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Abstract
Background: Mobile technologies have the potential to be used as innovative tools for conducting research on the mental health
and well-being of young people. In particular, they have utility for carrying out ecological momentary assessment (EMA) research
by capturing data from participants in real time as they go about their daily lives.
Objective: The aim of this study was to explore the utility of a mobile phone app as a means of collecting EMA data pertaining
to mood, problems, and coping efficacy in a school-based sample of Irish young people.
Methods: The study included a total of 208 participants who were aged 15-18 years, 64% female (113/208), recruited from
second-level schools in Ireland, and who downloaded the CopeSmart mobile phone app as part of a randomized controlled trial.
On the app, participants initially responded to 5 single-item measures of key protective factors in youth mental health (formal
help-seeking, informal help-seeking, sleep, exercise, and sense of belonging). They were then encouraged to use the app daily to
input data relating to mood states (happiness, sadness, anger, stress, and worry), daily problems, and coping self-efficacy. The
app automatically collected data pertaining to user engagement over the course of the 28-day intervention period. Students also
completed pen and paper questionnaires containing standardized measures of emotional distress (Depression, Anxiety, and Stress
Scale; DASS-21), well-being (World Health Organization Well-Being Index; WHO-5), and coping (Coping Strategies Inventory;
CSI).
Results: On average the participants completed 18% (5/28) of daily ratings, and engagement levels did not differ across gender,
age, school, socioeconomic status, ethnicity, or nationality. On a scale of 1 to 10, happiness was consistently the highest rated
mood state (overall mean 6.56), and anger was consistently the lowest (overall mean 2.11). Pearson correlations revealed that
average daily ratings of emotional states were associated with standardized measures of emotional distress (rhappiness=–.45,
rsadness=.51, ranger=.32, rstress=.41, rworry=.48) and well-being (rhappiness=.39, rsadness =–.43, ranger=–.27, rstress=–.35, rworry=–.33).
Inferential statistics indicated that single-item indicators of key protective factors were related to emotional distress, well-being,
and average daily mood states, as measured by EMA ratings. Hierarchical regressions revealed that greater daily problems were
associated with more negative daily mood ratings (all at the P<.001 level); however, when coping efficacy was taken into account,
the relationship between problems and happiness, sadness, and anger became negligible.
Conclusions: While engagement with the app was low, overall the EMA data collected in this exploratory study appeared valid
and provided useful insights into the relationships between daily problems, coping efficacy, and mood states. Future research
should explore ways to increase engagement with EMA mobile phone apps in adolescent populations to maximize the amount
of data captured by these tools.
Trial Registration: Clinicaltrials.gov NCT02265978; http://clinicaltrials.gov/ct2/show/NCT02265978 (Archived by WebCite
at http://www.webcitation.org/6mMeYqseA).
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Introduction
Mobile technologies have the potential to be used as innovative
tools for conducting research on the mental health and
well-being of young people. In particular, they have utility for
carrying out ecological momentary assessment (EMA) [1] or
experience sampling methods [2]. These methodological terms
(hereafter denoted as EMA) refer to the process of capturing
data from participants in real time as they go about their daily
lives [1-3] and are especially useful for exploring dynamic
constructs such as symptoms of psychopathology and affective
states, which tend to fluctuate over time [2,4].
A key advantage of EMA is that it addresses the limitations
presented by retrospective measures of behaviors and
experiences. Autobiographical memory is considered to be a
representation of experience, largely reconstructed through the
use of heuristic strategies, which can cause recall to become
biased [1]. For example, the availability heuristic postulates that
individuals judge events to be more frequent if they are easily
retrievable from memory [5]. This heuristic produces accurate
estimates of frequency in cases where an event is easily
retrievable due to familiarity with that event. However, biases
can occur when events are easily retrievable for other reasons
(eg, because they occurred recently or because they were
emotionally salient), which may result in overestimation of their
frequency [1]. Another limitation of autobiographical memory
is the potential for memories of a situation to be unconsciously
distorted based on preexisting expectancies, thoughts, and beliefs
about that situation [1,6]. In a research context, this can affect
the validity of retrospective measures of behaviors and affective
states, particularly where such measures have not been well
validated in the population under study. For example, research
suggests that participants tend to overestimate intensity and
duration of symptoms in recall-based measures [1]. EMA
overcomes these issues by assessing participants’ states in real
time as they are occurring, thus providing more reliable and
ecologically valid measurements.
EMA is not new to social research [2]. In past studies, young
people have been given pencil and paper diaries to complete
real-time measures of behaviors and moods [7-9]. However,
these methods raised concerns around compliance, whereby
participants would not complete measures at the correct time
and would “backfill” them on a later occasion, or, in some cases,
would fill in measures ahead of time rendering the data invalid
[10]. Advances in mobile technologies have resulted in a means
of addressing this issue due to the increasing availability of
electronic methods of data collection, such as mobile phones,
which provide time and date stamps for data entered by
participants.
Indeed, mobile phones have the potential to be a particularly
valuable means of collecting EMA data. These technologies are
now almost ubiquitous, with ownership of smartphones (ie,
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mobile phones that can connect to data networks such as the
Internet) almost doubling among American adults between 2011
and 2015 [11], and adolescent smartphone ownership is
estimated at between 75% and 86% in the developed world
[11-13]. Research also suggests that smartphone ownership is
not restricted by socioeconomic status [14]. Thus, they represent
a widely available and highly accessible medium for capturing
data about diverse populations. Furthermore, as individuals are
used to carrying their phones around with them, the likelihood
of missing entries due to participants forgetting to bring an
additional research device with them is reduced. Mobile phones
also have value as being potentially very cost-effective data
collection tools, as they are highly scalable. Although initial
investment may be required to develop the data collection
software platform, it is much simpler to subsequently customize
that platform to capture different types of data and answer
different research questions [15]. Furthermore, researchers no
longer need to purchase mobile devices for participants, as
software applications—more commonly known as mobile phone
apps [16]—for collecting data can be downloaded directly onto
participants’ personal mobile phone devices. Thus, collecting
data from large numbers of participants is unlikely to entail
additional costs, making large-scale projects a more accessible
and feasible option for researchers.
Recent years have seen frequent use of mobile-based EMA
methods in studies with young people, particularly in relation
to health behaviors such as medication adherence [17], smoking
[18], and eating behaviors [19]. EMA methods have also been
increasingly used to study emotional states in adolescents with
clinically diagnosed mental health problems such as mood and
anxiety disorders [3,20-22]. However, fewer studies have been
conducted on the utility of electronic EMA methods to capture
data pertaining to mood (ie, the experience of a current emotion
such as happiness, sadness, anger, and so forth) and coping
efficacy in a general, nonclinical adolescent population.
A pilot study by Abbot et al explored the feasibility of using
EMA with a school-based sample of 40 Australian adolescents
to capture data pertaining to their contextual environment,
behaviors, and mood states [2]. They reported that not only was
this method of capturing data feasible, but the young people
involved in the study found the use of a mobile phone as a means
of data collection to be particularly engaging. However, they
did not report details of engagement or attrition. Furthermore,
due to the small sample size, their analyses were only
descriptive, and they did not examine the validity of the EMA
data captured.
Another small-scale feasibility study was conducted by Garcia
et al. They used EMA to collect data pertaining to daily
activities, behaviors, and attitudes among 24 female Latina
adolescents in the United States via mobile phones [23]. They
tested 2 methods of EMA: one where participants were required
to respond as quickly as possible to questions sent via text
message (signal-based assessment) and one where participants
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were instructed to respond to text message–based questions
whenever they wanted, but to provide unprompted open-ended
texts describing how they felt during events that occurred in
their daily lives (event-based assessment). They ran numerous
rounds of data collection, with participants experiencing both
methods at some point during the study. They found that
compliance rates varied across both methods, with signal-based
sampling inducing a higher compliance rate (average percentage
of texts responded to was 79%) than event-based sampling
(average percentage of texts responded to was 54%). However,
their analyses were limited to examining compliance rates, and
they did not present details of the actual EMA responses
captured. Furthermore, the homogeneity of the sample (all Latina
females) limits the generalizability of their findings.
Another example of a mobile phone-based method of
mood-related EMA is Kauer et al’s intervention, Mobiletype
[24]. This was a targeted mobile phone app, where Australian
adolescents (N=68) with elevated levels of depression monitored
their mood, stress, coping strategies, activities, eating, sleeping,
exercise, and substance use. They found that engagement was
moderate with participants completing EMA ratings 3-4 times
per day on an average of 17-18 days within the 4-week
intervention period, demonstrating the feasibility of this tool in
a sample of adolescents experiencing depressive symptoms.
However, the focus of their study was on evaluating the
effectiveness of the app as an intervention. Thus, they did not
report details of the EMA responses or examine their validity
in comparison to standardized measures.
Overall, EMA has potential to provide an innovative,
ecologically valid means of capturing detailed data about young
people’s real-world experiences in their natural environments.
Given the elevated prevalence of emotional problems
experienced during adolescence [25,26], this is a particularly
salient time to examine individuals’ daily experience of mood,
problems, and coping efficacy. In light of the advantages of
mobile phones as highly accessible and cost-effective tools for
EMA research, it is important to explore their potential
feasibility for studying such constructs in young people.
However, while small-scale studies have suggested the
feasibility of mobile phone–based EMA pertaining to mental
health in small adolescent samples [2,23,24], actual analyses
of the EMA data captured in these studies has been limited or
nonexistent and the validity of this data has not been explored.
There has been increased recognition in recent years of the
importance of promoting well-being in the general population
of young people, in order to maximize beneficial outcomes,
rather than just focusing on treating symptoms in young people
already experiencing clinical levels of distress. Thus, it is
important that we study the use of EMA in community-based
adolescent samples. This is important for establishing the
validity of such data and determining what it can tell us about
young people’s daily experience of mood, problems, and coping
efficacy, which will help inform the design and delivery of
resources to support young people’s day-to-day well-being.
The aim of this study was to address the gap in the literature by
exploring the utility of a mobile phone app as a means of
collecting EMA data pertaining to mood, problems, and coping
http://mental.jmir.org/2016/4/e51/
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efficacy in a school-based sample of young people. The app
used to collect data in our study was CopeSmart . This app was
designed as a mental health intervention promoting emotional
self-monitoring and positive coping strategies in adolescents
[27]. As part of the intervention, users were encouraged to
engage in self-monitoring by inputting EMA data to the app
pertaining to their daily experience of problems, coping efficacy,
and mood states. A more detailed description of the full app
content is presented in Kenny, Dooley, and Fitzgerald [27].
As this study was exploratory, specific hypotheses were not
generated. However, the researchers were interested in
answering the following 4 general questions:
•

•

•

•

First, the researchers were interested in exploring: (1) To
what extent do participants engage with the EMA
component of the app?
Second, the researchers aimed to explore the validity of the
data by testing: (2) Are EMA responses correlated with
standardized measures of mental health and coping?
As EMAs are completed during participants’ daily lives, it
is intuitive that measures used should be brief in order to
maximize participants’ responses. Thus, the researchers
were interested in evaluating the use of single-item measures
of key protective factors in youth mental health (described
below) by assessing: (3) Are brief single-item measures of
key protective factors related to adolescents’ daily mood
states?
Finally, research suggests that experiencing daily stressors,
such as negative events and problems, is associated with
lower positive mood and higher negative mood during
adolescence [28,29]. Studies also indicate that coping
effectively with these stressors is associated with more
positive mood outcomes in young people [30-32]. The EMA
data collected by the app in this study offered a highly
ecologically valid means of generating insight into the
relationships between these variables in an adolescent
sample. Thus, the researchers were interested in exploring
(4) What is the relationship between daily problems, coping
efficacy, and mood states in young people, as measured by
EMA data?

Methods
Participants
The study included a total of 208 participants, 64% females
(133/208), aged 15-18 years (mean 15.98, SD 0.70), recruited
from 10 schools in the Republic of Ireland, and for whom mobile
phone app data were captured as part of an effectiveness
evaluation of the CopeSmart app intervention to be presented
in a separate paper (Clinicaltrials.gov NCT02265978). In terms
of nationality, 95% of the sample (197/208) were Irish and the
remaining 5% were foreign nationals. In terms of ethnicity, 97%
(202/208) identified as white, 0.5% (1/208) identified as Asian,
and 1.5% (3/208) identified as black or “other.” In terms of
socioeconomic status, 37% (77/208) attended schools that were
considered to be socially or economically disadvantaged based
on nationally established governmental criteria [33].
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•

EMA Data
The CopeSmart app contained a self-monitoring component
where users recorded information about their mood states,
problems, and coping efficacy (See Figure 1 for sample
screenshots). The 3 types of self-report EMA data collected
were as follows:
•

Mood states: Participants recorded how happy, angry, sad,
stressed, or worried they felt using a sliding scale ranging
from 1 to 10. When users initially navigated to this page of
the app, the sliders were by default centered in the middle
of the scale and it was up to the users to slide them up or
down to select the value of their mood rating.

•

Experience of problems: Participants recorded their
experience of problems in the last 24 hours (response
options: “I’ve had no problems,” “I’ve had some problems,”
“I’ve had a lot of problems”).
Coping efficacy: Participants reported how well they felt
they coped with these problems (response options: “I coped
very well,” “I coped somewhat well,” “I coped somewhat
poorly,” “I coped very poorly”).

Data relating to user’s engagement with the app (ie, how
frequently they logged onto the app) were also captured. All
EMA data were uploaded to a back-end server when the device
came into contact with a wireless Internet connection.

Figure 1. Sample screenshots from the ecological monetary assessment (EMA) component of the CopeSmart app.

Standardized Psychometric Scales
The Depression, Anxiety, and Stress Scale (DASS-21)—Short
Version
The DASS-21 [34] is a 21 item self-report measure that assesses
overall levels of psychological distress. It comprises 3 subscales
representing 3 negative emotional states: depression, anxiety,
and stress. Responses are made on a 4-point Likert scale based
on the participants’ experiences of the past week, ranging from
“Did Not Apply To Me At All” to “Applied To Me Most Of
The Time.” Higher scores indicate higher levels of distress. The
DASS-21 has shown convergent validity with other measures
of negative affect [35], and it has been found to have a high
level of internal reliability as an overall measure of distress
(alpha=.93-.94) in adolescent samples [36,37] (this study,
alpha=.92).
World Health Organization Well-Being Index (WHO-5)
The WHO-5 [38] is a brief 5-item self-report instrument
developed from the World Health Organization-Ten Well-Being
Index [39,40]. It is a unidimensional measure of positive
psychological well-being containing 5 positively worded items
pertaining to general well-being. Participants rate the degree to
http://mental.jmir.org/2016/4/e51/
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which they have experienced each of these positive feelings in
the last 2 weeks, on a 6-point scale ranging from “At No Time”
to “All of the Time,” with higher scores indicating higher levels
of well-being. The scale’s 1-factor structure has been confirmed,
and satisfactory concurrent validity has been established with
other mental health measures [41,42]. It has been shown to
consistently display a high level of internal reliability
(alpha=.82-.89) in adolescent samples [41,43] (this study,
alpha=.85).
The Coping Strategies Inventory (CSI)—Short Form
The 32-item short version of the self-report CSI [44] was
designed to assess coping skills in young people on multiple
levels. Partially derived from the Folkman and Lazarus (1980)
Ways of Coping Scale, the measure assesses both positive
“engagement” coping strategies and negative “disengagement”
coping strategies. Participants were asked to indicate how much
they used these strategies to cope with problems on 5-point
scale ranging from “Never” to “Very Often,” with higher scores
indicating more frequent use of that coping strategy. The CSI
has shown satisfactory internal consistency (alpha=.69-.94)
[44,45] and good test-retest reliability (r=.67-.83) in young
adults [44] and concurrent validity with other measures of
JMIR Ment Health 2016 | vol. 3 | iss. 4 | e51 | p.4
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study,

alphaengagement=.89,

asked “During the past month, how many hours of sleep did
you get on average per night?”

Well-Being Indicator Items

Sense of Connectedness

When participants initially downloaded the app, they were asked
5 single-item “well-being indicator” questions pertaining to
known protective factors for mental health outcomes in young
people. These were informal help-seeking, formal help-seeking,
physical activity, sleep, and sense of connectedness.

Finally, feeling a sense of connectedness and belonging to the
people around oneself is considered to be a fundamental
psychological need [60] and is associated with lower levels of
depressive symptoms [61,62] and higher levels of well-being
among young people [60]. In this study, it was measured by
asking participants “Please indicate how much the following
statement applies to you: I feel a sense of connectedness and
belonging to people around me.” Responses were made on a
4-point scale ranging from “None of the time” to “All of the
time.”

Informal Help-Seeking
Informal help-seeking was assessed by asking participants
“When you have problems do you usually talk about then with
anyone?’’ to which they could respond either “yes” or “no.”
Talking about problems has been linked to more positive mental
health outcomes in young people [47-49], and this particular
item has previously been shown to a key indicator of mental
health status in a sample of Irish adolescents [25].
Formal Help-Seeking
Formal help-seeking is associated with lower levels of distress
in young people [50,51], and in this study, it was assessed using
an item adapted from Saunders et al [52] that has previously
been used in an Irish adolescent samples [25]. This item is based
on the idea of formal help-seeking as a 3-stage process that
involves identifying oneself as having a serious problem,
recognizing that professional help is required, and actively
seeking help [51]. Participants were asked “Have you had any
serious problems in the last month?” Response options were
“I’ve had few or no problems,” “I’ve had some problems, but
I did not feel I needed professional help,” “I’ve had some
problems but I did not seek professional help although I thought
I needed it,” and “I’ve had some problems and I did seek
professional help.”
Physical Activity
Besides promoting physical well-being, engagement in physical
activity has been continuously linked with more positive mental
health outcomes among adolescents [53-55]. The World Health
Organization’s [56] Global Recommendations on Physical
Activity for Health advise that, for optimum physical and mental
health, children and adolescents should engage in at least sixty
minutes of moderate-to-vigorous physical activity daily.
Engagement in physical activity in this study was assessed using
a single-item measure, devised and validated in an adolescent
population [57]. Participants were given the statement “Physical
activity is any activity that increases your heart rate and makes
you a little out of breath e.g. running, fast walking, cycling,
dancing etc.” and asked “On a usual week, how many days are
you physically active for a total of at least 60 minutes per day?”
Sleep
A recent systematic review by Shochat et al [58] identified
insufficient sleep as having a strong bidirectional relationship
with depression during adolescence, as well as being linked to
anxiety, poor psychosocial function, and poor perceived mental
health. The National Sleep Foundation [59] ascertains that
adolescents need between 8 and 10 hours of sleep each night
for optimal functioning. Thus, in this study, participants were
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Procedure
Ethical approval for this study was granted by the Human
Research Ethics Committee—Humanities in the authors’
university (reference number: HS-13-45-Kenny-Dooley). Data
collection took place between October 2014 and May 2015.
Presented here is an overview of the procedure relevant to this
study; a more detailed description of the full sampling,
recruitment, and randomization procedure for the trial will be
presented in a separate paper.
Initially, principals and guidance counselors of second-level
schools in the Republic of Ireland were contacted. The nature
of the study and what would be involved if the school decided
to participate was described to them. In schools that agreed to
take part, potential participants were provided with information
sheets and consent forms for themselves and their parents or
guardians. Participation was voluntary, and monetary incentives
to take part were not offered. Students who returned signed
parental consent forms were eligible to take part and were
required to sign assent forms prior to participation.
Schools were randomly assigned to either the intervention or
control condition. Students in schools assigned to the
intervention condition completed pen-and-paper questionnaires.
These contained items pertaining to demographic information
and the standardized psychometric measures detailed earlier.
They were then given instructions for how to download and use
the CopeSmart app and asked to try to engage with it once a
day over the course of the following 4 weeks. Students in
schools assigned to the control condition completed the same
questionnaires but received no intervention, and are not included
in the analyses for this study.
In order to link their questionnaire responses with their app data
over time, students were required to generate a personalized
9-digit Anonymous Identification Code, designed to make sure
that their information would remain anonymous to the
researchers. They recorded this on their pen-and-paper
questionnaire and input it to the app upon initial download.
By default the app was set to prompt participants to complete
EMA mood ratings at 8 p.m. each evening. Users were provided
with the option to subsequently change the time at which they
received these notifications if they wished. Users were also free
to access the other components of the app (such as viewing their
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mood rating history) at their leisure, even if they had not
completed an EMA rating that day.

Analyses
Responses from pen-and-paper questionnaires were input to
SPSS version 20.0.0 (IBM). Mobile phone app data (ie,
participants’ EMA ratings and details of their engagement levels
with the app) were downloaded to Microsoft Excel and then
transferred into SPSS. All analyses were run using SPSS. Basic
descriptive and inferential statistics were run to explore
participants’ engagement with the app and whether engagement
levels differed across demographic variables. Pearson
correlations were conducted to test the relationship between
EMA ratings and standardized measures of mental health and
coping efficacy. Various inferential analyses were used to
examine whether mental health indicator variables were linked
to mental health outcomes. Where multiple comparisons were
conducted simultaneously, the rough false discovery rate
correction was used to control for increased chance of Type 1
error occurring [63] using the formula [(n+1)/2n] x (.05), where
n is the number of tests. In cases where post-hoc analyses were
required for significant one-way analysis of variance (ANOVA),
Scheffe post-hoc analyses were carried out if homogeneity of
variance (HOV) was observed, and Dunnet C analyses were
carried out if HOV was not observed. Correlations and
regressions were used to explore relationships between
problems, coping efficacy, and mood as measured by EMA.

Results
To What Extent Do Participants Engage With the
EMA Component of the App?
Of the 208 participants who downloaded the app, no EMA data
were recorded for 28% (58/208) of participants, a single EMA
entry was recorded for 10% of participants (21/208), and
repeated EMA data were present for 62% (129/208) of
participants. In cases where participants completed EMA ratings
more than once during the course of a given day, their mood
ratings were averaged to provide a single score for each mood
state for that particular 24-hour period. In cases where they had
multiple responses to the problems and coping EMA items
within 1 day, their last entry for that day was taken as the best
representation of whether they had experienced problems in the
last 24 hours and how well they felt that they had coped with
them.
The number of days on which participants completed ratings
ranged from 0 to 24, and engagement levels did not differ across
gender, age, school socioeconomic status, ethnicity, or
nationality. On average, among the 208 participants, users only

http://mental.jmir.org/2016/4/e51/

XSL• FO
RenderX

Kenny et al
completed ratings on 5 days (SD 5.44) within the 28-day
intervention period, corresponding to an average engagement
rate of 18% (calculated as 5 days, expressed as a percentage of
28 days). Looking to general app usage data indicated no
substantial difference between the number of days on which
participants accessed the app (mean 5, SD 5.52) and the number
of days on which they completed EMA ratings, suggesting that
participants likely completed EMA ratings every time they used
the app. The number of participants who completed EMA ratings
each day continually declined over the course of the 28 days;
Multimedia Appendix 1 presents a chart depicting the number
of participants who completed EMA ratings on each day of the
intervention period. In terms of daily mood ratings, happiness
was consistently the highest rated mood state (overall mean
6.56), and anger was consistently the lowest rated (overall mean
2.11). Generally sadness (overall mean 2.63) was rated lower
than both worry (overall mean 3.45) and stress (overall mean
3.57), whereas worry and stress often overlapped with each
other in terms of how highly they were rated throughout the
intervention period. Multimedia Appendix 2 presents a chart
depicting average EMA mood rating scores on each day of the
intervention period.

Are EMA Responses Correlated With Standardized
Measures of Mental Health and Coping?
EMA ratings of participants’ daily problems ratings were coded
1 (“I’ve had no problems”), 2 (“I’ve had some problems”), or
3 (“I’ve had a lot of problems”). These daily ratings were
summed to give an overall score, which was divided by the
number of daily ratings the participant completed, in order to
obtain an average daily problem score for each individual.
Higher scores indicated greater daily experience of problems.
Similarly, participants’ EMA ratings of how well they felt they
had coped with problems were coded 1 (“I coped very poorly”),
2 (“I coped somewhat poorly”), 3 (“I coped somewhat well”),
or 4 (“I coped very well”). These ratings were summed to give
an overall score and then divided by the number of days on
which the participant completed a daily rating in order to give
an average daily coping self-efficacy score for each individual.
Higher scores indicated more effective coping.
For each of the 5 moods (happy, sad, angry, stressed, and
worried), an average EMA mood score for each participant was
computed by summing all of their ratings for that mood and
dividing it by the number of days on which they completed
ratings (descriptive statistics for these are presented in Table
1). As skewness and kurtosis values for all variables fell within
an acceptable range [64], they were considered to approximate
normality and parametric statistics were used in further analyses.
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Table 1. Descriptive statistics for average ecological momentary assessment (EMA) variables.
Variable

Overall mean (SD)

Skewness

Kurtosis

Average problems

1.65 (0.45)

0.30

−0.26

Average coping efficacy

3.17 (0.63)

−0.79

0.94

Average sadness

2.74 (2.17)

0.81

0.63

Average happiness

6.36 (1.84)

−0.22

0.48

Average anger

2.40 (1.99)

1.15

1.86

Average stress

3.89 (2.46)

0.20

−0.72

Average worry

3.39 (2.31)

0.38

−0.44

Participants’ average daily experience of problems was
positively correlated with negative coping strategies (as
measured by the CSI; r=.31, P<.001), but was not correlated
with positive coping strategies, as measured by the CSI.
Participants’ perceived coping efficacy in relation to these
problems was positively associated with positive coping
strategies (r=.29, P<.001) and negatively associated with
negative coping strategies (r=-.27, P<.001).

significantly lower levels of average daily anger t109.27=–2.26,
P=.03 (meantalk=2.07, SD 1.97 vs meandonotalk =2.83, SD 2.35)
and significantly higher average daily happiness t148=2.48, P=.01
(meantalk=6.69, SD 1.60 vs meandonotalk=5.95, SD 2.04). There
were no differences between the 2 groups in terms of daily
sadness, stress, or worry.

Average daily happiness was negatively correlated with
emotional distress, as measured by the DASS-21 (r=–.45,
P<.001), and positively correlated with well-being, as measured
by the WHO-5 (r=.39, P<.001). Average daily negative
emotions (sadness, anger, stress, and worry) were all
significantly positively associated with distress (rsadness=.51,
P<.001; ranger=.32, P<.001; rstress=.41, P<.001; rworry=.48,
P<.001) and negatively correlated with well-being (rsadness=–.43,
P<.001; ranger=–.27, P=.001; rstress=–.35, P<.001; rworry=–.33,
P<.001).

Overall, 49% of participants (101/208) had few or no problems,
36% (76/208) had some problems but did not feel they needed
professional help, 10% (20/208) had some problems, felt they
needed professional help, but did not seek it, and 5% (11/208)
had problems and did seek professional help. Table 2 presents
the results of One-way ANOVAs assessing whether participants
who categorized themselves into different formal help-seeking
categories differed in terms of daily mood states, as assessed
by EMA.

Are Brief Single-Item Measures of Key Protective
Factors Related to Daily Mood States?
Informal Help-Seeking
About 55% (114/208) of participants reported that when they
had problems they usually talked about them with someone.
The remaining 45% (94/208) reported that they did not talk
about their problems. A series of t tests revealed that those who
reported that they talked about their problems displayed
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Formal Help-Seeking

Findings revealed that those who categorized themselves as
having no problems reported less negative daily mood states
than those who categorized themselves as having problems.
Additionally, those who categorized themselves as having
problems, but who did not feel they needed to seek help reported
significantly lower daily sadness than those who categorized
themselves as having problems and needing help. Among those
who categorized themselves as needing help, no differences
were evident between those who had sought and those who had
not sought professional help.
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Table 2. One-way analysis of variances (ANOVAs) examining differences between formal help-seeking groups in terms of average daily mood states.
F

Few or no problems,

Some problems, did Some problems, needed Some problems, sought
not need help,
help, did not seek it,
professional help,

mean (SD)

mean (SD)

mean (SD)

mean (SD)

Happy

7.12 (1.64)

5.67 (1.64)

4.97 (1.87)

6.31 (1.59)

12.0c

Sad

1.78 (1.83)

3.36 (1.89)

5.03 (2.08)

3.29 (1.97)

16.98c <.001

Angry

1.85 (1.86)

2.94 (1.87)

2.94 (2.41)

3.18 (1.93)

4.25d

.007

1<2

Stressed

2.81 (2.34)

4.61 (2.17)

5.98 (1.76)

5.13 (1.57)

14.0c

<.001

1<2,3,4

Worried

2.35 (2.18)

4.13 (2.02)

5.07 (1.48)

5.03 (2.05)

14.15d <.001

1<2,3,4

Average EMAa
rating

Pb

Post-hoc
(Scheffe)

<.001

1>2,3
1<2,3; 2<3

a

EMA: ecological monetary assessment.

b

Alpha set at .028 in line with rough false discovery rate.

c

Significant at the P<.001 level.

d

Significant at the P<.028 level.

Figure 2. Days physically active in a typical week as reported by participants.

Physical Activity
Figure 2 illustrates the typical weekly activity levels reported
by participants. Pearson correlations revealed no relationships
between the average number of days on which participants were
physically active and average EMA mood ratings.

Sleep
Figure 3 illustrates participants’ average hours sleep per night
over the course of the previous month (data were missing for 2
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participants). Overall participants reported an average of 7.09
hours sleep (SD 1.60) per night. Independent t-tests (detailed
in Table 3) were conducted examining differences between
those who reported getting sufficient sleep (84/206) and those
who did not (122/206). Sufficient sleep was defined as ≥8 hours
in line with the National Sleep Foundation guidelines [59].
Findings revealed that adolescents who did not get sufficient
sleep reported higher average daily sadness, anger, and worry
and lower daily happiness.
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Figure 3. Participants’ average hours sleep per night.

Sense of Connectedness
Exactly half of participants (104/208) reported that they felt a
sense of connectedness and belonging to those around them a
lot or all of the time. The other half of participants reported that
they felt this only some or none of the time. Table 3 presents

the results of independent t tests examining differences between
those who felt a sense of connectedness a lot or all of the time
and those who felt this some or none of the time. Those who
felt connectedness a lot or all of the time reported significant
higher daily happiness and significantly lower daily sadness,
anger, stress, and worry.

Table 3. t tests examining differences in average daily mood ratings across sleep groups and sense of connectedness groups.
Variable

Mean (SD)

Mean (SD)

Sleep

Insufficient sleep

Sufficient sleep (≥8 hours)

t

Pa

(<8 hours)
Happy

5.91 (1.77)

6.92 (1.79)

–3.43b

.001

Sad

3.22 (2.15)

2.16 (2.06)

3.06b

.003

Angry

2.73 (2.07)

1.99 (1.83)

2.29b

.02

Stressed

4.19 (2.22)

3.51 (2.70)

1.65

.10

Worried

3.78 (2.31)

2.90 (2.24)

Some or none of the time

A lot or all of the time

Happy

5.96 (1.83)

Sad

2.36

.02

6.82 (1.75)

–2.92b

.004

3.39 (2.27)

2.00 (1.79)

4.13c

<.001

Angry

3.03 (2.17)

1.69 (1.49)

4.46c

<.001

Stressed

4.48 (2.35)

3.21 (2.43)

3.24b

.001

Worried

4.13 (2.45)

2.54 (1.82)

4.57c

<.001

Sense of connectedness

b

a

Alpha set at .028 in line with rough false discovery rate.

b

Significant at the P<.028 level.

c

Significant at the P<.001 level.

http://mental.jmir.org/2016/4/e51/

XSL• FO
RenderX

JMIR Ment Health 2016 | vol. 3 | iss. 4 | e51 | p.9
(page number not for citation purposes)

JMIR MENTAL HEALTH

Kenny et al

What Is the Relationship Between Daily Problems,
Coping, and Mood in Young People, as Measured by
EMA Data?
As illustrated in Table 4, average happiness scores were
negatively correlated with average sadness, anger, stress, and
worry scores, and all negative mood scores were positively

correlated with each other. Experience of daily problems was
negatively correlated with happiness and significantly positively
correlated with negative emotions of sadness, anger, stress, and
worry. In contrast, higher coping efficacy was positively
correlated with happiness and negatively correlated with sadness,
anger, stress, and worry.

Table 4. Correlations between average mood, problems, and coping efficacy.
Variablea

1

2

3

4

5

6

1. Happy
2. Sad

–.56

3. Angry

–.45

.68

4. Stressed

.42

.63

.48

5. Worried

.40

.70

.52

.81

6. Problems

.45

.45

.44

.60

.59

7. Coping

.56

.56

.48

.56

.55

.70

a

Alpha set at .026 in line with the rough false discovery rate. All correlations were significant at the P<.001 level.

To further explore these associations, a series of hierarchical
linear regression were run (presented in Table 5), examining
whether daily problems and coping efficacy predicted each of
the 5 average mood states. Experience of problems was entered
at Step 1, and coping efficacy was added at Step 2. Daily
problems significantly predicted all mood states at Step 1, and
for all analyses, the percentage variance explained increased
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from Step 1 to Step 2. At Step 2, daily problems became an
insignificant predictor of happiness, sadness, and anger when
coping efficacy was added to the model. In contrast, daily
problems remained a significant predictor of stress and worry
when coping efficacy was added. Coping efficacy significantly
predicted all 5 mood states at Step 2.
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Table 5. Hierarchical regressions predicting average mood.
Outcome

Adjusted r2

Predictor

Unstandardized coefficient, B

Standard error

β

Pa

Step 1

.19

Problems

–1.84

0.30

–.45b

<.001

Step 2

.31

Problems

–0.43

0.40

–.10

.28

Coping efficacy

1.41

0.28

.49b

<.001

Happy

Sad
Step 1

.20

Problems

2.20

0.36

.45b

<.001

Step 2

.31

Problems

0.56

0.47

.17

.23

Coping efficacy

–1.63

0.33

–.48b

<.001

<.001

Angry
Step 1

.19

Problems

1.96

0.33

.43b

Step 2

.24

Problems

0.86

0.45

.19

Coping efficacy

–1.09

0.32

–.35

.06
c

.001

Stressed
Step 1

.36

Problems

3.32

0.36

.60b

<.001

Step 2

.39

Problems

2.30

0.50

.42b

<.001

Coping efficacy

–1.03

0.35

–.27c

. 004

Worried
Step 1

.35

Problems

3.08

0.34

.59b

<.001

Step 2

.38

Problems

2.14

0.47

. 41b

<.001

Coping efficacy

–0.94

0.33

–.26c

.005

a

Alpha set at .028 in line with rough false discovery rate.

b

Significant at the P<.001 level.

c

Significant at the P<.028 level.

To What Extent Do Participants Engage With the
EMA Component of the App?

adolescents to engage, either because they were interested in
reviewing their data over time with a health professional or
because they knew their general practitioner would be able to
see their level of engagement and wanted to appear compliant.
Similarly, Garcia et al reported an average response rate of 54%
for EMA sampling using a similar methodology [23], compared
with the average response rate of 18% obtained in this study,
However, it is noteworthy that an incentive to engage was
provided in Garcia’s study, whereby a higher level of
engagement increased the number of entries they were given
into a prize draw to win an iPod touch.

Engagement with the EMA component of the app was low
compared with previous studies. For example, Kauer et al’s
study reported that participants completed ratings on an average
of 18 days during the 4-week intervention period [24], which
was markedly higher compared with this study where
participants completed ratings on an average of 5 days within
the 28-day intervention period. However, in Kauer’s study,
participants were given individualized summary reports of their
data by their general practitioner at the end of the intervention
period. This might have served as a motivational factor for

While participants were aware in this study that their EMA data
would be recorded and accessible to the researchers, it was not
emphasized that the main focus of the app was to collect
information; the app was primarily presented to young people
as an intervention as opposed to a data collection tool. It is
possible that in studies where young people are aware of the
importance of their data input toward achieving the research
objective, engagement levels may be higher. For example, in
Kauer et al’s study [24], participants were aware that their data
were being collected, and that they would be able to review this

Discussion
Principal Findings
The aim of this study was to explore the use of a mobile phone
app as a means of collecting EMA data pertaining to adolescent
mood, problems, and coping in a school-based sample of young
people. The researchers were interested in answering 4 broad
questions, each of which is discussed below.
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with their general practitioner and receive a summary report on
their data at the end of the study, which might have acted as an
incentive for engagement. Thus, further research is necessary
to establish response rate norms for adolescent populations using
mobile phone EMA methodologies.

Are EMA Responses Correlated With Standardized
Measures of Mental Health and Coping?
Higher daily experience of problems was linked to more
negative coping (as measured using a standardized instrument),
suggesting that those who experience more problems or stressful
events are more likely to engage in dysfunctional, avoidant
coping strategies, in line with previous research [65-67].
However, a greater perceived ability to deal with daily problems
was associated with higher levels of positive coping and lower
levels of negative coping (as measured using a standardized
instrument). This indicated that those who perceived themselves
as dealing better with the problems they faced on a daily basis
were using more positive coping strategies and less negative
coping strategies, suggesting that this was a valid measure of
coping self-efficacy. Similarly, as EMA mood ratings were
correlated with standardized measures of distress and well-being,
it suggested they had validity as indicators of adolescent mental
health status.

Are Brief Single-Item Measures of Key Protective
Factors Related to Daily Mood States?
Findings indicated that the protective factors informal
help-seeking, formal help-seeking, sleep, and sense of
connectedness were associated with average daily mood states.
In terms of informal help-seeking, those who reported that they
did not talk about their problems had more negative daily mood,
which is consistent with previous research linking informal
help-seeking and mental health [25,47-49]. Discussing problems
may be considered a support-seeking coping strategy, which is
likely to improve outcomes for young people by (1) providing
them with instrumental help in addressing the source of their
problems or in positively adapting to the situation, or (2)
providing them with advice and support in taking steps toward
achieving these goals themselves. To help promote talking about
problems among adolescents, steps should be taken to ensure
that school guidance counsellors have a high level of availability
and that students know how to approach them confidentially in
relation to problems they may be experiencing.
In terms of formal help-seeking, young people who identified
themselves as having no problems unsurprisingly reported the
least negative daily mood states. Interestingly, among those
who reported that they had some problems, those who felt that
they did not need help reported lower daily sadness than those
who felt that they did need help, suggesting that young people
have a good awareness of whether or not they need to seek help.
This is in line with Rickwood et al’s [50] conceptualization of
help-seeking as a process, which begins with the recognition
that a problem exists for which help is required. Among those
who reported a need to seek help, no significant difference
emerged between those who had sought help and those who
had not. Nonetheless, there was a trend toward lower stress and
sadness and greater happiness among those who had sought
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help, indicating that seeking help is likely to be instigating some
beneficial effects. However, there may be many uncontrolled
factors at play, for example, severity of distress [68] or type of
professional help obtained, that are known to affect outcomes
of seeking professional help [69] which may explain why we
do not see a statistically significant difference between those
who have sought help and those who have not. These were
beyond the scope of the analyses in this study but should be
taken into account in future research.
Getting sufficient sleep was linked with more positive daily
mood states, in line with literature in this area [58]. This
indicates an important link between controllable health behavior
and mood, and efforts should be made to promote sufficient
sleep in young people. For example, parents can encourage
appropriate bed times for adolescents on week-nights. At a
policy level, education around sleep hygiene should be
implemented into the SPHE (Social, Personal, and Health
Education) curriculum for adolescents. Furthermore,
consideration should be given to implementing later school start
times in post-primary schools, which has been shown to be
linked to a multitude of academic and well-being benefits for
young people [70,71] by allowing them to get more sleep.
Surprisingly, no correlation emerged between physical activity
and daily mood states; however, the reason for this is unclear.
There is evidence to suggest that adolescents may significantly
overestimate their level of physical activity in research contexts
[72], thus including some objective measure of physical activity
(eg, mobile phone accelerometer data) would be useful in future
research.
Finally, feeling a sense of connectedness and belonging was
linked to more positive mental health outcomes for young
people, in line with previous research [60-62]. Evidence suggests
that this link between sense of belonging and mental health
outcomes is likely to be bidirectional [60]. For example,
rejection or exclusion from one’s social network means that
one’s fundamental human need for connectedness is not met
and is linked to increased symptoms of distress in adolescents
[36,73]. However, young people who have mental health
difficulties may experience cognitive distortions, which can
cause them to view their interpersonal relationships in a more
negative light [74,75], resulting in a diminished sense of
belonging. Although sense of belonging is not as directly
controllable as sleep and exercise, it can still be promoted in
school, incorporating features that have been linked to increased
sense of belonging among students, including appropriate
policies and structures to prevent bullying, peer support
programs, and extracurricular activities [76].
Overall, findings suggest that 4 of these brief items have good
utility as indicators of the mental health status of an adolescent.
This provides promise for the use of these items as a brief
screening tool for young people. This may be useful as part of
assessments in contexts where adolescents may not want to
complete long measures of mental health outcomes, but where
it would be useful for the clinician to have an overview of their
mental health status, such as during general practitioner visits.
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What Is the Relationship Between Daily Problems,
Coping, and Mood in Young People, as Measured by
EMA Data?
Higher daily problems predicted lower happiness and higher
negative affect, indicating that the more daily problems a young
person experienced, the poorer their average daily mood was.
This was consistent with previous research indicating that
experience of negative daily events was associated with
increased negative and decreased positive affect in adolescents
[28,29]. In contrast, perceived coping efficacy was linked to
greater happiness and lower negative affect, indicating that those
who felt they had coped better with their problems experienced
a more positive average daily mood.
However, coping efficacy did not moderate the relationship
between problems and stress or worry. This suggested that even
if young people were coping well, higher instances of daily
problems were still associated with increased stress and worry.
In contrast, coping efficacy did moderate the relationship
between problems and happiness, sadness and anger, whereby
when coping efficacy was taken into account, the relationship
between problems and these mood states became negligible.
Again, this was consistent with previous research indicating
that coping effectively with problems was associated with more
positive mood outcomes [30-32]. This is an important finding,
as although we cannot prevent young people from experiencing
problems in their lives, promoting the use of effective coping
strategies among young people may help to offset the sadness
and anger associated with the experience of such problems.

Strengths and Limitations
To the authors’ knowledge this was the first study to explore
the use of a mobile phone app as a method of EMA in a sample
of Irish adolescents. A key strength of this study was the use of
an electronic method of implementing EMA. This helped avoid
problems associated with pen-and-paper EMA methods, such
as falsifying the times at which EMA ratings were completed
[10]; thus, increasing the ecological validity of the data captured.
In terms of limitations, the low level of app engagement was a
significant issue. Interestingly, the level of engagement did not
differ across key demographic variables, suggesting that the
EMA analyses were unlikely to be biased in this regard.
However, the low engagement levels observed pose a concern
for future studies aiming to test hypotheses using adolescent
EMA data collected via mobile phones. For example, unless a
large number of participants are recruited, nonengagement and
attrition over the course of the data collection period may result
in an underpowered study. Furthermore, low levels of
engagement over the course of study will result in high volumes
of missing data, which pose a range of challenges to the data
analyses [77,78]. Thus, despite its benefit in terms of ecological
validity [1], caution must be exerted when considering the use
of EMA with adolescents. In particular, advance considerations
should be given to possible means of maximizing engagement
such as personalized feedback from the app based on
participants’ EMA responses [79] or, like in Kauer et al’s study,
the provision of a summary report for participants at the end of
the data collection period [24].
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Future research should also give consideration to alternative
methods of mobile phone EMA data collection. For example,
advances in technology allow mobile phones to capture sensor
data, such as Bentley et al’s Health Mashups app [80]. This app
captured sensor data from users’ phones including their daily
step count, sleep patterns, and GPS location in order to infer
their patterns of health behaviors. It would be useful for future
research to examine the validity and reliability of this type of
sensor data, which does not require a high level of active
engagement from participants in comparison to EMA self-report
data.
Another potential issue in this study was that in the mood-rating
section of the app, the sliding scale values were by default
centered in the middle of the scale (at a value of 5). This meant
it was possible that some users might have passively selected
“Next” without moving the sliders to change the value, simply
to complete the process of submitting an EMA rating rather
than actively and accurately rating their mood. While it is
unlikely that users navigated to this page unless they had the
intention of completing a genuine mood rating, this still should
be acknowledged as a potential design limitation of the app in
this study.
It is also possible that the awareness that researchers were
monitoring their app data might have resulted in participants
using their phones differently to how they would if they were
not being monitored, leading to response biases, such as socially
desirable responding [81]. However, the researchers made an
effort to emphasize the anonymous and confidential nature of
the data to help avoid this.
Finally, it should be acknowledged that this was an exploratory
study that employed simplistic analyses techniques. Thus,
caution should be exerted in interpreting the generalizability of
these findings. Future research is needed using more
sophisticated analytical methods to explore EMA data captured
over multiple time points, such as multilevel modeling, in order
to robustly establish the validity of these findings in the
population. The use of such techniques will also provide
opportunities to model young people’s mood trajectories over
time and test how these trajectories may be related to various
demographic and well-being indicator variables.

Conclusions
This study addressed a gap in the literature by exploring the
validity and utility of mental health–related EMA data captured
via mobile phone in a community sample of adolescents.
Findings indicated a low level of engagement, suggesting that
careful consideration must be given to ways of promoting
participant engagement in order to maximize the amount of data
obtained and ensure that the potential of these technologies is
being sufficiently exploited. Despite the low engagement levels,
analyses suggested that the data obtained were valid, correlating
with standardized measures of coping, distress, and well-being.
Analyses also revealed that EMA data can provide useful
insights into the link between daily experience of problems,
coping efficacy, and mood states in young people. These
preliminary findings suggest that mobile phones have potential
as valid and useful tools for EMA research in youth mental
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health. However, future research is required to robustly establish
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the validity of these findings among young people.
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