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Abstract

Adolescents with a history of child maltreatment experience increased risk for psychopathol-
ogy that sets them on a trajectory towards a range of difficulties in adulthood. Various factors
influence caregivers’ decisions to seek mental health services (MHS) that could improve
developmental outcomes. The present study applied a machine learning algorithm, elastic
net, to a sample of 878 adolescent-caregiver dyads from the Longitudinal Studies of Child
Abuse and Neglect. Analyses simultaneously examined a large number of factors to deter-
mine their ability to discriminate between caregivers who perceived a need for MHS and
those who did not, as well as caregivers who utilized MHS and those who did not. Results
highlight family demographics, chronic parental stressors, youth psychopathology, and
exposure to recent adversities as good classifiers of caregiver perceived need for (77.6%;
sensitivity = .77; specificity = .78) and utilization of (71%; sensitivity = .71; specificity = .71)
adolescent MHS. Elastic net identified adolescent clinical externalizing and internalizing
problems, and parental stress related to child(ren)’s behavior as high value classifiers of
both outcomes. Youth living with non-kin caregivers were also significantly more likely to uti-
lize MHS. Findings highlight the importance of assessing clinical need, stress related to
child(ren)’s behavior, and caregiver kinship in understanding the likelihood that at-risk fami-
lies will seek adolescent MHS.

Introduction

A robust body of literature relates child maltreatment with a host of negative correlates includ-
ing atypical brain development, higher rates of social problems and relationship disruptions,
language delays, and poorer quality of life [1]. Perhaps most notably, extensive research high-
lights the impact of child abuse and neglect on risk for psychopathology. Existing work
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indicates an increased incidence of internalizing (e.g., anxiety disorders, major depressive dis-
order, post-traumatic stress disorder) and externalizing (e.g., oppositional defiant disorder,
attention-deficit hyperactivity disorder, conduct disorder) disorders among children who have
experienced maltreatment [2]. Childhood maltreatment in the U.S. has a low-end estimated
economic burden of $428 billion in costs for physical, mental health, and correctional services
[3]. Although effective evidence-based interventions exist, many barriers prevent caregivers
from utilizing needed mental health services (MHS) for their child during periods in which
psychopathology is often present or has begun to emerge, such as adolescence [4]. The current
study sought to deepen our understanding of factors associated with caregiver perceived need
for and utilization of adolescent MHS through the examination of family demographics,
chronic parental stressors, youth psychopathology, and exposure to recent adversities.

Mental health services utilization

Rigorous empirical research has resulted in the development of various psychosocial preven-
tion and intervention protocols to promote recovery and healthy growth among maltreated
children and young adults [5, 6]; however, barriers to care often preclude access to necessary
MHS [7]. Broadly, systemic socioeconomic and racial disparities impact service use [8]. Addi-
tionally, logistic barriers affect access to care, such as geographic availability of providers,
lengthy waitlists, and cost of care further impede families’ treatment-seeking attempts [7]. Fur-
ther, evidence relates perceived need for services, type of maltreatment, child age and gender,
race/ethnicity, foster versus non-foster family status, insurance and Medicaid coverage, and
caregiver education to MHS utilization [7, 9, 10]. Caregivers are the primary gatekeepers in
mental healthcare among youth and their prior experiences with child welfare services (CWS)
are important determinants in their decision-making and treatment-seeking behaviors (e.g.,
perceptions of unfair treatment and harassment, concerns about child removal [11]). These
factors form a complex network that contributes to caregivers’ decisions regarding whether to
utilize youth MHS.

Theoretical frameworks of help seeking behavior suggest that families’ decisions to engage
in health services begin with problem recognition (i.e., clinical need, caregiver perceived
need), which informs subsequent decisions to seek appropriate services [12, 13]. Families must
weigh a variety of factors (e.g., finances, transportation, social support, caregiver functioning,
insurance) and multiple priorities to determine the feasibility of and need for formal interven-
tion [12]. These conceptual models suggest that research looking to understand caregivers’
help seeking behavior must consider various factors that may account for utilization of MHS.
However, traditional statistical methodologies (e.g., multiple linear regression) may be ill-
equipped to simultaneously examine large numbers of variables that may provide important
information needed to accurately identify families at-risk of underutilization of MHS. Con-
straints such as multicollinearity and family-wise error rate limit the examination of many cor-
related predictors [14]. These limitations may pose a challenge to CWS agencies that must
consider a wide range of predictors when estimating the likelihood that families will seek rec-
ommended MHS for their child [15]. CWS agencies operate in the context of numerous con-
straints, including increasing caseloads despite stagnant or decreasing funding; thus, many
have implemented risk assessments that use predictive models and actuarial tables, which are
based on large datasets and advanced analytic techniques, to support frontline providers in
more efficiently assessing risk for single incident or recurring maltreatment [16]. Similar
efforts utilizing innovative machine learning algorithms and available rich datasets from multi-
site research may further clarify top priority considerations in needs assessment, referral to ser-
vices, and follow-up care.
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Machine learning: Elastic net

Recent advancements in computational power have contributed to the emergence of machine
learning algorithms that can draw information from broad sets of variables to maximize classi-
fication of a particular outcome [17]. Elastic net is an algorithm that combines the strengths of
lasso (i.e., variable selection) and ridge (i.e., handling multicollinearity) regressions to select
variables for inclusion in sparse models that improve classification of outcomes [18]. Elastic
net excels in situations that would hinder traditional statistical methods (e.g., multicollinear-
ity), as it strives for model parsimony while retaining intercorrelated factors that provide
unique information and improve classification accuracy [14]. Using this modeling approach,
researchers can obtain measures of relative variable importance based on random permutation
tests. Variable importance provides information on factors that reduce standard error in classi-
fying dichotomous outcome (e.g., utilized counseling or did not). Information drawn from
these analyses may improve providers’ abilities to match families with available MHS through
the identification of high value classifiers associated with adolescent MHS need and
utilization.

Present study

Building on previous research identifying factors related to MHS utilization, the present study
applied machine learning analyses to data from a multi-site longitudinal study of youth at-risk
for victimization by family violence and neglect during early childhood. We used elastic net to
(a) examine the relative importance of family demographics, chronic parental stressors, youth
psychopathology, and recent adversities in their association with caregiver perceived need for
and utilization of adolescent counseling services, and (b) determine the accuracy of these fac-
tors in classifying service need and utilization. Each of the variables included in the models
have been identified as being theoretically and/or empirically important factors in previous lit-
erature. This work extends prior research by clarifying their importance relative to each other.
Information drawn from this approach may increase our understanding of MHS utilization
and improve engagement and retention of at-risk families.

Materials and methods
Procedure and sample characteristics

The current study utilized data collected from 1,354 adolescent-caregiver dyads who partici-
pated in the Longitudinal Studies of Child Abuse and Neglect (LONGSCAN) [19]. Participants
were recruited from five sites in the Southwestern, Northwestern, Eastern, Southern, and Mid-
western United States. Sites recruited families who were at-risk for child abuse and neglect
(i.e., Eastern), had contact with Child Protective Services (CPS; i.e., Southwestern, Northwest-
ern), or both (i.e., Southern, Midwest). All sites used uniform methods of data collection and
entry. Youth-caregiver dyads were interviewed face-to-face and completed self-report mea-
sures biannually starting at age 4. Study staff conducted interviews and administered self-
report measures using laptop computers. Study representatives at each site reviewed CPS rec-
ords to identify reports of alleged abuse (i.e., physical, emotional, sexual), domestic violence,
and household substance abuse. Coders utilized a modified version of the Maltreatment Classi-
fication System (MMCS) and were trained until they reached 90% agreement [20, 21]. Runyan
and colleagues provide additional information regarding the LONGSCAN sample and study
procedures [22].

Data for the present study included 878 adolescent-caregiver dyads that participated in the
age 16 wave of LONGSCAN. Caregivers were approximately 44 years old (M = 44.4;
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Table 1. Caregiver demographics at age 16 interview by counseling outcomes.

Total Perceived need * p value Utilized * p value
Sample size 878 (100%) 217 (24.7%) 171 (19.5%)
Sex
Female 801 (91.2%) 199 (24.8%) 155 (19.4%)
Male 70 (8.0%) 16 (22.9%) 14 (20.0%)
Race/ethnicity <.001 <.001
White 278 (31.7%) 95 (34.2%) 76 (27.3%)
Black 478 (54.4%) 88 (18.4%) 69 (14.4%)
Latinx 70 (8.0%) 18 (25.7%) 14 (20.0%)
Other 47 (5.4%) 14 (29.8%) 11 (23.4%)
Marital status .026
Married 336 (38.3%) 80 (23.8%) 64 (19.0%)
Single 283 (32.2%) 57 (20.1%) 47 (16.6%)
Other ® 256 (29.2%) 79 (30.9%) 59 (23.0%)
Secondary .023 .019
High school or equivalent 669 (76.2%) 178 (26.6%) 142 (21.2%)
Less than high school 203 (23.1%) 37 (18.2%) 27 (13.3%)
Post-secondary .007 .002
None 408 (46.5%) 83 (20.3%) 60 (14.7%)
Vocational 313 (35.6%) 81 (25.9%) 67 (21.4%)
Associate or greater 153 (17.4%) 52 (34.0%) 43 (28.1%)
Household income
Low 354 (40.3%) 79 (22.3%) 62 (17.5%)
Middle 243 (27.7%) 75 (30.9%) 58 (23.9%)
High 260 (29.6%) 61 (23.5%) 49 (18.8%)
Kin® <.001 <.001
Yes 717 (81.7%) 151 (21.1%) 111 (15.5%)
No 153 (17.4%) 64 (41.8%) 58 (37.9%)

Variable frequency is displayed by column for the total and row for outcomes. p-values represent statistically significant chi-square test.

* responded yes to outcome.

® separated, divorced, or widowed.
¢ biological relative of the adolescent.

https://doi.org/10.1371/journal.pone.0258082.t001

SD = 10.4), mostly women (91.2%, n = 801), racially and ethnically diverse (Black 54.4%
[n = 478]; White 31.7% [n = 278]; Latinx 8.0% [n = 70]; other 5.4% [n = 47]), and were pre-
dominantly biological parents or relatives of the adolescent (i.e., kin; 81.7%, n = 717). See
Table 1 for additional information regarding caregiver characteristics by outcomes. Adoles-
cents were nearly 16 years old on average (M = 15.8; SD = 0.5), were roughly evenly split on
gender (girls 51.6% [n = 453]; boys 48.4% [n = 425]) and varied in race/ethnicity (Black 54.4%
[n = 478]; White 24.4% [n = 214]; Latinx 7.2% [n = 63]; other 14% [n = 123]). In the present
sample, 18.1% (n = 159) of adolescents were in the clinical range for externalizing and 11.7%
(n = 103) for internalizing problems based on the Child Behavior Checklist (see description
below). See Table 2 for information on adolescent demographics, psychopathology, and recent
adversities by outcome.

LONGSCAN sites obtained approval to survey families from their local institutional review
boards. Caregivers/guardians provided written informed consent before each assessment and
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Table 2. Adolescent demographics, psychopathology, and recent adversities at age 16 interview by counseling outcomes.

Total Perceived need * p value Utilized * p value
Sample size 878 217 (24.7%) 171 (19.5%)
Sex
Female 453 (51.6%) 108 (23.8%) 84 (18.5%)
Male 425 (48.4%) 109 (25.6%) 87 (20.5%)
Race/ethnicity .003 .017
White 214 (24.4%) 70 (32.7%) 53 (24.8%)
Black 478 (54.4%) 94 (19.7%) 73 (15.3%)
Latinx 63 (7.2%) 19 (30.2%) 15 (23.8%)
Other 123 (14%) 34 (27.6%) 30 (24.4%)
Externalizing ” <.001 <. 001
Yes 159 (18.1%) 93 (58.5%) 71 (44.7%)
No 692 (78.8%) 120 (17.3%) 96 (13.9%)
Internalizing <.001 <.001
Yes 103 (11.7%) 66 (64.1%) 54 (52.4%)
No 748 (85.2%) 147 (19.7%) 113 (15.1%)
Recent adversities
Physical abuse <.001 <.001
Yes 118 (13.4%) 52 (44.1%) 40 (33.9%)
No 760 (86.6%) 165 (21.7%) 131 (17.2%)
Sexual abuse <.001 <.001
Yes 149 (17%) 59 (39.6%) 49 (32.9%)
No 729 (83%) 158 (21.7%) 122 (16.7%)
Emotional abuse .015 .032
Yes 238 (27.1%) 73 (30.7%) 58 (24.4%)
No 640 (72.9%) 144 (22.5%) 113 (17.7%)
Neglect <.001 <.001
Yes 149 (17%) 59 (39.6%) 49 (32.9%)
No 729 (83%) 158 (21.7%) 122 (16.7%)
Household violence < .001 .005
Yes 534 (60.8%) 156 (29.2%) 121 (22.7%)
No 344 (39.2%) 61 (17.7%) 50 (14.5%)
Household arrest/jail <.001 .001
Yes 171 (19.5%) 61 (35.7%) 49 (28.7%)
No 707 (80.5%) 156 (22.1%) 122 (17.3%)
Household substance use <.001 .001
Yes 171 (19.5%) 61 (35.7%) 49 (28.7%)
No 707 (80.5%) 156 (22.1%) 122 (17.3%)
Caregiver depression <.001
Yes 254 (28.9%) 84 (33.1%) 55 (21.7%)
No 553 (63%) 109 (19.7%) 96 (17.4%)

Variable frequency is displayed by column for the total and row for outcomes. p-values represent statistically significant chi-square test.
* responded yes to outcome.
Y CBCL clinical threshold (i.e., T-score above 63).

https://doi.org/10.1371/journal.pone.0258082.t002

adolescents provided written assent to participate. Approval to conduct secondary analysis on
the publicly available dataset was obtained from the Utah State University institutional review
board.
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Measures

Demographics. Demographic information regarding child sex and race/ethnicity were
collected at age 4. Caregivers reported their race/ethnicity, marital status, highest completed
level of education, relation to the adolescent, employment status, and household income dur-
ing the age 16 interview. Several demographic variables were condensed to reduce sparsity.
Caregiver and adolescent race/ethnicity were recoded into four levels: White, Black, Latinx,
other (i.e., Native American, Asian or Pacific Islander, Mixed, other). Marital status was
recorded into three levels: married, single, or separated/divorced/widowed. Two variables were
created to represent whether a caregiver attained a high school diploma or equivalent (i.e., yes
or no) and post-secondary training (i.e., none, vocational, associate or greater). A dichotomous
variable was created to represent whether the caregiver was a biological parent or relative of
the adolescent (i.e., kin, including biological parents, aunts, uncles, grandparents, etc.; versus
non-kin caregivers such as non-biological foster parents). An indicator was created to repre-
sent whether families reported incomes that fell below the federal poverty limit based on their
number of dependents during the year the age 16 interview was conducted. The remaining
57% were divided into medium and high income groups using a median split.

Perceived need for and utilization of adolescent counseling. Caregivers’ responded yes
or no to questions examining perceived need for adolescent MHS (i.e., “In the last year, did
[child’s name] ever need any type of counseling or therapy, outside of school, for a psychologi-
cal or behavioral problem?”), and if these services were utilized (i.e., “Did [child’s name] get
this professional service, in the last year?”).

Externalizing and internalizing behavior. The Child Behavior Checklist is a 113-item
questionnaire that assesses a broad variety of adolescent behavioral problems (CBCL) [23].
Parents reported the frequency of their adolescent’s problem behavior in the last six months
on a 3-point scale: not true, sometimes true, or often true. CBCL items form two composite
scores representing adolescent internalizing (e.g., depression, anxiety) and externalizing prob-
lems (e.g., aggression, delinquency). According to standardized scoring procedures, dichoto-
mous variables were calculated to indicate whether adolescents have or do not have clinically
elevated internalizing and externalizing problems (i.e., T-score above 63). The CBCL had
excellent internal consistency within the current sample for internalizing (o = .90) and exter-
nalizing (o = .94) problems scales.

Caregiver stressors. The Everyday Stressors Index (ESI) is a 20-item questionnaire
designed to assess chronic daily stress among caregivers. LONGSCAN adapted items from a
prior measure of caregiver stress (Daily Hassles Scale) to assess various types of chronic stress-
ors: role overload, financial concerns, parenting worries, employment problems, and interper-
sonal conflict [24]. Caregivers’ responses were: not at all bothered, a little bothered, somewhat
bothered, or bothered a great deal. While the ESI had good overall internal consistency within
the current sample (o = .86), we examined responses at the item level to gain a nuanced under-
standing of specific caregiver stressors associated with adolescent counseling outcomes that
could be obscured through the use of a global score.

Recent adversities. Eight dichotomous indicators were used to represent adolescent expo-
sure to recent adversities, similar to those included in recent studies [25, 26], prior to the age
16 interview, including: household illicit substance use, family member incarceration, witness-
ing violence involving a family member, caregiver depression, neglect, physical abuse, sexual
abuse, and emotional abuse. Indicators were derived using all available data from youth and
caregiver-report items, as well as CPS reports. We used indicators of CPS allegations of mal-
treatment based on findings that suggest that children with alleged and substantiated maltreat-
ment have similar risk for developing mental health and behavioral problems [27, 28].
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Physical abuse. A dichotomous indicator for adolescent physical abuse was derived from
caregiver and adolescent self-report, and CPS reports of physical abuse assessed at age 16 (i.e.,
no or yes). Endorsement of any of the following scales was coded as an adolescent who experi-
enced physical abuse prior to the age 16 interview. Caregivers completed the Conflict Tactics
Scales-Parent-Child version, which provided information on instances of severe (three items;
e.g., hit child with fist or kicked hard) and extreme (four items; e.g., burned or scalded child
on purpose) assault within the last year [29]. Adolescents reported on 12 dichotomous items
(i.e., no or yes) assessing a variety of caregiver physical abuse behaviors since age 13 (e.g., cut
or stabbed, shot at with a gun, punch with their hand), which were based on physical abuse
definitions used in the MMCS [20, 21]. Youth with an endorsement from caregivers or them-
selves, or a CPS allegation between ages 14-16 interviews were coded as having experienced
physical abuse.

Sexual abuse. A dichotomous indicator for adolescent sexual abuse was derived from ado-
lescent self-reports and CPS reports of sexual abuse assessed at age 16 (i.e., no or yes). Adoles-
cents reported sexually abusive caregiver behaviors since age 13 on 11 dichotomous items (i.e.,
no or yes; e.g., looking at private parts in sexual way, kiss or put mouth on parts or breast on
purpose), which drew from sexual abuse definitions used in the MMCS [20, 21]. Youth who
endorsed any of these items or had a CPS allegation between ages 14-16 interviews were
coded as having experienced sexual abuse.

Emotional abuse. A dichotomous emotional abuse indicator was derived from adolescent
and CPS reports of emotional abuse assessed as part of the age 16 interview (i.e., no or yes).
Adolescents reported emotionally abusive caregiver behaviors since age 13 on 12 dichotomous
items (i.e., no or yes; e.g., threatened or destroyed things important to the adolescent, scared or
upset adolescent by placing them in a situation where they may be hurt), which drew from
emotional abuse definitions used in the MMCS [20, 21]. Youth who endorsed any of these
items or had a CPS allegation between ages 14-16 interviews were coded as having experi-
enced emotional abuse.

Neglect. A dichotomous indicator of adolescent neglect was derived from CPS reported alle-
gations between age 14-16 interviews as there were no self-reported measures that provided
clear distinctions between neglected and non-neglected youth (i.e., no or yes).

Witnessed violence involving a family member. A dichotomous indicator representing
whether or not adolescents witnessed violence that involved a family member was derived
from caregiver self-report and whether domestic violence was indicated as a risk factor in CPS
allegations that adolescents received prior to the age 16 interview. Caregivers reported on the
Adult Violence in the Home questionnaire, which consisted of six dichotomous items (i.e., no
or yes) describing increasingly serious acts of violence between adults in the home ranging
from serious threats of violence to someone getting shot or raped within the last year [19].
Caregivers who endorsed any of these items or had a CPS allegation that included domestic
violence between ages 14-16 interviews were coded as having witnessed family violence.

Family member arrested or jailed. A dichotomous indicator was created to represent
whether a member of an adolescent’s household had been arrested or in jail within the last
year as reported at the age 16 interview (i.e., no or yes). This indicator was derived from care-
giver report on the Child’s Life Events questionnaire, which includes two dichotomous items
assessing whether members of the adolescent household had been arrested (i.e., “Was anyone
in the household arrested?”) or jailed (i.e., “Was anyone in the household jailed?”) during the
last year (i.e., no or yes) [30]. Endorsement of either of these items were coded as exposure to a
household member arrest and/or jailing prior to the age 16 interview.

Household substance use. A dichotomous indicator of exposure to household illicit sub-
stance use was derived from adolescent self-report and whether drug or alcohol use was
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indicated as a risk factor in any of the CPS allegations that adolescents received prior the age
16 interview (i.e., no or yes). Adolescents completed the Risk Behaviors of Family and Friends
questionnaire, which included six dichotomous items (i.e., 710 or yes) assessing whether they
had witnessed a member of their household use illicit drugs (i.e., marijuana, cocaine/crack,
meth/speed, inject drugs, use other drugs) and/or get drunk or high [31]. Youth who endorsed
any of these items or had a CPS allegation that included alcohol or drug use as a risk factor
between ages 14-16 interviews were coded as having household substance use.

Caregiver depression. During the age 16 interview, caregivers completed the Center for Epi-
demiologic Studies Depression Scale (CES-D), which consists of 20 items assessing symptoms
associated with depression (e.g., depressed mood, guilt, worthlessness, hopelessness, issues with
sleep) within the past week [32]. Internal consistency for the CES-D was excellent (o = .90)
within the current sample. The recommended clinical cut-off of 16 was used to distinguish
between caregivers who had clinical level depression and those who did not (i.e., no or yes) [31].

Analytic plan

Within the current sample, 18.6% (n = 163) of participants were missing at least one covariate.
Missingness was addressed through mode imputation, which replaced missing values for each
variable with the mode. Mode imputation is commonly used within the context of machine
learning as analyses focus on classification accuracy based on random permutation tests rather
than coefficients and p values that can be biased by this method [17, 33].

Chi-squared tests of independence were used to determine whether caregiver perceived
need for and utilization of counseling services for their adolescents differed by demographic
characteristics, specific youth psychopathology, and recent adversities. The elastic
net algorithm was then trained on 39 variables (i.e., demographics, parental stressors, youth
psychopathology, recent adversities) to classify counseling service need and utilization within
the last year [17]. Algorithm performance was assessed on individual cases using leave-one-
out cross-validation (LOOCV) to calculate classification accuracy and prevent overfitting [33].
LOOCYV removes a case at random from the data, trains elastic net on the remaining cases,
and tests the algorithm’s classification accuracy on the excluded case. LOOCYV repeats this pro-
cess until each case in the sample is excluded and used to validate the algorithm. Classification
probability thresholds were then tuned so that accuracy metric would reflect a balance between
sensitivity (i.e., probability of true positive) and specificity (i.e., probability of true negative)
[17]. Variables were ranked based on their relative importance, which represents the sum of
the decrease in classification error when a variable is included in the model as determined by
cross-validation. High value classifiers are identified through visual inspection of relative
importance figures. Variables that demonstrate large increase in relative importance over sub-
sequent covariates are known as high value classifiers [33]. High value classifiers were exam-
ined using a crosstabulation visualization to determine the nature of the relationship between
each high-value classifier and the corresponding outcome [34].

Results

Descriptive analyses

Perceived need for adolescent counseling services was greater among caregivers who were
White (34.2%; n = 95), separated/divorced/widowed (30.9%; n = 95), had a high school
diploma or equivalent (26.6%; n = 178), Associate’s degree or greater (34%; n = 52), and were
non-kin (41.8%; n = 64). Utilization of adolescent counseling services was greater among care-
givers who were White (27.3%; #n = 76), had a high school diploma or equivalent (21.2%;

n = 142), earned an Associate’s degree or greater (28.1%; n = 43), and were non-kin (37.9%;
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n = 58). Counseling utilization did not significantly differ by caregiver sex or income. See
Table 1 for caregiver demographics grouped by outcomes.

Caregiver-reported perceived need for and utilization of counseling services did not signifi-
cantly differ by adolescent sex. Caregivers of White adolescents reported greater need (n = 70;
32%) and utilization (n = 53; 24.8%) of MHS. Caregivers who reported clinical levels of youth
externalizing and internalizing problems reported higher rates of perceived need for and utili-
zation of adolescent counseling services. Caregivers who perceived a need for adolescent
counseling reported higher rates of service utilization (77%; x> [1, n = 878] = 576.51,

p < 0.001). Adolescents within the current sample experienced 2.33 (SD = 1.82) adversities on
average leading into the age 16 interview. Recent adversities were generally associated with
greater caregiver-reported need and utilization of counseling services, with the exception of
caregiver depression which was not significantly associated with the utilization of counseling
services. See Table 2 for adolescent demographics, psychopathology, and recent adversities by
counseling outcomes.

Perceived need

Within the current sample, 24.7% of caregivers (n = 217) reported perceiving a need for ado-
lescent counseling services in the last year. Elastic net identified a variety of factors that assisted
the algorithm in discriminating between caregivers who perceived a need for adolescent
counseling services and those who did not. See Fig 1 for variable importance for perceived
need for adolescent counseling. Visual inspection of the relative importance plot suggested
that clinically-elevated externalizing problems, caregiver stress regarding their child(ren)’s
behavior problems, and adolescent clinically-elevated internalizing problems were by far the
top classifiers of service need. These factors classified service need well (accuracy = 77.6%; sen-
sitivity = .77; specificity = .78), providing confidence in the importance of these high value fac-
tors. Crosstabulation visualizations suggest that caregiver stress related to child(ren)’s behavior
(i.e., a little bothered, somewhat bothered, bothered a great deal) and adolescent clinically-ele-
vated internalizing/externalizing problems were associated with greater reported perceived
need for services. S1 Fig shows important variable mosaics for service need.

Utilization

Within the current sample, 19.5% (n = 171) of caregivers reported utilizing adolescent counsel-
ing services in the last year. Elastic net selected fewer variables that aided the classification of
service utilization relative to need. See Fig 2 for variable importance in classifying adolescent
counseling utilization. Elastic net identified youth clinically elevated internalizing problems as
the top classifiers of caregiver utilization of adolescent counseling services. Internalizing prob-
lems was followed in importance by clinically elevated externalizing problems, caregiver stress
related to problems with youth behavior, and caregiver kinship with the adolescent. Elastic net
accurately classified 71% (sensitivity = .71; specificity = .71) of caregiver reported utilization of
adolescent counseling services. Crosstabulation visualizations suggest that adolescent clinical
externalizing/internalizing problems, being a non-kin caregiver, and stress related to child
(ren)’s behavior (i.e., a little bothered, somewhat bothered, bothered a great deal) were associ-
ated with a greater proportion of reported service utilization. See S2 Fig for important variable
mosaics for service need.

Discussion

The current study expands the literature through the identification of high value classifiers
associated with caregiver reported need for and utilization of psychological counseling services
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Elastic Net
77.6%

Adolescent clinical externalizing problems A
Problems with child(ren)'s behavior +
Adolescent clinical inter nalizing problems +
Difficulties with children's father o
Household income -

Adolescent physical abuse -

Caregiver kinship with adolescent -
Family member victim of violence -
Caregiver substance use A

Concern regarding child(ren)'s school perf ormance -
Caregiver education after high school -
Problems with transportation o

Having too many responsibilities -
Caregiver race/ethnicity -

Problems with friends/neighbors -
Concern regarding child(ren)'s health -
Caregiver marital status

Concerns over family members health -
Adolescent sexual abuse A

Adolescent neglect -

Caregiver high school diploma A
Household member arrested or in jail
Problems with being married/single
Problems holding a job -

Trouble finding employment

Problems with job or unemployed -
Owing money or getting credit A
Disagree with others over discipline
Difficulty getting along with family 4
Lack of money for necessities o

Feeling safe in neighborhood -
Caregiver depression symptoms -
Adolescent emotional maltreatment -
Housing problems A

Not enough personal time -

Taking care of other family ~

Caregiver sex A

Adolescent sex

0 25 50 75 100
Relative Importance

Fig 1. Relative importance of predictors of caregiver perceived need for adolescent counseling services. Predictors
that were reduced to zero are not ranked in order of importance. % represents balanced classification accuracy.

https://doi.org/10.1371/journal.pone.0258082.g001

for adolescents at-risk for childhood maltreatment and neglect. Algorithms utilizing informa-
tion on family demographics, chronic caregiver stressors, youth psychopathology, and expo-
sure to recent adversities achieved high levels of classification accuracy for caregiver perceived
need for and utilization of adolescent counseling services. Elastic net identified adolescent
symptomatology and parenting stress related to adolescents’ behavior as the most important
discriminators between caregivers who perceived a need for and utilized adolescent counseling
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Household income -
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Relative Importance

Fig 2. Relative importance of predictors of caregiver utilization of adolescent counseling services. Predictors that
were reduced to zero are not ranked in order of importance. % represents balanced classification accuracy.

https://doi.org/10.1371/journal.pone.0258082.g002

services and those that did not. Having a non-kin caregiver was specifically important in classi-
tying service utilization. These findings may represent the importance of adolescent psychopa-
thology and related parenting stress in alerting and mobilizing caregivers towards seeking
formal MHS for their youth.

While previous research has identified youth psychopathology and parenting stress related
to youth’s behavioral challenges as factors associated with child MHS utilization [7], our find-
ings suggest that these factors have greater discriminatory importance relative to traditional
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indicators of mental health disparities in classifying caregiver perceived need for and utiliza-
tion of adolescent counseling services (e.g., transportation, finances, race/ethnicity, adversity)
[8, 35, 36]. These findings suggest that when compared to other factors, adolescents’ mental
health challenges and associated parenting stress may be the primary driving forces determin-
ing whether at-risk families access adolescent counseling services. Our findings also confirm
the significance of caregiver kinship as an important discriminator between adolescents who
accessed counseling services and those that do not [7]. Prior research has documented lower
rates of MHS utilization among children living with biological parents or relatives versus those
with non-kin caregivers [15] and our findings suggest that this difference may persist into ado-
lescence. Youth living with kin caregivers may be less likely to access MHS as these families
receive less monitoring from CWS, have less funding and support for services, and fewer
chances for follow ups by caseworkers relative to adolescents in out-of-home-placements [37].

While some factors did not rise to the importance of high value classifiers in our analyses,
this does not suggest that they did not provide useful information regarding counseling out-
comes. Notably, elastic net had lower classification accuracy and selected fewer variables as
providing information regarding counseling utilization relative to those for perceived need.
These findings suggest that families may consider a wider range of factors when determining
whether their adolescent’s problems need formal intervention relative to subsequent stages
where they utilize MHS. Our findings support the notion that families weigh multiple variables
during the problem recognition stage (i.e., perceived need) to determine whether the adoles-
cent problems are sufficiently important and of a magnitude requiring formal intervention
[12, 13].

Implications

Professional evaluation of clinical need and referral to therapy is a common practice of alerting
families to the need for formal adolescent MHS [38]. Our findings highlight the importance of
assessing clinical need, caregiver stress related to their child(ren)’s behavior, and kindship
when engaging at-risk families in adolescent counseling services. Using these high-value indi-
cators, CWS providers may better determine which at-risk families need additional follow-up
and support towards identifying and engaging in MHS for adolescents in their care. Further-
more, our findings suggest that caregiver stress associated with adolescents’ challenges is an
important correlate of caregivers’ treatment-seeking behaviors; thus, alerting caregivers to the
notion that therapy may alleviate youth psychopathology and related caregiver stress may
increase their perceived benefits of and motivation to engage in adolescent counseling [39].
Our findings also highlight the need to identify and address potential barriers to accessing ado-
lescent counseling services among at-risk youths living with caregivers who are their biological
parent or relative.

Variables examined within the current study were better classifiers of perceived need rela-
tive to utilization of adolescent MHS. This difference may ultimately point to factors that help
CWS providers more accurately identify caregivers’ stage in the process of help seeking that
are appropriate for intervention (i.e., intention versus action as an example aligned with the
Theory of Planned Behavior) [40]. Our findings suggest that the problem recognition stage
(i.e., perceived need) may be a promising time for CWS providers to implement interventions
aiming to promote access to adolescent counseling services [13]. Caregivers’ perceived need
for services is mutable and can be increased through psychoeducation [12]. This understand-
ing coupled with clinical skills targeting decision making and behavioral change, such as Moti-
vational Interviewing, may support frontline workforces in more effectively directing families
towards care. Engaging kin caregivers in a program like the Family Check-Up (FCU) could
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provide additional monitoring and function as a gateway to youth MHS on as needed-basis
[41]. The FCU intervention provides referrals to youth MHS based on an ecological family
assessment and reduces ambivalence towards help seeking through the use of Motivational
Interviewing techniques [42].

Limitations

Findings from the current study should be viewed within the context of several limitations.
The algorithm used by the current study do not imply causal mechanisms explaining service
need/utilization but rather identified factors that are strong classifiers of group membership
(e.g., utilized or did not). The current study utilized cross-sectional data collected as part of the
age 16 wave of LONGSCAN. Thus, the causal order between classifiers and outcomes could
not be established. Research is needed to examine important classifiers identified by the cur-
rent study longitudinally to determine whether they predict caregiver reported counseling ser-
vice need and utilization across time. Importantly, it bears mentioning that while results from
the current study speak to high value correlates of caregivers’ perceived need for and utiliza-
tion of MHS for at-risk youth, they do not provide insight as to the specific variables most
important in determining whether or not caregivers detect a need for and seek treatment for
adolescents who meet clinical criteria for psychopathology. Keeping this limitation in mind may
consolidate the fact that we did not identify demographic factors such as income or ethnic/
racial minority status as high value contributors, with existing literature that speaks to the dis-
parities in MHS access experienced by families in these communities [8, 15].

Researchers may improve upon our classification accuracy through (a) the use of larger
datasets with a greater number of positive class examples, (b) utilization of more robust perfor-
mance metrics/validation (e.g., area under the receiver operator characteristic curve, 10-fold
cross-validation, separate validation test set), and (c) the inclusion of additional variables
known to impact mental health service utilization (e.g., stigma, shame, discrimination, health
insurance). Researchers may also consider utilizing a wider variety of classification algorithms
to identify those that best capture mental health service use (e.g., support vector machines, ran-
dom forest, neural networks gradient boosting machines). Future researchers may also con-
sider utilizing machine learning to examine predictors of other services that caregivers may
access to address youth psychopathology (e.g., telepsychology, mentorship programs, parent-
ing classes) [43, 44].

Conclusions

Existing research provides a broad understanding of factors that impact the utilization of nec-
essary MHS among youth who have experienced maltreatment and neglect; however, the
resource scarcity of and high demand on CWS agencies and the larger systems within which
they operate make it difficult to glean actionable insights from current science without prioriti-
zation for efficiency. Elastic net—and machine learning coupled with large, nuanced datasets
in general—shows promise in further advancing the field by highlighting new areas of study
and bridging the research-to-practice gap. Our findings suggest that caregivers are likely to
seek services for psychopathology, especially when they are experiencing stress related to man-
aging their adolescent’s behavior. The current study also highlights the need to identify and
address potential barriers to accessing adolescent counseling services among at-risk youth liv-
ing with their biological family relative to those in out-of-home care. This information may
assist stakeholders in more efficiently engaging adolescents at-risk for maltreatment and
neglect in counseling services.
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