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Abstract—Childhood mental health problems are impairing,

predictive of health problems later in life, and becoming

increasingly prevalent. A critical first step toward addressing

this growing crisis is facilitating more widespread screening;

however, gold-standard assessments remain subjective, time-

consuming, largely unable to capture subthreshold conditions and

comorbidity, and limited by access to the clinical experts needed

to provide and interpret the results. In response, researchers

have developed digital phenotype screening tools that capture

and utilize objective physiological and behavioral measures

to augment traditional mental health screening. However, the

efficacy of these tools has traditionally been evaluated on their

ability to predict mental health diagnoses. In contrast, in this

work and in line with the Research Domain Criteria (RDoC)

framework, we explore the utility of these objective measures for

quantifying transdiagnostic severity of impairment across a range

of widely used clinical measurements. Using canonical correlation

analysis, we find that linear combinations of movement and

audio features extracted from smartphone sensor data collected

during short (< 7 minutes) objective assessments are significantly

correlated with a range of widely used clinical measurements.

These findings suggest that easy-to-collect objective physiological

and behavioral measures are indicative of severity across a range

of psychopathologies.

Index Terms—Digital health, digital biomarkers, pediatric

mental health, mobile health

I. INTRODUCTION

The incidence of emotional and mental health disorders
in children has increased in recent decades [1]. These
conditions impair functioning, relationships, and development,
and without treatment have been linked to the development of
a range of health problems in adolescence and adulthood [2],
[3]. Indeed studies have shown that detecting mental health
conditions and intervening appropriately early has a significant
positive impact on later health outcomes and life quality [4].
Nevertheless, mental health problems among children remain
frequently undetected and only half of the nearly 8 million
children in the U.S. with a mental health disorder receive
treatment [1].

In response to this growing epidemic, guidance from the
American Academy of Pediatrics and the U.S. Preventative
Services Task Force has recommended that every child
receive mental health screening [5], [6]. Current gold-standard
screening methods used by clinicians are predominantly
categorical, relying on techniques including caregiver-report
questionnaires and structured interviews to ascertain whether
a child meets the criteria for a specific disorder. This approach
to diagnosing mental health conditions is subjective [7], [8]
and time-consuming [9]. Furthermore, by treating mental
health conditions as binary states, these screening methods
are largely unable to diagnose comorbid and subthreshold
disorders, which have high incidence rates and are impairing
and developmentally debilitating [10], [11]. Fundamentally,
these shortcomings indicate that a significant number of
children suffer from mental health conditions that are not
diagnosed appropriately, and thus that they do not receive the
care they need [12].

To address these weaknesses, there has been a concerted
effort among researchers to develop accurate, objective,
and widely accessible tools for identifying mental health
conditions in young children. The Research Domain Criteria
(RDoC) matrix has been a particularly helpful framework
in this endeavor, associating variations in behavioral and
neurobiological processes with mental health. In contrast to
existing clinical measures, which are designed to identify
the presence of specific disorders, RDoC is designed to be
both transdiagnostic and dimensional, seeking to understand
common pathways and processes that contribute to various
psychopathologies across multiple levels of analysis (e.g.,
genes, cells, behavior, self-reports) [13]. In the years since the
introduction of this framework, researchers have demonstrated
the merit of this design, showing that objective measures
captured during mood induction tasks, which are short,
monitored exercises designed to elicit specific behavioral
responses (e.g., asking participants to tell a story within
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a short period of time to elicit anxiety/fear), consistently
correspond to the mechanisms underlying a broad range of
psychopathologies [14].

In our prior work, we demonstrated that digital phenotypes
captured from wearable sensors and smartphones during
short mood induction tasks are associated with specific
mental health disorders and have shown significant promise
in ameliorating the issues with existing gold-standard
surveys [15]–[19]. In this work, we take this a step further,
demonstrating that these objective measures are significantly
correlated with a range of behavioral and clinical screening
questionnaires. This suggests that these markers are indicative
of transdiagnostic severity of mental health impairment.

II. METHODS

A. Clinical Measures
In this work, we explore the relationship between objective

measures captured during mood induction tasks and an
array of widely used clinical measures. In terms of clinical
measures, we look at the following caregiver-report surveys:
the Behavioral Inhibition Questionnaire (BIQ) [20] and the
Child Behavior Questionnaire Very Short form (CBQ) [21]
which measure aspects of child temperament, and the Child
Behavior Checklist (CBCL) [22] and the SPENCE Children’s
Anxiety Scale [23] which measure emotional and behavioral
problems. Additionally, we look at the Kiddie-Schedule for
Affective Disorders and Schizophrenia (KSADS) [24] which
is a semi-structured diagnostic interview that is administered to
caregivers and asks about their child’s behavior over the last 3
months and measures mental health symptoms. We look at the
following subscales within each of those scales: BIQ: social
novelty (adults, peers, performance, total) and situational
novelty (separation, new situation, physical challenge, total);
CBCL: internalizing (anxious/depressed, withdrawn, somatic
complaints) and externalizing (inattention, aggression); CBQ:
surgency, negative affect, and effortful control; KSADS:
depression, anxiety, OCD, ADHD, and ODD; SPENCE:
separation anxiety, social phobia, obsessive-compulsive, panic,
physical injury fears, and generalized anxiety.

B. ChAMP Assessment Battery
The Childhood Assessment and Management of digital

Phenotypes (ChAMP) Assessment Battery (shown in Fig. 1)
consists of three mood induction tasks designed to replicate
the negative and positive valence constructs of the RDoC
framework. The Approach Task, designed to elicit fear and
anxiety, has the research administrator lead the child toward
the back of the study room where an object is covered with a
blanket until the child is within one foot of the covered object,
at which point the administrator removes the blanket indicating
that nothing was underneath. The Speech Task, designed to
elicit anxiety, has the child tell a story for three minutes;
a buzzer sounds at the halfway point and with 30 seconds
remaining. The Bubbles Task, designed to understand initial
and sustained reward responsiveness, has the child brought into
a room where an administrator turns on a bubble machine for

Fig. 1. ChAMP battery protocol consisting of the Approach, Bubbles, and
Speech tasks. Tasks are separated by 3-minute rest periods. Data is collected
from the ChAMP app running on a smartphone worn on the small of the back.
The battery is preceded by a 5-second Baseline period that provides data for
sensor calibration.

three minutes. There is a three-minute rest period in between
each of the tasks.

C. Data Overview

We collected sensor data from 104 children 4-8 years old
(M: 6.79 years old; SD: 1.21, 38.5% female) as they went
through the ChAMP Assessment battery. For this work, we
used movement features extracted from accelerometer and
gyroscope data captured during the Approach and Bubbles task
and audio features extracted from microphone data captured
during the Speech task. We used data from 92 children: data
from children who did not have sensor data for one or more of
the tasks were excluded. We extracted a set of 406 features (77
approach, 77 bubbles, 252 speech) from captured sensor data.
These data and features have been described previously [25].

The feature set was reduced using PCA such that 75%
of the variance was explained for each task, resulting in 4
components for the Approach task, 11 for Bubbles, and 13
for Speech. We used canonical correlation analysis (CCA)
to understand the relationship between these components and
each of the various clinical measures.

III. RESULTS

Features extracted from the performance of each of the
tasks were significantly correlated with one or more clinical
measures; however, movement features extracted from the
performance of the approach task were generally significantly
correlated with fewer clinical measures than the bubbles
or speech tasks. Notably, audio features were significantly
correlated with all clinical measures with the exception of
SPENCE Social Phobia (p = 0.05). Significant correlations
for each clinical measure group and task are shown in Fig. 2.

To understand how these objective measures were associated
with clinical measures, we looked at boys vs. girls and
younger kids (ages 5-6) vs. older kids (ages 7-8). Fig. 3 shows
the percentage of clinical measures that were significantly
correlated with features for each clinical measure and task.
Features extracted from the performance of all three tasks were
significantly correlated with as many or more clinical measures
for boys than for girls with the exception of KSADS for the
Bubbles and Speech tasks. Similarly, features extracted from
the performance of all three tasks were significantly correlated
with as many or more clinical measures for older kids than

Authorized licensed use limited to: Ryan McGinnis. Downloaded on February 22,2025 at 12:35:29 UTC from IEEE Xplore.  Restrictions apply. 



Fig. 2. Correlations obtained from CCA between motion and audio features and BIQ, CBCL, CBQ, KSADS, and Spence measures for the Approach, Speech,
and Bubbles tasks. Non-gray bars had significant correlations (p < 0.05).

Fig. 3. Percentage of significant correlations obtained from CCA between
motion and audio features and BIQ, CBCL, CBQ, KSADS, and Spence
measures for the Approach, Speech, and Bubbles tasks across subgroups.

for younger kids with the exception of SPENCE for the
Speech task. Notably, both overall and across all demographic
subgroups features extracted from the bubbles and speech task
were correlated with at least one clinical measure.

IV. DISCUSSION

Existing techniques for diagnosing mental health conditions
in children rely on subjective and categorical assessments that
fail to identify the presence of disorders in children who
do not meet rigid diagnostic thresholds. This means that a
significant number of children with one or more mental health

disorders do not get diagnosed or get the treatment they need.
We examined the association between audio and movement
features extracted during mood induction tasks and clinical
measures, finding that in many cases there was a significant
correlation. This suggests that this assessment is capturing
and measuring many of the mechanisms that underlie a broad
range of psychopathologies, and as a result can serve as a
short, objective, transdiagnostic approach to understanding an
individual’s mental health.

The three mood induction tasks comprising the ChAMP
battery were designed to objectively measure positive and
negative valence in children, and our finding that these tasks
are correlated with multiple clinical measures is corroborated
by a number of studies that have shown that subdomains
of these valences are linked to both internalizing and
externalizing disorders [26], [27]. We did find that the
objective measures captured during the Approach task are
significantly correlated with fewer clinical measures than in the
case of the Bubbles and Speech tasks. Specifically, we found
significant correlations with clinical measures that looked at
how children respond to new situations, potential physical
challenges, and their extroversion. While the Speech task
was also designed to measure negative valence, it primarily
induces a social aspect of fear and anxiety in contrast to
the more ‘primal/defensive’ fear elicited by the Approach
task. It is worth highlighting here that our results indicate
that audio features captured during the performance of the
speech task were significantly correlated with the broadest
range of clinical measures, likely because it captures this
social aspect of fear and anxiety but incorporates the startle
response of the Approach task with the inclusion of the buzzer
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at several intervals without the participant’s prior knowledge.
The movement features captured during the performance of the
Bubbles task were significantly correlated with most clinical
measures, indicating that expressions of positive valence are
also highly indicative of a variety of psychopathologies. Future
work should explore whether these tasks are individually
sufficient to objectively and robustly measure the mechanisms
underlying mental health disorders (specifically the Speech
and Bubbles tasks given their association with most clinical
measures), or if the combination of features from multiple
tasks produces more descriptive and robust objective measures.
Looking across subgroups, we did find that regardless of the
task, objective measures were significantly correlated with
fewer clinical measures for younger kids and girls; future work
should investigate the associations of these measures with
clinical measures within larger samples of these demographic
subgroups.

V. CONCLUSION

Accurate and objective screening of mental health disorders
in children is critical to ensuring that they receive the help
they need. Objective measures captured during mood induction
tasks have been shown to be predictive of specific diagnoses;
however, their utility as broader assessments of transdiagnostic
severity remains uninvestigated. In this work we demonstrate
that movement and vocal biomarkers collected during short
mood induction tasks are significantly correlated with a
range of clinical measures, suggesting that these features and
tasks are capturing mechanisms underlying internalizing and
externalizing disorders in children.
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