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Adolescents are slowly being recognized as a generation, worldwide, that may require

different policy approaches to improve staggering statistics on their failing well-being,

including mental health. By providing the support to allow the next generation to achieve

better mental health outcomes, they are going to be more economically successful and

the future economic growth of nations can be better assured. Adoption of mobile-based

health interventions (e.g., mHealth) has garnered a lot of attention toward this end.

While mHealth interventions are growing in popularity, many researchers/policy-makers

appear to have neglected assessing potential (indirect) costs/negative consequences

from their use. Evidence from the developed world shows strong associations between

extensive cell phone use and negative mental health outcomes, but similar research is

minimal in developing world contexts. Additionally, the bulk of work on the outcomes of

mobile phone use is studied using a unidirectional approach with blinders to front-end

motivations. Using primary data from a large-scale, school-based survey of older

adolescents in southwestern Nepal (N = 539), this work investigates such a tension

between mobile/smartphone usage as a true mobile health (mHealth) opportunity in

Nepal or as a potential problem, introducing additional deleterious well-being effects

from over-use. Founded in Basic Psychological Needs Theory (BPNT), robust results

of analyses using full structural modeling approaches (and traditional regression-based

sensitivity analyses) indicate support for the BPNT framework in explaining statistically

significant positive associations between bullying and anxiety, as well as, negative

associations between bullying and grit, including evidence to support the mediating role

of problematic mobile phone use in these relationships. More than 56% of the sample

showed indicators of mild to moderate anxiety and over 10% claim experiences of

bullying, coupled with over 75% of the sample scoring above the midline of a problematic

mobile phone use scale, all of which motivates the relevance of our findings. Potential

policy implications of these findings, and mention of other intriguing avenues for future

work are further discussed.
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INTRODUCTION AND BACKGROUND

Of the 1.2 billion people under age 18 across the globe,
90% of them live in the developing world (1). The economic
future of the world will depend on this next generation and
improvements to their current well-being trajectories (2, 3).
Estimates indicate 20–50% of young people in the Southeast Asia
(SEA) region report being bullied, 7.1% are using alcohol, 9.7%
are smoking, 8.4% report being lonely most or all of the time,
6.9% report being so anxious they lose sleep, and 6.8% have
admitted to seriously considering suicide within the prior year
(4). Such behavioral and mental health/well-being concerns are
exacerbated by governments and healthcare systems which either
do not acknowledge the importance of mental health, fail to
address adolescents differently than younger children or adults,
or both.

As chronic conditions, such as mental health, continue to
gain attention, mobile-based health initiatives (or mHealth)
are one potential solution to address the lack of attention,
cost, and availability of healthcare professionals, particularly
within developing world contexts (5, 6). Although limited in
scale, most existing evidence of the acceptability and efficacy
of mHealth approaches to change health-related behaviors
has been well-received (7, 8), although thorough assessment
of true economic benefits is still lacking (9). Due to their
existing high use of mobile-based technologies, the use
of mHealth approaches in adolescent populations may be
additionally promising (10–12). However, while use of mobile
technology is prolific among adolescent populations, there is also
evidence of lack of sufficient research fully accounting for the
effectiveness and potential consequences of pursuing mHealth
initiatives (13, 14).

Overuse/maladaptive uses of mobile/smartphones in the
developed world has been strongly associated with numerous
negative health/well-being outcomes (15, 16). However, there is
limited work in the developing world regarding such impacts,
with most focused on India (17, 18). Initial findings, however,
do appear consistent with those from the developed world,
which implies a very bleak picture for adolescent well-being
if mobile phones are seen as the “solution” to an already
suffering demographic.

When examined with empirical rigor, though, this outlook
may not be so bleak. There is other work indicating that it is
only those adolescents most prone to suffer from behavioral,
mental, and emotional struggles who are going to be drawn to
overuse mobile phones. However, determination of directionality
of such relationships is fraught with a lack of clarity. Lack
of focus on motivating factors may explain part of this.
Incorporating theoretical frameworks from fields such as Positive
Psychology and Sociology may allow for a clearer understanding,
while also analyzing data with the empirical rigor associated
with a field such as Economics. In that vein, this work uses
primary data from secondary school students in urban and
rural Nepal to assess the connections between life burdens,
mobile phone overuse/maladaptive use, and overall well-being of
adolescents through estimating a full structural model based on
the assumptions of Basic Psychological Needs Theory (BPNT).

Research Context: Nepal
Nepal is one of the poorest and neediest regions in terms of
addressing adolescent well-being. Of the 11.8% of the population
estimated to be between 13 and 17, over 50% of adolescents
report being bullied, making this the highest rate in the SEA
region (4). Additional burdens adolescents, and in particular
females, face in this country include high levels of gender-based
violence/inequity (e.g., domestic violence, menstrual taboos,
childmarriage), which have damagingmental and physical health
consequences (19–21). A healthcare treatment system that faces
infrastructure and treatment malfunction, with limited access
to mental health care, only exacerbates such situations. Nepal
only has 2.1 physicians per 10,000 people (the United States
has 24.5) (22), and stigma surrounding mental health problems
is high.

Indicative of the cumulative effect of such burdens is
that Nepal has the second highest adolescent suicide rate
regionally. A recent WHO Report (23) found 14% of
surveyed adolescents thought about/planned suicide and
10% attempted suicide within the prior 12 months. Such
risks also appear to continue on into adulthood, with Nepal
having one of the top five (ten) suicide rates globally for
women (men) (22). The need is real for interventions
aimed at reducing such well-being-damaging burdens and
providing treatment/support for them, particularly among
adolescent populations.

Unfortunately, most of the existing research/interventions
addressing these areas in Nepal has primarily focused on the
plight of former child soldiers and conflict/displaced youth
(24, 25). Furthermore, the use of mHealth interventions,
while growing, is still in its infancy in Nepal, primarily
focusing onmore standard telehealth and tracking functionalities
(26, 27). At the same time, cell phone/smartphone adoption
is growing rapidly in Nepal, with 70–90% of households
owning mobile phones (20). The World Bank (23) also
reports that mobile-cellular telephone subscriptions per 100
people in Nepal jumped from 34.4 to 96.7% between 2010
and 2015.

Prior Literature on Mobile Phones and
Negative Well-Being
With the growth in development, innovation, and adoption of
mobile/smartphone technology, there is also a growth in research
surrounding the consequences of its overuse. Along with findings
supporting that high mobile phone use is linked with lost sleep
(28–30), there is consistent evidence of higher associations to
anxiety, stress, and depression (31–33).

The empirical limitation in these analyses is that direction
of causality has yet to be well-established. While there is work
that has focused on theoretical explanations of the motivation
for mobile phone use (34), such work is not supported with
empirical validation. The general assumption in empirical work
is that cell phone use is the predecessor of negative mental
health/well-being, supported by laboratory experiments (35, 36).
Several long-term studies have also confirmed this (37, 38),
along with strong indications of bi-directionality (39, 40), which
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may imply: the rich are getting richer (or in this case, the
depressed are getting more depressed, due to their over-use of
mobile phones).

To bring the literature forward with respect to further
clarity about the relationships indicated, while also accounting
for motivational elements that partially explain the findings
already seen, this work examines the tension between mobile
phone/smart phone usage as a true mHealth opportunity in
Nepal and its potential for introducing deleterious effects on
well-being from over-use of mobile phones. The impacts of
technology on health deserve to be analyzed with the empirical
rigor associated with Economics, given that the impacts of health
on micro and macro-level economic problems is becoming ever
more apparent. Therefore, by using robust empirical techniques
we are able to provide additional validity to the conclusions and
policy recommendations we make.

THE MODEL: FRAMEWORK,
SPECIFICATION, AND HYPOTHESES

Conceptual Framework
Determining what motivates behavior is among the most central
of all social science questions. Within sociology, consideration
of social contexts has often served as the jumping-off point to
answer this question. Within the study of Self-Determination
Theory (SDT), there is the sub-theory of BPNT, which claims that
satisfaction and/or frustration of the three needs of autonomy,
competence, and relatedness serve as strong motivating factors
in many behavioral relationships (41), many of which have well-
being outcomes (42, 43).

As shown in Figure 1, low need satisfaction over time can
result in costs, but this deterioration process will be exacerbated
when needs are actively “frustrated” (or thwarted). When needs
are frustrated, there are two consequences: immediate costs of
reduced well-being and chronic need-thwarting leading to the
development of coping strategies such as “Need Substitutes”
and compensatory behaviors. However, most evidence indicates
that the latter may ultimately be short-lived in producing
feelings of need satisfaction, and can lead to (or include)
further negative outcomes such as anxiety and substance
abuse (44, 45).

We believe the relationship between problematic mobile
phone use (PMPU) and well-being outcomes may follow this
theoretical pathway, as seen in Figure 2. The social/cultural
context adolescents face includes both protective and adverse
environments/pressures which either meet or frustrate the
three needs. When needs are frustrated, BPNT indicates that
adolescents may seek out remedies to alleviate their sense of loss,
which we postulate is facilitated through mobile phones. Use of
technology that (attempts) to fulfill psychological voids, however,
may be more prone to addiction (46, 47) and associated poorer
well-being. Thus, if mobile phones are a medium through which
the types of coping strategies BPNTmentions are facilitated, then
they have the potential to exacerbate existing states of negative
well-being, in congruence with existing literature.

Empirical Specification
In accordance with the framework and pathways above, we
identify the empirical specification below:

Anxi = α0 + α1PMPUi + α2Bullyi + α3AP
∗
i

+α4FE
∗
i + α5SS

∗
i + α6X1i + α7X2i + α8X3i + u1i (1)

Griti = β0 + β1PMPUi + β2Bullyi + β3AP
∗
i

+β4FE
∗
i + β5SS

∗
i + β6X1i + β7X2i + β8X3i + u2i (2)

PMPUi = λ0 + λ1Bullyi + λ2AP
∗
i + λ3FE

∗
i

+λ4SS
∗
i + λ5PCi + λ6PC2i + λ7FPMPUi

+ λ8X1i + λ9X2i + X3i + u3i (3)

Anxi and Griti represent the well-being outcomes of anxiety
and grit1 for individual i. PMPUi is a measure of mobile phone
overuse/maladaptive use, and Bullyi represents our key need-
thwarting factor of bullying experiences. The remaining socio-
cultural environmental pressures we consider/control for are
academic pressure (AP∗i ), family environment (FE∗i ), and social
support (SS∗i ), all latent constructs. In Equation (3), PCi is the
monetary cost of individual i’s mobile phone, with PC2i its
square. Friend’s PMPU is represented by FPMPUi. Demographic
controls for being female, age, and rural area residence are
accounted for by X1i-X3i, respectively. White noise error terms
for each equation are denoted by ui, with the appropriate
equation referenced in subscript.

Hypotheses
Bullying can be staggering and have dramatic impacts on
mental/physical health (53, 54), whereas individuals with greater
support across environments (including school) show a number
of positive outcomes including subjective well-being and lower
stress levels (55, 56). In the absence of real-life support,
many adolescents may turn to other means, such as media
entertainment, to try and meet their needs. Given associations
between psychological need frustration and dependency in
adolescents (44), adolescents using media (often accessed via
mobile phones) for such means would be expected to then have
more problematic use of digital technology. This supports the
“needs-as-motive” hypothesis among young adults, wherein the
trio of needs not only sustains well-being, but also motivates
remedial behavior when missing (57). Given strong evidence that
coping strategies are ultimately ineffective/maladaptive (45, 58),
this would imply further reductions in overall well-being.

Given such evidence, we formally hypothesize:
Hypothesis #1: Those adolescents bullied more will have worse

well-being outcomes – higher anxiety (Anx) and lower grit (Grit).
Hypothesis #2: Those adolescents who are bullied more (Bully)

will have more problematic mobile phone use (PMPU).

1Anxiety is a measure of feelings of worry, nervousness, or unease, typically about

an imminent event or something with an uncertain outcome, and is a typical

measure of negative well-being, which hinders a multitude of long-term successes

(48–50). Grit, on the other hand, is a measure of perseverance and passion for

achieving long-term goals, which serves as a useful measure of positive well-

being potential and ability to succeed in life. Grittier people have been shown to

have greater educational attainment/achievement, entrepreneurial potential, and

earnings (51, 52).
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FIGURE 1 | Framework of basic psychological needs theory (BPNT).

FIGURE 2 | Research application of BPNT framework.

Hypothesis #3: There will be a significant indirect effect of
bullying (Bully) on well-being outcomes (Anx and Grit), acting
through problematic mobile phone use (PMPU).
Additionally, it is also important to establish any
potential relationship to be had between our well-being
outcomes. The small literature addressing anxiety and
grit consistently indicate a negative relationship (59, 60),
including in developing world contexts (61, 62). Thus, we
finally hypothesize:

Hypothesis #4: There will be a negative correlation between
anxiety (Anx) and grit (Grit).

DATA AND VARIABLES

Data
Data comes from a self-report survey administered to 11
and 12th grade-equivalent adolescents in the urban city of
Siddharthanagar and surrounding areas of Pulpa, Gulma, and
Argankhachi, in southwestern Nepal. Following an exploratory
focus group assessment conducted in the same area prior to
this study, which addressed mental health knowledge/awareness,
current mobile phone practices/uses, and cultural/developmental
burdens seen as most detrimental, the survey used in this study
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was translated by a professional translator, certified by the local
Notary Public Council. The translated survey was further read
through by several of the Nepali enumerators and support
staff running the survey collection on the ground, prior to its
implementation, to ensure that it was conceptually sound in its
translation. The survey/data collection was performed on-sight
at schools during school time. We a priori aimed to collect data
from around 600 observations and were only limited by the fixed
amount of sampling provided by headmasters at the schools.
These goals were met and once restricting our sample to only
those adolescents who owned a phone, our final sample size was
539 adolescents. This study was approved by the institutional
review board (IRB) of our institution and the executive
management group of the Lumbini Center for Sustainability at its
Pratiman Neema College venue in Siddharthanagar, Rupandehi
district, who also oversaw the collection and supervision of the
data collection.

Key Variables
Well-being outcomes were measured using previously validated
survey instruments. Anx is based on a modified version of
the Beck Anxiety Inventory (BAI) (63), assessing the extent
of anxiety-related symptoms such as dizziness and breathing
difficulties over the prior 2 weeks. Adjustments were made to
adhere to recommendations from a previous validation in a
Nepali context (64), which indicated a specificity and sensitivity
around 0.90. The final (continuous) measure is composed of
the sum of seventeen, 4-point scale items, where a higher score
indicates poorer well-being. Summary statistics of this and all
other variables can be found in Table 1.

Grit is the Duckworth Grit Scale (65), which has an internal
consistency around 0.80. Grit has previously served as a proxy
for positive well-being, including among adolescent/young adult
populations (67, 68). The sum of ten, 5-point Likert-scale items is
divided by five to obtain the final (continuous) measure used in
estimation, where a higher score indicates more grit.

PMPU was operationalized through the use of Bianchi and
Phillip’s (66) Problematic Mobile Phone Use survey. This 27
item, 5-point Likert-scale instrument assesses dimensions of
problematic phone use. It has been validated in terms of internal
reliability (0.93) and validity in capturing the addictive tendencies
associated with maladaptive use. The final (continuous) measure
used in estimation is the sum of the 27 items, where a higher score
is indicative of more (problematic) use.

To allow for proper identification of our empirical model,
we also include the use of three variables believed to influence
respondent’s PMPU, but not expected to directly influence well-
being. In traditional econometric approaches, these would be
deemed the “instrumental variables.” PC is the cost of the
respondent’s mobile phone in thousands of Nepali rupees (NR),
ascertained from an opened ended question. PC2 is simply
the square of this measure. Use of these variables stems from
the assumption that amount of phone usage depends on its
cost, with more usage at lower cost levels (69, 70). FPMPU
is a modified version of (66) survey instrument, rephrasing
six of the questions to reflect respondent’s perceptions of their
closest friend’s interactions with his/her mobile phone, where

the assumption is that the behaviors of a close friend in
relation to his/her phone usage will correlate with those of
the respondent’s own usage. Summation of these six, 5-point
Likert-scale questions produces the continuous measure used
in estimation.

Bully is the summation of three binary indicators for having
been bullied in the prior month outside of school, inside of
school, and having been physically hurt by someone at school.
Framing and use of these measures is consistent with large-
scale national and international work examining adolescent life
to determine overall well-being (71).

While bullying is clearly indicated as a potential problem
among Nepali youth (72), we also acknowledge the existence
of other socio-cultural environments in adolescent lives which
are likely to also influence well-being outcomes. Adolescent
health and development is strongly affected by social factors
including family (73–75) and academic pressure/competition
(76). Furthermore, there is also evidence of how social support
can buffer against stressful situations (76–78). We control for
each of these elements through FE∗, AP∗, and SS∗, respectively.
SS∗ is measured based on six related variables, while the
other latent construct have four each, in a manner consistent
with prior work on adolescent well-being [such as (20, 79)].
Additional details on these constructs and all other variables,
including descriptive statistics according to gender-grouping are
presented in the Appendix in Supplementary Material, along
with a correlation matrix of the key scale variables to provide
preliminary insights on the hypothesized relationships.

ESTIMATION STRATEGY

While a reduced form system of equations may be a natural
way to illustrate the model and causal channels laid out
in Equations (1–3) above, doing so may mask underlying
channels/complexities central to our narrative. The presence of
three latent structures which play important controlling roles
in our structural model requires a different estimation strategy
allowing the flexibility to account for the measurement error
associated with these constructs. Structural equation modeling
(SEM) was chosen as the primary estimation strategy, given its
application in prior work on health issues, family/peer dynamics,
self-efficacy, depression, and psychotherapy (80).

Through maximum likelihood estimation, with iterative
computation, SEM allows us to combine measurement
models, which involve the relationships between observed
(i.e., exogenous) measurements and latent constructs, with path
analysis models that relate all variables. SEM allows one to model
the measurement error (as opposed to the traditional statistical
approach of assuming no error). SEM also eliminates problems
with multicollinearity and reduces random error through
utilizing multiple measures to describe one latent construct.
Finally, use of SEM allows one to specify the appropriate
variance-covariance structure for the system of equations based
on prior knowledge and assumptions. In straight forward terms,
the goal in SEM is to summarize this variance-covariance matrix
and compare the estimated/implied variance-covariance matrix
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TABLE 1 | Summary statistics of variables.

Variables Description Mean Standard

deviation

Min/Max

Outcome variables

Anxiety (A) Validated instrument† addressing various symptoms of anxiety, calculated as the

sum of 17 Likert-scored questions (0–3 points). Higher score indicates more

symptoms of anxiety

13.38 7.97 0/48

Grit Score (G) Validated instrument‡ which captures elements of passion and persistence in

life, calculated as the sum of ten, 5-point Likert scale items, divided by 5; Higher

score indicates more Grit

3.26 0.49 1.8/5

Explanatory variables

Key Explanatory Variables

Problematic Mobile

Phone Use (PMPU)

Validated instrument§ addressing indicators of addictive tendencies toward

mobile phone use, calculated as the sum of 27 5-point Likert scale items, where

a higher score indicates more problematic usage

86.65 21.07 27/135

Bullying (B) Sum of three binary indicators related to bullying pressures 0.361 0.713 0/3

Physically Hurt Prior Year 0.138 – 0/1

Bullied at School 0.107 – 0/1

Bullied Outside School 0.116 – 0/1

Socio-Cultural Environmental Pressures Controlled For

Academic Pressures

(AP*)

Latent construct measured by four, 5-point Likert questions detailing pressures

from the school environment (1=Strongly Disagree, 5=Strongly Agree)

Worry About Exam Scores 4.01 1.30 1/5

Teachers Too Controlling 3.67 1.39 1/5

School Competitive 3.85 1.29 1/5

School Success is Life Success 4.12 1.28 1/5

Family Environment

(FE*)

Latent construct measured by four, 5-point Likert questions detailing violence

and control in the home (1=Strongly Disagree, 5=Strongly Agree)

Parents Check Phone 3.17 1.62 1/5

Physically Hurt in Home 2.54 1.57 1/5

Punished for Bad Grades 2.64 1.62 1/5

Women Tolerate Violence 2.62 1.63 1/5

Social Support (SS*) Latent construct measured by six binary indicators for having someone or

somewhere to go to deal with a series of financial or social issues

Borrow Money 0.73 – 0/1

Stay With 0.70 – 0/1

Confide in About Violence 0.64 – 0/1

Help with Harassment Situation 0.64 – 0/1

Place Meet Same Sex Friends 0.44 – 0/1

Member of Club/Youth Group 0.41

Instruments (For PMPU)

Phone Cost (PC) Cost of mobile phone in Nepali Rupees divided by 1,000. 19.35 16.43 0.2/110

Phone Cost Sq. (PC2) Phone Cost squared 643.62 1469.37 0.04/12100

Friend’s PMPU

(FPMPU)

Reworking of validated instrument3 addressing indicators of closest friend’s

addictive tendencies toward mobile phone use, calculated as the sum of six

5-point Likert scale items, where a higher score indicates more problematic

usage

20.09 5.62 6/30

Additional controls

Age (X1) Age of adolescent in years 17.6 1.18 15/25

Female (X2) =1 if adolescent is female, 0 otherwise 0.51 – 0/1

Rural (X3) =1 if adolescent is from a rural high-school, 0 otherwise 0.48 – 0/1

†
(63) & (64).

‡ (65).
§(66).
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TABLE 2 | Results of linear probability estimation for structural model of adolescent life influences on well-being.

(1) (2) (3)

Full model Constraining non-sig. co-variances to

zero

Constraining non-sig. co-variances to

zero & control variables in PMPU Eq.

Variables Grit Anxiety PMPU score Grit Anxiety PMPU score Grit Anxiety PMPU score

PMPU −0.012*** 0.077* −0.012*** 0.088*** −0.013*** 0.088***

(0.003) (0.043) (0.003) (0.020) (0.003) (0.021)

B −0.070** 1.506*** 0.669 −0.070** 1.488*** 0.668 −0.069** 1.493*** 0.903

(0.030) (0.477) (1.027) 0.030 (0.471) (1.027) (0.030) (0.472) (1.026)

AP* 0.177** 0.233 4.681** 0.178** 0.095 4.642* 0.194** 0.152 7.162***

(0.077) (1.241) (2.372) 0.078 (1.131) (2.378) (0.083) (1.142) (2.594)

FE* −0.106 0.298 9.244*** −0.102 0.094 9.284*** −0.104 0.060 7.894***

(0.073) (1.144) (2.575) 0.073 (1.010) (2.596) (0.072) (0.994) (2.528)

SS* 0.281 −3.416 −0.285 0.273 −3.401 0.256 0.283 −3.441 2.073

(0.176) (2.762) (5.489) 0.175 (2.745) (5.439) (0.177) (2.756) (5.923)

PC 0.368*** 0.363*** 0.298***

(0.122) (0.122) (0.123)

PC2 −0.003** −0.003** −0.003**

(0.001) (0.001) (0.001)

FPMPU 1.693*** 1.695*** 1.601***

(0.159) (0.159) (0.165)

X1 −0.070* 3.121*** −0.075* 3.136*** −0.089** 3.125*** −2.234

(0.0297) (0.704) 0.043 (0.702) (0.045) (0.705) (1.525)

X2 0.010 0.424 0.010 0.417 0.005 0.416 −0.739

(0.017) (0.273) 0.017 (0.273) (0.017) (0.273) (0.593)

X3 0.072 −1.561** 0.073 −1.532** 0.051 −1.547** −3.855**

(0.047) (0.744) 0.047 (0.755) (0.051) (0.759) (1.663)

Constant 4.19*** −2.116 48.06*** 4.194*** −2.975 48.085*** 4.327*** −2.937 66.765***

(0.374) (6.105) (3.651) 0.373 (5.317) (3.652) (0.419) (5.370) (11.280)

Cov(Acad-Fam) 0.114*** 0.111*** 0.114***

Cov(Acad-SS) 0.025*** 0.024*** 0.024***

Cov(Fam-SS) 0.007 Constrained to Zero Constrained to Zero

Cov(BAI-Grit) −0.337** −0.353** −0.355**

Cov(BAI-PMPU) 3.121 Constrained to Zero Constrained to Zero

Cov(Grit-PMPU) 1.257* 1.281* 1.296*

N 539 539 539

ln(L) −23330.248 −23330.723 −23326.214

AIC 46856.497 46853.446 46850.428

(Continued)
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from the proposed structural model to the observed matrix from
the data to explain as much of the variance as possible (81).

With these capabilities in mind, our structural model
is enhanced with the addition of a measurement model
representing the latent variables. Within each equation, j is the
number of measurement variables associated with the respective
latent construct.

APji = φ0 + φj1AP
∗
i + u4j ∀ j = 1, . . . , 4 (4)

FEji = ϒ0 + ϒj1FE
∗
i + u5j ∀ j = 1, . . . , 4 (5)

SSji = δ0 + δj1SS
∗
i + u6j ∀ j = 1, . . . , 6 (6)

We undertook two estimation methods of our full system:
linear probability and generalized linear approaches. The key
difference, as it pertains to our work, is the treatment of the
measurement components for our latent constructs. Likert-scale
survey items are often treated as interval; however, it is often
more accurate to treat them as ordinal2. A generalized linear
approach can be used under such scenarios where the estimation
involves non-continuous variables which cannot be estimated
under the typical assumptions of linear regression (81) 3. Under
both approaches, we assume block-independence between the
structural (Equations, 1-3) and the measurement (Equations, 4-
6) systems. Additionally, we note that the parameter estimate
of the respective latent variable’s impact on the first measured
indicator for each latent variable (e.g., SS1i, FE1i, AP1i) is
normalized to 1 so that the magnitude of the latent constructs
can be pegged against that measure.

With the potential for simultaneity between PMPU and the
well-being outcomes (particularlyA) implied by literature, and in
the absence of over-identification testing typically associated with
traditional regression techniques, we explored the strength of the
model using three different covariance and model specification
structures for the exogenous/observed variables. These results are
presented in Tables 3, 4. Our full model specified covariances be
estimated between Anx and Grit, PMPU and Anx, and PMPU
and Grit, with no demographic controls included in the equation
for PMPU. The second structure constrained the covariance
between PMPU and Anx and SS∗ and FE∗ to be zero, while
maintaining no demographic controls in the equation for PMPU.
The third model allowed for demographic controls in the PMPU

2The difference from an answer of “Strongly Agree” to “Agree” (coded as 1 and 2)

is not treated as equivalent to that of between “Agree” and “Neutral” (coded as 2

and 3) in an intuitive sense under an ordinal treatment.
3Through SEM based on a generalized linear model, the estimation is essentially a

generalization of nonlinear least squares, where the likelihood is derived under the

assumption that each observed variable is independent and identically distributed

(iid) across the estimation sample and observed variables are also assumed to

be independent of each other. These assumptions are conditional on the latent

variables and observed exogenous variables. This is opposed to estimation with

a linear probability treatment of the observed measures, where the likelihood is

derived based on the means, variances, and covariances of the observed exogenous

variables (not conditional upon). Additionally, estimation based on the generalized

linear model removes any assumptions of normality of the observed exogenous

variables, and instead uses a link function such as logit for distributional families

such as ordinal or Bernoulli.
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TABLE 3 | Results of generalized linear estimation for structural model of adolescent life influences on well-being.

(1) (2) (3)

Full model Constraining non-sig. covariances to 0 Constraining non-sig. covariances to

0 & control variables in PMPU Eq.

Variables Grit Anxiety PMPU score Grit Anxiety PMPU score Grit Anxiety PMPU score

PMPU −0.013*** 0.099*** −0.013*** 0.097*** −0.013*** 0.097***

(0.002) (0.030) (0.002) (0.015) (0.002) (0.014)

B −0.088*** 1.892*** 1.390** −0.088*** 1.898*** 1.390** −0.089*** 1.896*** 1.243**

(0.025) (0.329) (0.688) (0.025) (0.290) (0.688) (0.025) (0.291) (0.629)

AP* 0.111** –.403 1.519 0.111** −0.393 1.518 0.115** −0.379 2.391**

(0.050) (0.421) (1.074) (0.050) (0.392) (1.074) (0.049) (0.382) (1.089)

FE* −0.072 0.399 6.794*** −0.072 0.408 6.804*** −0.075 0.399 6.269**

(0.050) (0.504) (2.506) (0.050) (0.506) (2.488) (0.050) (0.502) (2.477)

SS* 0.022 –.383 −0.215 0.022 −0.380 −0.191 0.022 −0.382 −0.154

(0.030) (0.317) (0.879) (0.030) (0.318) (0.887) (0.030) (0.317) (0.861)

PC 0.270*** 0.271*** 0.276***

(0.093) (0.091) (0.098)

PC2 −0.003** −0.003** −0.003**

(0.001) (0.001) (0.001)

FPMPU 1.888*** 1.888*** 1.844***

(0.174) (0.174) (0.185)

X1 −0.066 3.021*** −0.066 3.018*** −0.077 3.017*** −1.866

(0.053) (0.789) (0.053) (0.782) (0.055) (0.782) (2.021)

X2 0.007 0.503** 0.007 0.505** 0.004 0.504** −0.481

(0.016) (0.223) (0.016) (0.228) (0.016) (0.228) (0.491)

X3 0.116** −1.219** 0.116** −1.220** 0.102* −1.222** −2.217

(0.054) (0.505) (0.054) (0.500) (0.053) (0.500) (1.692)

Constant 4.263*** −5.819 44.519*** 4.262*** −5.698 44.509*** 4.336*** −5.715 56.011***

(0.369) (5.614) (3.546) (0.370) (4.913) (3.552) (0.372) (4.906) (8.479)

Cov(Acad-Fam) 0.265** 0.262** 0.268**

Cov(Acad-SS) 0.323** 0.317*** 0.320***

Cov(Fam-SS) 0.019 Constrained to Zero Constrained to Zero

Cov(BAI-Grit) −0.297*** −0.293*** −0.295***

Cov(BAI-PMPU) −0.582 Constrained to Zero Constrained to Zero

Cov(Grit-PMPU) 1.533*** 1.530*** 1.502***

N 539 539 539

ln(L) −11643.04 −11643.1 −11592.51

AIC 23314.08 23314.2 23211.02

Standard errors in parentheses; ***p < 0.01, **p < 0.05, *p < 0.1; AIC, Akaike information criterion. Bolded values are those that are statistically significant.
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TABLE 4 | Mediation analysis for linear probability estimation of structural model of adolescent life influences on well-being.

Treatment variable Indirect effect (IE) Direct effect (DE) Total effect (TE)

PANEL A: Anxiety

Mediator variable: PMPU score

B 0.079 (0.092) 1.493***(0.472) 1.572*** (0.479)

AP* 0.631** (0.269) 0.152(1.142) 0.783 (1.123)

FE* 0.695*** (0.279) 0.060(0.994) 0.847 (1.103)

SS* 0.182 (0.526) −3.441(2.756) −3.259 (2.802)

X1 −0.197 (0.163) 3.125***(0.705) 2.928*** (0.713)

X2 −0.065 (0.054) 0.416(0.273) 0.351 (0.278)

X3 −0.339** (0.168) −1.547**(0.759) −1.887** (0.761)

PANEL B: Grit

Mediator variable = PMPU score

B −0.011 (0.013) −0.069**(0.030) −0.080*** (0.029)

AP* −0.091** (0.040) 0.194**(0.083) 0.103 (0.072)

FE* −0.100** (0.039) −0.104(0.072) 0.094 (0.082)

SS* −0.026 (0.075) 0.283(0.177) 0.257 (0.177)

X1 0.028 (0.021) −0.089**(0.045) −0.060 (0.044)

X2 0.009 (0.008) 0.005(0.017) 0.015 (0.017)

X3 0.049** (0.024) 0.051(0.051) 0.055 (0.056)

PANEL C: Mediation pathway diagram

Standard errors (obtained by the delta method) in parentheses; ***p < 0.01, **p < 0.05, *p < 0.1. Bolded values are those that are statistically significant.

equation. Goodness of fit diagnostics are reported for those
results estimated under linear probability assumptions.

We determined the best fit model between the three models

based on lowest Akaike’s Information Criteria (AIC), and the

remainder of analyses were performed based on this choice, for
each estimation method. Assessment of the construct validity of

the measurement models was performed, and order and rank
conditions confirmed for model identification. Estimation of
indirect and total effects for the various pressure points (most
notably for B) was also performed, with results presented in
Tables 4, 5.

Various sensitivity analyses were performed to test

the strength of our findings, including the use of
traditional econometric techniques which are often

conventionally employed to manage various forms

of endogeneity including measurement error and
simultaneity. Detailed information on such approaches
and their results can be found in the Appendix in
Supplementary Material.

RESULTS

Basic Statistics
Summary statistics of all variables used are presented in Table 1.
The study sample had an average age of 17.6, with 51% of
them being female. Among the sample, 48% came from rural
secondary schools. The average cost of mobile phones was 19.35
(thousand) NR.

Themean score ofAnxwas 13.38, which according to previous
validation of the BAI (64) indicate at least mild levels of anxiety,
on average, in the study sample4. Grit showed an average score of
3.26, and the average PMPU score was 86.65. This indicates more
than half of the population have indicators of addictive mobile
phone use, placing them above the midline of the scale. FPMPU
had an average score of 20.09, indicating respondents perceive on

4Note that use of this survey instrument was not meant to diagnose generalized

anxiety disorder, but rather to serve as an indicator of overall experience of

anxiety-related symptoms – indicative of negatively oriented emotional andmental

well-being.
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TABLE 5 | Mediation analysis for generalized linear estimation of structural model of adolescent life influences on well-being.

Treatment variable Indirect effect (IE) Direct effect (DE) Total effect (TE)

PANEL A: Anxiety

Mediator variable: PMPU score

B 0.121* (0.068) 1.896*** (0.291) 2.018*** (0.302)

AP* 0.233** (0.110) −0.379(0.382) −0.146 (0.392)

FE* 0.611*** (0.216) 0.399(0.502) 0.232 (0.455)

SS* −0.015 (0.084) −0.382(0.317) −0.397 (0.312)

X1 −0.182 (0.209) 3.017***(0.782) 2.835*** (0.866)

X2 −0.047 (0.052) 0.504**(0.228) 0.457** (0.218)

X3 −0.216 (0.152) −1.222**(0.500) −1.438*** (0.515)

PANEL B: Grit

Mediator variable = PMPU score

B −0.016* (0.009) −0.089***(0.025) −0.105*** (0.020)

AP* −0.031* (0.016) 0.115**(0.049) 0.084* (0.047)

FE* −0.080** (0.033) −0.075(0.050) 0.035 (0.042)

SS* 0.002 (0.011) 0.022(0.030) 0.024 (0.034)

X1 0.024 (0.028) −0.077(0.055) −0.054 (0.056)

X2 0.006 (0.006) 0.004(0.016) 0.010 (0.017)

X3 0.028 (0.019) 0.102*(0.053) 0.112* (0.059)

PANEL C: Mediation pathway diagram

Standard errors (obtained by the delta method) in parentheses; ***p < 0.01, **p < 0.05, *p < 0.1. Bolded values are those that are statistically significant.

average, even higher levels of problematic use among their closest
friend than when responding to assessments of their own use.

There are overall very high indications of pressure in the
academic environment to perform well in school, along with
perceptions of the environment as being highly controlling
and competitive (average scores around 4 on a 1/5 agreement
scale). There is also a measurable presence of violence and
strict oversight within the family/cultural environment, as
indicated by average scores between 2.5 and 3.5 on a 1/5
agreement scale. With regard to social support measures,
more than a quarter of those adolescents in the sample do
not have someone from whom they could borrow money
from or stay with in times of trouble. Further, more than
one-third of the sample claim they have no one to confide
in about violence or to deal with harassing situations, and
less than half of the adolescents surveyed have a place
to meet same sex friends or are a member of a social
club/youth group.

Estimation Results
In Table 2 are the results of estimating our full structural
model with the latent variables measured according to linear
probability estimation. Across all models, the fit statistics meet
standard criterion/practices for assessing goodness of fit (81,
82). Parameter estimates indicate a statistically significant effect
of PMPU on both well-being outcomes. Higher PMPU scores
indicate lower Grit and higher Anx. Bully has a statistically
significant impact on well-being measures, with the direction
of association mirroring that of PMPU. There is no statistically
significant effect of PMPU with Anx, but there is a positive
covariance with Grit. There is a statistically significant, negative,
covariance between the two well-being measures, across all
models. These results are in-line with those indicated from
preliminary Pearson correlations (found in the Appendix

in Supplementary Material) indicating statistically significant
inverse correlations between PMPU and both Grit and Bully, and
a positive correlation between PMPU and Anx.
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AP∗ has a positive significant effect on Grit and PMPU,
but no effect on Anx. FE∗ appears to have a statistically
significant positive effect on PMPU, only. Estimated covariances
indicate significant positive associations between the latent
variables representing the family and academic environments,
and between the academic environment and social support.

All threemeasures used to allow for identification of themodel
(the “instruments”) and used to explain PMPU, are statistically
significant. PC and FPMPU have a positive relationship with
respondent’s PMPU measure, and PC2 a negative association.
While results do not indicate any significant effects of
demographic controls on PMPU, females (X1) are predicted to
have lower grit and higher anxiety. Rural adolescents (X3) appear
to have lower scores on our measure of anxiety, as well.

The results based on generalized linear modeling map
similarly to those results presented above and are presented in
Table 3. Again, PMPU and Bully are shown to have statistically
significant relationships with well-being outcomes (positive for
Anx, negative for Grit). Here, we see significant positive effects of
Bully on PMPU, along with those previously seen from the latent
pressures in the academic and family environments. Females and
rural adolescent continue to be indicated to have positive and
negative effects, respectively, on Anx, with no significant effects
on Grit. Older adolescents, are also seen to have higher A under
this approach. The measures used for identification and the
referenced key covariances from above continue to be statistically
significant as before.

Based on AIC values, the results presented in column (3) of
both Tables 3, 4, indicate the best fit between the three model
structures. Thus, all subsequent analyses were based on this
approach. As previously indicated, full assessment of a structural
model also requires assessment of the validity of the constructs
used in the measurement model portion of the full model.
Average variance extracted (AVE) and construct reliability (CR)
values for our model are all above the 0.7 level indicated for good
convergent validity (81). To assess discriminant validity, the AVE
value should be larger than the squared correlations between two
constructs, to reduce any lingering multicollinearity issues (81).
For our model, this does not appear to be the case, regardless
of estimation approach. Thus, the measurement model was also
deemed to have divergent validity.

Mediation analysis entails disaggregating the indirect and
direct effects of the mediation pathway depicted in Panel C of
Table 5. As visualized in the full structural model (approach
number three) depicted in Figure 3, the treatment variables
analyzed are those seven variables which have the potential to
exhibit an indirect effect (e.g., they have a pathway which passes
through PMPU).

Looking at Panels A and B inTables 4, 5, there are consistently
significant direct and total effects of Bully on both well-
being outcome measures, regardless of estimation approach.
Additionally, there are consistently significant direct and total
effects of being female on anxiety. Interpretation of indirect
and mediation effects is slightly different between the two
estimation approaches. So, for the sake of brevity, we detail the
results from generalized linear modeling, given our belief that
the assumptions underlying the measurement model with this

approach may more accurately reflect the underlying processes
and relationships our structural model attempts to capture, based
on the data generating processes.

Referring to Table 5, one can see significant indirect effects
of Bully, AP∗, and FE∗ on both measures of well-being. This
implies that there is a statistically significant impact on the well-
being measures, which passes through the mediating variable
of PMPU. FE∗ only has a significant indirect effect (indicative
of full mediation), whereas Bully has significant indirect and
direct effects, indicating only partial mediation. As it pertains
to impacts on Grit, AP∗ appears to only be partially mediated,
given significant indirect and direct effects. Interpretation of the
mediation effects of PMPU on the relationship between AP∗

and Anx is less clear. Overall, there are no mediation effects of
PMPU on the relationships between demographic controls and
well-being outcome measures.

DISCUSSION, POLICY IMPLICATIONS AND
CONCLUSIONS

It is imperative that government and policy makers focus on ways
to improve the well-being of adolescents, given current negative
trajectories seen worldwide, and particularly in developing world
nations such as Nepal. There is growing interest in using mobile-
based (e.g., mHealth) interventions to combat such issues as high
suicide and bullying rates (4). While adolescent use of mobile
technology is believed to be high, existing literature focusing on
mHealth has primarily focused on the believed cost and reach
benefits potentially offered. To date, though, there has been a
noted lack of economic data to support the use of digital health
interventions (9), and coupled with that is a recognition of the
importance of acknowledging potential unintended downsides to
its implementation.

There is evidence from developed-world contexts of the
negative mental health and well-being outcomes that are highly
linked with overuse of mobile/smartphones (83, 84). Such
findings are also being confirmed with initial studies of such
issues in developing world contexts. However, clarity of the
directionality of these relationships within the “dark side” of
technology are proving hard to determine (28, 85). The small
number of rigorous empirical examinations on these topics
primarily neglect any underlying motivational framework to
answer why adolescents are turning to their mobile phones. Or,
if a motivational framework is emphasized, there is lack of strong
statistical analyses to ensure validity of the theories postulated.

Thus, the overarching purpose of this study was to evaluate
the presence and associations of PMPU in Nepali adolescents,
using a strong analytic approach, framed by a well-supported
conceptual theory. By incorporating assessment of both a
positive and negative well-being outcome, we have attempted to
capture a more holistic vision of the relationships underlying
the connections between need thwarting contexts, PMPU, and
well-being. We capture two measures of the potential for life
success based on the downward trajectory chronic anxiety can
provide, vs. the upward trajectory of grit. Using a full structural
modeling approach, which accounts for the measurement
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FIGURE 3 | Final structural model.

error in socio-cultural environmental latent constructs and the
covariance between key variables, we have been able to produce
robust results which provide new insights and directions for
future research into these topics.

As a consequence of this research, we have expanded
mHealth literature by looking at the potential downsides
of phone use which may come up as negative externalities
to mHealth initiatives. In addition, by framing our analysis
according to BPNT, we are able to capture motivational
factors which may trigger turning to phones in the first
place, and have moved beyond analyses based solely on
personality traits [such as (86, 87)]5. Our application of
BPNT has also moved that literature forward by applying it
to technology use outside of video games/dating apps, and
beyond applications in the classroom/academic functioning.
We have also directly addressed simultaneity concerns in
both our main modeling framework through accounting for
covariances, and in our detailed sensitivity analyses using
multiple econometric techniques and testing (summarized in
Appendix in Supplementary Material).

Key results from our work indicate support for all four
of our initial hypotheses. Those adolescents scoring higher on
our measure of bullying are seen to exhibit higher levels of
anxiety symptomology and lower on indicators of grit (H1).

5Unlike typical personality traits such as neuroticisms or introversion, grit has been

viewed and confirmed as a learned characteristic, which develops over time and

can be affected by life experiences (88, 89), much like anxiety has traditionally been

recognized as situation/environmentally triggered/dependent (90).

Those adolescent who report more bullying are seen to also
have higher indicators for PMPU (H2). Beyond our hypotheses,
literature which emphasizes the large portion of adolescents’ time
endowment spent at school (76, 91) allows for the significant
direct effects of academic pressure on well-being outcomes to
make sense. Similarly, the significant direct effects we see for
females having higher anxiety measures is in congruence with
existing research which indicates that negative mental health
outcomes are often found to be more common among female (vs.
male) adolescent populations (92, 93).

Significant indirect effects of bullying on well-being outcomes,
mediated by our measure of PMPU, provide support for H3,
and are the strongest indicators in support of BPNT being
an appropriate framework through which to view the PMPU-
well-being relationship. The additional significant indirect effects
for pressure from the family environment and academic
environment on well-being, mediated by PMPU, further provide
support for the role that need thwarting contexts play in reducing
overall well-being. These findings are in line with researchers
who have pushed forward a “need-density” hypothesis, wherein
those who have less basic needs met, may also be less able to
autonomously regulate activities and make congruent decisions
that match their aims and values (94, 95). They are therefore
more vulnerable to technology overuse, and a vicious cycle can
continue where seeking need fulfillment may ultimately further
need frustration.

Our finding of a statistically significant covariance between
our two outcomes measures, supports our final hypothesis
(H4). Calculated as a negative correlation of −0.09, this finding
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supports our use of a full structural equation modeling approach
which accounts for this interconnectedness. The ability to
account for covariances between PMPU and the two well-being
outcomes has also allowed us to realize a key insight into the
lack of a significant covariance (i.e., simultaneous relationship)
between A and PMPU. This finding appears contrary to much
of the literature examining problematic phone use and mental
health, which has pushed for understanding the relationship
as bi-directional (28, 34). However, it is supported by findings
by Pivetta et al. (96) who also did not find evidence of pre-
existing psychopathology exerting a significant influence on
average smartphone user’s behavior. The stability of this finding
is confirmed in our sensitivity analyses (see Appendix in
Supplementary Material), where econometric tests for statistical
exogeneity between our measures of PMPU and anxiety are
not rejected.

Intriguingly, there are unexpected significant covariances (and
concerns for endogeneity) indicated between PMPU and our
measure of grit. Such a relationship has not been previously
found or analyzed in work looking at mobile technology. Prior
evidence of grit’s influence on other maladaptive behaviors such
as substance use (97, 98) and video game addiction (99) has been
indicated in literature, but there is also literature which found
no such associations (100, 101). The evidence supporting the
important role that grit plays in the healthy development and
success of individuals, and particularly adolescents is growing
(102, 103). The connections between technology use and grit may
offer a new and unique direction in which future research in these
areas could focus.

In study of our mediation effects, there are instances in
which indirect and/or direct effects are statistically significant,
while total effects are not. It has been shown that it is possible
to have such a situation, and this can be explained by the
presence of several mediating paths that cancel each other
out (104). This would be viewed as competitive mediation, as
compared to complementarymediationwhere indirect and direct
effects both exist and move in the same direction, or indirect-
only mediation (105, 106). Should further exploration of each
adolescent pressure/environmental factor accounted for in our
model be pursued, such work may entail further breaking down
analyses of such pathways.

Future work may also benefit from further exploration of
additional unexpected outcomes in this study, including the
lack of significance of SS∗. While not part of our research
hypotheses, the findings of complete lack of significance in our
main estimation models for this variable is contrary to what is
found in typical regression approaches to the system of equations
we estimate (seeAppendix in SupplementaryMaterial), and what
would be expected from literature (77, 107). Initial speculation
for this outcome revolves around the possibility that this was a
latent construct. AVE and CR values are the lowest for social
support, which may indicate that the strength of our measures
for this construct are weaker than the other two.

Additional limitations to our work include that while many
studies listed previously have looked at impacts of smartphone
use on adolescents’ sleeping problems, we did not specifically
measure this or focus on it, although there are references to

sleep troubles within the PMPU survey instrument we used. We
also could have used a different set of explanatory “instrumental
variables” to ensure identification within our equation for PMPU.
Previous authors who have used instrumental variable techniques
similar to those used in our sensitivity analyses have captured
phone use (not necessarily problematic use phone) withmeasures
ofWi-Fi capabilities, phone download volume, and 4G streaming
capabilities (69, 108). The limitations in internet coverage in
the developing world and length limitations in our survey to
avoid survey fatigue meant that we were limited on which
elements of adolescents’ technology use to capture. However,
future empirical work could consider capturing such measures if
additional survey development on this topic were to be pursued.
In any future survey development on these topics, it might also
be useful to consider inclusion of a specific need thwarting/need
satisfaction scale (109) to delineate differences in the three needs
of autonomy, relatedness, and competence and their unique roles
in the relationships indicated by our model.

By incorporating key specific factors of life adolescents face
which can satisfy/thwart needs in this study, and viewing
need thwarting through a more all-encompassing lens [like
(56, 110)], we are able to gain insights into ways that future
interventions can be focused. Additionally, results of this study
are confirmation of the universality of needs (111, 112), and
additional confirmation that BPNT applies across cultures.
This implies that the best way to focus any health/well-being
interventions aimed at Nepali adolescents would be to seek out
ways to improve their perceptions that their needs for autonomy,
relatedness, and competence are being met.

Our results do support literature’s findings of poorer
well-being outcomes from maladaptive/problematic use of
mobile phones. Consequently, care must be taken if mHealth
interventions are the path that policymakers choose, given that
many mental health apps have not been properly vetted/tested
(113, 114). If such interventions are deployed in conjunction
with, or subsequent to, non-technology based interventions
which focus on meeting the three basic needs, such concerns
may be dampened. If adolescents no longer see mobile phones
as a compensatory means by which to fulfill their unmet or
thwarted needs in life, then the prevalence of problematic phone
use may go down, and any negative well-being outcomes from
that maladaptive use would also fall.

Work in the developed world has focused on the roles of in-
school health systems and counselors as a potential front-line
approach to negative well-being outcomes (115, 116). However,
in many developing world contexts, there is not even a school
nurse, let alone a mental/emotional counselor. Among our
sample, 62.4% report that there is a school counselor at their
school, while 85.2% claim that they would like one present
with whom they could discuss their worries/concerns. So, a first
step in non-technology-based interventions would be to try to
raise the perceived importance of having health professionals
on staff at schools and reducing associated stigma. However,
in the absence of financial support for such initiatives, or as
the recent global pandemic which removed in-person schooling
opportunities across the globe have shown, there may be times
where society must rely on digital approaches to address the
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socio-emotional needs of youth (117, 118). It is in the face of such
situations, that careful consideration must be given to proper
form and approach in digitally-based approaches to healthcare,
including mental/emotional support.

If mHealth interventions/approaches are properly focused,
some studies have shown both passive and active entertainment
media, including social media, can provide challenges, choices,
and relational elements potentially conducive to need satisfaction
(119). Apps such as the “Woebot” (120) and the “Youper” (121)
have being deployed which, unlike traditional mHealth apps that
focus on mind-calming exercises or simply providing resources,
utilize an AI chatbot which chats with you like a friend, asking
questions, and assessing your responses. This type of application
genuinely may fulfill such needs as relatedness and autonomy.

Additionally, there needs to be buy-in and input from the end-
users in the platform/app development, to ensure the highest
likelihood and levels of engagement which match the needs
and desires of the end-user patients (122, 123). It may be
useful to create gender-targeted interventions, given evidence
from literature and supported in this work that females exhibit
higher anxiety symptomology (124). Specifically in the Nepali
context, females face strong pressures for early marriage (19,
125) and menstrual taboos (126) which may exacerbate any
lack of need fulfillment. Furthermore, in Nepal it is common
for adolescents to share their phone with one or more other
individuals. Consequently, privacy concerns may be a real barrier
to full adoption/success of mobile-based interventions. Within
our study, over 30% of adolescents report that they are not the
only user of their phone. Close to 32% of the adolescents surveyed
say that they worry about their privacy, consistent with 53% of
them reporting that others take and go through their phones
without permission.

Overall, though, investing in health systems and looking at
minimizing the treatment gap is forecast to produce economic
returns of 2.3 to 3.0 to 1 by 2030, indicating a long-term gain
of $2.3–3.00 for every $1 invested in prevention and treatment
(127). Such figures are based on not only reduction in long-
term healthcare costs, but also increased economic productivity
of healthier individuals contributing to society. In less than 10
years, today’s adolescent populations will be those contributors
to society. The “unhappiness” Inverted-U curve is real and

ubiquitous across the world (128, 129), and if adolescents are
already struggling, they are only going to get that much worse
down the road. By finding ways to improve their positive well-
being, now, there are enormous gains to be had long-term. Our
work has shown that while PMPU does indeed appear to be
a culprit of some of the negative well-being outcomes seen in
a developing-world context such as Nepal, this connection can
also be partially explained by the preexisting need thwarting
contexts that these adolescent face. Contexts that drive them to
phones in an attempt to meet their needs. Finding ways to meet
those needs, whether through carefully targeted mHealth apps or
non-technology-based approaches, may be a critical step toward
having a next generation of world leaders who surpass the current
in their levels of personal, emotional, and financial success.
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