the extent to
which these cross-sectional associations are replicated longitudinally,
including whether media use affects later behavior and/or whether
media use, poor academic outcomes, and substance use are all symp-
toms of other underlying issues (e.g., internalizing problems). Two, all
measures are based on adolescents' self-report in response to survey
questions, which are subject to bias because adolescents may not be
aware of the amount of time they spend on media and/or because of

social desirability. There is evidence to suggest that when adolescents

report their media use via surveys, they tend to report higher esti-
mates of use in comparison to what they report via time diaries,
though these estimates are correlated (Greenberg et al., 2007). In gen-
eral, inaccurate estimates of media use may attenuate correlations.
The findings from the present study, however, are unlikely to have
been affected greatly by this because all measures of media use are
based on one form of self-report (surveys) and overestimates of media
use are likely to be similar across media forms (Jordan, Trentacoste,
Henderson, Manganello, & Fishbein, 2007). Indeed, self-report via sur-
veys is one of the most commonly used methods of collecting infor-
mation on adolescents' media use (Jordan et al., 2007). Due to the
relatively low cost and low burden on the respondent in comparison
to other assessment methods, several other national studies also have
relied on self-report via surveys for measuring adolescents' technol-
ogy and social media use (Lenhart, 2015; Rideout et al., 2010). Yet,
there is some concern that surveys may not be the most psychometri-
cally robust method of assessing media use (Vandewater & Lee,
2009). Future studies may want to examine whether these latent clas-
ses are replicated with media use data collected through alternative
(and multiple) methods such as, daily diaries, experience sampling
methods, and direct observations captured through passive sensors.
Lastly, this study did not examine the content of the interactive media
used by adolescents because this information was not collected by
MTEF. It may be the case that the media content may be driving the
association with poor developmental outcomes rather than the time
spent using media. Future research should use other data to examine
this further.

Despite these limitations, the findings from this study provide a
unique understanding of how younger adolescents are using technol-
ogy and social media, and indicate that adolescents who use multiple
types of technology and interactive social media at high frequencies
also tend to have low grades and engage in substance use. Prevention
strategies that address these overlapping risk factors is needed. As
other researchers have highlighted (e.g., Korda & Itani, 2011; Shaw
et al, 2015; Wong, Merchant, & Moreno, 2014), finding ways to
leverage high-frequency technology and media use among high risk
groups in order to expose them to tailored intervention messaging is
one area for additional research.
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