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Implementation Science
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Impact of learning health systems 
on cross-system collaboration between youth 
legal and community mental health systems: 
a type II hybrid effectiveness-implementation 
trial
Lauren O’Reilly1*, Dayu Sun2, Katherine Schwartz1, Logan Gillenwater1, Allyson Dir3, Patrick Monahan2, 
Gregory A. Aarons4, Lisa Saldana5, Zachary Adams3, Tamika Zapolski3, Leslie Hulvershorn3 and 
Matthew C. Aalsma1 

Abstract 

Background Youth involved in the legal system have disproportionately higher rates of problematic substance use 
than non-involved youth. Identifying and connecting legal-involved youth to substance use intervention is critical 
and relies on the connection between legal and behavioral health agencies, which may be facilitated by learning 
health systems (LHS). We analyzed the impact of an LHS intervention on youth legal and behavioral health personnel 
ratings of their cross-system collaboration. We also examined organizational climate toward evidence-based practice 
(EBP) over and above the LHS intervention.

Methods Data were derived from a type II hybrid effectiveness trial implementing an LHS intervention with youth 
legal and community mental health centers (CMHCs) in eight Indiana counties. Using a stepped wedge design, 
counties were randomly assigned to one of three cohorts and stepped in at nine-month intervals. Counties 
were in the treatment phase for 18 months, after which they were in the maintenance phase. Youth legal system 
and CMHC personnel completed five waves of data collection (n=307 total respondents, ranging from 108-178 
per wave). Cross-system collaboration was measured via the Cultural Exchange Inventory, organizational EBP climate 
via the Implementation Climate Scale and Implementation Citizenship Behavior Scale, and intervention via a dummy-
coded indicator variable. We conducted linear mixed models to examine: 1) the treatment indicator, and 2) the treat-
ment indicator and organizational EBP climate variables on cross-system collaboration.

Results The treatment indicator was not significantly associated with cross-system collaboration. When includ-
ing the organizational EBP climate variables, the treatment indicator significantly predicted cross-system collabora-
tion. Compared to the control phase, treatment (B=0.41, standard error [SE]=0.20) and maintenance (B=0.60, SE=0.29) 
phases were associated with greater cross-system collaboration output.

*Correspondence:
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Conclusions The analysis may have been underpowered to detect an effect; third variables may have explained vari-
ance in cross-system collaboration, and, thus, the inclusion of important covariates may have reduced residual errors 
and increased the estimation precision. The LHS intervention may have affected cross-system collaboration percep-
tion and offers a promising avenue of research to determine how systems work together to improve legal-involved-
youth substance use outcomes. Future research is needed to replicate results among a larger sample and examine 
youth-level outcomes.

Trial registration Clinicaltrials.gov identifier: NCT04499079. Registered 30 July 2020. https:// clini caltr ials. gov/ study/ 
NCT04 499079.

Keywords Youth, Legal system, Juvenile justice, Behavioral health, Mental health, Community mental health, Cross-
system collaboration, Learning health system, Type II hybrid effectiveness implementation trial

Contributions to the Literature

• While future research is needed to analyze patient-level 
outcomes, improved cross-system collaboration rat-
ings offer insight into potential mechanisms of learning 
health systems on patient outcomes.

• Many personnel who rated cross-system collabora-
tion were not involved in certain components of the 
intervention (i.e., learning health system training and 
monthly cross-system meetings), suggesting improved 
collaboration for agency personnel who were not meet-
ing directly with the other system.

• Our differential results for cross-system collabora-
tion process and output underscore the importance 
of examining cross-system collaboration subdomains 
separately.

• Our analytic approach may offer a blueprint to those 
who implemented stepped wedge designs with clus-
tered data when data collection steps may have been 
disrupted (e.g., due to COVID-19).

Background
Youth involved in the legal system disproportionately use 
substances more frequently and earlier than youth who 
are non-legal-involved [1, 2]. An international review 
of detained youth suggested the median lifetime preva-
lence of substance use disorders to be 51% for males and 
59% for females (range: 11–100%), compared to approxi-
mately 7–11% in the general population [3]. Other studies 
among legal-involved youth found that lifetime preva-
lence was as high as 62% [4]. Despite the considerable 
need, many youth who are legal-involved are minimally 
connected to behavioral health care. Of those in need of 
substance use treatment, studies report between 48 and 
56% of youth reported having received substance use 
intervention [5, 6], in which the majority is delivered in 
residential or outpatient settings. Only 25% of youth on 
probation with identified mental health needs reported 
receiving care [7].

Strategies for addressing the treatment gaps and needs 
of youth involved in the legal system are critical for 
improving youth outcomes and development [8–10]. 
A national survey of substance use intervention offer-
ings among community supervision (i.e., probation) 
and behavioral health agencies found that, combined, 
approximately only one-third offered any substance use 
intervention for youth who are legal-involved; behav-
ioral health agencies were more likely to offer interven-
tions compared to community supervision agencies (45% 
vs 17%) [11]. Community supervision agencies have 
the advantage of identifying youth at risk for problem-
atic substance use yet have limited training or capacity 
to provide robust evidence-based substance use inter-
vention. Mental health agencies, on the other hand, are 
better equipped to provide substance use intervention 
yet may be limited in capacity to robustly identify legal-
involved youth who are at greatest need for behavioral 
health treatment. Therefore, building and strengthen-
ing the connection between systems (i.e., the youth legal 
and mental health systems) may offer a viable solution 
to address treatment gaps [12]. This sentiment echoes 
conclusions from prior studies. Qualitative results from 
focus groups of youth who are legal-involved, caregiv-
ers, behavioral health providers, and probation officers 
emphasized the importance of improving the collabora-
tion between probation and behavioral health agencies to 
facilitate care [13]. Findings from other studies examin-
ing legal, behavioral health, and other systems have iden-
tified strategies to improve cross-system collaboration 
such as increasing screening practices, facilitating treat-
ment referral, reducing redundancies in treatment activi-
ties, and coordinating ongoing care [12, 14].

Despite the potential benefits of coordination between 
the youth legal system (YLS) and behavioral health agen-
cies, collaboration remains limited. For instance, a study 
of nationally representative community supervision and 
mental health agencies paired within counties revealed 
that two-fifths of paired community supervision and 
behavioral health agencies were rated as low on indices 

https://clinicaltrials.gov/study/NCT04499079
https://clinicaltrials.gov/study/NCT04499079
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of cross-system collaboration [15]. While there is a natu-
ral impetus to build the connection between the YLS and 
behavioral health care organizations, numerous barriers 
impede effective collaboration, including a lack of formal 
protocols, a lack of informal working relationships, and 
differing philosophies across systems [16, 17]. Interven-
tions to address such barriers and facilitate the connec-
tion between systems may improve linkage to substance 
use intervention among youth involved in the legal 
system.

One intervention that may improve the connection 
between systems is implementation of a learning health 
system (LHS), which the National Academy of Medicine 
has endorsed as a model framework for improving health 
outcomes [18]. LHS is a quality improvement approach 
that aims to continuously integrate data, insights derived 
from data, and implementation of evidence-based solu-
tions into a health system. As an example, the state of 
Washington developed an LHS, Comparative Effective-
ness Research Translation Network (CERTAIN), which 
informed numerous studies targeting physical health 
conditions [19]. Within behavioral health domains, 
qualitative research examining strategies to improve the 
cross-system collaboration between child welfare and 
mental health has similarly highlighted the role of shar-
ing data and having joint decision-making meetings – 
common features of an LHS [14]. It is hypothesized that 
implementation of an LHS would yield greater cross-
system collaboration between YLS and behavioral health 
agencies. One prior study conducted qualitative inter-
views with YLS and behavioral health agency staff about 
their perceived utility of a data dashboard within LHS; 
results suggested data dashboard review may facilitate 
collaboration between systems [20]. However, there has 
been minimal systematic investigation of the association 
between the LHS and cross-system collaboration ratings 
between YLS and behavioral health agencies.

In addition to the inconsistent connections between 
youth legal and behavioral health agencies that may be 
strengthened through an LHS approach, the organiza-
tional climate towards evidence-based practices (EBPs) 
may influence the success of cross-system collaborations. 
Given differences in training, organizational culture, and 
beliefs about behavioral health, EBP climate may differ 
between youth legal and behavioral health settings. EBP 
climate may be reflected at the organizational and indi-
vidual level, with the latter often reflected through EBP 
citizenship behavior that aids in the adoption and main-
tenance of EBPs within an organization. Past research 
has demonstrated that both organizational support for 
EBPs and individual EBP citizenship were associated with 
EBP use [21, 22], yet more research is needed to under-
stand the association between cross-system collaboration 

and EBP climate. Research has identified that minimal 
cross-system collaboration among legal, mental health, 
and child welfare systems may hinder the adoption of 
EBPs, such as multi-systemic therapy [23]. Extending this 
research to examine the association between EBP cli-
mate and cross-system collaboration may offer an impor-
tant avenue for future studies to conceptualize how to 
increase availability of EBPs across systems.

To address these gaps in the literature, we leveraged 
data from a multi-site hybrid type II trial designed to 
evaluate whether an LHS approach could improve sub-
stance use services for youth involved in the legal sys-
tem. Specifically, we examined two aims: 1) quantify the 
impact of implementing an LHS between the YLS and 
local behavioral health agencies on personnel ratings of 
attitudes toward their cross-system collaboration, and 2) 
characterize the association between EBP implementa-
tion climate and rating of the cross-system collaboration 
over and above the impact due to LHS implementation. 
We hypothesized that the LHS would improve ratings of 
the cross-system collaboration exchange. We also pre-
dicted that YLS and behavioral health personnel’s ratings 
of EBP climate would be positively associated with cross-
system collaboration independent of the effect of imple-
mentation of the LHS.

Methods
Sample and setting: learning health system
The data were derived from the Alliances to Dissemi-
nate Addiction Prevention and Treatment (ADAPT) 
project, which aimed to evaluate an LHS between the 
YLS and community mental health centers (CMHCs) 
to improve the identification of risk for substance use 
disorders and connection to indicated care for youth 
involved in the legal system. ADAPT was designed as a 
cluster-randomized stepped wedge hybrid type II effec-
tiveness-implementation trial, in which eight counties in 
one Midwest state were enrolled in the study beginning 
in September 2020 through February 2024. Counties 
were eligible for participants if its rates of drug or opi-
oid overdose/prescriptions were above the state average 
or if they had fewer than the state average of behav-
ioral health providers per individual with substance 
use problems. Each county was randomly assigned to 
one of three cohorts, which were then stepped into the 
study’s active implementation phase with approximately 
nine months between each step. Cohort 1 included two 
counties. Cohorts 2 and 3 each included three coun-
ties. In ADAPT, the research team conducted separate 
needs assessments by system. Personnel from the YLS 
and CMHC that served each county were trained at the 
beginning of their implementation phase, met quarterly 
to review county-level data to develop solutions, and met 
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monthly to facilitate their cross-system collaboration. 
Participating counties had flexibility in choosing their 
ADAPT team (i.e., who would attend the initial training 
and participate in the monthly meetings). In addition to 
the site champions (often supervisors from each system), 
counties could choose to include an additional 1–2 repre-
sentatives from their YLS and 1–2 representatives from 
their CMHC. Examples of specific solutions identified 
and implemented within counties through their learning 
health system collaboration meetings included reserving 
a small number of appointments for YLS-referred youth 
to address long intake wait times at CMHCs, submitting 
a grant application to fund services for mild-moderate 
substance use disorders at CMHCs, and using standard-
ized substance use screening measures in YLS settings.

Each cohort was in the implementation phase for 
18 months, after which it was in the maintenance phase 
and was no longer required to engage in quarterly and 
monthly meetings. By study completion, the mainte-
nance phase was 19 months for cohort 1, 12 months for 
cohort 2, and 3  months for cohort 3. Additional details 
about the study design and rationale can be found in the 
published protocol [10]. Figure  1 summarizes the time-
line of the ADAPT study.

During the study, personnel from the YLS and CMHCs 
were identified via publicly available websites and staff 
contact lists provided by agency leaders. These person-
nel were invited to participate in five waves of survey 
data collection via email. They were emailed a personal 
link to a REDCap survey, which was preceded by a study 
information sheet that explained informed consent. If 
personnel did not consent to survey participation but 
completed the survey, survey data were removed from 
analysis. If personnel were no longer employed by the 
YLS or CMHC involved in the study, their information 
was removed from the research team’s contact list for 

subsequent survey waves. A consort diagram of survey 
participants can be found in Fig. 2. No harms were docu-
mented during the study.

ADAPT was approved by the first author’s Institu-
tional Review Board (Protocol #1,910,282,231) and was 
preregistered as a clinical trial (Clinicaltrials.gov identi-
fier: NCT04499079). Data are not made publicly available 
to preserve participant confidentiality but may be made 
available upon reasonable request. Analytic code is pub-
licly available at https:// github. com/ dayus un/ ADAPT/ 
blob/ main/ adapt_ bs_ final. html.

Measures
Demographics
Survey participants provided information regarding their 
age (18–25, 26–35, 36–45, 46–55, 56–65, ≥ 66  years), 
gender (female, male, transgender, nonbinary, prefer 
not to report), race (White, Black/African American, 
American Indian/Alaskan Native, Asian, Native Hawai-
ian/Pacific Islander, other, prefer not to report), ethnic-
ity (Hispanic/Latino(a), Non-Hispanic/Latino(a), do not 
know), time working at specific YLS or CMHC agency 
(< 1, 1–4, 5–9, 10–14, 15–19, ≥ 20 years), education level 
(high school, some college, Associate’s degree, Bachelor’s 
degree, Master’s degree, Doctorate degree), and job satis-
faction (very satisfied, satisfied, not satisfied/dissatisfied, 
dissatisfied, very dissatisfied). Age and job satisfaction 
were used from the first survey wave in which a partici-
pant responded.

Treatment indicator
According to the stepped wedge design, each county had 
data corresponding to a control (pre-implementation) 
phase, an intervention phase, and a maintenance (post-
implementation) phase. A dummy-coded indicator vari-
able was created (control phase = 0reference category; 

Fig. 1 ADAPT timeline

https://github.com/dayusun/ADAPT/blob/main/adapt_bs_final.html
https://github.com/dayusun/ADAPT/blob/main/adapt_bs_final.html
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intervention phase = “1”; and maintenance phase = “2”), 
which was considered the primary independent vari-
able of interest. Date and time data for each submit-
ted survey were used to categorize responses to the 

corresponding implementation phase (control, interven-
tion, maintenance).

Cross‑system collaboration
Cultural Exchange Inventory (CEI)
The CEI is a 15-item measure developed to capture the 
process and outcomes of the exchange of information, 
attitudes, and practices between individuals employed 
in different systems. Process was measured using seven 
items and included items such as, “I feel like we respect 
one another” and “I feel like they answer all my ques-
tions.” Output was measured using eight items and 
included items such as, “I feel like I am learning some-
thing from them” and “I feel like they are changing their 
practices because of this collaboration.” Each item is 
rated on a 7-point Likert scale ranging from “Not at all” 
to “A great deal.” Process and output are on comparable 
scales and can be compared directly.

Palinkas and colleagues (2018) originally developed 
the CEI through semi-structured individual interviews 
and focus group with individuals employed in the child 
welfare, child mental health, and YLS  [24]. The authors 
conducted an exploratory factor analysis on each domain 
(process and outcome) separately. The CEI demonstrated 
strong internal validity and support for convergent and 
discriminant validity. We recognized that the CEI has 
been minimally adopted outside the research group that 
developed the CEI, which warranted external investi-
gation of the measure’s factor structure. Therefore, for 
each domain, we assessed inter-item polychoric corre-
lations and exploratory factor analysis using maximum 
likelihood estimation. Polychoric correlations demon-
strated ranges of 0.53–0.90 and 0.70–0.87 for process 
and outcome, respectively. Factor analysis supported a 
single factor for process and a single factor for outcome; 
factor loadings ranged from 0.73–0.94 and 0.87–0.91, 
respectively. Our analyses supported the factor analytic 
structure proposed by Palinkas and colleagues (2018). 
Therefore, we examined each domain as a separate 
dependent variable. Scale scores were calculated by aver-
aging respective items within each domain (i.e., process, 
outcome). A graphical summary of scores across the five 
waves can be found in Appendix 1. While we examined 
CEI process and output separately, we investigated the 
correlation between the two domains. Pearson correla-
tion (r = 0.77) suggested overlap in the constructs (59% 
shared variance) but also notable distinction (41% unique 
variance).

Organizational climate and citizenship behavior
Implementation Climate Scale (ICS)
The ICS is an 18-item measure designed to capture the 
organization climate that may affect the outcomes of 

Fig. 2 Consort diagram of survey participants
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EBP implementation. The ICS has demonstrated strong 
internal consistency and construct validity [25]. Exter-
nal validation studies supported the internal consist-
ency and concurrent validity of the scale [26–28]. In the 
present study, participants were asked to rate the extent 
to which they agreed with items following the prompt, 
“Evidence-based practice (EBP) is the integration of the 
best research evidence, clinical expertise and patient 
needs that will result in the best patient outcomes. For 
the purposes of this survey EBP refers to substance use 
screening, referral, and appropriate substance use treat-
ment.” Six dimensions are measured: focus on evidence-
based practice (e.g., “One of the team’s main goals is to 
use evidence-based practices effectively”), educational 
support for EBP (e.g., “This team provides evidence-
based practice trainings or in-services"), recognition for 
evidence-based practice (e.g., “Staff on this team who use 
evidence-based practices are seen as experts”), rewards 
for evidence-based practice (“The better you are at using 
evidence-based practices, the more likely you are to get a 
bonus or a raise”), selection for evidence-based practice 
(“This team selects staff who value evidence-based prac-
tice”), and selection for openness (“This team selects staff 
open to new types of interventions”). Participants were 
asked to rate responses on a five-point Likert scale from 
“Not at all” to “Very great extent.” Consistent with sug-
gestions from previous research, we created an average 
score of all 18 items to assess implementation climate at 
the work group level for our analyses [25].

Implementation Citizenship Behavior Scale (ICBS)
The ICBS is a six-item measure of individuals’ ratings 
of their behavior toward staying informed about EBPs, 
as well as helping others and the organization imple-
ment and use EBPs. The measure was designed to deter-
mine the extent to which individual employees exceed 
job expectations or requirements that facilitate the EBP 
implementation. ICBS has demonstrated strong internal 
consistency and construct validity [29]. External studies 
have validated the measure within [30] and outside [31] 
the U.S. While the ideal approach is to have supervisors 
rate subordinates on observed citizenship behaviors, in 
this study respondents were asked to rate the frequency 
with which they perform each of the behaviors on a five-
point Likert scale from “Not at all” to “Frequently, if not 
always.” Items include, “Helping others with responsi-
bilities related to the implementation of evidence-based 
practices” and “Helping teach evidence-based practice 
implementation procedures to new team members.” For 
analyses, we created an average score of all six items con-
sistent with prior research [29].

Note that the CEI, ICS, and ICBS were included in 
each wave of survey data collection.  Responses were 

timestamped with date and time to verify correspond-
ence with the intended timepoint and intervention phase.

Analyses
We conducted two sets of maximum-likelihood linear 
mixed models in RStudio version 4.2.2 [32] using the 
lme4 package (version 1.1–35.2) corresponding to our 
two aims. For Aim 1, each dependent variable was mod-
eled in a separate model and regressed on fixed effects for 
the treatment indicator and dummy-coded demographic 
covariates (age, race, gender, ethnicity, time at agency, 
highest education level, and job satisfaction). All covari-
ates were determined a priori.

Survey respondents may have entered/exited the sam-
ple across waves or may have only answered one wave 
due to staff turnover. To account for this data structure, 
we included random effects for the participant identifier 
to account for autocorrelation of repeated survey meas-
ures within individual. We also included the interaction 
between county and system (YLS vs. CMHC) to account 
for the within-county nested data.

To adjust for potential confounding due to time, we 
first attempted to specify wave of survey data collection 
as a dummy-coded indictor. However, due to the onset of 
COVID-19 pandemic, Cohorts 1 and 2 were stepped into 
the survey data collection at the same time (see Fig.  2), 
disrupting the data collection schedule. As a result, the 
indicator for wave of survey collection was highly col-
linear with the treatment indicator. Instead, we included 
fixed effect parameters using a cubic B-spline model. 
We a priori choose a specification of three inner knots 
aligned with prior literature [33, 34] for six total param-
eters. Time was modeled continuously as days since start 
of the trial, which was made possible by the survey sub-
mission timestamp. The spline regression also accounted 
for discrepancy between planned and actual response 
time of personnel within counties and therefore more 
exactly accounted for actual temporal effect than would 
have been possible with a wave indicator.

For Aim 2, in addition to the parameters outlined 
above, we aimed to determine the association between 
EBP organizational citizenship behavior and climate and 
cross-system collaboration over and above the treatment 
indicator. Therefore, we included the ICS and ICBS vari-
ables as fixed effects variables in the model.

Results
The total sample was 307 unique individuals with 
738 measurements across waves. The total number 
of respondents by wave ranged from 108 (wave 5) to 
178 (wave 1). The sample was predominantly White 
(92%), non-Hispanic/Latino(a) (94%), and female gen-
der (80%).  Approximately 30% of the sample were aged 
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26–35  years old. Most individuals (~ 60%) had been at 
their agency between 1–9  years, and had a Bachelor’s 
(45%) or Master’s degree (41%). Approximately 85% of 
individuals rated their job satisfaction as either satisfied 
or very satisfied. See Table 1 for a demographic descrip-
tion of the sample.

For Aim 1, the treatment indicator was not statistically 
significantly associated with CEI process or CEI output, 
nor were any of the spline knot parameters. However, 
when the ICS and ICBS parameters were included (Aim 
2), we found that the treatment phase (B = 0.41, Stand-
ard Error (SE) = 0.20) and maintenance phase (B = 0.60, 
SE = 0.29) were associated with greater reported CEI out-
put compared to the control phase. Stated differently, the 
treatment and maintenance phase were associated with a 
0.41 and 0.60 increase in the mean rating on CEI output, 
respectively, compared to the control phase.

Additionally, we found that both the ICS (B = 0.62, 
SE = 0.08) and ICBS measures (B = 0.30, SE = 0.06) were 
positively associated with CEI process, as well as CEI 
output (B = 0.51, SE = 0.09 and B = 0.34, SE = 0.07, respec-
tively, for ICS and ICBS). Results can be interpreted as 
for every one unit (i.e., 1.0 increment of mean score) 
increase of the ICS, there was a 0.62 and 0.51 increase 
in the mean on the CEI process and output, respectively. 
See Table 2 for the summary of results. For details about 
covariates in linear mixed models, Appendix  2 includes 
regression parameter estimates with standard errors 
and Appendix 3 presents Type III omnibus F test results 
using Satterthwaite’s method for calculating approximate 
degrees of freedom. Refer to Appendix 4 for the graphical 
representation of the estimated B-spline temporal effect 
for CEI process and output.

Discussion
The aims of the current paper were to examine the asso-
ciation between developing and implementing an LHS 
between the YLS and CMHCs on personnel ratings of 
the cross-system collaboration, as well as to examine 
the association between EBP climate and the cross-sys-
tem collaboration over and above the impact attributed 
to the LHS intervention.  The results suggest that when 
EBP climate variables (ICBS and ICS) were not included 
in the model, the LHS was not associated with ratings 
of the cross-system collaboration (Aim 1). However, 
when measures of EBP implementation citizenship were 
included (Aim 2), not only were these variables positively 
associated with ratings of cross-system collaboration, but 
so was the treatment indicator. In particular, the experi-
mental and maintenance phase of the LHS intervention 
were predictive of perceived output of the cross-system 
collaboration.

Table 1 Sample demographics

a Based on 103 unique individuals. bBased on 204 unique individuals

Variable YLS CMHC

N (%)a N (%)b

Age

 18–25 years old 7 (6.8) 31 (15.2)

 26–35 years old 19 (18.4) 73 (35.8)

 36–45 years old 29 (28.2) 48 (23.5)

 46–55 years old 31 (30.1) 30 (14.7)

 56–65 years old 16 (15.5) 17 (8.3)

 66 or older 0 5 (2.5)

 Missing 1 (1.0) 0

Race

 American Indian/Alaskan Native 0 0

 Asian 1 (1.0) 3 (14.7)

 Black/African American 6 (5.8) 6 (2.9)

 Multiracial 1 (1.0) 2 (1.0)

 Native Hawaiian/Pacific Islander 0 0

 White 91 (88.3) 191 (93.6)

 Prefer not to answer 2 (1.9) 0

 Missing 2 (1.9) 2 (1.0)

Ethnicity

 Hispanic/Latino(a) 4 (3.9) 9 (4.4)

 Non-Hispanic/Latino(a) 96 (93.2) 192 (94.1)

 Unknown 3 (2.9) 3 (1.5)

Gender

 Female 75 (72.3) 167 (81.9)

 Male 26 (25.2) 33 (16.2)

 Transgender 0 0

 Nonbinary 0 3 (1.5)

 Prefer not to answer 0 3 (1.5)

 Missing 2 (1.9) 1 (0.5)

Time at Agency

 < 1 year 12 (11.7) 43 (21.1)

 1–4 years 28 (27.2) 83 (40.7)

 5–9 years 17 (16.5) 53 (26.0)

 10–14 years 10 (9.7) 13 (6.4)

 15–19 years 14 (13.6) 3 (1.5)

 ≥ 20 22 (21.4) 7 (3.4)

 Missing 0 2 (1.0)

Education

 High School 1 (1.0) 2 (1.0)

 Some College 3 (2.9) 7 (3.4)

 Associate’s degree 0 6 (2.9)

 Bachelor’s Degree 67 (65.0) 72 (35.3)

 Master’s Degree 19 (18.4) 108 (52.9)

 Doctorate Degree 13 (12.6) 9 (4.4)

Job Satisfaction

 Very Satisfied 41 (39.8) 50 (24.5)

 Satisfied 54 (52.4) 119 (58.3)

 Not satisfied/dissatisfied 6 (5.8) 25 (12.3)

 Dissatisfied 0 10 (4.9)

 Very dissatisfied 2 (1.9) 0

M (SD)

 ICS 2.34 (0.67) 2.56 (0.78)

 ICBS 2.46 (0.92) 2.55 (0.95)
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These results suggest that Aim 1 may have been under-
powered to detect an association between the LHS inter-
vention and cross-system collaboration ratings, and the 
inclusion of additional statistically significant covari-
ates may have reduced residual errors in the estimation 
increasing the precision of the coefficient estimate and 
the possibility of finding a significant result, potentially 
through adjusting for confounding and by reducing col-
linearity between the stepped-wedge study design and 
time. Notably, the standard errors decreased when 
including covariates, further evidencing reduced sta-
tistical power for Aim 1. Therefore, two main findings 
emerged: 1) while not definitive due to nonsignificant 
findings without covariates, the LHS intervention may 
have affected perceived output from the cross-system 
collaboration, and 2) EBP organizational climate and citi-
zenship behavior were positively associated with cross-
system collaboration ratings even when controlling for 
the effect of the LHS implementation.

First, compared to the control phase, implementation 
of the LHS was predictive of increases in the ratings of 
the cross-system collaboration output, which includes 
items that measure perceptions of learning from, teach-
ing, changing opinions about, and changing practices 
within the other system. Specifically in this study, the 
implementation phase of the LHS included quarterly 

review of county-level data and monthly hour-long 
meetings between the YLS and CMHCs facilitated by a 
research staff member. Formal meetings facilitated by the 
research staff member ceased during the maintenance 
phase, although counties were encouraged to continue 
meeting; anecdotal evidence suggests a few counties 
continued meeting. Positive association with cross-
system collaboration output ratings is consistent with 
our hypothesis that the LHS has promising potential to 
improve ratings of the collaboration between the YLS and 
CMHCs. Prior qualitative research facilitating academic-
community partnerships among behavioral health, legal, 
child welfare, and school systems suggested that cross-
system discussions led to sharing and expanding resource 
knowledge [35]. While ADAPT differs in its intervention, 
frequent meetings with cross-systems partners may have 
increased perceived output of such meetings.

Notably, we did not observe an association between the 
LHS intervention and perceived cross-system collabora-
tion process (e.g., beliefs that systems work well together, 
understand, and respect each other). The null findings 
were inconsistent with our hypotheses. It is possible 
that low power influenced null results. This is consistent 
with the finding that the treatment coefficients for pro-
cess were not that much smaller than the coefficients for 
output, suggesting that the intervention may have had a 
smaller but positive impact on process and a larger sam-
ple size may have shown significant results for process. 
However, the potential for a positive impact of the inter-
vention on process in a larger sample is only conjecture 
at this point, given that the effect was non-significant in 
this study. Furthermore, it is possible that the effect of the 
LHS is differentially impactful for perceived output but 
not process. While measures of cross-system collabora-
tion process and output were correlated in the current 
sample, results indicate the importance of studying the 
two domains as separate. While cross-system collabora-
tion process and output are theoretically interrelated, it is 
possible that positive ratings of process are not necessary 
for positive ratings of output in this population, setting, 
and intervention. For example, process items included, “I 
feel like we understand one another” and “I feel like they 
answer all my questions.” Endorsement of such items may 
not be necessary to endorse output items (e.g., “I feel like 
they are learning from me”). Given that the intervention 
aimed to facilitate development of localized solutions 
derived from data, meetings may have been more effec-
tive in establishing shared objectives rather than fostering 
and deepening the cross-system relationship. Also, most 
YLS and CMHC staff surveyed were not involved in the 
monthly and quarterly meetings. Perceptions of cross-sys-
tem collaboration process (e.g., respect, understanding) 

Table 2 Results from linear mixed models

CEI Cultural Exchange Inventory, ICS Implementation Climate Scale, ICBS 
Implementation Citizenship Behavior Scale
* p < 0.05 **p < 0.01 aBased on 661 repeated measurements, 287 unique 
individuals. bBased on 662 repeated measurements, 288 unique individuals. 
cBased on 629 repeated measurements, 280 unique individuals. dBased on 630 
repeated measurements, 281 unique individuals

Outcome (B, SE)

Aim 1 Aim 2

Predictor CEI  Processa CEI  Outputb CEI  Processc CEI  Outputd

Treatment Indicator

 Control REF REF REF REF

 Treatment 0.32 (0.22) 0.37 (0.22) 0.36 (0.21) 0.41 (0.20)*

 Mainte-
nance

0.31 (0.32) 0.46 (0.32) 0.51 (0.31) 0.60 (0.29)*

Spline Parameter

 Basis 1 -1.47 (1.20) -0.16 (1.23) -0.98 (1.12) 0.24 (1.15)

 Basis 2 -0.39 (0.46) -0.37 (0.47) -0.41 (0.43) -0.46 (0.44)

 Basis 3 -0.72 (0.69) 0.18 (0.70) -0.75 (0.65) 0.12 (0.65)

 Basis 4 -0.16 (0.70) -0.16 (0.71) -0.32 (0.67) -0.31 (0.67)

 Basis 5 -0.79 (0.98) -0.03 (1.00) -0.61 (0.94) 0.01 (0.96)

 Basis 6 -0.33 (0.75) -0.02 (0.76) -0.52 (0.72) -0.23 (0.72)

 ICS - - 0.62 (0.08)** 0.51 (0.09)**

 ICBS - - 0.30 (0.06)** 0.34 (0.07)**
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may not have been affected by the LHS intervention for 
survey respondents. Changes in system practices, for 
example, which may have been disseminated by individu-
als attending the meetings, may be more salient to survey 
respondents. Future research would benefit from exam-
ining item-level responses to tease apart potential differ-
ences within the domains of cross-system collaboration 
process and output (e.g., understanding, respect, time 
devotion within process), as well as analyzing subgroups 
of respondents by job role and/or involvement in different 
aspects of the intervention (e.g., weekly/quarterly meet-
ings with the other system).

Second, self-rated EBP organizational climate and citi-
zenship behavior were positively associated with cross-
system collaboration process and output ratings. These 
associations were observed in models adjusting for the 
effects of the LHS. Above the effects of the LHS, meas-
ures of EBP climate were strongly associated with cross-
system collaboration. Due to the lack of experimental 
manipulation of organizational climate and citizenship 
behavior, we cannot infer causality between these vari-
ables and cross-system collaboration ratings. It is pos-
sible that they bidirectionally affect one another; future 
research would benefit from modeling such a relation-
ship and identifying ideal points of intervention and 
matching specific interventions to specific systems. 
Regardless, however, the observed associations may align 
with prior research. For example, one study found that 
probation staff that had higher ratings of their agency 
reported more positive attitudes toward EBPs [36], which 
has been linked with organizational EBP support [21]. 
While Viglione and Blasko [36] looked within agency, the 
authors suggested that EBP beliefs may influence organi-
zational commitment. In the current study, EBP climate 
may influence or reflect one’s commitment to address-
ing complex public health problems or openness to new 
ideas, feedback, and innovative solutions. In fact, prior 
research suggested that while probation officers sup-
ported EBPs for staff supervision, they were concerned 
about support for innovation and collaboration within 
their agency [37]. Likewise, EBP climate measures may be 
related to perception of within and cross-system collabo-
ration support.

Strengths and limitations
The current study is the first of our knowledge to exam-
ine the impact of implementing an LHS between the 
YLS and CMHCs and ratings of the cross-system col-
laboration. While we focused our analysis on a proximal 
outcome (ratings of the cross-system collaboration), we 
are ultimately interested in how LHS affects behavioral 
health service utilization among legal-involved youth 

(potentially mediated by the cross-system collabora-
tion). One study that aimed to strengthen the collabora-
tion among detention centers and mental health agencies 
found that detained youth who received individualized 
treatment plans and case management  endorsed fewer 
behavioral health symptoms post-detention-release [38]. 
While this study did not randomize youth to interven-
tions, results suggested that collaborations between 
legal and mental health organizations may impact 
youth-level outcomes. The current study also utilized a 
stepped wedge design, which allowed for ethical rand-
omization of the LHS, which is especially important in 
community-engaged research. While the stepped wedge 
design allows for potential time confounding adjustment, 
previous researchers have commented on the minimal 
research examining how to include such adjustment 
[39]. Our indicator variable for wave of survey collection 
was highly collinear with our treatment indicator. Mod-
eling time using splines allowed us to accomplish a non-
parametric adjustment for the potentially confounding 
impact of temporal or secular trends.

The results should be contextualized within the fol-
lowing limitations. First, as mentioned above in the 
interpretation of our findings, our study may have been 
underpowered to detect an effect between the LHS and 
cross-system collaboration ratings. While the inclusion 
of additional covariates and use of splines may have 
increased power through the reduction in collinearity, 
the susceptibility of stepped wedge designs to bias and 
reductions in power due to logistical interruptions of 
planned design and due to misspecifications of secu-
lar trends, remains a challenge [40]. Second, consist-
ent with prior literature [41], we observed considerable 
staff turnover throughout the study, which reduced the 
number of eligible participants throughout the study. 
Staff turnover and survey attrition may have also hin-
dered impact on the LHS, as new employees would 
not have participated in intervention-related training 
or regular meetings with staff from the other system; 
frequent staff turnover may have had negative impacts 
on cross-cultural collaboration, since new employees 
had few opportunities to develop connections with 
the other system or to form opinions of their interac-
tions. Third, the LHS under investigation in the cur-
rent study included numerous components, such as the 
development of a data dashboard to disseminate local 
data, review of local data, development of localized 
solutions, and frequent meetings between the YLS and 
CMHCs. It is unclear whether one, a few, or a unique 
combination of those components are responsible for 
the observed results. Qualitative and mixed-methods 
studies, in addition to specialized quantitative designs 
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(e.g., fractional factorial randomized trials) [42], may 
provide greater insights into the perceived benefits of 
the intervention to directly inform component trial 
designs. Regardless, however, analyses in the current 
investigation using a stepped wedge design offers incre-
mental understanding into an LHS intervention that 
has the potential to impact youth outcomes.

Conclusion
In the current investigation, we examined the imple-
mentation of an LHS between the YLS and CMHCs 
in hybrid Type II effectiveness-implementation trial 
on ratings of their cross-system collaboration. While 
our study was challenged by low power and collinear-
ity between time and the implementation variable, our 
findings offer tentative support that the LHS improved 
ratings among YLS and CMHC personnel on the out-
put of their cross-system collaboration. Future research 
should consider the impact of LHS interventions on 
youth-specific outcomes.
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