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ABSTRACT 

In this grant report, we describe our project to expand measurement-
based psychiatric care across 6 early psychosis treatment teams in 
Minnesota, and to provide a neuroscience-informed cognitive training and 
motivation enhancement program for individuals with early psychosis. 
This project is part of the NIMH Early Psychosis Intervention Network 
(EPINET) initiative which seeks to link data from treatment centers 
nationally that offer evidence-based specialty care to persons 
experiencing early psychosis. Systematic analyses of pooled data collected 
in EPINET will help inform methods for early psychosis care, psychosis 
risk factors, and pre-emptive interventions. As part of the national EPINET, 
our hub (Early Psychosis Intervention-Minnesota, EPI-MINN), will: (1) 
provide measurement-based care in coordinated specialty care programs 
for early psychosis, (2) determine whether a structured feedback report 
provides benefit to stakeholders—service users, family members, and 
primary clinicians, and (3) explore whether deficits in cognition and 
motivated behavior—two domains that significantly impact functioning 
and overall quality of life in early psychosis—can be addressed as key 
treatment goals by implementing a 12-week mobile intervention. Using a 
regression discontinuity design, participants will be randomized to the 
cognitive training and motivational enhancement intervention or to 
treatment as usual. The intervention consists of neuroscience-informed, 
computerized auditory and social cognitive training exercises, as well as a 
mobile app where participants interact with each other and with a 
motivational coach. Participants will complete assessments at 4 time 
points: baseline and post-intervention (i.e., at 6 months), and again at 12 
and 18 months to test the long-term effects of the intervention. All 
assessments and interventions in this project can be completed entirely 
remotely.  

 Open Access 

Received: 02 July 2020 

Accepted: 09 October 2020 

Published: 16 October 2020 

Copyright © 2020 by the 

author(s). Licensee Hapres, 

London, United Kingdom. This is 

an open access article distributed 

under the terms and conditions 

of Creative Commons Attribution 

4.0 International License. 

https://doi.org/10.20900/jpbs.20200023
https://jpbs.hapres.com/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


 
Journal of Psychiatry and Brain Science 2 of 25 

KEYWORDS: measurement-based care; cognitive training; first episode 
psychosis 

INTRODUCTION 

Schizophrenia and related psychotic disorders are low prevalence 
disorders with a high global disease burden. In 2016, global prevalence 
was found to be 0.28%. Over 70% of those with schizophrenia were in the 
age group of 25–54. As people with schizophrenia are more likely to be 
unemployed and more dependent on others for daily living support, the 
burden is large as this is an age group that is generally the most 
economically productive [1]. Despite the low prevalence, treatment needs 
are often not being met. In a meta-analysis investigating recovery rates, 
only 13.5% of patients with schizophrenia and related psychoses met 
criteria for recovery (measured with both clinical and social scales) [2]. 
Early intervention has shown to be crucial in psychotic illnesses, and 
coordinated specialty care programs have been developed to provide 
comprehensive early intervention services. Coordinated specialty care 
programs include services such as psychotherapy, medication 
management, psychoeducation, and work or education support.  

Coordinated specialty care programs, such as the Recovery after an 
Initial Schizophrenia Episode (RAISE) Early Treatment Program (ETP), 
represent an exciting new evidence-based intervention for psychosis 
spectrum disorders [3]. However, RAISE-ETP benefits in quality of life 
were seen primarily during the first 6 months of treatment, and only for 
individuals whose duration of untreated psychosis was <74 weeks. Thus, a 
key scientific question from the RAISE study is: Can coordinated specialty 
care be enhanced in order to generate greater benefits for more 
individuals?  

SPECIFIC AIMS 

The purpose of this project is to expand measurement-based 
psychiatric care across 6 early psychosis treatment teams, distributed 
across 4 different clinical sites in Minnesota, each providing coordinated 
specialty care and in total serving approximately 200 individuals per year. 
Our first goal is to efficiently deploy valid longitudinal outcome measures 
across each team, implement state-of-the-art informatics tools, and 
aggregate pooled data to inform and support program evaluation activities 
as well as novel data-driven analytics. Our approach will be enhanced by 
use of a central assessment team to provide highly reliable remote 
diagnostic evaluations across all sites. Second, we propose a practice-
based research project that seeks to answer two questions: (1) Does a 
structured personalized feedback session that includes an explicit focus 
on cognition and motivated behavior provide benefit to stakeholders—
service users, family members, and primary clinicians? (2) Can cognition 
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and motivated behavior be addressed as key treatment goals within real-
world settings, using a 12-week mobile intervention program? 

Targeting cognitive impairment early in treatment could improve 
outcomes, particularly for more impaired individuals. We have previously 
shown that auditory cognitive training can be successfully delivered on a 
mobile device to individuals with early schizophrenia, resulting in 
significant gains in global cognition and lower symptoms that endure 6 
months after the intervention [4,5]. We have found that adding social 
cognitive training exercises further improves measures of motivated 
behavior [6]. 

A strong body of evidence also indicates that motivational impairment 
is a determining factor for quality of life and functional outcome in early 
psychosis. We recently showed that a 12-week mobile digital health 
coaching and social networking app designed to target motivated behavior 
in early psychosis resulted in significantly greater improvements in self-
reported depression, defeatist beliefs, self-efficacy, and a trend towards 
improved motivation/pleasure and negative symptoms (compared to a 
wait-list control) [7]. These improvements were maintained when re-
assessed 3 months after the end of the trial.  

Therefore, our central scientific premise is to investigate the potential 
benefits of targeting cognitive functioning and motivation in people with 
early psychosis, using a well-defined 12-week mobile intervention 
program that combines cognitive training with a coaching and social 
networking app.  

Aim 1: Establish Highly Reliable Measurement-Based Psychiatric 
Care for 200 Early Psychosis Individuals per Year across 6 Clinical 
Teams; Harness Data for Novel Predictive Analyses 

A. Partner with six coordinated specialty care teams in Minnesota to 
implement standardized clinical assessments, timely feedback to 
clinicians about patients’ progress, and systematic monitoring of key 
outcomes. Establish the informatics platform to collect, aggregate, and 
manipulate clinical encounter data to support data-guided fidelity 
monitoring and quality improvement. Interface with EPINET National 
Coordinating Data Center.  

B. Use aggregated clinical encounter data to perform novel data-driven 
trajectory analyses, predictive modeling, and causal discovery analyses to 
uncover potential determinants of outcome that might suggest treatment 
program refinements and/or personalized courses of treatment.  

Aim 2: Investigate Potential Benefits of Identifying Cognitive 
Functioning and Motivated Behavior as Explicit Treatment Targets in 
Early Psychosis; Study a Well-Defined 12-Week Mobile Intervention 
Program to Address These Targets 

A. Implement brief, reliable, digitally-supported measures of cognition 
and motivated behavior as part of the clinical assessment process. 
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Determine the benefit to stakeholders of providing measurement-based 
personalized feedback about cognition and motivation as part of the 
evaluation and treatment-planning process.  

B. Investigate the six-month, twelve-month and eighteen-month effects 
post-intervention of a 12 week mobile cognitive training program that 
includes social cognition training, combined with an evidence-based 
mobile app targeting motivation in early psychosis, using a cut-off based 
design (variant of regression discontinuity design).  

SIGNIFICANCE 

Aim 1A: Measurement-Based Psychiatric Care Results in Enhanced 
Outcomes 

The goal of AIM 1A is to establish a coordinated and integrated 
approach to measurement-based care across 6 early psychosis treatment 
teams taking place across 4 different clinical sites. Measurement-based 
care (MBC) is a strategy to support evidence-based psychiatric treatment 
[8]. A key feature of evidence-based treatment is continuous assessment 
and feedback to patients to understand how symptoms and functioning 
are responding to treatment strategies. As well as assessing fidelity to 
maximize treatment outcomes and providing staff supervision to support 
and hone clinical effectiveness. MBC in psychiatric settings results in 
increased satisfaction with care, improvements in therapeutic outcomes, 
and decreases in symptom severity [9–11]. MBC is furthermore associated 
with improvements in clinical effectiveness and improved coordination 
and collaboration between individuals and their treatment providers [11]. 
Reductions in health care costs seen with MBC often are linked to an 
increased ability to evaluate quality improvement [9,12,13]. 

Deploying MBC in real-world settings has primarily focused on 
symptoms, but it can also be used to assess functioning, mechanisms of 
change, and the treatment process itself (session feedback, therapeutic 
alliance, etc.) [13]. MBC along with measurement-based feedback are key 
drivers of precision mental health, but it is vital that there are standard 
measures with established reliability and validity [14]. Clinicians involved 
in MBC deliver a practice-based evidence approach aided by regular and 
consistent assessments with patients; the feedback delivered to patients 
and clinicians results in a better shared understanding of individualized 
treatment and modifications to enhance patient outcomes [8]. Utilizing 
MBC allows providers to be more precise through regular targeted 
assessments of key clinical outcomes [11]. The benefits of MBC are 
maximized and sustained when there is simultaneous monitoring of 
treatment and fidelity outcomes along with timely feedback to service 
providers and patients [8,13]. MBC and MBF have multiple uses in real-world 
settings including clinical feedback, supporting supervision, and assisting in 
data-driven decision making for administrators and agencies [8]. 
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Aim 1B: Longitudinal Measurement-Based Clinical Data Sets Can 
Support Innovative Data-Driven Predictive Analyses That Uncover 
Treatment Response Patterns and Support Precision Psychiatry  

The goal of AIM 1B is to use the data acquired in AIM 1A, not just for 
clinician feedback and program monitoring, but for innovative data-
driven predictive analyses that deepen our understanding of treatment 
response patterns and can potentially inform new treatment approaches.  

Latent Class Growth Analysis (LCGA) [15–18] is an analytic approach 
that allows one to characterize the heterogeneous dynamic response to 
treatment——a key feature of psychiatric disorders. This data-driven 
computational method identifies subgroups (latent classes) of patients that 
share similar response patterns or trajectories over time. Potential 
response patterns include rapid recovery, slow recovery, rapid 
deterioration, slow deterioration. These response patterns have been 
shown to be effective in capturing the different patterns of progression of 
complex diseases [19–21]. After the identification of the different response 
patterns, one can then test hypotheses about whether specific baseline 
variables or a specific treatment has a significant effect on response 
patterns. Since patients are assigned into trajectory subgroups according 
to their response patterns rather than according to their characteristics or 
the specific treatment they receive, this approach captures the dynamics 
of the heterogeneous response patterns seen within treatment groups. In 
Aim 1B, we will use LGCA to examine the longitudinal data obtained in 
Aim 1A.  

Furthermore, identifying variables that are indicative of patterns in the 
response to treatment can inform the development of novel personalized 
treatment strategies. Supervised learning predictive modeling techniques 
[21–24] permit one to identify such variables and are especially well-suited 
to tackle the challenges in psychiatric datasets, including various 
distributional patterns among variables, high dimensional data relative to 
sample size (e.g., many hundreds of variables were collected in RAISE 
ETP), and complex interactions among measured variables. The 
application of such machine learning techniques in psychiatry has 
recently resulted in promising diagnostic and prognostic “precision 
psychiatry” models for various disorders [19,25–28], and will be also used 
in support of Aim 1B.  

Aim 2A: Cognitive Dysfunction and Impaired Motivation Are Critical 
Treatment Targets in Early Psychosis 

The goal of Aim 2A is to implement—as part of the measurement-based 
care provided in Aim 1A—a brief set of reliable, digitally-supported 
measures of cognition and motivated behavior as part of the clinical 
assessment process. We will determine whether stakeholders (clients, 
caregivers, and primary clinicians) find it helpful to receive measurement-
based personalized feedback about cognition and motivation as part of the 
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evaluation and treatment-planning process. Feedback will focus on 
strengths and areas for improvement.  

Based on our pilot work in clinical settings, we posit that participatory 
decision-making is strongly facilitated when stakeholders have full access 
to measurement-based personalized profiles that help them identify their 
own individual strengths and areas for growth that can be followed and 
assessed over time. We posit that measures of cognition and motivated 
behavior should be an integral part of those profiles and provide a high 
degree of useful information to stakeholders.  

Cognitive dysfunction is a core pathophysiological feature of psychosis 
and one of the strongest predictors of functional outcomes [29–31]. Several 
studies indicate that current early intervention programs may not 
significantly alter long-term clinical outcome, suggesting that critical 
treatment target(s), beyond symptoms and functional status, are not being 
addressed [32,33]. Evidence strongly indicates that, along with cognitive 
dysfunction, impaired motivation is also a critical target and unmet 
therapeutic need [34–39]. 

Aim 2B: Cognitive Dysfunction and Impaired Motivation Improve 
with Scalable Mobile Interventions  

The goal of Aim 2B is to follow up on the cognitive and motivation 
profiles identified in AIM 2A, and to investigate the six- and twelve-month 
effects of 12 weeks of mobile cognitive training combined with an 
evidence-based mobile app targeting motivation in early psychosis. We 
base this goal on our extensive multi-site research experience with these 
interventions, both within community mental health centers and 
delivered entirely remotely (NCT03079024; NCT02782442).  

The premise of Aim 2B is that the application of effective treatment to 
improve cognition in early phases of psychosis has a very high likelihood 
of significantly improving long-term community functioning [40]. We 
have demonstrated both behavioral gains and improved neural system 
functioning after neuroscience-informed cognitive training in 
schizophrenia, in both chronic and early phases of the illness [4,5,41–46]. 
In young recent-onset individuals (average age of 21 years), our multi-site 
double-blind randomized controlled trial showed that 40 hours/ 10 weeks 
of cognitive training delivered at home over a laptop resulted in significant 
gains in global cognition, verbal memory, and problem solving compared 
to a computer games control condition [4]. Cognitive gains were 
significantly correlated with enhanced thalamic volume and thalamo-
cortical connectivity, as well as increased white matter integrity ([47], and 
unpublished data). A meta-analysis of 11 RCT’s in early schizophrenia has 
indicated the benefit of cognitive remediation approaches [48]. 

Impaired motivation is also a core feature and very strong predictor of 
functional outcome in early stages of psychosis [38,49,50]. Some studies 
have shown positive effects in improving motivation immediately after 
the intervention (e.g., [51–53]), but treatments that induce enduring 
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improvements in motivated behavior are scarce [7]. Disturbances in 
motivated behavior reflect a range of factors, including diminished 
anticipatory pleasure, difficulty learning from rewarding outcomes, 
reduction in effort expended to obtain rewarding outcomes, and 
impairment and disconnection between components of social motivation 
[54–60]. This makes it difficult to determine optimal therapeutic 
approaches. However, some headway is starting to appear in the literature.  

For instance, social cognition impairments appear to play a specific 
contributing role to dysfunctions in motivated behavior, and are 
amenable to intervention. We have found that ratings of motivated 
behavior improve after social cognition training [61], and are significantly 
greater in subjects who performed cognitive training combined with social 
cognition training, than in those who completed only cognitive training 
[6]. We have also demonstrated a significant relationship between 6-
month social functioning and training-induced improvements in the 
neural correlates of a self-other reality monitoring task [45]. These data, 
along with the literature on reward anticipation and on social engagement 
in psychosis, led our group to work with young clients in a user-centered 
design process, to develop a mobile app called Personalized Real-time 
Intervention for Motivational Enhancement (PRIME [7,62]). The app has 
been extremely well received by users and recently published behavioral 
findings are highly promising (see below). Thus, in Aim 2B, we will 
combine a focused course of cognitive plus social cognitive training 
(delivered remotely) with PRIME, to address the cognitive dysfunction and 
impaired motivation identified in Aim 2A.  

INNOVATION 

1. We will apply newly emerging computational analytic methods to the 
longitudinal clinical measurement data acquired for clinician feedback 
and program evaluation purposes.  

2. We will perform assessments including behavioral measures of 
cognition and motivated behavior using reliable and scalable digital data 
acquisition methods. In order to adopt measurement-based care in real-
world settings, we must; a) determine which measures provide 
information that is interpretable and actionable to stake-holders; b) find 
ways to acquire those measures in reliable, scalable low-cost and low-
burden ways.  

3. We will offer personalized feedback sessions (“Findings Visits”) for 
each individual when they enter care, where we review their assessments 
and provide brief interpretations of cognition and motivation, 
emphasizing strengths and discussing areas to work on. We will determine 
the usefulness in terms of promoting autonomy and participatory 
decision-making. Follow-up feedback (6 and 12 months) will be offered for 
those who wish it.  
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4. We will employ a scalable neuroscience-informed mobile 
intervention program to target cognition and motivation, and we will use 
a cut-off regression discontinuity design to determine its effects.  

PRIOR WORK 

We have piloted “Findings Visits” on 3 teams, where we provide clients 
a brief report summarizing their clinical, cognitive, and motivation 
measures. In a meeting with clients, family members, and primary 
clinicians, a brief graphical report is provided that includes clinical self-
report measures as well as measures from the Brief Assessment of 
Cognition App [63] and the Behavioral Inhibition Scale/Behavioral 
Activation Scale [64,65]. The discussion emphasizes each individual’s unique 
strengths in a sensitive, client-centered manner, with a focus on cognition and 
motivation. In dialogue with the individual, the team identifies strengths to 
leverage and potential areas for growth to work on. Qualitatively, the 
Findings Visits have been unanimously well-received by stakeholders and by 
the clinical team, who feel empowered by the information. 

We have implemented mobile cognitive training in people with early 
psychosis. We have studied the impact of mobile intensive targeted 
auditory training (versus control condition computer games) immediately 
after training [4], and at a 6-month follow-up, in a double-blind 
randomized trial in young adults with recent-onset schizophrenia (under 
review). 147 randomized participants received laptop computers and 
instructions to complete 40 hours of training or games over approximately 
3 months, along with baseline, post-intervention, and 6-month follow-up 
assessments of cognition, symptoms, and functioning. A modified intent-
to-treat analysis (N = 145) was performed using mixed effects models for 
repeated measures with planned contrasts based on study completers. 
Results showed that for Global Cognition, which had improved in the 
cognitive training group relative to the computer games group at post-
training assessments [4], showed durable gains at 6-month follow-up—9 
months after study entry. Furthermore, the cognitive training group 
showed significantly greater improvement in positive symptoms from 
baseline to 6-month follow-up (Figure 1).  

We performed growth curve modeling on the positive symptom data 
and found that the cognitive training group showed a significant 
improvement over time (significant linear slope) whereas the control 
group did not. These findings suggest that successful cognitive training in 
the early phases of schizophrenia may result in a significant linear 
improvement in symptoms over a 9-month period.  
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Figure 1. Baseline (Blue), post training (red), and 6-month follow-up scores (green) in PANSS Positive 
Symptom ratings in individuals with recent-onset schizophrenia who completed auditory training (AT) 
versus a computer games control condition (CG). 

We have developed and implemented a mobile app (PRIME) to improve 
dimensions of motivated behavior. PRIME is a smartphone-based app 
where participants can interact with their peers and with a coach in what 
we call the PRIME community. In a feasibility study of PRIME, we 
conducted two design workshops with 15 key stakeholders (young 
individuals with a schizophrenia-spectrum disorder, family members, 
treatment providers, and research experts), and conducted a series of in-
depth, 1:1 in-person interviews with six young people with schizophrenia-
spectrum disorders [62]. The 1:1 interviews included exercises focused on 
gaining a better understanding of the values that drive participants to 
improve their lives; we also asked for detailed feedback on each feature of 
the app. Users preferred an experience that highlighted principles of Self-
Determination Theory, including the desire for more control of their 
future (autonomy and competence) and an approach that helps them 
improve existing relationships (relatedness). Ten individuals with recent-
onset schizophrenia were then encouraged to use the app daily with a 
minimum frequency of 1/week over a 12-week period. After 12-weeks, 
participants used the PRIME app, on average, every other day, were 
actively engaged with its various features each time they logged in, and 
retention and satisfaction was high (20/20, 100% retention, high 
satisfaction ratings).  

A second iteration of PRIME was developed with modifications informed 
by the results of our feasibility study. In an efficacy study of PRIME provided 
entirely remotely, individuals with early psychosis were recruited from 13 
states across the United States and randomized to PRIME (N = 22) or a 
treatment as usual/waitlist (TAU/WL, N = 21) [7]. Compared to the TAU/WL 
condition, people in the PRIME condition had significantly greater 
improvements in self-reported depression, defeatist beliefs, self-efficacy, 
and trend-level improvement in motivation/pleasure negative symptoms.  
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These improvements were maintained 3 months after the end of trial. 
We also found that people in the PRIME condition had significantly 
improved performance on a laboratory social motivation task (effort 
expenditure and anticipated pleasure, Figure 2). Our results suggest that 
PRIME may serve as an effective mobile intervention for improving 
aspects of mood and motivation in early psychosis. 

 

Figure 2. Baseline and post-intervention scores in a laboratory social motivation task after 12 weeks of 
PRIME app use (blue) vs Wait List (red): (a) Effort expenditure, (b) anticipated pleasure. 

METHODS 

This project has two main components:  

1. Measurement Based Care: An observational, longitudinal 
assessment of symptoms, functioning, and cognition delivered using an 
online platform. Participants engage in a Feedback Visit in which 
personalized feedback will be delivered through interpretations of the 
assessment data, emphasizing strengths and discussing areas to work on. 
Assessments will occur at six month intervals for the duration of their 
treatment within the coordinated specialty care clinic. We aim to enroll 
200 participants per year in this component of the project.  

2. Mobile Intervention Targeting Cognition and Motivation: A 
randomized controlled trial examining 12 weeks of Cognitive Training 
plus PRIME, with enhanced Individual Resiliency Training (IRT), 
compared to Treatment as Usual. Participants from the Measurement 
Based Care component of this project will be invited to participate in this 
RCT. Participants will first stabilize in their treatment program for 
approximately 12 weeks, after which they will be invited to participate in 
the RCT. Participants will be assigned to treatment following the 
randomization procedure detailed below. Measures will be repeated at 
Post-Intervention (which corresponds to the 6-month time point in the 
below timeline), 6-month follow up, and 12-month follow up (Figure 3). 
Participants may continue to engage in Feedback Visits after each 
assessment period. We aim to enroll 100 participants per year in this 
component of the project.  
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Randomization to treatment will be conducted by the site study 
coordinator and will follow a regression discontinuity cut-off based design 
[66]. Using the participant’s baseline Global Cognition as a cut-off score, 
they will be assigned to receive the Cognitive Training plus PRIME or 
Treatment as Usual. Participants with baseline Global Cognition Scores 
that are lower than −1.5 SD will all be assigned to the mobile intervention. 
Participants who score above –0.5 SD will be assigned to Treatment as 
Usual. Those who fall in between these two cut-off scores (between –1.5 
and –0.5 SD) will be randomized to receive either Cognitive Training plus 
PRIME or Treatment as Usual. Participants who are in the Treatment as 
Usual (TAU) arm will not participate in cognitive training or the PRIME 
community. They will continue to receive standard care in their 
coordinated specialty care program, which may include psychotherapy, 
medication management, psychoeducation, Individual Resiliency 
Training, work or education support, case management, and peer or 
family support. Though they will not receive weekly updates from the 
study team, the Study Coordinator may reach out to them to share 
important updates about the study during the Intervention Phase.  

Since this study uses a regression discontinuity cut-off based design, 
there is an ethical issue that some participants may not receive the 
cognitive training intervention. Participants in the treatment as usual 
group could receive an intervention that is less effective or has unforeseen 
effects compared to the other group. However, this risk of randomization 
is not greater than minimal risk, and participants are notified of this risk 
during the consent process. 

 

Figure 3. Study procedure diagram.1 1Estimates of sample sizes after attrition. A total of 400 participants will 
be recruited for Aim 2.  
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Recruitment 

Participants will be recruited from one of four clinics around 
Minnesota that use the NAVIGATE model for treating first episode 
psychosis. Patients receiving treatment in these clinics will automatically 
be enrolled in the first aim of the study, which is primarily focused on chart 
review and measurement based care. Patients will then be approached to 
participate in the cognitive training portion of this study, which they can opt 
out of if they choose and must consent to participate. Study coordinators at 
each clinic will work with clinicians to determine patients who meet 
eligibility criteria. Study coordinators will communicate with patients and 
begin the screening process if a patient is interested.  

We will attempt to recruit all available participants who meet eligibility 
criteria, regardless of gender, race, or ethnicity. Our subject sample will 
reflect the racial and ethnic diversity of our study sites. Based on average 
demographic information from our clinics, we anticipate that 
approximately 47% of participants will identify as white/Caucasian, 29% 
as black/African-American, 5% as Asian, <1% as American Indian/Alaskan, 
7% as more than one race, and 12% as Other/Unknown. As more men are 
affected by psychotic illnesses than women, we expect that 75% of our 
participants will be male, 22% will be female, and 3% will identify as 
transgender or other. The average age across the clinics is 23, and 
participants ages 15–40 will be eligible.  

Inclusion and Exclusion Criteria 

Participants must have a diagnosis of a first episode psychotic spectrum 
disorder (onset of symptoms within the past five years or began receiving 
care in a first episode program within the past five years). They must be 
receiving treatment in one of four clinics participating in the state of 
Minnesota that are following the NAVIGATE model. In order to participate 
in the training, participants must be fluent in written and spoken English, 
as well as have an estimated IQ of 70 or above, which will be determined 
by the PENN CNP Matrix Reasoning Test. Patients must have achieved 
clinical stability before participating, meaning they must have had an 
outpatient status for at least a month and have reached clinically stable 
doses of their medication (typically meaning their prescription type or 
dosage hasn’t changed) for at least a month.  

Patients will be excluded from participation if they are unable to provide 
informed consent, if they are under legal commitment or medical 
guardianship, if they are diagnosed with a neurological disorder or have 
clinically significant substance abuse that would impact their participation, 
if they have participated in a cognitive training program in the past three 
years, or if they show risk of suicidal behavior, determined by clinician 
judgement or the Columbia Suicide Severity Rating Scale (C-SSRS).  
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Emergent Intent for Self or Other Harm 

If a research participant expresses suicidal thoughts or plans to harm 
themselves or others during a research visit, the issue will be addressed 
during the visit. If the research staff determines that the threat is 
imminent, The Columbia Suicide Severity Rating Scale(C-SSRS) will be used 
as an objective suicide screening tool. If a participant endorses some intent 
to act on suicidal thoughts, they will be referred for further care and 
evaluation and put on a 30 day hold from the research study. After 
immediate clinical care has been provided to the participant, research 
staff will follow-up with the participant's clinician to ensure that 
appropriate care is being provided. After the 30 day hold period, the 
participant will be assessed by a member of the research staff before 
continuing in the study. The participant will be fully aware of this process 
and reminded that participating in the study is voluntary. 

Clinical Assessments for Measurement Based Care 

Early Psychosis Intervention Network (EPINET) designed a Core 
Assessment Battery (CAB) which includes standardized measures that 
assess domains of early psychosis. The EPINET CAB domains include 
symptoms and psychopathology, cognition, recovery, contextual factors 
and treatment. Data collection from this battery will be included within all 
four Coordinated Specialty Care clinics in Minnesota. 

In addition to the EPINET CAB, all four Coordinated Specialty Care 
clinics will gather further clinical assessments on diagnosis and 
symptoms, functioning, quality of life, motivation, illness management 
and substance use domains. Diagnosis will be assessed with the Mini 
International Neuropsychiatric Interview-7. Symptoms will be assessed 
with the, Columbia-Suicide Severity Rating Scale, Calgary Depression Scale 
for Schizophrenia, and the Symptom Severity Checklist. Functioning will 
be assessed with the Camberwell Assessment of Need Short Appraisal 
Schedule, PROMIS-Sleep Disturbance, and International Physical Activity 
Questionnaire. Quality of life will be assessed using the Abbreviated 
Quality of Life Scale, Stress Screener for Recent Events, and the 
Intersectional Discrimination Index. Motivation will be assessed with the 
Behavioral Inhibition System/Behavioral Activation System. To assess the 
illness management domain, the Illness Management and Recovery Client 
and Clinician versions, and Brief Cope assessments will be used. The 
Alcohol Use Disorder Identification Test and the Drug Abuse Screen Test 
will be used to assess substance use.  

Clinical Assessments for Mobile Intervention Targeting Cognition and 
Motivation 

Participants in Aim 2 will complete the measures above, and the 
following additional measures of motivation: two self-report 
assessments—the Motivation and Pleasure Scale-Self Report (MAPS-SR), 
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and the Defeatist Beliefs Subscale from the Dysfunctional Attitudes Scale; 
and two experimental, computerized tasks of constructs related to 
motivation. The Effort-Expenditure for Reward Task (EEfRT Task) and the 
Trust Task.  

The EEfRT task presents subjects with a series of repeated trials in 
which they are able to choose between performing a “hard-task” or an 
“easy-task” in order to earn varying amounts of monetary reward. In 
addition to varying reward magnitude, trials are presented with different 
probability levels for reward receipt, allowing for examination of the 
extent to which the relationship between motivation levels and effort-
based decision-making is modulated by perceived reward magnitude. 

During the Trust Task, participants see a name and a dynamic video 
clip of a social partner displaying an emotional (smile/scowl) or neutral 
facial expression. Participants then rate their anticipated pleasure for the 
interaction and decide how much trust (rated between 0–10) to place in 
the social partner. Points are sent to the social partner, who then returns 
a percentage of the points. Participants are then presented with the option 
to expend effort, in the form of key presses, to increase or decrease the 
likelihood of future interactions with the social partner. 

Cognitive and Social Cognitive Training, BrainHQ  

We will deliver 20 hours of training, consisting of auditory, executive 
function, and social cognitive exercises. The rationale for this training 
schedule is: (1) Significant gains in verbal learning and global cognition 
were seen in Keefe et al. [67], and in verbal learning and verbal working 
memory in Popov et al. [68] after 20 h of auditory training; our findings of 
significant improvements in auditory processing speed associated with 
generalized gains on cognition after 20 h of auditory training [69]; (2) 
Social cognition training delivered for 10 hours drives highly robust 
improvements in our hands [6,70,71] and in the literature [72]; and (3) A 
lower burden of training reduces attrition and enhances our ability to 
engage participants in other early intervention services.  

● Auditory Training Module: This suite of exercises has been extensively 
studied by us and has been described in detail in Fisher et al. [41]. It is 
designed to improve the speed and accuracy of auditory information 
processing while engaging working memory and cognitive control 
under conditions of close attention and reward. Exercises 
continuously adjust difficulty level to user performance to maintain 
an approximately 80% correct performance rate. During the initial 
stages of training, auditory stimuli are processed to exaggerate the 
rapid temporal transitions within the stimuli by increasing their 
amplitude and stretching them in time. The goal of the processing is to 
increase the effectiveness by which these stimuli engage and drive plastic 
changes in brain auditory systems that in individuals with psychosis 
exhibit relatively poor temporal response. This exaggeration is gradually 
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removed so that by the end of training, all auditory stimuli have temporal 
characteristics representative of real-world rapid speech.  

● Executive Functioning Module: These training exercises also provide 
engaging, adaptive training as described above. This module will focus 
on executive dysfunction, as this domain is a significant, functionally 
important area of deficit in schizophrenia and has been the target of 
many previous studies [73,74]. We will train this domain using a suite 
of engaging, adaptive web-based exercises that target executive 
function and working memory. 

● Social Cognition Training Module: This training module consists of 
exercises designed to ameliorate core deficits in social cognition 
expressed in schizophrenia and in Autistic Spectrum Disorders. The 
exercises apply principles of implicit learning to restore the brain’s 
capacity to process and utilize socially-relevant information, and 
includes training to improve affect perception (both visual and vocal), 
social cue perception (in faces, gazes, social situations), theory of mind, 
self-referential style, and emotion labeling and working memory. This 
module has been previously studied by us, and drives improvements 
in social cognition as well as measures of motivated behavior [61]. 

Personalized Real-Time Motivational Enhancement (PRIME) App 

The PRIME smartphone-based app is designed to be used for 12 weeks to 
enhance motivation in people with early psychosis. Participants work 
towards self-identified goals with the support of a virtual community of age-
matched peers, as well as with motivation coaches [7,62]. Participants 
discuss their interests and aspirations with each other and with their coach, 
and the coach sends daily individualized motivational messages. Coaches 
also provide tailored interventions to enhance motivation, and post daily 
discussion topics to the PRIME community to encourage interaction 
between members. Coaches will maintain close communication and 
feedback on progress with each individual’s clinical team.  

Enhanced Individual Resiliency Training (IRT) 

An enhanced form of IRT will support clients’ engagement in the Aim 2 
research study and help them integrate a focus on cognition into their 
overall treatment plan. IRT therapists will be trained to evaluate the need 
for cognitive strategies during the early stages of goal setting and follow-
through, how to integrate the cognitive information with treatment and 
goal planning, and how to collaboratively select and teach cognitive self-
management strategies to clients to overcome cognitive challenges to goal 
attainment (e.g., repeating back information or instructions during a 
conversation to improve attention and memory, using alarms and 
schedulers to prompt behavior, steps of planning for a work task or social 
activity). IRT specialists will collaborate with other members of the team 
to facilitate follow-through on the client’s use of cognitive self-
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management strategies. PRIME coaches and IRT therapists will maintain 
close communication through bi-weekly conference calls. 

Power and Statistical Analysis 

Aim 1: At a recruitment rate of 200 individuals per year, we will have 
baseline data on ~1000 individuals by Year 5. Based on the RAISE-ETP 
experience, we anticipate an attrition rate of 28% at 6 months (95% CI: 
24%–32%) and 36% at 12 months (95% CI: 31%–41%). Thus, we predict that 
we will have 6- and 12-month data on 720 and 636 individuals respectively, 
which will provide an adequate sample size to perform the analyses below. 

We will apply LCGA to our data set to identify heterogeneous 
trajectories over time for Quality of Life, symptoms, and work and school 
participation. We will use M-plus software for latent class growth curve 
analysis [75] and implement the standard model fitting and selection 
procedure from the literature [15,76,77]. Specifically, the number of latent 
classes will be determined through fitting models with progressive 
number of classes and select the model according to a combination of 
statistical criteria (which balances goodness of fit and parsimony, such as, 
Bayesian Information Criterion, BIC; sample-size adjusted BIC; and Akaike 
Information Criterion, AIC) and interpretability. We will fit progressively 
more complex growth functions (linear, quadratic) models, where number 
of measurements over time permits, and select the appropriate 
complexity. To prevent the model from converging on a local solution, we 
will run the model on 500 random start values and examine the BIC. Model 
validity will be tested by comparing the latent class solution in multiple 
random split-half samples. 

To identify the potential variables that are the most predictive of the 
response pattern a given patient will exhibit, we will employ classifiers 
including logistic regression [78], support vector machines [79], and 
random forest [80], feature selection methods including recursive feature 
elimination [81], regularization [82], and causal feature selection [81]. 
These methods have been widely applied and shown success in various 
types of data. We will use repeated nested cross validation to achieve 
optimal model selection, avoid overfitting, and obtain unbiased 
performance estimation. Feature selection, missing value treatment, 
model type and hyper-parameter selection will be conducted in the inner 
loop of the nested cross-validation, the performance estimation of the 
selected models will be conducted in the outer loop of the nested cross-
validation [22,24,83]. The resulting model will be examined to identify 
variables that are predictive of the outcome (such as DUP, substance use, 
treatment intensity, other cognitive, symptom, and functioning variables) 
and characterize patients that experience improved or worsened 
outcome. In addition to building predictive models using the raw variables 
collected, we will reconstruct any latent variables identified from our 
causal discovery analyses and use them as potential predictors. This will 
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allow us to assess predictive information contained in these latent 
variables. 

To identify causal relationships among baseline variables, we will 
employ causal discovery methods [84,85]. We will focus on methods that 
can tolerate the presence of latent confounders, as such confounders are 
expected to be common in clinical psychiatric data sets. Such methods 
include GFCI (a recent improvement of the FCI algorithm) [86,87], as well 
as satisfiability-solver based methods where it is computationally feasible 
to use them [88]. To identify unmeasured causal factors we will use the 
Find One Factor Clusters (FOFC) algorithm, due to the algorithm’s 
performance in simulations compared to other methods and our special 
expertise with this method [87]. 

Feature selection will be handled collaboratively between the data 
scientists and the clinical investigators to ensure that the variables we 
analyze are both statistically usable and clinically interpretable. Findings 
will be validated in multiple ways: (1) algorithms will be rerun with 
varying parameters settings to determine sensitivity to parameter 
settings; (2) the same algorithms will be run on a secondary data set; (3) 
resampling methods such as nonparametric bootstrap and jackknife will 
be used to evaluate output stability; (4) findings will be compared to what 
is already known in the literature. Latent causal factors discovered with 
FOFC will additionally be evaluated by determining their usefulness for 
predicting patient outcomes or personalizing patient treatment.  

Aim 2: During Years ~1–4, 100 individuals will be recruited per year for 
a total of 400. We anticipate that 20% will withdraw before randomization, 
for a total of 80 randomizations per year (320 total over 4 years). Based on 
the RAISE-ETP experience, we anticipate an attrition rate of 28% at the 6-
month follow-up (95% CI: 24%–32%) and 36% at the 12 month follow up 
(95% CI: 31%-41%). Thus, we predict that we will have 6- and 12-month 
follow up data on 230 and 205 individuals respectively, which will provide 
an adequate sample size for the analyses described below.  

We estimated power via simulation for several outcomes based on the 
design proposed in Figure 3. We assumed that Baseline Global Cognition 
scores were generated from the distribution observed in RAISE, and 
simulated change scores for outcomes from a normal distribution with 
means depending on the hypothesized intervention effect and standard 
deviations estimated from the literature. For the outcome of Global 
Cognition, our sample size of n = 200 (100 per group, with half of these 
randomized) has approximately 85% power to detect an effect of 0.35 SD 
units on change in Global Cognition, which is comparable to the effect seen 
in our study of auditory training in recent-onset schizophrenia [4]. It also 
provides 80% power to detect a 0.7 unit effect on change in motivation, 
comparable to the effect observed in our efficacy study of PRIME [7], and 
an effect of 5 units on change in Quality of Life Scale Total Score [89], 
which is a clinically meaningful level of improvement [90]. 
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The primary analysis will compare changes from pre to post 
intervention in cognition, motivation, and functioning. After assessing for 
normality (and log-transforming if necessary), we will fit linear regression 
models to pre-post differences in outcomes. Since intervention status is 
only partially randomized, the model will contain a main effect for 
intervention status and also adjust for baseline cognition score, symptom 
severity, duration of untreated psychosis, QLS, age, sex, race, and clinic. 
Two-sided hypothesis tests will be performed on the intervention main 
effect using a significance level of 0.05. One key sensitivity analysis will 
involve estimating the intervention effect from the subset of n = 100 
randomized participants only. If the estimated intervention effect differs 
substantially between the randomized subset and the overall study 
population, primary and secondary analyses will be reported separately 
for these groups. 

In secondary analyses, we will fit linear mixed effects (i.e., growth 
curve) models to characterize longitudinal changes in outcomes 
immediately post-intervention, 6 months post-intervention, and 12 
months post-intervention. We will also fit models with interaction terms 
between intervention and various baseline characteristics to ascertain 
whether intervention effectiveness differs within particular subgroups. 

Finally, we will test if dropout is at random given the observed data, 
and compare participants who complete the study to participants who 
drop out on a number of variables including demographics, symptom 
severity, functioning, motivation and quality of life, to determine if there 
are specific reasons for dropout. We will also examine potential different 
reasons for dropout for each treatment group.  

CHALLENGES AND LIMITATIONS 

It is important to note that most FEP teams currently thriving in the US 
are located in large population areas, due to low incidence rates of 
schizophrenia. These low incidence rates lead to extensive challenges for 
part-time teams that work outside of metropolitan areas. One such site in 
our hub is outside of the metropolitan area. As a rural site, the team is not 
expected to enroll participants at the same rate as a large metropolitan 
team. Although small, it is an important site included in our sample as 
their NAVIGATE program recruits from a large rural region in Minnesota, 
increasing our ability to study how to deliver optimal services to large 
rural areas. 

We anticipate a fairly substantial amount of attrition in this study 
population. Our primary longitudinal analysis will be conducted on 
subjects who complete the 6 month post-intervention follow-up 
assessments (which is the 12-month assessment time point after first 
entering treatment). Secondarily, we will also examine longer term 
changes by growth curve analysis using baseline 6-month, 12-month and 
18-month assessments. We will also perform sensitivity analyses to 
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determine the effect of excluding patients with missing outcome 
assessments. 

We hypothesize that individual- and clinic-specific factors will 
contribute to differential drop-out in the two arms. We will build models 
for early dropout to identify these factors, and use the results to carry out 
inverse probability of treatment weighted (IPW) analyses to estimate the 
causal effects of the intervention. These analyses can guide a more 
comprehensive interpretation of the effectiveness of the treatment and 
improve adherence in future clinical deployment. 

SUMMARY AND EXPECTED CONTRIBUTIONS TO THE FIELD  

Functional recovery lags behind symptom recovery in early 
intervention programs, is sometimes difficult for individuals to attain, and 
is closely aligned with cognitive and motivational deficits [91]. The use of 
measurement-based care may lead to increased satisfaction with care, 
more refined, personalized courses of treatment, and the identification of 
specific treatment targets. The results from Aim 1 of this project will 
provide data-driven knowledge on factors that contribute to treatment 
response trajectories in early psychosis. This knowledge will be combined 
with insights from AIM 2 to deepen our understanding of methods to 
optimize coordinated specialty care, using a well-defined scalable mobile 
program to target cognitive dysfunction and motivation impairment. 
These core features of psychotic illness directly impact an individual’s 
ability to recover from the illness and re-integrate into society by pursuing 
education and gainful employment. If the cognitive training and 
motivational enhancement intervention is effective, it will provide a non-
pharmacological treatment approach for young people that is safe and 
easy to apply, and that may improve long-term outcome, reducing burden 
on individuals, their families, and their communities. 
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