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A B S T R A C T   

Autistic transition-age youth experience high rates of unemployment and underemployment, in part due to the 
social challenges they may face when having conversations in the workplace. In an effort to help enhance 
conversational abilities in the workplace, our collaborative team partnered to develop WorkChat: A Virtual 
Workday. Specifically, our team of scientists, community partners, and diversity and inclusion experts partici
pated in a community-engaged process to develop WorkChat using iterative feedback from autistic transition-age 
youth and their teachers. With initial development complete, this study reports on the protocol that our 
collaborative team developed, reviewed, and approved to conduct a randomized controlled trial (RCT) to 
evaluate the real-world effectiveness and initial implementation process outcomes of WorkChat when integrated 
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into post-secondary pre-employment transition services (Pre-ETS). Our aims are to: 1) evaluate whether services- 
as-usual in combination with WorkChat, compared to services-as-usual with an attention control, enhances social 
cognition and work-based social ability (between pre- and post-test); reduces anxiety about work-based social 
encounters (between pre- and post-test), and increases sustained employment by 9-month follow-up; 2) evaluate 
whether social cognitive ability and work-based social ability mediate the effect of WorkChat on sustained 
employment; and 3) conduct a multilevel, mixed-method process evaluation of WorkChat implementation.   

1. Introduction 

Nearly 50,000 autistic youth transition from high school to adult life 
each year [1,2] with only 25% of these transition-age youth getting jobs 
within two years of graduation [3]. The ability to sustain employment is 
even more challenging when their communication skills do not meet the 
expectations of an allistic (i.e., non-autistic) world [4–6]. For autistic 
people, additional challenges include the limited availability of and 
access to evidence-based practices to facilitate conversational skills, and 
the lack of training provided by employers to contextualize how co
workers can communicate more effectively with an autistic person 
[7–9]. Thus, autistic transition-age youth can be at a disadvantage when 
communicating with customers, coworkers, and supervisors in a work 
setting, which research has identified as a critical barrier to successfully 
sustaining employment [10]. 

Subsequently, unemployment and job loss have a damaging ripple 
effect on the mental health of autistic transition age-youth [11,12]. 
Notably, a critical gap in federally mandated services [13] to support 
autistic youth as they transition from school to adult life is the lack of 
evidence-based practices to enhance their work-based social ability (e. 
g., conversational skills with customers, coworkers, and supervisors). 
Although some interventions are emerging with preliminary effective
ness at enhancing work-based social ability [14,15], whether these tools 
translate to sustained employment is still unknown. Given that autistic 
transition-age youth report computerized training tools (developed by 
both our team [16–20] and others [21–23]) are highly acceptable and 
improve their real-world outcomes, we propose to address this critical 
barrier to sustained employment by developing and evaluating a novel 
and scalable computerized simulation focused on enhancing core 
work-based social skills via practicing conversations with customers, 
coworkers and supervisors. 

Specifically, our team used evidence-based, community-engaged 
methods [16] to design “WorkChat: A Virtual Workday”. Our interven
tion development team (MJS, KS, CS, EW, SE) partnered with SIMmer
sion LLC (DO, JE, LH, CS) to develop a prototype design of WorkChat 
that was then iteratively reviewed by a community advisory board (CB, 
JB, DK, SM, DT, ST), diversity advisory board (SD, SKK, CL, ER, TL, SM, 
TW), and scientific advisory board (MB, TD, KH, JS) for feedback and 
recommendations. Notably, our use of a diversity advisory board is in 
response to the historical underrepresentation of racial, ethnic, sexual 
and gender minorities in autism research and intervention development 
[24,25]. Thus, this board focused on reviewing the diversity and 
inclusiveness of the WorkChat components using their expert lens [26], 
also discussing diversity related to size, age, presentation, and disability 
status in addition to race and gender. After implementing initial design 
recommendations, the intervention development team and SIMmersion 
prioritized and implemented advisory board recommendations and then 
recruited 18 autistic transition-age youth and 12 pre-employment 
transition teachers to review the prototype. Then, they completed a 
brief survey and interview to share their recommendations to enhance 
WorkChat’s design with an emphasis on dissemination. The intervention 
development team and SIMmersion then reviewed and prioritized these 
recommendations, with SIMmersion implementing the recommended 
design enhancements. Once the beta version of WorkChat was 
completed, each advisory board reviewed this version and provided 
final recommendations that were prioritized and implemented. A 
detailed review of the WorkChat design will be presented in the methods. 

The proposed study will take several important steps to test whether 
WorkChat is effective at improving social and employment outcomes for 
autistic transition-age youth engaged in post-secondary pre-employ
ment transition services (Pre-ETS). The first step will evaluate how 
enhancing Pre-ETS with WorkChat affects individual-level outcomes (e. 
g., social cognitive ability, work-based social ability, sustained 
employment) and system-level outcomes (e.g., labor costs to prepare for 
implementation, return on investment). The second step will evaluate 
the initial implementation process outcomes focused on acceptability, 
usability, appropriateness, feasibility, and fidelity of delivery. The final 
step will explore social anxiety, social cognitive ability, and work-based 
social ability as potential mechanisms for sustained employment be
tween completing Pre-ETS and a nine-month follow-up. 

2. Methods 

2.1. Study design 

This two-arm parallel intent-to-treat randomized control trial (RCT) 
includes autistic participants ages 18–26 years old who are enrolled at 
Michigan Career and Technical Institute (MCTI) and randomized to 
receive either post-secondary pre-employment transition services along 
with an attention control (Pre-ETS + AC) or Pre-ETS + WorkChat. The 
Institutional Review Board at the University of Michigan reviewed and 
approved all study procedures and materials. This study will use a 
Hybrid Type I (HTI) effectiveness-implementation design to evaluate the 
effectiveness of WorkChat while collecting data on the initial imple
mentation processes involved in the delivery of WorkChat [27]. https://c 
linicaltrials.gov/ct2/show/NCT05565482. 

The scientific team from the University of Michigan collaborated 
with SIMmersion on designing the initial protocol using the first au
thor’s prior HTI trials in mental health agencies and prisons [28,29]. 
After funding was obtained, the protocol was reviewed and refined using 
feedback from a series of community, diversity, and scientific advisory 
boards, which included autistic stakeholders (see 3.3). Study specific 
aims are: 

Aim 1. Evaluate whether MCTI post-secondary pre-employment 
transition services-as-usual in combination with WorkChat (Pre-ETS 
+ WorkChat), compared to MCTI post-secondary pre-employment 
transition services-as-usual in combination with an attention control 
(Pre-ETS + AC), enhances sustained employment for autistic 
transition-age youth. 
Aim 1 Hypotheses. At the individual level, we hypothesize (H) that 
Pre-ETS + WorkChat trainees, compared to Pre-ETS + AC trainees, 
will have improved (H1) social cognitive ability and (H2) work-based 
social ability; as well as (H3) reduced anxiety about social encounters 
at work, and (H4) greater sustained employment by 9-month follow- 
up. Our system-level analyses will be descriptive so there are no 
hypotheses. 
Aim 2. Evaluate mechanisms of sustained employment. 
Aim 2 Hypotheses. We hypothesize that social cognitive ability 
(H5a) and work-based social ability (H5b) will mediate the effect of 
treatment (Pre-ETS + WorkChat vs. Pre-ETS + AC) on sustained 
employment. 
Aim 3. Conduct a multilevel, mixed-method process evaluation of 
WorkChat’s acceptability, usability, appropriateness, feasibility, 
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fidelity, and initial determinants of implementation (e.g., barriers 
and facilitators). We will use surveys and semi-structured interviews 
(among autistic youth, career readiness counselors, and adminis
trators) to identify facilitators and barriers to WorkChat imple
mentation in post-secondary Pre-ETS and describe the process of 
implementation in this context. 

2.2. Eligibility criteria 

Participants will be recruited from all available autistic transition- 
age youth enrolled in the residential Pre-ETS program at MCTI. Study 
inclusion criteria include: 1) be 18–26 years old; 2) have been screened 
for autism via MCTI educational record or a parent report using the 
Social Responsivity Scale 2nd Edition [30,31] (a score of 65T or higher 
will be used to reduce false positives), and 3) have at least a 4th grade 
reading level as measured by the Wide Range Achievement Test 5th 
Edition [32]. Participants will be excluded for: medical illness that may 
significantly compromise cognition (e.g., moderate or greater traumatic 
brain injury), uncorrected vision, or hearing problems that prevent 
using the software. 

2.3. Recruitment and screening 

A targeted sample of n = 338 autistic transition-age youth will be 
enrolled and randomized during an 18-month recruitment window from 
MCTI. Recruitment and screening will involve four steps. In step 1, MCTI 
staff will identify all incoming students with an educational record of 
autism and mail them study recruitment materials as part of their MCTI 
onboarding packet. In step 2, MCTI staff will organize a recruitment 
meeting of all eligible participants where research team members will 
introduce the study, discuss the value of being research participants, and 
answer questions about study participation. In step 3, the potential 
participants will approach the research team after step 2 is completed to 
volunteer for the study. In step 4, the research team will review the 
consent form with potential participants and then obtain their informed 
consent. The PI will discuss the recruitment procedures and enrollment 
milestones at weekly meetings with MCTI staff during the recruitment 
window. The PI will also discuss unforeseen barriers to recruitment and 
collaborate on developing subsequent strategies to overcome these 
barriers to then implement to enhance recruitment and enrollment. 

Regarding the potential sampling frame, pre-covid-19 pandemic, 
MCTI enrolled approximately n = 1000 students every 12 months (the 
enrollment duration of the study) across all of their programming and 
approximately 25% of the students had autism spectrum disorder. Thus, 
we anticipate nearly n = 375 autisitc youth will be enrolled at MCTI over 
a period of 18 months (the study enrollment window). We will attempt 
to enroll all 375 autistic youth in the study. Assuming 10% of these 
students will decline participation, we would randomize n = 338 autistic 
youth over the course of six MCTI semesters (or approximately n = 56 
per semester). Assuming a 10% attrition rate, we will complete follow- 
up data collection on n = 304 students. Moreover, approximately 70% 
of autistic MCTI students from 2021 to 2022 obtained employment 
within 3 months of graduation, with 87% of autistic MCTI graduates 
obtaining employment within 12 months. Given the follow-up time 
frame of nine months, we powered our sample using the 70% employ
ment rate. Thus, we anticipate n = 212 participants will obtain 
employment (n = 106 per group), which we used to power our analyses. 

2.4. Randomization and masking 

The project manager, supervised by the study statistician, will 
conduct the randomization using a Web-based system with a 1:1 
randomization ratio. Participants and MCTI administrators and staff 
(known as career readiness counselors) will be notified of participants 
assigned to each group, but research assessors (i.e., University of 
Michigan research assistants and MCTI trade instructors) will be masked 

to treatment assignment as will research team members conducting 
statistical analyses. 

2.5. Study interventions 

2.5.1. Michigan Career and Technical Institute 
MCTI is a Michigan-based, residential, post-secondary technical and 

vocational training center for young adults with disabilities. MCTI offers 
a comprehensive suite of services that include medical and counseling, 
occupational, interpreters for Deaf students, classroom and job accom
modations, and job placement services. These services support students 
engaged in a 10-week technical training semester encompassing trades: 
Automotive Technology; Cabinetmaking/Millwork; Certified Nursing 
Assistant; Commercial Printing Program; Construction Program; Culi
nary Arts Program; Custodial Program; Grounds Maintenance/Land
scaping Program; Industrial Electronics Program; Information 
Technology Program; Machine Technology Program; Pharmacy Tech
nician Program; and Retail Marketing Program. Each trade program 
combines classroom-based pre-employment, technical, and independent 
living skills training with a hands-on learning-by-doing approach. This 
method is facilitated by Trade Instructors during simulated work set
tings. Currently, MCTI provides minimal instruction to facilitate social 
cognitive ability or work-based social ability. See supplementary ma
terial for a list of assessments and training areas for each MCTI trade. 

2.5.2. Attention control 
In addition to MCTI services, the Pre-ETS + AC group will receive 18 

h of free online educational programming over six weeks featuring: 1) 
keyboarding (Sense-Lang.org); 2) interactive quizzes, puzzles, and trivia 
using www.sporcle.com; and 3) current events (www.n2y.com/softw 
are). These programs have been previously used as attention control 
interventions [33,34]. 

2.5.3. WorkChat: A virtual workday 
WorkChat is a multi-tiered learning system that focuses on learning 

core social skills for work (Part 1), practicing the application of these 
core social skills in single, stand-alone conversations (Part 2), and 
practicing the application of these core social skills across connected 
conversations while performing job duties in a virtual workday (Part 3). 
A central figure throughout the WorkChat experience is Sage, the job 
coach (Fig. 1). Sage serves as the social story-teller who provides guid
ance and gives feedback through each part of the WorkChat experience. 
The WorkChat development team consisted of the SIMmersion, LLC team 
(www.simmersion.com), the University of Michigan team (MJS, KS, EW, 
BR, AS, MH), Michigan State University (CS, SS), University of Pitts
burgh (SE), who collaborated with a community advisory board (CB, JB, 
DK, SM, DT, ST), diversity advisory board (SD, SKK, CL, TL, SM, TW, 
ER), and scientific advisory board (MB, TD, KH, JS) to iteratively design 
and develop WorkChat with additional feedback and recommendations 
provided by 18 autistic transition-age youth and 12 teachers. 

2.5.3.1. Part 1: core social skills for work. To learn about the core social 
skills for work, participants will watch a series of brief videos (ranging 
from one to 8 min each) where Sage teaches them the skills and chal
lenges their knowledge with interactive quizzes. There are seven core 
skills for social encounters at work: 1) listening to others, 2) under
standing others, 3) understanding yourself, 4) responding profession
ally, 5) understanding complicated language, 6) receiving feedback, and 
7) dealing with difficult situations. Following the review of videos 
associated with each skill, participants will complete a brief, interactive, 
four-item multiple choice quiz to evaluate their retention of learned 
content. The Part 1: Core Social Skills for Work interface includes a 
‘track your progress’ button where participants can click and see 
whether they have watched all the videos associated with each skill and 
completed their quizzes. 
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The content for the “Core Social Skills for Work” was adapted from 
Cognitive Enhancement Therapy (CET) [35,36] and Assistive Soft Skills 
and Employment Training (ASSET) [14,15]. CET was recently validated 
for autistic adults by SE from our team [35,36] and is an 18-month 
comprehensive cognitive rehabilitation intervention that integrates 
60 h of computer-based training in attention, memory, and 
problem-solving with 45 social-cognitive group sessions. While the full 
CET program includes content beyond the scope of WorkChat, the con
tent will draw from the demonstrably effective social-cognitive com
ponents of CET to improve knowledge and skill in emotion recognition 
(e.g., recognition of non-verbal cues and emotions in faces), 
theory-of-mind (e.g., knowing others’ thoughts and beliefs), and 
emotion regulation (e.g., emotional temperature-taking). ASSET was 
adapted by CS from our team from the United States Department of 
Labor Office of Disability Employment Policy curriculum “Skills to Pay 
the Bills: Mastering Soft Skills for Workplace Success” [37]. It includes 
twelve 90-min in-person group sessions to remediate the application of 
emotion recognition, theory-of-mind, and emotion regulation via di
dactic content review and practice of six workplace social skills: 
communication, enthusiasm and attitude, teamwork, networking, 
problem-solving and critical thinking, and professionalism [14,15]. The 
identification of the core skills and their content was reviewed by the 
three advisory boards (community, scientific, diversity) for appropri
ateness and relevance for both the autistic community and for inclusion 
in transition services, as well as for inclusiveness with respect to di
versity and equity among historically marginalized groups (e.g., by race, 
gender). 

2.5.3.2. Part 2: practice conversations. The autistic youth will practice 
independent workplace conversations with a fictional customer, 
coworker, or supervisor where they will receive a numerical score 
(0–100) after the conversation that represents how well they applied 
their core skills (from Part 1). Prior to beginning these practice 

conversations, participants will review a series of nonverbal cues that 
Sage will display during the conversation to provide real-time feedback 
on how well the conversation is going. After learning the cues, partici
pants will re-review a subset of their core skills with Sage via brief videos 
that emphasize which specific skills will be scored (and given feedback) 
for each of the conversation levels (easy, medium, and “hard” [to avoid 
bias we reference the ‘hard’ skills as ‘virtual workday skills’]). 

Specifically, the brief videos will cover the skills “focusing on 
others,” “responding to others,” and “handling challenges” that they are 
expected to perform during each conversation. To reduce cognitive load 
after completing the ‘easy’ conversations, feedback is only given for 
“focusing on others.” In turn, the feedback is scaffolded so that con
versations at ‘medium’ difficulty elicit feedback on “focusing on others” 
and “responding to others.” Trainees are then informed that the Virtual 
Workday conversation feedback for “focusing on others,” “responding to 
others,” and “handling challenges” is only provided during Part 3: Vir
tual Workday. Once participants review how the conversations will be 
scored, they will begin practicing their ‘easy’ and ‘medium’ conversa
tions with the customers, coworker, and supervisor. 

The practice conversations will be driven by the PeopleSim conver
sation engine technology (Fig. 2 for example interface) and provide 
opportunities to apply the core social skills knowledge that participants 
will learn in Part 1. Each conversation will enable participants to apply 
the content that they learned from Part 1 by selecting appropriate 
statements and responses while talking with the customer, coworker, or 
supervisor. As noted above, the Part 2 conversations are only with 
characters at the ‘easy’ or ‘medium’ level of difficulty. Meanwhile, 
characters with the ‘hard’ level of difficulty will only be present during 
the virtual workday. See Table 1 for a matrix of characters by person
ality/mood and difficulty level. 

There will be a total of six customer scenarios that present in Part 2. 
These conversations will reflect the customer: 1) can’t find the toilet 
paper and needs help, 2) needs help returning a watch, 3) needs a refund 
for a shirt, 4) needs assistance carrying a television out of the store, 5) 
reporting a spill that needs to be cleaned up, and 6) may be allergic to 
cleaning chemicals in a nearby bucket. In addition, there is only one 
customer actor (an Asian woman) to talk with in Part 2. Meanwhile, 
there are two additional customer actors (a Black man and a White 
woman) during the virtual workday in Part 3. Customer conversations 
will last 3–5 min and will include enough variations and randomness for 
participants to play 10–12 times at each level (easy, medium, hard) with 
each of the six scenarios before the conversations feel repetitive. 
Notably, our implementation plan (see 2.5.4.2 below) proposes that 
participants will only complete three conversations at each level of 
difficulty (with hard conversations only occurring during Part 3: Virtual 
Workday). 

Although only one actor portrays the coworker (a White woman) and 
supervisor (a Black man), the characters in Part 2 (and Part 3) are driven 
by an emotional model, their personality, and the context within the 
virtual workday (e.g., break with a coworker, feedback session with 
supervisor). In addition, participants will potentially encounter three 
different moods (a neutral mood, a frustrated mood, and an engaged 
mood) of each character based on their decisions during the virtual 
workday. 

The coworker conversation opens where the participant says hello 
and is expected to self-select from several conversational topics (e.g., 
movies, gossiping about the supervisor or customers). Coworker con
versations can last anywhere from 5 to 10 min and will automatically 
end prior to 15 min since the work break only lasts 15 min. Meanwhile, 
the supervisor conversation during Part 2 randomly selects various is
sues (e.g., not completing your tasks, being rude to customers) that may 
come up during the workday and the supervisor will give you feedback 
on those issues. This conversation will last approximately 15 min. 

The virtual characters will be portrayed in HD video by professional 
actors to provide a very high degree of social presence [38]. The actors 
vary in terms of their age, gender, physical appearance, and race to 

Fig. 1. Sage, the social story job coach.  
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provide participants a diverse range of conversational partners. More
over, each virtual character will feature several personalities that vary 
between training sessions and a dynamic emotional model driven by the 
conversational selections made by the study participants. This approach 
allows participants the opportunity to apply their new core social skill 
knowledge in a broad range of situations. 

Both during and after the conversations with the customer, 

coworker, and supervisor characters, participants can review transcripts 
of the interaction by replaying the entire conversation or individual 
exchanges with the characters, including a replay of the participant’s 
voice as captured by speech recognition. Hearing as opposed to simply 
reading the transcript allows trainees to reflect on tone and other vari
ations in voice they may have missed or misjudged. Trainees can also 
click on interactive sections in the written transcript to receive specific 
feedback on how their responses impacted their conversation and 
overall score, and how the characters perceived their responses during 
the conversation; including how their responses shaped the choice of 
how characters subsequently responded to them. For example, when the 
coworker shares that she likes to watch classic movies, a participant may 
respond with “Old movies? Seriously? I thought you were cooler than 
that.” Then their feedback might read “Using judgmental and impolite 
language to comment on the coworker’s hobbies may cause her to feel 
uncomfortable and will likely make her hesitate to share personal details 
with you in the future. Next time, try to respect her hobbies by asking 
her more about them.” Lastly, the feedback in the transcript is color- 

Fig. 2. PeopleSIM interface and WorkChat characters. 
Panel A displays the supervisor, and to the right, the conversation interface. Panel B displays the coworker (purple shirt) and the customers. 

Table 1 
Character matrix.  

Conversation Easy Level of 
Play 

Medium Level 
of Play 

Hard Level of Play 

Customer 
Conversation 

Calm Irritated Angry or Chatty 

Coworker 
Conversation 

Pleasant Entitled Manipulative or Poor 
Boundaries 

Supervisor 
Conversation 

Easygoing Strict Busy or Standoffish  
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coded where green segments of text reflect appropriate or useful re
sponses, red text indicates inappropriate or unconstructive responses, 
and black coded text denotes neutral responses. 

After completing simulated conversations (with customers, co
workers, or supervisors) on the ‘easy’ difficulty level, trainees receive a 
numerical score and summary feedback on how well they performed 
their core skills “focusing on others” and “responding to others.” The 
numerical scores are based on an algorithm that tracks trainees’ per
formance throughout the conversations. As the level of play increases, 
the scoring becomes more detailed. The qualitative performance feed
back provided as a part of the summary that accompanies the score 
assists trainees in decoding the subtleties of the work-based 
conversations. 

Notably, each core skill consists of subskills. First, “focusing on 
others” includes “active listening” and “being professional and polite.” 
Second, “responding to others” includes “being supportive” and 
“focusing on solutions.” Third, “handling challenges” includes “under
standing complicated language” and “handling challenging personal
ities.” Specific to the supervisor conversation, “handling challenges” 
also includes “receiving feedback.” 

2.5.3.3. Part 3: virtual workday. The Virtual Workday is an innovative, 
gamified design where trainees first engage in a video with Sage where 
she contextualizes the goals of the virtual workday (i.e., complete your 
tasks (e.g., helping at the café, welcome customers), help customers, 
take your break to chat with a coworker, and attend a supervisor feed
back session. Second, participants select the level of their virtual 
workday experience (Level 1: complete two tasks; Level 2: complete two 
tasks and talk with both a customer and coworker; Level 3: complete 
three tasks and talk with two customers, a coworker, and a supervisor; 
Level 4: complete all five tasks, and talk with three customers, a 
coworker, and supervisor). Third, participants then begin their workday 
as they are transported to a first-person view set inside a fictional big box 
store called “Wondersmart” (Fig. 3). Here the participants will engage in 
a gamified experience where they navigate through the virtual store to 
complete their tasks, address several unexpected ‘what would you do 
events’ (e.g., you find a wallet on the ground, what do you do next), 
support customers, chat with a coworker during break, and receive 
feedback from the supervisor on how well they performed during the 
virtual workday. 

During the virtual workday, the conversations with customers, co
workers, and supervisors will use the same conversation interface that is 
present in Part 2: Practice Conversations. The primary difference is that 
although participants can access their transcript during the virtual 
workday conversations, they cannot go back to them once the conver
sation transitions back to the virtual workday. However, participants 
can access their transcripts at the end of the workday after completing 

their supervisor conversation. At this point, all feedback will be avail
able, including a single score based on one’s performance across all tasks 
and conversations. 

A major innovation in the PeopleSIM technology that is embedded in 
the virtual workday is that the customer and coworker conversations are 
connected with the supervisor conversation. Thus, the supervisor will be 
aware of whether trainees completed all their tasks, and the supervisor 
will be aware of how well the trainee engaged in the customer and 
coworker conversations. As a result, the supervisor can give the trainee 
praise for being successful in how they talked with the customer. 
Alternatively, the supervisor could offer the trainee additional training if 
the trainee makes a number of mistakes while talking with the cus
tomers. Moreover, the supervisor will be aware if a trainee has unpro
fessional (e.g., bad mouth the supervisor) or inappropriate (e.g., make 
comments about her appearance) conversation with the coworker. In 
these cases, the supervisor will give the trainee feedback and offer 
additional training. 

The WorkChat design embeds behavioral learning principals such as 
the facilitation of repeated practice to provide an infrastructure for 
participants to improve their conversational abilities [39,40]. WorkChat 
also follows the principles for designing effective simulations [41], 
which supports the facilitation of sustained behavioral change [42,43]. 
The experience of handling upset customers or getting feedback from a 
supervisor can be distressing for any adult and WorkChat simulates these 
experiences (and others) to provide opportunities to engage in these 
challenging conversations in a judgement-free environment. 

2.5.3.4. Nonverbal coach. Study participants will receive real-time 
feedback during the conversations with customers, coworkers, and the 
supervisor from their job coach Sage, who displays nonverbal cues 
reflecting the strength and appropriateness of the participant’s re
sponses (Fig. 1). The use of this nonverbal coach was identified by 
autistic transition-age youth as one of the most important components of 
the PeopleSIM interface during our prior development of Virtual Inter
view Training for Transition Age Youth [16]. Along with the real-time 
feedback, a one-to-two-sentence coaching text is provided that helps 
clarify the non-verbal feedback. For example, if the coach claps for the 
trainee, the coaching text might say something like, “What you said is 
helpful and polite.” If the coach gives the trainee a thumbs down, the 
coaching text might say, “What you said may come across as unhelpful 
and rude, which will likely upset the customer.” If the trainee would like 
these coaching texts read to them, there is a speaker button the trainee 
can click which will provide an audio version of the coaching text. 

2.5.4. WorkChat implementation at MCTI 

2.5.4.1. WorkChat implementation training and fidelity assessment. The 

Fig. 3. Virtual workday at wondersmart.  
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career readiness counselors will attend a 1-h WorkChat orientation led 
by the PI on how to use the tool. Next, the career readiness counselors 
will spend 60–90 min using WorkChat themselves to practice navigating 
Part 1: Core Social Skills for Work; Part 2: Practice Conversations; and 
Part 3: Virtual Workday. Specifically, this practice will require the 
career readiness counselors to click through at least 1 core skill in Part 1, 
complete at least one conversation with each character available in Part 
2, and complete at least one Level 4 Virtual Workday. This approach will 
enable the counselors to become more intimately familiar with how 
participants will experience WorkChat. 

The PI designed a self-monitoring fidelity checklist (Appendix A) to 
promote a high level of fidelity when teaching each step of WorkChat. 
The career readiness counselors will use the fidelity checklist during the 
final stage of training where they role play teaching how to use Work
Chat. The role plays will be supervised by the local MCTI administrator 
and/or the research team members, who will then provide feedback on 
performance. The career readiness counselors will use the fidelity 
checklists to facilitate teaching study participants how to navigate the 
WorkChat interfaces and Virtual Workday. They will complete a fidelity 
checklist to ensure that each area of WorkChat is being covered. The 
research team will collect and review the fidelity checklist for every 
cohort of participants. Orientation sessions where career readiness 
counselors teach the tool will also be audio recorded and randomly 
selected for independent review by research staff. If it is discovered 
during these reviews that a career readiness counselor does not obtain at 
least 90% fidelity on the checklist during a session, then that person will 
be required to undergo refresher training on the implementation pro
cess. Refresher training will consist of research staff and the career 
readiness counselor meeting in person to review the script for delivery 
and participating in a peer-to-peer orientation until fidelity is 100% 
attained. Once this refresher is completed, the career readiness coun
selor will be approved to lead future orientation sessions. 

2.5.4.2. WorkChat implementation plan. The research team developed a 
set of guidelines for implementing WorkChat with study participants. 
This set of guidelines was submitted to the WorkChat development team 
and advisory boards. A set of adjustments to the plan were recom
mended, reviewed, and updated by the research team. The final rec
ommended implementation plan can be found in Appendix B. 

The participants will primarily use an existing computer lab on the 
MCTI campus where the devices are all running the latest version of 
Google Chrome as WorkChat was optimized for Google Chrome delivery 
(but Firefox and Edge are capable browsers as well). In addition, the 
WorkChat implementation plan was intentionally designed to allow 
participants to engage with WorkChat independently on their MCTI 
devices as each student receives a Chromebook device to use for 
completing their course work. Prior to WorkChat implementation, the 
career readiness instructors will introduce study participants to the tool, 
while completing a fidelity checklist that verifies that they have 
instructed the trainees on how to use the intervention. This checklist will 
serve as written assurance that WorkChat was delivered with high fi
delity. The research team (either PI or project manager) will review the 
fidelity checklists to verify that delivery procedures are regularly 
observed and provide bimonthly supervision to monitor ongoing 
fidelity. 

Based on the results from multiple pragmatic effectiveness and 
concurrent implementation evaluations of virtual interview training 
interventions that use SIMmersion’s PeopleSIM simulation technology 
in school-based employment readiness programs [17–19,44,45], we 
designed the implementation plan to offer a structured and scaffolded, 
yet flexible, approach for participants to work their way through each 
part of WorkChat (see Appendix B). Specifically, Week 1 (three sessions) 
will be dedicated to introducing Part 1: Core Social Skills for Work 
where participants will learn about the skills needed to have successful 
conversations in the workplace. Then in Weeks 2–3 (three sessions per 

week), participants will begin Part 2: Practice Conversations to practice 
applying their new core skills during a series of independent conversa
tions with customers, the coworker, and the supervisor, which will be 
scaffolded from easy to medium difficulty for each character type. 
During Weeks 4–5 (three sessions per week), participants will begin Part 
3: Virtual Workday where they will enter the Wondersmart store and 
develop their skills at completing a series of tasks (e.g., stocking shelves, 
helping in cafe) that are interrupted by customer conversation requests 
and ‘what would you do’ decision-making events (e.g., find a wallet on 
the floor, see a mouse) that are followed by a coworker conversation 
during a break and that ends with receiving feedback from the super
visor on how the whole series of events played out. The virtual workday 
will also be scaffolded to include more conversations and tasks as the 
levels increase. 

In addition to the existing structure and scaffolding of WorkChat, the 
implementation plan is designed so that trainees are encouraged to first 
try their best to earn rewarding feedback from Sage (the coach) and 
improve their performance (reflected by the numerical scores). Then the 
implementation plan provides protected time for participants to have 
fun and intentionally say the wrong things on purpose during their 
conversations with customers, coworkers, and supervisors (during Part 2 
and Part 3). For example, participants will have the option to ‘tell off’ a 
rude customer and then they will learn how the customer responds to 
this choice during Part 2. However, when they ‘tell off’ the customer 
during Part 3, they will experience the customer reaction and receive 
feedback from their supervisor who ‘observed’ their choice to ‘tell off’ a 
rude customer. 

Although our collaborative team designed WorkChat to be self- 
guided, we anticipate that the career readiness instructor could spend 
10–15 min reviewing the transcripts, scores, or feedback from the con
versations with participants. The research team will assess participant 
adherence to WorkChat by monitoring: 1) progress on watching all the 
core skill videos, 2) practicing conversations at ‘easy’ and ‘medium’ with 
each character, and 3) progress through the four levels of the virtual 
workday. The research team will review and discuss WorkChat adher
ence (and challenges to adherence) during weekly team meetings. 
Lastly, given that the participants live, share meals, and take classes 
together, the study has a potential threat to internal validity as the Pre- 
ETS + WorkChat group may share conversation strategies, learned from 
WorkChat, with the Pre-ETS + AC group. That said, the core training of 
WorkChat is the opportunity to repeatedly practice conversations at 
work which is unavailable to the Pre-ETS + AC group. 

2.6. Follow-up and retention strategies 

The PI or study team will host a recruitment orientation session with 
each cohort to introduce them to the study and study team members. 
They will also discuss why conducting randomized controlled trials are 
essential to helping the field understand whether or not WorkChat is 
associated with improvements in sustaining employment. The project 
manager will communicate with teaching staff at MCTI regarding the 
enrollment targets and will maintain a database of the participants and 
their completion milestones throughout the study. Research staff and 
MCTI career readiness counselors will encourage participants to com
plete their research assessments while residing on the MCTI campus and 
will help facilitate structured times to complete study visits. 

During enrollment, the consenting process will facilitate research 
team access to personal contact information such as phone number and 
email address for the participants and both of their parents (or guard
ians). In addition, during the 9-month follow-up period, the project 
manager will maintain contact with study participants through 
reminder calls and mailed cards sent on birthdays and holidays (beyond 
the winter holidays). These methods will optimize retention. In addition, 
MCTI staff will assist with the facilitation of follow-up data collection as 
that role is embedded within standard MCTI protocol for a period of 12 
months after graduation. 
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The research team will attempt to contact study participants for a 
period of four weeks beginning on the follow-up visit due date. After 4 
weeks, the participant will be considered lost to follow-up, and the 
research team will obtain follow-up employment outcomes via MCTI 
administrative records, which was authorized as part of the informed 
consent. To help facilitate retention, the research team will send inter
mittent (every 4–6 weeks) check-in correspondence to participants via 
mail, email, or text message between their post-test and 9-month follow- 
up data collection. 

2.7. Study measures 

We present the study measures as originally proposed in the grant 
application. Notably, some of these measure were changed based on 
feedback from advisory boards or the community partner (see 3.3). 

2.7.1. Background measures 
All participants will complete a survey regarding the demographic 

characteristics (e.g., age, race, ethnicity) and employment history. In 
addition, we will assess fluid and crystalized intelligence, cognitive 
flexibility, language, processing speed, attention, executive function, 
and working memory via participant completion of the cognitive core of 
the NIH Tool Box [46]. In addition, participants will complete the 8-item 
version of the Patient Health Questionnaire as an assessment of their 
current depressive symptoms [47]. Parents will complete the 118-item 
adult behavior checklist to assess participants’ externalizing behav
ioral challenges [48]. 

2.7.2. Study outcomes 
Hypothesis 1 outcomes are: 1) emotion recognition; 2) theory-of- 

mind; and 3) emotion regulation. To assess emotion recognition, we 
will use the Penn Emotion Recognition Task [49], which includes 96 
items evaluating one’s perception of displayed emotions on faces. To 
assess theory-of-mind, we will use the Hinting Task [50], which includes 
10 vignettes of two characters interacting which evaluates one’s ability 
to infer the intentions of one of the characters. Both measures have been 
validated for autistic transition-age youth [51]. To assess emotion 
regulation, MCTI trade instructors (who spend approximately 30 h per 
week with students) will complete the brief version of the Emotion 
Dysregulation Inventory (EDI). The EDI was developed specifically for 
autistic youth and adults and includes 7 items assessing reactivity and 6 
items assessing dysphoria [52,53]. Based on our prior research [36], we 
will evaluate the assessments individually as well as create a composite 
score across measures. 

Our hypothesis 2 outcome is work-based social ability. To assess this 
outcome, MCTI trade instructors will complete the Work Behavior In
ventory (WBI). The WBI rates social skills (7 items), cooperativeness (7 
items), work habits (7 items), work quality (7 items), and personal 
presentation (7 items) [54]. 

Our hypothesis 3 outcome is anxiety about work-based social en
counters. We will measure this outcome using the Social Interaction 
Anxiety Scale (SIAS) self-report [55], which includes 20 items assessing 
fear of social conversations and emotions associated with this fear. The 
SIAS has acceptable psychometric properties when completed by 
autistic transition-age youth [56]. 

Our hypothesis 4 outcomes are focused on employment. Employ
ment history since leaving MCTI will be assessed via a brief interview at 
9-month follow-up. Specifically, we will ask participants to provide 
details on their type of job, wage, hours worked per week, days worked 
per week, and job tenure (start and end dates). We will also ask par
ticipants to provide this information for all jobs worked during this 
follow-up period. We will code job types using the Dictionary of Occu
pational Titles [57]. We will use the Substance Abuse and Mental Health 
Services Administration definition of competitive employment [58]. 
Specifically, a competitive job pays at least minimum wage, occurs in an 
integrated community setting, and is not set aside for persons with 

disabilities. 

2.7.3. Potential mechanisms of employment 
We will test the mechanistic hypotheses that social cognitive ability 

(H5a) and work-based social ability (H5b) will mediate the effect of 
treatment (Pre-ETS + WorkChat vs. Pre-ETS + attention control) on 
sustained employment. The social cognition and social ability measures 
have been previously described. 

2.7.4. Implementation and process measures 
This is a Hybrid Type 1 effectiveness-implementation study 

involving a multilevel (students, career readiness counselors), mixed- 
method evaluation of antecedent and perceptual variables (accept
ability, appropriateness, and feasibility) related to initial WorkChat 
implementation [59,60]. 

MCTI administrators and career readiness counselors will self-report 
via surveys: 1) pre-implementation acceptability of WorkChat as an 
intervention; 2) acceptability of their orientation on how to deliver 
WorkChat; 3) appropriateness of WorkChat; 4) expected feasibility of 
WorkChat delivery; and 5) post-implementation evaluation of WorkChat 
acceptability (career readiness counselors) and potential for sustain
ability beyond the study period. These measures were based on the 
Weiner et al. (2017) intervention measures [61] and the Proctor et al. 
(2011) implementation research outcome domains taxonomy [62] and 
the same measures have demonstrated strong reliability when used to 
evaluate virtual job interview training delivered in special education 
programs [18,19]. Additionally, career readiness counselors will com
plete surveys evaluating the context and adaptation to the collabora
tively developed initial WorkChat implementation plan (items based on 
Stirman’s FRAME adaptation coding taxonomy) [63,64]. MCTI career 
readiness counselors and administrators will also complete 
semi-structured interviews based on the Consolidated Framework for 
Implementation Research (CFIR) 2.0 guide (www.cfirguide.org) to 
evaluate determinants of WorkChat implementation to inform strategies 
used and evaluated in future implementation efforts [65]. 

Autistic transition-age youth randomized to practice with WorkChat 
will be recruited to evaluate their perceptions of WorkChat acceptability 
(items adapted from the Treatment Acceptability Rating Form [66]) and 
usability (items adapted from the Post-Study System Usability Ques
tionnaire [67]). The acceptability survey will also include open-ended 
questions to assess their personal reflections of autistic transition-age 
youth after using WorkChat. Specifically, the questions will ask: 1) 
What was your favorite thing about WorkChat?, 2) What was your least 
favorite thing about WorkChat?, and 3) Did you use WorkChat in a 
different way than you were taught? (If yes, please explain). A summary 
of the implementation evaluation measures can be found in Table 2. 

2.8. RCT and implementation evaluation data collection schedule 

The data collection schedule for the proposed RCT can be found in 
Table 3. First, participants will complete all pretest assessments during 
visit 1 and visit 2, with each visit lasts for approximately 1–1.5 h (T1 
data points). Career readiness counselors will deliver WorkChat during 
visits 3–17. Then participants will complete all post-test assessments 
during visits 18–19, with each visit lasts for approximately 1 h (T2 data 
points), followed by a 9-month check-in call (T3 data points). For the 
initial process evaluation, we will administer surveys to administrators 
and career readiness instructors immediately following training on how 
to deliver WorkChat, during and after the implementation of WorkChat 
for each cohort, and at the end of the study to capture baseline, early, 
and longer term perceptions of implementation. The semi-structured 
interviews with career readiness counselors and administrators will 
occur after each cohort. 
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2.9. Data analyses with power estimates for aim 1 hypotheses 

2.10.1 Hypotheses 1–3: Pre-ETS + WorkChat trainees, compared to 
Pre-ETS + AC trainees, will have stronger (H1) social cognitive ability 
and (H2) work-based social ability as well as (H3) reduced anxiety about 
social encounters at work. 

To test H1 - H3, we will create a linear mixed model (LMM) for each 
hypothesis using covariates of time point, treatment group, and their 
interaction. Linear mixed models allow for correlation among observa
tions on the same person, and allow participants to be included in the 
analysis if they had data from at least one time point [68]. Power and 

sample size were calculated by methods recommended by Diggle and 
colleagues [69], with Sidak’s multiple comparison adjustment for three 
outcomes [70]. An effect size of 0.4 can be detected with over 80% 
power, while an effect size of 0.3 corresponds to 74% power. From the 
LMM, differences between treatment groups from pre-test to post-test 
will be estimated by post-hoc contrasts. 

2.9.1. Hypothesis 4: Pre-ETS + WorkChat trainees, compared to Pre-ETS 
+ AC trainees, may have greater sustained employment (average weekly 
hours worked) by 9-month follow-up 

To test H4, the sample size was calculated to detect a 0.4 effect in
crease in average weekly hours worked at 80% power, based on a two- 
sample t-test. With 106 in each group, power will be at least 80%. If any 
key covariates differ significantly at baseline, the difference in hours 
worked will be tested by a linear regression model with covariates of 
intervention group and any key baseline variables that differ by inter
vention group, such as age, sex, depression, anxiety, and intelligence 
scores. A sample size of 212 will provide over 90% power to detect a 5% 
increase in R2, assuming covariates of intervention group status and up 
to 5 baseline characteristics. 

Table 2 
Summary of the proposed multi-level, mixed methodology for the initial 
implementation evaluation of WorkChat.  

Process Evaluation 
Domain 

Type of method, source of data, examples 

Quantitative Data Qualitative Data 

Acceptability (career 
readiness counselors 
[CRCs]) 

Training Evaluation 
Questionnaire; 
Intervention Acceptability 
Measure (sample 
questions: satisfied with 
the training you received 
to teach WorkChat?; 
Overall, how satisfied are 
you with WorkChat as a 
service for your students?) 

CRC Interviews (example 
questions: how we can 
improve the CRC training 
experience? What did you 
like the most/least about 
WorkChat? Can you share 
your thoughts on what was 
appealing about teaching 
students how to use 
WorkChat?) 

Acceptability 
(students) 

Treatment Acceptability 
Rating Form (sample 
question: WorkChat was 
enjoyable) 

Semi-structured interview 
for students (sample 
question: What did you like 
the most about WorkChat?) 

Usability (students) System Usability Scale 
(sample question: I think 
I’m good at using the 
WorkChat program) 

Semi-structured interview 
for students (sample 
question: What were the 
technical challenges you 
experienced when using 
the WorkChat software?) 

Appropriateness 
(CRCs) 

Intervention 
Appropriateness Measure 
(sample question: How 
well do you think 
WorkChat fits with 
students’ goals for job 
training?) 

Semi-structured interviews 
with CRCs (sample 
questions: How is 
WorkChat an appropriate 
fit for employment 
services?) 

Feasibility (CRCs) Intervention Expected 
Feasibility Survey (sample 
question: How well do you 
think WorkChat fits with 
students’ goals for job 
training?) 

Semi-structured interviews 
with CRCs (sample 
questions: What will help 
you the most when 
teaching WorkChat to 
students? 

Feasibility (CRCs) We will administratively 
monitor the time required 
to train CRCs to deliver 
WorkChat; fidelity of 
WorkChat delivery; fidelity 
checklist completion rates; 
CRC time allocated to 
WorkChat implementation 

Semi-structured interviews 
with CRCs (sample 
questions: What was your 
experience completing the 
fidelity checks? What are 
barriers to WorkChat 
implementation? What are 
factors that help to 
successfully facilitate 
WorkChat 
implementation?) 

Feasibility (student) We will administratively 
monitor: adherence to 
training visits; reasons for 
missed visits; reasons for 
skipping different training 
components 

Semi-structured interview 
for students (sample 
question: How can we 
make WorkChat easier to 
use for students in pre- 
employment transition 
services?) 

Cost (MCTI 
administrators, 
University 
Implementation 
Team) 

We will monitor the time 
CRCs, MCTI 
administrators, and 
University Team members 
spend on preparing the site 
to implement WorkChat. 

Semi-structured interviews 
with MCTI administrators 
(sample question: How will 
cost be a major factor in 
continuing to use WorkChat 
at MCTI?)  

Table 3 
Schedule of assessments.  

Study Measures Instrument Collection 
Method 

Timing 

T1 T2 T3 

Background 
Demographics Background survey Self-Report X   
Employment history Employment 

History Interview 
Interview X   

Neuropsychological 
functiona 

NIH Tool Box - 
Cognition 

Assessment X   

Depressive symptoms Patient Health 
Questionnaire 

Self-Report X   

Behavior challengesb Adult behavior 
checklist 

Parent 
report 

X    

Primary Outcomes 
Emotion recognitionc Penn Emotion 

Recognition Task 
Assessment X X  

Theory-of-mind Hinting Task Assessment X X  
Managing emotions* MSCEIT Assessment X X  
Emotion regulation Emotion 

Dysregulation 
Inventory 

Teacher- 
report 

X X  

Sustained employment Recent 
Employment 
Interview 

Interview  X X  

Secondary Outcomes 
Work-based social 

ability 
Work Behavior 
Inventory 

Teacher- 
report 

X X  

Anxiety about work- 
based social 
encounters 

Social Interaction 
Anxiety Scale 

Self-Report X X   

Exploratory Outcomes/Mechanisms 
Applied social ability* Social Skills 

Performance 
Assessment 2.0 

Assessment X X  

Abbreviation. MSCEIT: Mayer-Salovey-Caruso Emotional Intelligence Test 
(managing emotions subtest). 
*Note: Though it was not an outcome included in the original grant application, 
this measure was added in response to advisory board review. 
aThe cognitive scale of the NIH toolbox was replaced with the Brief Assessment 
of Cognition. 
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2.10. Data analyses with power estimates for aim 2 hypotheses 

2.10.1. Hypothesis 5 (H5): Social cognitive ability (H5a) and work-based 
social ability (H5b) will mediate the effect of treatment (Pre-ETS +
WorkChat vs. Pre-ETS + AC) on sustained employment (weekly hours 
worked) 

To test H5, we will use Kraemer’s mediator analytic framework for 
RCTs [71,72]. We will test first for a significant Pre-ETS + WorkChat 
effect on a composite social cognition score (mediator) compared to 
Pre-ETS + AC, then check for treatment by mediator interaction [71], 
then on the product of the two coefficients [73] with bootstrapped 
confidence intervals [74]. We will use the same approach to evaluate 
work-based social ability as the mediator. We computed power using a 
sequence of three multiple regression models, assuming moderate effect 
sizes for R2’s for each of the three equations of 0.40, detecting a change 
in R2 of 0.05, and using the Sidak [70] adjustment for multiple com
parisons. Thus, power for the mediation model is above 90%. 

2.11. Exploratory analyses 

We will conduct independent t-tests to explore if Pre-ETS + Work
Chat and Pre-ETS + AC differ with respect to: 1) number of days worked 
at their first job post-MCTI, 2) total days worked at all jobs post-MCTI, 
and 3) social encounters at each job post-MCTI. There is no pre
liminary data available (from our studies or others) to power these tests. 

2.12. Data analyses for aim 3 multilevel, mixed-method process 
evaluation of WorkChat’s acceptability, usability, appropriateness, 
feasibility, fidelity, and initial determinants of implementation (e.g., 
barriers and facilitators) 

2.12.1. Mixed-methods quantitative analyses 
We will report the descriptive statistics (i.e., mean, standard devia

tion, range) of WorkChat’s pre-implementation acceptability and 
appropriateness for employment services (administrators, career readi
ness counselors); acceptability of training methods to prepare WorkChat 
implementers (administrators, career readiness counselors); WorkChat 
expected delivery feasibility (administrators, career readiness coun
selors); implementation context and adaptation (career readiness 
counselors only); post-implementation WorkChat feasibility and sus
tainability (administrators, career readiness counselors), acceptability 
(administrators, career readiness counselors, autistic transition-age 
youth), and usability (autistic transition-age youth only). In addition, 
we will evaluate whether there were differences between implementa
tion context and adaptation at delivery midpoint and endpoint using 
paired samples t-tests. 

2.12.2. Mixed-methods qualitative analyses for administrators, career 
readiness counselors 

Our research team will transcribe the open-ended semi-structured 
interview data from administrators and career readiness counselors 
verbatim to prepare for data analysis. Our team will analyze the data 
iteratively using thematic analysis and the constant comparative 
approach [75,76] to identify emergent themes regarding the accept
ibility, feasibility, and barriers and facilitators of implementing Work
Chat within Pre-ETS. Barriers and facilitators will be coded using a 
codebook based on the CFIR 2.0 guide [65]. Two research staff will 
analyze the data using Ethnograph, a qualitative data analysis package. 
The initial phase of analysis will consist of the research staff indepen
dently analyzing a subset of transcripts to iteratively develop new codes 
as they emerge, using an inductive qualitative approach. Additionally 
the team will use a deductive approach to identify codes based on topics 
covered in the CFIR Codebook and on the definitions of implementation 
outcomes as defined by Proctor et al. [62]. Once we have developed a set 
of final codes and inter-coder reliability using Cohen’s Kappa [77] in the 
initial phase of analyses, the codes will be used to analyze the remaining 

transcripts [78,79]. Framework analysis, which allows for the use of 
both inductively and deductively developed themes in qualitative 
analysis, will be used to evaluate career readiness counselors’ and ad
ministrators’ perceptions of WorkChat as well as acceptibility, feasibility, 
and barriers and facilitators of WorkChat implementation [80]. To 
facilitate comparison, a matrix of the identified themes will be devel
oped that will include participant type (x-axis) vs. barriers and facili
tators (y-axis). Matrices will aid in identifying themes common to all 
groups and features specific to particular subgroups (e.g., social iden
tities), should they be present in the data [81]. For example, the expe
rience of implementing WorkChat for autistic transition-age youth may 
be related to organizational context factors not evident among career 
readiness counselors or administrators. Thus, administrators might 
perceive the determinants of implementation (i.e., barriers and facili
tators) differently due to barriers that career readiness counselors and 
autistic transition-age youth do not report. 

2.12.3. Mixed-methods qualitative analyses for autistic transition-age 
youth 

We will transcribe open-ended interview data verbatim and analyze 
the data iteratively using thematic analysis and the constant compara
tive approach [75,76] to identify emergent themes regarding the bar
riers to and facilitators of implementation of WorkChat. Research staff 
will analyze the data using Ethnograph, a qualitative data analysis 
package. Following the same analysis plan previously outlined for ad
ministrators and counselors’ data, research staff will independently 
analyze a subset of transcripts to iteratively develop codes inductively as 
they emerge, as well as deductively based on initial topics (e.g., barriers, 
available resources). After the team agrees on a final codebook and 
intercoder reliability using Cohens Kappa is achieved, the codes will be 
used to analyze all remaining transcripts [78,79]. We will use frame
work analysis to compare autistic transition-age youth participants’ 
perceptions of barriers to and facilitators of WorkChat implementation 
[80]. To facilitate comparison, a matrix of themes will be developed: 
subject type (x-axis) vs. barriers and facilitators (y-axis). Matrices will 
identify themes common to all groups, and themes and features specific 
to particular subgroups [81]. Overall, this evaluation will inform 
WorkChat feasibility, acceptability, and determinants of 
implementation. 

2.13. Handling missing data 

Prior to conducting our data analyses, we will use standard double 
data entry for data cleaning and quality control. We will also use stan
dard techniques to create and psychometrically assess validated scales, 
test for multicollinearity, and conduct a missing data review. If indi
cated, missing data may be addressed by use of conditional variables, 
maximum likelihood estimates, sensitivity analyses, multiple imputa
tion, or variable exclusion [82]. 

2.14. Quality assurance and quality control 

2.14.1. Data management at the University of Michigan 
The University of Michigan Institutional Board (IRB) will review and 

approve all recruitment strategies, documents, and scripts. These 
recruitment methods will be reviewed after each MCTI recruitment 
session to assess if the approved strategies are successful at enrolling 
participants. If enrollment is lacking or enrollment numbers are too low, 
new strategies will be developed and submitted for review. The study 
coordinator will evaluate all enrolling participants to confirm they meet 
the specified eligibility criteria and will also continuously check all 
incoming study data and files to confirm accurate completion of data 
collection measures. If the study coordinator identifies missing data, a 
plan to attempt to obtain the missing data will be created. Study data 
will be entered into an online database known as Research Electronic 
Data Capture (REDCap), a password-protected system accessed through 

M.J. Smith et al.                                                                                                                                                                                                                                



Contemporary Clinical Trials Communications 34 (2023) 101153

11

a virtual private network and behind firewalls [75]). To protect partic
ipant confidentiality, enrolled participants will be assigned a personal 
identification number (PIN). Only certain members of the research study 
team will have access to the REDCap form that links participant names 
to their PIN. If paper copies are used, they will be stored in a locked filing 
cabinet in a locked office at the University of Michigan School of Social 
Work. Physical video and audio recordings will also be stored in the 
same place. Virtual video and audio recordings will be stored on a 
password-protected and encrypted University of Michigan device, along 
with other computer data files. The study coordinator and statistician 
will review data collection procedures and methods on a regular basis to 
monitor reliability and validity of the research data. 

2.14.2. Data management at MCTI 
All study items that research team members will bring into MCTI (e. 

g., video cameras, tripods, headsets, audio recorders, research data 
lockboxes, and all paper-based data collection materials) will be 
reviewed and approved by MCTI officials prior to initiating the study. 

Regarding arrival procedures, research team members will check in 
at the MCTI front desk and obtain a volunteer pass that will allow them 
to enter the school. In order to get their volunteer pass, research team 
members will need to present picture identification. After research team 
members obtain their visitor passes, they will proceed into the school 
and be escorted by school staff. 

2.14.3. Data collection fidelity 
Conducting randomized controlled trials in school settings requires 

the research team to maintain a high level of fidelity with regard to data 
collection procedures. We will implement the following best practices 
for training research staff. Research staff will receive training from the 
study coordinator who has expertise conducting research in school set
tings. The training will consist of first attending an orientation to review 
all study procedures. After attending an orientation, a research team 
member will observe the study coordinator conduct a complete mock 
study visit where they will consent a mock participant and administer 
assessments. Next, the study team member will conduct at least two 
mock study visits independently with the study coordinator observing 
and providing feedback. Once the study coordinator determines the 
research team member is ready to conduct a study visit on their own, the 
research team member will conduct a final visit that will be recorded or 
viewed live by the project manager or PI. The project manager or PI will 
review the live session (or recording) and assess the research team 
member’s performance and, if sufficient, grant them authorization to 
conduct research visits. If the research team member requires additional 
training, they will conduct subsequent mock visits with the PI or project 
manager until their performance is deemed satisfactory. Then, the PI 
will authorize the research team member to work with participants. 

Role-play training will be monitored by the PI or project manager, 
who has expertise in training and supervising study team members to 
successfully carry out role-play assessments [83–87]. Study team 
members will read through the role-play training script, have the op
portunity to ask questions, and will then practice administering the role 
play. During these practice sessions, the PI or project manager will 
provide feedback, and then assign the study team members to conduct 
the role play with an additional study team member three times. The PI 
or project manager will again provide feedback after observing these 
performances, and then give the final authorization for the research staff 
to conduct role-plays with participants. 

3. Discussion 

Given that the social abilities of autistic transition-age youth are 
stigmatized by an allistic world [4–6], autism services research needs to 
support autistic transition-age youth by both developing programs to 
educate and train employers and staff to be more accepting and 
affirming of autism as well as helping enhance the social abilities of 

autistic transition-age youth. We acknowledge that WorkChat targets the 
latter. For the past two years, we partnered with the autism community 
and a series of advisory boards to develop WorkChat: A Virtual Workday 
that we will evaluate within the context of post-secondary pre-em
ployment transition services. 

WorkChat was developed to help enhance the role-play training that 
teachers are already doing to support the social development of their 
autistic students [88,89]. In particular, the role-play training that 
teachers provide is not standardized as the field does not currently have 
any evidence-based methods to help autistic transition-age youth have 
more effective conversations with customers, coworkers, and supervi
sors [90]. Role plays are also resource-intensive so autistic 
transition-age youth seldom engage in the repeated practice that is 
necessary to facilitate behavioral change [88]. In addition, WorkChat is 
facilitated via a virtual learning environment that creates a safe and 
non-threatening space for youth to take risks in how they practice their 
conversations at work without fear of being judged [88,91–93]. More
over, a recent meta-analysis concluded that computerized trainings 
effectively teach general social skills to autistic people [94] and virtual 
learning environments are more acceptable and preferred by autistic 
youth compared to live role-plays with teachers [95]. 

Overall, this study aims to fill a gap in autism services research by 
evaluating both the effectiveness and implementation of WorkChat to 
enhance pre-employment transition services delivered in post-secondary 
educational settings. Also, this study will be among the first to use a 
novel Hybrid Type I effectiveness-implementation design that simulta
neously tests an intervention’s effectiveness while conducting an in- 
depth process evaluation of WorkChat in a post-secondary Pre-ETS 
setting. Thus, this design will guide our initial understanding of whether 
comprehensive technology-based interventions such as WorkChat: 1) 
can be feasibly delivered with fidelity in and is appropriate for post- 
secondary Pre-ETS; 2) is acceptable to the administrators, career read
iness counselors, and (useable for) autistic youth in this setting; and 3) 
have identifiable determinants of implementation (i.e., barriers and fa
cilitators). Notably, this Hybrid Type I design has the potential to lessen 
the time needed to transform this innovative research into practice [27]. 

3.1. Potential enhancements for individuals and systems 

Assuming that WorkChat enhances social ability in the work setting 
for autistic transition-age youth, the study results could potentially have 
implications for both individuals and systems. Specifically, WorkChat 
could help autistic transition-age youth engage in repeated practice of 
skills where teachers spend less time facilitating role plays and focus 
more on helping students digest the WorkChat feedback to help improve 
future performance. Also, WorkChat implementation within MCTI could 
translate into an expansion of services for other programs like MCTI who 
provide post-secondary Pre-ETS. In addition, a demonstration of Work
Chat effectiveness could also translate into adoption by corporations 
who have committed to hiring an autistic workforce and could imple
ment WorkChat as part of their onboarding procedures. 

3.2. Pre-funding modifications to the trial 

After scientific review by the National Institute of Mental Health, the 
scientific review officer recommended two changes to the proposed 
exploration of potential mechanisms. In response, we will evaluate if 
WorkChat reduces social anxiety, which in turn may facilitate greater 
duration of employment. In addition, we will explore whether baseline 
social challenges moderate the relationship between participating in 
WorkChat and sustaining employment. 

3.3. Post-funding modifications to the trial 

After the study was funded, we convened community advisory board, 
diversity advisory board, and scientific advisory board meetings 
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(including 1:1 check-in meetings or feedback solicited via email) to re
view the proposed study procedures and provide recommended 
modifications. 

3.3.1. Modifications requested by the advisory boards 
After a full review of the RCT design and measures (for autistic youth 

and career readiness counselors), the community advisory board and 
diversity advisory board did not recommend any changes to the study 
procedures (including study measures, data collection plan, or WorkChat 
implementation plan). The scientific advisory board made three notable 
recommendations. First, the scientific advisory board recommended 
that the study collect individual-level data that reflect their engagement 
in the five domains of Pre-ETS: job exploration counseling, work-based 
learning experiences, workplace readiness training, self-advocacy, and 
post-secondary exploration [13]. Given that the field does not yet have 
an empirically validated measurement of Pre-ETS fidelity at the 
individual-level, we asked students to reflect on whether or not they 
engaged in 20 common activities that occur during the aforementioned 
five Pre-ETS domains. Second, they recommended that we evaluate the 
implementation preparation costs to prepare MCTI to deliver WorkChat 
and the costs of actually delivering WorkChat using budget impact 
analysis. We will generate a spreadsheet template that other schools can 
use to input site-specific parameters needed to estimate their costs of 
preparing to deliver WorkChat. We will evaluate costs from the imple
menting organization perspective (MCTI), which is consistent with best 
practices for budget impact analyses [96]. We will use sensitivity anal
ysis to estimate the range of replicating the implementation preparation 
costs for future sites. This economic evaluation can help provide trans
parency around the administrator and staff workload required to pre
pare new sites to implement WorkChat, which have recently emerged as 
helpful in community-based research settings [97–99]. Third, they rec
ommended capturing performance-based measures of social ability and 
emotion regulation. Thus, we added a work-based version of the social 
skills performance assessment using two 3-min role-plays to evaluate 
how someone interacts with a customer and supervisor [100]. Next, we 
added the ‘managing emotions’ subscale of the Mayer-Salovey-Caruso 
Emotional Intelligence Test [101]. The Penn Emotion Recognition 
Task was also replaced in favor of using an assessment with more dy
namic stimuli, a short multi-channel version of the Profile of Nonverbal 
Sensitivity [102]. 

3.3.2. Modifications requested by MCTI 
The MCTI administrative team reviewed the study design as pro

posed during the initial grant application during our RCT preparation. 
They requested five revisions to the study design. First, they indicated 
that they have current student reading level records. Thus, to reduce 
participant burden with measures added to the study in 3.3.1, they 
requested that we remove the research-led reading assessment. Second, 
they requested additional reduction in the number or time required to 
collect assessments. To compromise, the research team changed the 
neuropsychological assessment from the NIH Toolbox cognitive battery 
(requiring approximately 45 min to complete) to the Brief Assessment of 
Cognition (requiring approximately 20 min). Third, due to the ongoing 
staffing shortages related to the COVID-19 pandemic and limited com
puter lab availability, MCTI requested that we remove the attention 
control condition. Given that MCTI serves as a services-as-usual setting 
and that an attention control had no impact when evaluating the effects 
of cognitive remediation in RCTs [103,104], we removed the attention 
control based on the school’s request. Fourth, MCTI advised that parent 
response rate may be lower than anticipated given the strains of re
covery from the COVID-19 pandemic. Given that participants are adults, 
they advised that we limit our requests to the autistic transition-age 
youth. Thus, we replaced the parent-report of the adult behavior 
checklist [48] with the self-report version of the self-directedness sub
scale from the Adaptive Behavior Assessment System (3rd Edition) 
[105]. Lastly, autistic students at MCTI could have a SRS-2 score of 

60–64. The eligibility criteria required a SRS-2 score of at least 65 was 
required to reduce false positives. MCTI indicated that their autistic 
students already received a clinical diagnosis of autism or had autism 
identified on their individualized education program. Thus, excluding 
potential autistic participants with an SRS-2 of 60–64 would not be 
equitable and inappropriate given WorkChat was designed for autistic 
youth in an educational setting. To be responsive, we will not exclude 
potential autistic participants who are enrolled at MCTI and have 
‘autism’ identified on their educational record according to the stan
dards set forth by the Individuals with Disabilities Education Act [106]. 

3.4. Conclusion 

This is the first RCT evaluating WorkChat in a post-secondary Pre- 
ETS program. This innovative design is a critical step in the translational 
research pipeline, as WorkChat will be integrated in the typical MCTI 
workflow with a certain degree of unpredictability regarding how career 
readiness counselors, students, and administrators will respond. This 
study is unique high-risk effort as there have been no prior efficacy trials 
of this particular intervention. However, the methods to design and 
evaluate this intervention have followed community-engaged methods 
that have recently demonstrated real-world effectiveness for similar 
simulation-type interventions with virtual characters as the foci of 
training conversational skills. Thus, the Hybrid Type I effectiveness- 
implementation evaluation design [27] was an intentional effort to 
expedite the translational process and scale-up by more than five years 
by skipping small scale efficacy trials in favor of a fully-powered effec
tiveness trial aiming to evaluate whether WorkChat will have a positive 
impact on sustaining employment for autistic transition-age youth 
engaged in post-secondary Pre-ETS. The success of this high-risk rapid 
translation will depend on whether WorkChat is effective and the 
implementation evaluation reveals salient factors to support for future 
adoption. 
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