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Project Summary:
Traumatic brain injury (TBI) is the leading cause of death and disability among children and adolescents. Common sequelae include physical, cognitive, and behavioral impairments that may disrupt adolescents’ developing independence. Despite greater risk for repeated injury on discharge from hospital, little is known about injuries related to their performance of everyday activities in the home. Virtual simulation technologies have demonstrated efficacy and feasibility for use in training and rehabilitation and can be particularly engaging for adolescents. The proposed pilot study seeks to increase the home safety of adolescents by improving their ability to identify and respond to common household hazards (e.g. fire safety, household chemicals, trip hazards) using a virtual simulation training system (HH-VSTS). Our team developed the HH-VSTS to train home healthcare workers to identify and respond to health and safety hazards in client homes. We seek to modify and test this system for use with adolescents with TBI. To this end, it is critical that we identify safety hazards and concerns for adolescents with TBI in home environments (Aim 1) and identify adaptations to the HH-VSTS to improve relevancy and usability for adolescents with TBI (Aim 2). Using a mixed-methods, participatory approach, we will engage multiple stakeholders (adolescents with TBI, caregivers, and clinicians) in interviews, activities, and HH-VSTS testing. Data from this project will supply critical preliminary data for a larger study that will modify and test the effectiveness of the HH-VSTS in promoting safe performance of everyday activities in the home among adolescents with TBI.

Introduction:
Background
Over 145,000 children and adolescents live with substantial and lasting cognitive and motor impairments as a result of traumatic brain injury (TBI).1,2 Referred to as the “silent epidemic,” TBI occurrence is highest among adolescents aged 15-19 and can result in a wide range of cognitive and functional impairments that persist beyond the acute phase of injury.3 As a result, adolescents with TBI often are unable to return to their daily routines or manage their needs on discharge from hospital to home.1,4,5 Adolescence is a period of increased independence and development of skills needed for independent living.1,6,7 Adolescents with TBI must prepare for transition to increased independence in self-management and daily living, but motor and cognitive changes pose challenges with learning/relearning tasks and performing them safely.1,5,8,9 In fact, adolescents with TBI are at risk of injuries such as falls and burns on return home and while performing everyday life activities.10,11
Significance
Approximately 37,000 children experience a traumatic brain injury (TBI) each year primarily due to motor vehicle accidents, falls, and sports-related injuries.3,12 These children and adolescents with TBI are at a much higher risk for developing motor, cognitive, behavioral, social, and adaptive functioning deficits, which can remain undetected and emerge later in life, manifesting in poor academic performance, social isolation, behavioral issues, and difficulties with employment, relationships, and the law.1,3 They are also at greater risk for a second brain injury.4 Existing research shows there are gaps in clinical care for children and adolescents with brain injuries during their transition and following discharge from hospital to home, school, or community settings.4,13 A primary concern for this population is their safety and functional performance; however, limited research exists on safety hazards for adolescents returning home following discharge.
To this end, there is a critical knowledge gap in our understanding of safety hazards placing these adolescents at risk and a need for effective interventions to support their health and safety in the home. Virtual technologies have demonstrated efficacy and usability in training home healthcare workers to identify and respond to hazards within the home and have shown some positive effects in the rehabilitation of cognitive deficits for adults with TBI.14,15 The proposed study will contribute essential information about safety hazards and will determine requirements for adapting the HH-VSTS for adolescents with TBI for home hazard safety training.
This research will also include the acquired brain injury (ABI) population, an “umbrella” diagnosis that includes other diagnoses such as stroke, anoxic brain injury, TBI, and other events.16 In doing so, we will improve the generalizability of this research to other similar populations with similar neurologic functional limitations. Given similar cognitive, physical, and functional impairments, it is likely these youth experience similar health and safety challenges in the home environment. From a practical perspective, this will provide more perspectives about the current HH-VSTS program, increase our recruitment pool, and perhaps allow us to uncover potential differences that might exist between groups to help inform our future research. 
This project will provide the crucial preliminary data for submission of an R01 to adapt and test the HH-VSTS as a means to prevent injuries in adolescents with ABI as they resume everyday life activities following injury. This innovative research will add to a burgeoning area of scientific study examining the use of virtual gaming technologies with adolescents with ABI, contributing a unique focus on safety in the home setting. We will identify safety concerns and hazards as well as modifications needed to adapt the HH-VSTS for adolescents with ABI. Findings from this study will yield two manuscripts and data will support an R01 grant submission to adapt the HH-VSTS to train adolescents with ABI in home safety hazard recognition and response.
Innovation
This highly innovative project will adapt the HH-VSTS for use with adolescents with ABI. We have established the efficacy, usefulness, and usability of the HH-VSTS with home healthcare workers. We will demonstrate proof of concept for adolescents with ABI through assessment of safety concerns from multiple perspectives and evaluation of design considerations from our intended user-group. Further, we are applying the HH-VSTS in a novel way to solve an understudied problem in adolescents with ABI. In addition, we will apply a user-centered, participatory approach to assess the design consideration of virtual gaming technologies to health and safety training adolescents with ABI. Finally, we have a well-established multidisciplinary team, with a long history of collaboration, grant submissions, and presentations/publications, of occupational therapy, speech therapy, engineering, occupational health, and nursing, that will engage through paid and in-kind effort to the project to ensure a broad and diverse perspective.
Overall Objective and Hypothesis
The overall objective of this research is to improve safety outcomes for adolescents with ABI. To this end, we will adapt and test our highly innovative, game-based, home healthcare virtual simulation training system (HH-VSTS) to teach adolescents with ABI how to identify and respond to safety hazards in their homes. Our research team created the efficacious and usable HH-VSTS to train home healthcare workers (HHW) to identify and respond to hazards (e.g. fire, biohazards, slip/trip) they encounter in client homes.14 The HH-VSTS is readily adaptable for adolescents with ABI. It capitalizes on video gaming technologies that appeal to adolescents and has substantial potential for engaging and effective safety training in this population.1,17 The proposed study will yield critical information necessary for the adaptation of the HH-VSTS for adolescents with ABI, including the priority safety concerns of stakeholder groups (parents, healthcare workers, individuals with ABI) and modifications necessary to improve the appeal and relevancy of the HH-VSTS.
Aims
Aim 1: Identify safety hazards and concerns for adolescents with ABI in the home environment.
Research Questions:
1. What are the priority safety concerns during performance of everyday activities in the home for individuals with ABI, their caregivers, and their healthcare providers?
2. To what extent does the current HH-VSTS require content adaptation to address these priorities?
Aim 1 will use a qualitative approach to determine stakeholder perceptions of priority safety hazards encountered by adolescents with ABI at home. When integrated with epidemiological injury data, this will inform the modification of the existing HH-VSTS to ensure it is relevant for adolescents with ABI.
Aim 2: Identify adaptations to the HH-VSTS that will improve the user experience for adolescents with ABI.
Research Questions:
1. How do adolescents with ABI perceive the usability, usefulness, and desirability of the current HH-VSTS?
2. What adaptations must be made to increase the usability, usefulness, and desirability of the HH-VSTS for adolescents with ABI?
Aim 2 will use a mixed-methods approach to gather quantitative (the Usefulness, Usability, and Desirability Assessment) and qualitative (Focus Groups and Interviews) data regarding the HH-VSTS. Data will inform future modifications of the HH-VSTS to improve usability, usefulness, and desirability for adolescents with ABI.

Methods:
Design
The study will use a mixed-methods user-centered participatory approach incorporating grounded theory to 1) determine the priority health and safety concerns of stakeholders and 2) assess essential HH-VSTS training elements for usability, usefulness, and desirability.
Participants
Eligibility Criteria
For inclusion, study participants must: 
1) Fit the criteria for one of three stakeholder groups:
a. be an adolescent with an ABI between the ages of 12 – 19 (ABI diagnosis per medical record or self-report for those recruited via word of mouth or community) 
b. OR parent/caregiver over the age of 18 of an adolescent with an ABI
c. OR a health professional over the age of 18 involved in discharge planning and community re-integration of adolescents with ABI. 
2) Participants must be able to speak and read English and be able to answer researcher questions (verbally or through typing). 
3) Participants who wish to complete Aim 1 and/or Aim 2 study procedures online must:
a. Have access to a computer or smart device with reliable internet access and power source, a microphone, speakers/headphones, and video camera. 
b. Have access to a private/comfortable and quiet space to participate from.
4) Participants who wish to complete Aim 1 and/or Aim 2 study procedures in-person must have the means to transport themselves to/from Atwell Hall (OSUWMC) or NCH.
Eligibility Screening
Dr. Lundine, Dr. Darragh, and Dr. Anderson will screen the eligibility of potential participants. For participants who will be identified through medical record review at NCH, initial eligibility screening will be conducted at the time of identification. Eligibility criteria will be confirmed and other eligibility factors, such as ability to participate in the study, will be screened during recruitment of potential participants over phone, email, or in-person. For participants who will be identified through other means at other community settings, eligibility of potential participants will be screened during recruitment of potential participants over phone, email, or in-person.
Recruitment
Forty-five individuals, representing three stakeholder groups identified in Figure 1, will be recruited from the community and Nationwide Children’s Hospital (NCH). Participants will be identified through multiple means including: medical record review and informational flyers placed and distributed by Nationwide Children’s Hospital through collaboration with our colleague Dr. Lundine, as well as through recruitment at community support groups, outpatient rehabilitation, and local health facilities. Medical record review and recruitment at NCH will be conducted by Dr. Lundine, Dr. Darragh, and Dr. Anderson. NCH recruitment information will be shared with partners via approved secure file-sharing cloud service (DropBox). Eligible individuals who are current inpatients or outpatients at NCH will receive an informational flyer and an informational opt-out letter. Unless informed otherwise, research personnel will contact these participants within one or two weeks of identification.
Recruitment will also occur by email, phone, fliers, and social media. Snowball sampling to recruit a convenience sample of stakeholders will also be used: potential participants will be encouraged to refer others they feel are appropriate for the study. We intend to recruit parent-adolescent dyads when possible, however will not limit participation of these two stakeholder groups solely to dyads for maximum flexibility. 
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Incentives
Each participant who completes part or all the study session(s) will receive an Amazon e-gift card in amounts of $25.00 or $50.00. We will use participant emails to distribute these. Participants who complete Aim 1 study procedures will receive $25.00 and will receive an additional $25.00 upon completion of Aim 2 procedures. These will be distributed after the session as a singular $50.00 amount if both Aims are completed during the same session, or separately if the participant only completes the Aim 1 procedures. Participants who need to complete Aim 2 study procedures at a separate time will receive the additional $25.00 upon completion of the Aim 2 session. Participants who withdraw or fail to follow-up after completion of the Aim 1 session will not receive the additional $25.00.
Participants who complete the optional follow-up session will receive an additional $25.00 gift card, leading to a potential total of $75.00 
In the case where a participant does not have an email, they will be mailed a physical gift card upon completion of Aim 1, Aim 2, or optional follow-up session procedures and will be informed to expect delays in distribution. This method will require participant names and mailing addresses for distribution.
Gift card receipts will be completed by research personnel for each one distributed.
Consent
All participants will review and sign informed consent, parental permission, and/or assent as appropriate, using processes approved by Nationwide Children’s Hospital’s Institutional Review Board. All adolescents with ABI will sign an assent form, and questions regarding their understanding of the study procedures will be provided if need be. The consent/assent/permission documents describe the study purpose, procedures, risks, benefits, incentives, data privacy, participant rights, and voluntary nature of the research. They also detail the use of audio recording for in-person sessions and audio and video recording for online Zoom sessions.
Participants may complete the consent process in-person at NCH or Atwell Hall (OSU), or remotely through Zoom or phone. All participants will receive the consent documentation to review ahead of time if possible. Participants consented in-person will sign two copies of the approved consent/assent/parental permission forms and receive a copy for their records. A waiver of consent documentation will be obtained for those consenting remotely through Zoom or phone, who will indicate consent verbally and/or in text chat. Upon initiating each study session recording, all participants will confirm their consent/assent/permission to participate. Both in-person and online participants will receive the same consent/assent/parental permission documents and these documents will be used as the verbal scripts.
Participants must complete the consent/assent/permission process prior to engaging in any other study activities, however, they may choose to complete consent at the time of recruitment or at another time after recruitment. All participants recruited should be consented and complete study activities within 2-4 weeks of recruitment, however, it is possible to extend this window on an individual basis. 
Withdrawal of Subjects
Participants will be withdrawn from the research if they explicitly state intention for withdrawal, or if they fail to follow-up with research personnel after 3 attempts to contact them regarding any incomplete study procedures or materials.  
Upon withdrawal from the study, all participants who have not received a gift card, who should get one, will be sent one or given one. Already collected participant data, consent forms, and gift card receipts will be kept, analyzed, and stored securely.  
If participants are withdrawn by the researchers or if they choose to withdraw from the study, the data associated with their de-identified ID will be included in analysis and this attrition will be reported through intent-to-treat analysis. 
Measures
All data will be collected via paper documents or RedCap, and all data will be ultimately entered into RedCap via the participants and/or study personnel.
All participants will complete a questionnaire about demographic/background characteristics. Pediatric ABI participants and caregivers of pediatric ABI participants will also complete the Pediatric Glasgow Outcome Scale – Extended (GOS-E Peds), a gold-standard developmentally appropriate interview-based functional outcome measure for TBI, with research personnel. This measure has been previously validated for this population and will be used to determine severity of injury for pediatric participants in this study.18
Aim 1 Measures
Aim 1 focus group/interview question topics are in Table 1. Participants will be asked to describe their everyday activities and any concerns about or experiences with potential threats to their safety within the physical home environment. In addition, they will rate the frequency and severity of these perceived hazards on a two-axis scale (Figure 2). This method, previously successfully implemented by the research team, will be used to assess the usefulness, or relevance, of the current HH-VSTS hazards, and to identify gaps, that is topics that will need to be added to the adolescent ABI version. Perceived hazards will be compared with scientific literature on injuries in the home for this population, to develop a prioritized hazard list. Participants will also complete a Hazard questionnaire to determine what hazards and potential resulting injuries they are concerned about for themselves/this population in the home.
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	Table 1. Focus Group/Interview Question Topics
Aim 1 
Understanding environment and activity: e.g. design, structure of home; activities performed in a typical day; activities performed independently/without supervision
Activity performance: e.g. current challenges with performing activities; challenges with activity performance
Safety concerns and Hazards: e.g. concerns for your/the child’s safety at home; primary safety considerations for discharge recommendations; most relevant or important safety hazards   
Aim 2
Usability: e.g. using the game; is content understandable; HH-VSTS strengths, limitations, concerns
Usefulness: e.g. content and its relevance to you/your child/adolescents with ABI; recommendations for additions and removals
Desirability: e.g. appeal of HH-VSTS; recommendations to make it more engaging or fun.



Aim 2 Measures
Aim 2 focus group/interview question topics are in Table 1. Usability, usefulness, and desirability (UUD) of the HH-VSTS will be assessed using individual interviews, behavioral observations, and our study-specific UUD assessment tool to fully assess the usability and appeal of the HH-VSTS, and understand potential modifications. The current UUD survey tool gathers data on the usability (ease of use) (9 items), usefulness (value, relevance, and applicability) (10 items), and desirability (overall appeal or interest) (4 items) of the HH-VSTS, and will be customized to include items specific to the ABI population. Items are rated on a five-point Likert-type scale. We used this instrument successfully in the development and testing of the HH-VSTS.14 Subjective experiences and perceptions will be assessed in interviews. Investigators will document observations of usability issues; e.g., system hardware challenges, selecting hazards. To provoke discourse, participants will be shown/demonstrated and/or try some parts of the HH-VSTS (e.g., through pre-recorded video, screen capture, etc.).
Optional Follow-Up Session Measures
Prior to the optional follow-up session (for Children and Caregiver participants who previously participated during IPR and have since been discharged), participants will complete the Follow-Up Demographics questionnaire, the GOS-E Peds, and the Hazard Checklist. The follow-up session will contain additional focus group/interview questions about 1) the change in child’s functional ability and performance, 2) the transition from hospital to home and any ongoing services received, 3) any changes in home and community safety concerns and the current concerns, 4) any present/ongoing challenges being faced and supports that are helping, and 5) looking forward: the anticipated road to recovery and current goals. The frequency and severity rating of hazards will also be completed again via the Hazard Matrix used in Aim 1.
Setting
Data will be collected either in-person or online through a web-based video-conferencing software (Zoom). In-person data collection will occur either at NCH or at The Ohio State University Wexner Medical Center in Atwell Hall. Participants will be responsible for their own travel and parking expenses. Online data collection will occur via Zoom web-conferencing software.
Procedures
Focus Group/ Interview Scheduling
Group and/or individual interviews (in-person or online) will be conducted to capture the range of activities and associated safety concerns of these stakeholder groups. While we anticipate saturation will be achieved with interviews of approximately fifteen people in each stakeholder group, interviews will continue until saturation is achieved. For adolescents with ABI, groups will be structured with two to five individuals (a smaller group size is suggested to accommodate potential cognitive challenges). Participants will be placed into two distinct age groups for focus groups and interviews whenever possible: ages twelve to fourteen, and ages fifteen to seventeen. This will create groups of individuals at relatively similar stages of development and maturation. 
Separate parent group/individual interviews will be run simultaneously, though a parent/child dyad group may be facilitated upon request. Healthcare workers can participate individually or in a group of up to 8. Individuals with ABI and family will have the option of completing Aim 2 activities individually at another time if the length of the group session is physically or cognitively challenging. Group interviews are the preferred method of data collection, but individual interviews will be completed if scheduling becomes a challenge.
[bookmark: _GoBack]Child and Caregiver participants who completed Aim1 study procedures during their inpatient rehabilitation stay will have the option of completing an additional follow-up session at a later time upon discharge from the hospital. They may decide to participate in this additional setting while consenting to participate or at a later time. They will be informed of this optional follow-up session during the consent process and after completion of Aim 1 and/or Aim 2 study procedures. If they are or may be interested in participating in a follow-up session, they may be scheduled immediately or contacted at a later time via phone/email/text as desired to schedule a follow-up session.
Data Collection Procedures
Each focus group will last approximately 2-2.5 hours. Research personnel will ensure that all measures distributed to participants prior to the session (i.e., demographics questionnaire, Hazards questionnaire, GOS-E peds) have been completed, or these will be completed prior to/during the discussion period. Initially, the facilitator will ask questions about everyday activities, hazards the participants think might be related to those activities, and any they actually have encountered in the home environment. Participants will be asked to identify their top 3-5 hazards, to establish stakeholder priorities (total = 40 - 60 minutes). After a short break, participants will be shown a module in the HH-VSTS and will be asked to provide feedback to UUD items, through discussion and through the UUD measure. In addition, all participants will have the opportunity to try the game during the group session, should they choose (40 – 60 minutes). All focus groups and individual interviews will be audio/video recorded. All participants across stakeholder groups will have the option of completing Aim 1 and 2 activities individually, should scheduling or fatigue preclude participation in a single session. Participants who wish to try the HH-VSTS for Aim 2 will also have the option of scheduling a separate time to complete that in-person.
Child and Caregiver participants who completed Aim 1 study procedures during IPR will have the option to participate in a follow-up session after discharge from the hospital. Participants will complete several measures prior to or during the session (i.e., follow-up demographics questionnaire, GOS-E peds, Hazards questionnaire). This session will run similar to Aim 1 study procedures (about 40-60 minutes): It will consist of a separate set of focus group questions regarding transition home and changes in activity performance and safety concerns. It will also include the hazard rating activity mentioned previously.
Duration
Each focus group or interview will last approximately 2-2.5 hours. All study procedures will take place on the participant’s own time before the session (e.g., some surveys), or during a single 2-2.5-hour session unless fatigue or scheduling require activities to be split into multiple sessions (anticipated maximum of 3 sessions). This circumstance would lead to multiple smaller sessions with a combined total time of approximately 2.5 hours. All interviews/focus groups will be completed within a period of 4 months. All three stakeholder groups will have approximately the same duration. 
Additionally, Child and Caregiver participants who completed Aim 1 study procedures during IPR will have the option to participate in a focus group/interview follow-up session (~60 min.) after discharge from the hospital. 
Participant Information
No PHI will be collected from participants as part of data collection. All identifiers collected during data collection will be destroyed and all documentation de-identified. All identifiers collected for recruitment and incentive distribution purposes will be destroyed following their completion in the study and distribution of the gift cards. The only documentation with remaining identifiers will be consent forms and gift card receipt forms. 
Data Management
All physical data collected will be stored in secured filing cabinets in Dr. Darragh’s office in Atwell Hall 406, or lab in Atwell Hall 158. Documents with identifiers such as consent forms and gift card receipts will be stored separately from de-identified documents. All digital data will be stored on a RedCap project and a secure server behind the OSU firewall, on a secure OSUMC computer. Likewise, identified and de-identified digital documents will be stored separately. 
Data Analyses
Demographics will be descriptively analyzed in SPSS-PC. Quantitative UUD and hazard data will be entered into an SPSS-PC database for descriptive analysis (e.g., frequency tables, medians, bar charts). Qualitative interviews will be transcribed and analyzed using the method of constant comparison. Two analysts independently will identify key categories and codes iteratively. Consensus on codes and categories (verified through percent agreement analyses: >85% required) will yield a final coding structure. Final themes will be confirmed by consensus and triangulated with additional data sources as follows: Aim 1 with epidemiologic injury data and frequency/severity ratings; Aim 2 with UUD assessment and observations.
Adverse or Unexpected Events
There is no greater than minimal risk for participating in this study. The risk is no greater than that experienced in everyday life both in-person or online. There is some risk when conducting activities online, but all efforts will be made to ensure data security. There is also some risk when participating in focus groups with others. These potential risks involve a break of data and participant confidentiality. 
Due to the currently ongoing COVID-19 pandemic, most research activities will be conducted remotely and online. If preferred by participants and/or necessary for data collection, activities may occur in-person. For any in-person activities, all current safety guidelines and procedures by OSU and/or NCH will be followed. Only researchers will have access to study data and documents, and all will be stored on RedCap, an OSUMC server, and in a secured filing cabinet. All participants will be instructed and encouraged to keep all information shared during focus groups confidential.
Benefits to Participation
Participants may learn something new about home safety hazard identification and management for themselves and/or their loved ones. Participants may also learn something about innovative technology solutions. Participants may also meet others who share and validate their experiences and concerns.
This research has the potential to impact all adolescents with acquired brain injury by identifying common home safety risks for this population and solutions for managing those risks through interviews with primary stakeholders. It will also provide insight into the usability of innovative virtual simulations usable by this population.
Proposed Timeline
[image: ]
Dissemination and Reporting of Results
We plan to publish two papers, one addressing each aim, in journals of rehabilitation science and/or virtual simulations to disseminate our findings of safety concerns and virtual simulation appeal for this population. These data will also be submitted to several regional, national, and/or international conferences in our fields.
Future Directions
Data from this study will serve as preliminary data for an R01 submission through NIH to modify and test HH-VSTS for adolescents with ABI. This research has the potential to improve health and safety for adolescents with ABI as they begin to increase independence and prepare for independent living.
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