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Abstract: During academic activities, adolescents must manage both the internal distraction of
mind-wandering and the external distraction of digital media. Attention training has emerged
as a promising strategy for minimizing these distractions, but scalable interventions that can
deliver effective attention training in high schools are still needed. The present investigation used
a one-group pre-post design to examine the feasibility and outcomes of a digital attention training
course at a public high school. The intervention was delivered with reasonably strong fidelity
of implementation, with students completing 92% of the lessons and 79% of the daily exercises.
At baseline, students reported mind-wandering more frequently during class than they multitasked,
and mind-wandering was more negatively correlated with classroom focus. From pre-test to
post-test (n = 229), students reported improved emotional regulation and reduced mind-wandering
during daily life. Among the 76% of students who felt they paid attention in class less than they
should, classroom focus improved significantly. During class, these students reported significantly
less mind-wandering but slightly greater digital multitasking. During homework, they reported
significantly less digital multitasking but only marginally reduced mind-wandering. Collectively,
these results suggest that online interventions could be a scalable way of providing attention
training in high schools, but that future work must consider the role of both mind-wandering and
digital multitasking.
Keywords: attention; mind-wandering; multitasking; focus; emotion regulation; high school

1. Introduction
Attention is an essential basis of learning. To focus during academic activities, students must filter
through a tremendous amount of distracting information coming from both the external environment
and their own minds. One particularly pervasive source of distraction is mind-wandering, which is
known to be highly prevalent in academic settings and disruptive to learning [1,2]. More recently,
distraction from digital media has also become a prominent issue [3,4]: 99.9% of adolescents in the
United States use digital media on a daily basis, and nearly half of high school teachers report that
digital media significantly distracts students and interferes with learning [4–6].
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Although restrictive electronic device and internet policies can be useful for limiting digital media
distractions, these policies are often difficult to enforce [6,7]. Meanwhile, the disruptive influence of
mind-wandering is arguably even harder to limit because it is unobservable to educators [8]. Given the
ubiquity of distraction, strategies for helping students train their attention could have important
implications for increasing focus and academic achievement.
Considerable research indicates that attention is also relevant to students’ mental and emotional
health. Influential models of emotion regulation emphasize that individuals can influence their
emotional states by choosing where they direct their attention or by using attention to influence their
cognitive appraisals [9]. Attentional biases also play an important role in perpetuating mental illness,
as when a proclivity to attend to negative information predicts worsening of depression over time [10].
Mental health issues can also be exacerbated by frequently dividing one’s attention across multiple
media sources, a behavior known as media multitasking [11]. Given rising rates of mental illness
among adolescents, methods for helping high school students train their attention have merit not only
for enhancing academic achievement but also for promoting mental and emotional health [12].
Attention training can take various forms. Brain training games—perhaps most recognizably
provided by the subscription-based service Lumosity—are reportedly used by tens of millions,
though evidence for their effectiveness in enhancing attention is minimal [13]. Within clinical settings,
attentional bias training shows promise as a way of helping individuals override the tendency to attend
to specific stimuli that perpetuate their mental illness [14]. Yet in educational settings, the most widely
researched form of training attention is mindfulness-based attention training, which typically involves
both the development of attentional skills as well as instruction on how to apply these skills to relate
effectively to thoughts and emotions [15]. Although additional research in school settings is needed,
a growing body of evidence suggests that this form of attention training can reduce mind-wandering,
enhance performance of academic tasks, improve emotional regulation, and promote greater mental
health [16–18].
While training attention represents a promising approach for improving the focus and well-being
of adolescents, only a small fraction of high school students ever receives this training. Bridging this
science-to-service gap will require the development of scalable and evidence-based training programs
that can feasibly be integrated into school settings. Digital interventions in particular can circumvent
many of the logistical and financial constraints involved in providing effective training to millions of
high school students [19]. However, there has been little research evaluating digital attention training
programs in high school settings. In one of the only published reports, 1 of 85 students completed
the entire intervention (where completion was defined as doing at least 40 of the 96 exercises) [20].
Accordingly, the development and empirical evaluation of attention training programs that are
delivered digitally in high school settings is still needed.
The present research entailed two primary goals. The first goal was to further investigate the
feasibility and efficacy of Finding Focus, an online course designed to help adolescents train their
attention. A recent study found that this course could be delivered with reasonably high fidelity of
implementation in a high school setting while highlighting a variety of preliminary positive outcomes,
including improved emotional regulation and greater classroom focus among students who reported at
baseline that they focused in class less than they should [21]. Although this initial study was promising,
replicating findings is a crucially important part of advancing scientific understanding and earning the
trust of educators and policy makers [22,23]. The present investigation therefore sought to replicate
this prior work.
The second goal was to empirically differentiate the internal distraction of mind-wandering and
the external distraction of digital multitasking. Specifically, we examined whether mind-wandering
or digital multitasking played a more consequential role in influencing students’ classroom focus,
and whether the intervention affected these two forms of distraction in similar or different ways. To our
knowledge, no research has investigated the influence of these two forms of distraction on high school
students’ academic focus. We hypothesized that both forms of distraction would be common and
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detrimental to classroom focus. We additionally hypothesized that among the students who reported
paying attention in class less than they should, levels of mind-wandering during class would decrease
from pre-test to post-test. Because Finding Focus currently includes detailed instruction on managing
internal distractions but no explicit instruction on managing external distractions of digital media,
we had no specific hypotheses about the effect of the intervention on digital multitasking.
2. Materials and Methods
Research design: This replication study used a one-group pre–post design. The research was
approved by the Human Subjects Committee at the host university (protocol # 5-20-0239), and informed
consent was obtained from all students and their guardians.
Procedure: Students completed an anonymous online survey before and after the course. All data,
with the exception of intervention adherence, were gathered in these surveys. The digital learning
platform recorded completion rates for course lessons and exercises, which was used to measure
intervention adherence.
Participants: This study was conducted at a public high school in the Northwest region of the
United States. The school consists of roughly 600 9–12th grade students. All teachers were notified
about the study, and five teachers volunteered to share the course with their students. In total,
the course was shared with 309 students in the fall semester. All freshmen completed the course,
as well as some students in grades 10–12 enrolled in either AP Physics or a Special Education class.
Teachers who were facilitating the course were encouraged to invite their students to participate
in the research surveys. A total of 317 students completed the pre-test. Teachers were repeatedly
asked to share the post-test survey with every student who completed the pre-test regardless of course
adherence. A total of 235 students completed the post-test. This attrition was largely driven by one
teacher who chose not to administer the post-test to her cumulative 65 students. Adherence data from
these students were still available and are reported.
All available data were included in analyses. Both pre-test and post-test data were available
for 229 students. Demographic information was collected at pre-test. There were 161 freshmen,
eight sophomores, 73 juniors, 67 seniors, and five declined to answer. One hundred and ninety-five
participants identified as male, 103 identified as female, two identified as non-binary, and 14 preferred
not to say. The number of students identifying with a specific race was as follows: Asian—183 students;
Caucasian—69; African American/Black—4; American Indian/Alaskan Native—4; Native Hawaiian
or Other Pacific Islander—2; mix of two or more races—22; 25 students preferred not to say.
Twelve students identified as Hispanic.
Intervention: Students received attention training via an online course called Finding Focus.
The course was delivered through a custom digital learning platform that allowed students to access
the course on computers, tablets, or phones. The course provided students with repeated practice in
the skills of (i) focusing on one specific aspect of their experience while (ii) inhibiting the tendency to
become distracted by other thoughts and perceptions. It also provided students with detailed guidance
on how to use these skills to have more influence over their thoughts, evaluations, and emotions.
There was no explicit instruction regarding multitasking with digital media. The entire course included
2.5 h of content, including four 12-min lessons and daily 4-min exercises. Content unlocked over
22 days, with one lesson unlocking each week and an exercise unlocking each day. Teachers were
encouraged to have students complete the lessons and daily exercises during class.
The course was designed to help students train their attention and learn how to use attention to
relate more effectively to thoughts, evaluations, and emotions. The course lessons presented three
fundamental skills: anchoring, focusing, and releasing. Anchoring was defined as intentionally
deciding where to focus. Focusing was defined as directing your attention to the anchor you chose.
Releasing was defined as letting go of a distraction by not giving it any more attention.
These three fundamental skills were trained through daily exercises. The course featured several
kinds of daily exercises that each involved focusing on a specific aspect of experience, such as the
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sensations of breathing or the sounds of music. Students were encouraged to deliberately anchor
their attention on the relevant aspect of their experience, focus their attention on that experience,
and release all distracting thoughts and perceptions. Students also learned how to use these three skills
in daily life by applying specific strategies such as re-focusing (releasing a counterproductive thought
and choosing a more worthwhile anchor) and re-evaluating (releasing an unhelpful evaluation and
focusing on a more empowering one). As such, the intervention had a strong emphasis on training
students to reduce the impact of internal distractions.
The entire intervention was delivered using a custom digital learning platform that provided
content tailored to the interests of individual users. For example, students indicated their preferred
music genre and then received daily exercises in this genre. Each student completed the intervention
independently. The digital learning platform provided teachers with an interface to track student
progress throughout the course.
Measures: Validated self-report instruments were used whenever possible. In cases where no
validated instrument existed to address the specific research question of interest, researcher-developed
measures were used. All of these measures were written to maximize face validity using vocabulary
that is appropriate for adolescents. The order of instruments was randomized.
Fidelity of implementation (FOI): The intervention’s FOI was objectively monitored through the
digital learning platform, which automatically records whether and when every student completes
each lesson and exercise of the intervention. Only full completion was recorded, and partial completion
counted as incomplete. The primary indicator of FOI was the proportion of all lessons and exercises
successfully completed by students within the allocated time frame of the study.
Ideal and actual classroom focus: Relatively few students believe that they should always pay
attention in class, so two questions were used to capture the distinction between how much a student
reports paying attention versus how much they feel they ideally should pay attention [21]. The first
question asked, “On average across all your classes, how often do you keep your undivided attention
focused on class?” The second question was stated as follows: “This next question is NOT about
what other people think you should do. It’s about what you believe is best for yourself. On average
across all your classes, how often would you ideally keep your undivided attention focused on class?”.
Both questions were asked on a scale from 0% of the time to 100% of the time. Each question was
utilized as a discrete measure. Prior research suggests that the discrepancy between these two answers
(e.g., how often would you ideally keep your undivided attention focused on class minus how often
do you keep your undivided attention focused on class) can serve as a useful way to identify which
students see room for improvement [21].
Academic distraction: Four questions assessed students’ tendencies to mind-wander or multitask
with digital devices during academic activities: (1) “While I’m in class, I mind-wander or daydream
about things unrelated to class”, (2) “While I’m doing homework, I mind-wander or daydream about
things unrelated to my homework”, (3) “While I’m in class, I use my electronic devices for things
unrelated to class”, and (4) “While I’m doing homework, I use my electronic devices for things unrelated
to my homework”. For all four questions, students responded on a scale of 1-Rarely, 2-Sometimes,
3-Often, and 4-Very Often. Each question was utilized as a discrete measure.
Mindsets about focus: The Mindsets about Focus Scale is a 9-item measure [21]. The instrument
evaluates whether an individual (i) believes their ability to focus can improve through training
(growth mindset subscale), (ii) is motivated to train their ability to focus (motivation subscale),
and (iii) is confident that they know how to train their attention (self-efficacy subscale). The growth
mindset subscale consisted of three questions, including “My ability to focus is a skill that can get much
better with practice” (pre-test: a = 0.84; post-test: a = 0.87). The motivation subscale entailed three
questions, including “I will do whatever it takes to improve my ability to focus” (pre-test: a = 0.82;
post-test: a = 0.92). The self-efficacy subscale had three items including “I know exactly what to do to
increase my ability to focus” (pre-test: a = 0.80; post-test: a = 0.83). All questions were answered on a
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scale of 1-Strongly Disagree to 6-Strongly Agree, and items within each subscale were averaged into
composite scores.
Mind-wandering in daily life: The Mind-Wandering Questionnaire (MWQ) is a 5-item instrument
measuring trait levels of mind-wandering on a scale of 1-Almost Never to 6-Almost Always
(“I find myself listening with one ear, thinking about something else at the same time”; pre-test:
a = 0.77; post-test: a = 0.86). The MWQ has been validated with both adults and adolescents [17].
Emotion regulation: The Emotion Regulation Questionnaire for Children and Adolescents
(ERQ-CA) is a version of the Emotion Regulation Questionnaire that is adapted to be more appropriate
for ages 10–18 [24,25]. This scale consists of two subscales assessing cognitive reappraisal (“I control my
feelings about things by changing the way I think about them”) and expressive suppression
(“When I’m feeling bad (e.g., sad, angry, or worried), I’m careful not to show it”). All questions were
answered on a scale of 1-Strongly Disagree to 6-Strongly Agree (pre-test: a = 0.87; post-test: a = 0.92).
Given ambiguity regarding the appropriateness of expressive suppression as a healthy strategy for
emotion regulation, only the cognitive reappraisal subscale was included.
Life demands: Current demands were assessed by adapting an existing 1-item measure [26].
The item asked, “Over the last 7 days, how much have you had on your plate to deal with
(e.g., homework, exams, managing relationships, extracurricular commitments, health challenges,
etc.)?” on a five-point scale from 1 (way less than usual) to 5 (way more than usual).
Stress and stress management: As used in previous research [21], two questions were used to
capture the distinction between experiencing stress and effectively managing that stress. Participants
first responded to the question, “Over the last two weeks, how stressed have you been?” on a scale
from 0–100 where higher values indicated more stress. Participants then responded to the question,
“Over the last two weeks, how well have you managed your stress?” on a scale from 0–100 where
higher values indicated better stress management.
Data analysis overview: The feasibility of the intervention was evaluated as the percentage of
course lessons and exercises that students completed. The assessment of student outcomes was done
using the remaining quantitative measures. Paired t-tests were used to examine changes in quantitative
data from pre-test to post-test. Where appropriate, linear regression was used to assess the relative
strength of various predictors when included in a single model.
3. Results
3.1. Goal 1: Replication of the Intervention’s Feasibility, FOI, and Preliminary Efficacy
Fidelity of implementation: Ninety-five per cent of students reported that their teacher set a clear
expectation that they should complete the lessons and daily exercises. Seventy-one per cent of students
said that they were given some sort of credit for completing the course. Due to time constraints,
one teacher chose not to continue facilitating the course part way through sharing it. This resulted in
two of the ten classes not completing the course nor the post-test.
The digital learning platform recorded completion of lessons and daily exercises for all students
who created accounts regardless of whether they completed the pre-test or post-test. Due to the
anonymous nature of the survey data, adherence data could not be linked to survey data. On average,
92% of lessons were completed (97% for lesson 1; 96% for lesson 2; 91% for lesson 3; 88% for
lesson 4). Students completed 79% of the daily exercises. Table 1 presents completion rates by group.
In some cases, multiple classrooms were facilitated as a single group within the digital learning
platform, preventing breakdown of adherence data by classroom.
Mindsets about focus: Replicating previous work [21], the course led students to more strongly
endorse a growth mindset regarding their ability to focus, t (228) = 4.01, p < 0.001, d = 0.28 (Figure 1).
Students also became more confident that they knew how to train this ability, t (228) = 9.97, p < 0.001,
d = 0.83. However, there was no change in students’ motivation to train their ability to focus,
t (228) = 1.33, p = 0.19, d = 0.08.
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suggest that actual focus improved significantly from pre-test (M = 69.00, SD = 19.53) to post-test (M
= 72.42, SD = 20.57), t (177) = 2.61, p = 0.01, d = 0.17. The course did not affect how much students felt
they should pay attention during class, t (228) = 0.85, p = 0.40. Across the entire sample, levels of focus
did not significantly change, t (228) = 0.90, p = 0.37.
Emotion regulation: Replicating previous work [21], students showed increased levels of
emotion regulation from pre- to post-test (Table 2).
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Emotion regulation: Replicating previous work [21], students showed increased levels of emotion
regulation from pre- to post-test (Table 2).
Table 2. Changes in life demands, stress, and emotional regulation.

Emotion regulation
Demands
Stress
Stress management

Pre-Test M (SD)

Post-Test M (SD)

t

p

Cohen’s d

3.83 (0.98)
4.00 (0.85)
61.66 (23.82)
56.89 (25.13)

4.28 (1.09)
3.74 (1.00)
56.99 (26.63)
58.90 (26.60)

7.19
3.60
2.82
1.12

0.000
0.000
0.005
0.26

0.44
0.28
0.19
0.08

Note: Paired sample t-tests were used to compare pre-test and post-test scores.

Demands and stress: Students experienced significantly decreased levels of stress and demands
from pre-test to post-test (Table 2). Changes in stress over time were positively correlated with changes
in demands (r = 0.39, p < 0.001).
Stress management: Across the entire sample, students did not report an increase in how effectively
they managed their stress from pre- to post-test (Table 2). However, an exploratory analysis revealed
that among the students who experienced greater than average levels of stress at pre-test, the course
led to improved stress management from pre-test (M = 48.43, SD = 23.96) to post-test (M = 55.70,
SD = 26.16), t (124) = 3.10, p = 0.002, d = 0.29.
3.2. Goal 2: Investigation of Mind-Wandering and Digital Multitasking
Baseline prevalence of mind-wandering and digital multitasking: During class, students’
tendencies to mind-wander (M = 2.36, SD = 0.89) were more prevalent than their tendencies to
multitask with digital media (M = 1.50, SD = 0.84). However, during homework, students reported
similar levels of mind-wandering (M = 2.48, SD = 0.97) and multitasking with digital media (M = 2.44,
SD = 1.01).
Baseline predictors of classroom focus: At baseline, classroom focus was significantly correlated
with both mind-wandering in class (r = −0.49, p < 0.001) and digital multitasking in class (r = −0.25,
p < 0.001). However, a multiple regression model predicting classroom focus revealed that only
mind-wandering in class remained a significant predictor, B = −10.94, t (321) = −8.71, p < 0.001.
In contrast, multitasking in class only marginally predicted classroom focus, B = −2.38, t (321) = −1.76,
p = 0.079. The 95% confidence intervals for the standardized betas did not overlap, indicating
that mind-wandering, β = −0.46, 95% CI [−0.56, −0.36], was a significantly stronger predictor than
multitasking, β = −0.09, 95% CI [−0.20, 0.01].
Changes in mind-wandering and multitasking during class: As hypothesized, among the students
who reported a discrepancy at pre-test in how much they paid attention relative to how much they felt
they should pay attention, levels of mind-wandering during class decreased significantly from pre-test
(M = 2.31, SD = 0.87) to post-test (M = 2.18, SD = 0.72), t (176) = 2.17, p = 0.03, d = 0.16. Contrary to
hypotheses, among this subset of students, levels of multitasking during class increased significantly
from pre-test (M = 1.36, SD = 0.72) to post-test (M = 1.47, SD = 0.76), t (176) = −2.11, p = 0.04, d = 0.15.
Across the entire sample, students reported a similar level of digital multitasking during class
from pre-test to post-test, t (227) = −1.52, p = 0.13. There was also no change when looking at the entire
sample in students’ levels of mind-wandering during class from pre-test to post-test, t (227) = 1.56,
p = 0.12.
Changes in mind-wandering and multitasking during homework. Students reported a significant
decrease in their digital multitasking during homework from pre-test (M = 2.33, SD = 0.99) to post-test
(M = 2.21, SD = 0.96), t (227) = 1.99, p = 0.05, d = 0.12. Students reported a marginal decrease in
their mind-wandering during homework from pre-test (M = 2.42, SD = 0.98) to post-test (M = 2.30,
SD = 0.91), t (227) = 1.81, p = 0.07, d = 0.13.
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4. Discussion
How well students regulate their attention has important implications for their academic
achievement and mental health. Although existing research indicates that attention training can
lead to positive outcomes in high school settings, research has yet to establish the feasibility and
effectiveness of attention training interventions that are delivered digitally. The present research found
that Finding Focus, a 22-day attention training intervention, could be delivered digitally with strong
fidelity of implementation in the majority of classrooms. Although the one-group pre–post design
precludes definitive conclusions about whether the intervention benefited students, several positive
outcomes were observed, including reduced mind-wandering, greater classroom focus, and improved
emotional regulation.
One goal of this research was to empirically differentiate between the internal distraction of
mind-wandering and the external distraction of multitasking with digital media. During class,
students reported mind-wandering more frequently than they multitasked. Furthermore,
mind-wandering was the stronger predictor of self-reported classroom focus. One plausible explanation
of this finding is that unlike digital media multitasking—which is both observable and to some degree
manageable through the electronic device policy enforced by a school or parent—mind-wandering is
an inherently internal experience that eludes third-party observation or control [27]. Consistent with
this interpretation, in college classrooms that have no restrictions on electronic device use, multitasking
can be an even greater distraction than mind-wandering [2].
As predicted, the intervention led to reduced mind-wandering during class among those students
who initially reported paying attention in class less than they should. We also observed a non-significant
reduction of mind-wandering during homework. The impact of the intervention on multitasking was
less consistent. Whereas students reported a reduction in multitasking during homework, they reported
an increase in multitasking during class. Although it is unclear what explains this unpredicted increase,
one possibility is that the increased multitasking in class was directly related to the significant decrease
in mind-wandering. Prior work has found that students are more susceptible to mind-wandering
when device use is restricted [28]. If the inverse were also true, then a significant reduction in
mind-wandering might increase students’ susceptibility to multitasking. This implies that it may
be important for interventions to explicitly address both mind-wandering and digital multitasking
simultaneously. The intervention evaluated in this investigation had a strong emphasis on helping
students learn to deal with the internal distractions of thoughts and emotions, and it may have been
more effective if it also addressed the topic of multitasking with digital media.
Attention plays an important role in the management of stress and emotions. Attention not only
dictates what aspects of a situation are noticed but also how a situation is appraised [9]. Consistent with
this important role of attention in emotion—and replicating the prior feasibility study—we observed
that the intervention elicited a significant improvement in emotional regulation. Yet whereas the prior
study found marginally increased stress and improved stress management, the present study observed
decreased stress and no significant change in stress management. This is likely due to changes in
life demands from pre-test to post-test. Whereas in the prior study students experienced increased
demands and stress over time, students in the present study experienced decreased demands and
stress over time. This suggests that changes in stress management may be confounded with changes in
stress and demands, and that future research must take these relationships into account.
Despite the promising feasibility of this intervention in high school settings, this study has
several limitations. First, due to the lack of a control group, changes in student outcomes must be
considered preliminary. Without a control condition, it cannot be determined whether the intervention
or a variety of other confounds, such as student maturation, teacher influence, or testing effects,
were responsible for the changes observed. Future work should evaluate the efficacy of Finding Focus
using a randomized controlled trial to rule out these alternative explanations. A second limitation is
that there was significant attrition from pre-test to post-test. Attrition is most problematic if there is
systematic dropout based on individual differences [29]. Given that the majority of attrition was due
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to one specific teacher deciding to not share the post-test survey, the risk of systematic dropout based
on individual differences is considerably lower. A third limitation of the present research is the use
of several researcher-generated survey items instead of validated self-report instruments. This was
required to address the research questions of interest, and these measures were written to maximize
face validity using vocabulary that is appropriate for adolescents. Nevertheless, findings from these
researcher-generated items should be interpreted as less definitive. Finally, additional studies with
larger samples drawn from diverse schools will be necessary to determine to what extent these findings
generalize across other student populations.
Given that distraction and mental health issues are on the rise among adolescents, it is imperative
to find solutions that can equip teenagers with the skills they need to overcome these challenges [4,12].
Attention training has emerged as a promising tool for helping students focus and regulate their
emotions, yet making this training widely available entails considerable financial and logistical
challenges. Although additional research is needed, this investigation suggests that digital attention
training may be a feasible, effective, and scalable way of making attention training widely available to
high school students.
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