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Abstract

Objectives: To develop and evaluate the feasibility of a short form of the Behavioral 

Assessment Screening Tool (BASTmHealth) for high frequency in situ self-reported assessment 

of neurobehavioral symptoms using mobile health technology for community-dwelling adults with 

traumatic brain injury (TBI).

Design: Prospective, repeated measures study of mHealth assessment of self-reported 

neurobehavioral symptoms in adults with and without a lifetime history of TBI over a two-week 

period.

Setting: Community

Participants: Community-dwelling adults with (n=52) and without (n=12) a lifetime TBI history 

consented to the study.

Interventions: Not applicable
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Main Outcome Measures: BASTmHealth subscales (2-items each): Negative Affect, Fatigue, 

Executive Function, Substance Abuse, Impulsivity; Feasibility measured via compliance 

(assessments assigned/assessments completed) and participant-reported usability.

Results: We developed the 10-item BASTmHealth as a screener for high frequency in situ 
self-reported assessment of neurobehavioral symptoms leveraging mHealth. Compliance for two-

weeks of BASTmHealth supports its feasibility. Fifty-six of 64 participants (87.5%) who completed 

baseline assessments completed the two-weeks of daily assessments; all 8 participants who did 

not complete EMA had a history of TBI. Overall compliance was 81.4% (496 completed of 609 

assigned assessments) among all 52 participants with TBI and 96.7% (494 completed of 511 

assigned assessments) among the 44 who completed any daily measures, compared to 91.8% (135 

completed of 147 assigned assessments) among those with no TBI history. Participants thought the 

daily surveys were easy to understand and complete and the number of prompts were reasonable.

Conclusions: Conducting daily high frequency in situ self-reported assessment of 

neurobehavioral symptoms using the BASTmHealth is feasible among individuals with and without 

a lifetime history of TBI. Developing and evaluating self-reported assessments for community-

based assessment is a critical step towards expanding remote clinical monitoring systems to 

improve post-TBI outcomes.
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Neurobehavioral consequences of traumatic brain injury (TBI) often become chronic and 

adversely affect community participation, health, and quality of life.1-5 Long-term clinical 

monitoring for these problems could facilitate better symptom management and improve 

health and function post-TBI.6-8 To provide a measurement tool for monitoring these 

problems, informed by persons with lived experience and designed specifically to be 

captured remotely, we developed the Behavioral Assessment Screening Tool (BAST) and 

validated it as a self-reported neurobehavioral symptom screener for adults with chronic 

TBI.9-13 The BAST is a 38-item measure, developed using patient-centered outcome 

techniques,9,14 with strong evidence for content validity9,11 and a multidimensional factor 

structure with excellent internal consistency reliabilities.10 The five subscales, or symptom 

domains, derived from the BAST are Negative Affect, Executive Dysfunction, Fatigue, 

Impulsivity, & Substance Abuse.10 Items about experiencing symptoms or behaviors in the 

past two weeks are rated on a 5-point frequency scale, ranging from never to very often. 

Previous Rasch analysis of the BAST indicated that its subscales were unidimensional and 

that items covered and differentiated between a range of symptom frequency levels.12

Collecting repeated neurobehavioral symptoms in real time and in an individual’s natural 

environment (e.g., community), an approach integral to Ecological Momentary Assessment 

(EMA)15 and the Experience Sampling Methods (ESM),16 allows clinicians to assess 

multiple fluctuating symptoms and behaviors over time in diverse community-based 

populations (see Supplement A for further discussion of different sampling methods and 

considerations). This type of high frequency in situ assessment reduces errors associated 
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with recall bias or poor recall by focusing on specific moments or behaviors that occur 

in day-to-day life.15 It also captures self-reports across waking hours of a typical week 

to create an overall picture of a person’s daily experience.16 The increasing ubiquity 

of smartphones presents new opportunities for even more efficient electronic and in situ 
symptom tracking in a variety of medical populations, including TBI.17-23

Though using mobile health (mHealth) technology for in situ assessment in chronic TBI 

is an emerging practice,17,18,20,24,25 it too often relies on self-reported measures that were 

initially designed and validated to be completed with a trained clinician or rater, are typically 

domain-specific (e.g., mood), and often have single questions that are too long to easily read 

on a smartphone screen without scrolling.17,18,26 Thus, these measures do not effectively 

translate to community-based high frequency assessment on smartphones. Remote screening 

via mHealth requires an easy, relatively brief, and comprehensive assessment to maximize 

the likelihood of complete and valid responses to high frequency repeated assessments. 

Leveraging mHealth to improve healthcare delivery requires rigorous research to develop 

and validate every aspect of an mHealth system, including the assessment used. The 

Standards for Educational and Psychology Testing27 stipulate that users of an assessment 

tool have the responsibility to demonstrate validity evidence for that tool in the specific 

population and the specific context in which the tool is being used.

Though the BAST meets the requirements for a psychometrically strong self-reported 

neurobehavioral symptom assessment for long-term clinical monitoring in chronic TBI, a 

short-form version of the BAST is needed to be compatible with high frequency in situ 
self-reported assessments. Therefore, to address this need, the purpose of the current study 

was two-fold: first, to create a 10-item short-form of the BAST (the BASTmHealth) that can 

be used for high frequency in situ self-reported assessment of neurobehavioral symptoms; 

and second, to determine the feasibility of collecting the BASTmHealth for high frequency 

in situ self-reported assessment of neurobehavioral symptoms among community-dwelling 

adults with chronic TBI.

Method

Developing the BASTmHealth

Rasch analysis provides item-level and person-level information about measurement tools 

that can be used to inform selection of items for a short-form version of a validated 

measure.28 It functions on the premise that people experiencing more severe or more 

frequent overall symptoms in a unidimensional symptom domain are more likely to 

endorse certain items than people experiencing less severe or less frequent symptoms. This 

can be observed, for example, in person-item maps generated by Rasch analysis, as we 

previously presented for four of the five subscales of the BAST.12 While others have used 

Rasch analysis to establish short forms for various outcomes for individuals with chronic 

pain,29-32 self-assessment of work or school performance,33,34 psychological disorders,35,36 

and functional and emotional outcomes in cardiac rehabilitation,37,38 there is no standard 

approach for how to select specific items based on Rasch analysis outputs. In the absence 

of standard guidance, we employed a mixed approach to item selection based on item fit 

statistics (Infit/Outfit MSNQ closest to 1 is the best fit), visual examination of person-item 
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maps and keyforms to determine item coverage across response options, and consideration 

of the purpose of the BASTmHealth for clinical monitoring to identify likely problems 

in each symptom domain that would require further clinical evaluation of severity and 

interference in daily life. We selected two items from each of the five BAST subscales 

(symptom domains), with the a priori goal of having one item capturing the highest end of 

the symptom-spectrum and the other item to capture more moderate symptom frequency. 

With further testing, this could allow for both identification of clinical symptoms requiring 

immediate intervention and monitoring of prodromal symptoms that may require further 

evaluation. Rasch person-item maps also differentiate where different responses across the 

BAST response scale (1-5) fall on the overall spectrum of symptom frequency, so when 

selecting the two items for each subscale, we also chose items with a good spread across 

response options that did not cover the same region of the continuum of symptom frequency. 

Our Rasch analysis of the BAST, upon which selection of the BASTmHealth items was 

based, was previously described.12 Relevant item fit statistics and person-item map logits are 

presented in Table 1, where items selected for each BASTmHealth subscale are highlighted. 

Rasch-generated keyforms, which we used to identify how well responses to items covered 

the range of symptom frequency, are presented in Supplemental Figures A-D, with detailed 

explanations for the rationale behind item selection. Item difficulty for the BASTmHealth 

indicates the probability of that item being endorsed at that response level by individuals 

with more severe symptoms. For Substance Abuse, Rasch analysis was not previously 

performed,12 so we instead selected one item as a single screen for alcohol abuse and a 

second as a single screen for drug abuse, with the determination that any endorsement 

(≥2=rarely) would be a flag for clinical follow-up. These items were “I needed alcohol to get 

through my day” and “I needed drugs to get through my day.”

Design and Participants

We conducted a prospective, repeated measures study with participants randomized to one 

of three sampling frequency groups for self-reporting neurobehavioral symptoms over a 

two-week period. We administered the BASTmHealth via a link to an electronic database sent 

via text message to conduct high frequency in situ self-reported assessment over a 2-week 

period in adults with and without a lifetime history of TBI. The three sampling frequency 

groups were: daily random time, daily scheduled time, and every other day scheduled time 

(all between 9am and 8pm with scheduled times chosen by participants), though one aim 

of this study was overall feasibility, so we report compliance and usability in the sample 

overall.

Potential participants were English-speaking adults living in the community. They were 

recruited from the investigators’ previous studies and from a University Acquired Brain 

Injury Research Registry via email that included a link to a RedCap® database. This link 

was also posted publicly to social media to recruit both those with and without lifetime 

TBI history, allowing for direct comparison of compliance among those with TBI to those 

without. After participants provided informed consent (e-consent), they were directed to 

complete questionnaires, including an electronic modification of the Ohio State University 

TBI Identification Method (OSU-TBI)39,40 to identify presence and severity of lifetime TBI 

history, provide basic demographic information, and complete the full BAST to assess 
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baseline neurobehavioral symptom frequency. After completing these baseline surveys, 

study staff contacted participants to review expectations for the two-weeks of data collection 

and to answer their questions. Text messages with links to surveys were sent at scheduled 

times, with a reminder sent after one hour if participants had not completed assessments. If 

participants missed a day, they were instructed not to go back and fill out the missed survey. 

Participants were compensated upon completion of the study, with partial compensation if 

they completed baseline but not daily BASTmHealth measures. All study procedures were 

approved by the University’s Institutional Review Board.

Measures

Participant demographics included age, gender, race/ethnicity, and education. Injury-related 

information derived from the OSU-TBI included TBI history (severity, >1 TBI), age at 

first injury, and time since most recent TBI. We measured compliance as the percent of 

completed daily assessments. Usability for the BASTmHealth was evaluated with seven items, 

developed originally for another post-TBI mHealth study41 and adapted for this study. Items 

were related to ease of use, user understanding, reasonableness of the number of prompts, 

and interference in daily activities. Participants rated their agreement with each statement 

(i.e., item) on a 5-point agreement scale (1=Disagree, 5=Agree).

To measure baseline neurobehavioral function, participants completed the full BAST 

measure, comprising five subscales with average scores indicating more symptoms or 

experiences with higher frequency in that domain over the past two weeks (1=never, 

2=rarely, 3=sometimes, 4=often, 5=very often).9,10 Participants then completed the 10-item 

BASTmHealth repeatedly over two weeks, with items evaluated on the same response scale 

with reference to the past 48 hours. For both versions of the BAST, higher scores indicate 

more problems/symptoms in that domain (Executive Function items are reverse-scored).

Data analysis

We used descriptive and summary statistics of baseline measures to characterize our 

sample. We examined correlations between the BAST subscale scores and the BASTmHealth 

subscales scores using Spearman’s rho correlation coefficients and differences in all BAST 

subscales scores based on history of TBI using independent samples t-tests and Cohen’s 

d effect sizes. We calculated compliance as the percentage of completed daily surveys 

(total complete/total assigned) for the overall sample, broken down by history of TBI, 

and within person (median and range). Based on average compliance in a meta-analysis 

of adult EMA of health behaviors and psychological constructs,42 we set a threshold for 

establishing feasibility at 80% compliance. For usability, we present the percentage of 

agreement responses for all items assessing usability. All data analyses were conducted 

using SPSSv26™ for Windows.

Results

Participant Characteristics

Sixty-four participants consented and completed baseline assessments (n=52 with TBI 

history, n=12 without TBI history). Average participant age was 42.4 years (SD=13.8), 
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68.8% were women, and 76.6% had a college degree. Racial and ethnic identities were non-

Hispanic White (79.7%), non-Hispanic Black (6.5%), Hispanic White (7.8%), and Asian 

(6.5%). Of those with a history of TBI (n=52), 32.7% has more than 1 lifetime TBI (average 

age at first injury was 27.5 years, SD=13.2), range 7-69 years) and worst lifetime injuries 

were mild without loss of consciousness (23.1%), mild with loss of consciousness (42.3%), 

and moderate-severe (34.6%). Time since most recent TBI averaged 7.9 years (SD=9.2).

BASTmHealth Feasibility

Fifty-six participants (87.5%) completed the two-weeks of BASTmHealth measures, resulting 

in an overall compliance (measured as number of assessment completed/number assigned) 

of 81.4% among all 64 participants and 95.6% (96.7% in TBI survivors; 91.8% in those 

with no TBI history) among the 56 who completed repeated measures (see Table 2). 

Overall, 79.7% of participants met the threshold of completing 80% of their assigned 

assessments; among those who participated at all (Completers), 91.1% met the >80% 

threshold. Summaries of within person compliance are provided in Table 2. Participants 

thought the daily surveys were easy to understand and complete and the number of 

prompts were reasonable; no one agreed that completing daily surveys interrupted their 

daily activities (see Table 3).

BASTmHealth Validity

Participants reported a range of neurobehavioral symptom frequency at baseline (see Table 

4), with symptoms occurring most often in Fatigue and Negative affect domains, followed 

by Executive Function and Impulsivity, and least often in Substance Abuse. Notably, the 

higher scores for all participants compared to just the subset of those who completed 

two-week assessments indicates that those who did not go on to complete repeated measures 

were also experiencing more frequent neurobehavioral symptoms. Average scores across 

the two-weeks indicated a similar pattern of neurobehavioral symptom frequency, except 

for Executive Function (average scores were slightly lower for BASTmHealth compared to 

the full BAST across all subscales but higher for Executive Function), and BAST and 

BASTmHealth subscales scores were significantly correlated within all subscales (see Table 

4).

Comparison of BAST and BASTmHealth scores between those with and without TBI 

indicates that neurobehavioral symptoms in the domains of Negative Affect, Executive 

Function, and Fatigue were all more frequent in those with TBI (see Table 4), with large 

effect sizes. Differences were not statistically significant for Impulsivity (which still had a 

medium effect size) or Substance Abuse, likely because these symptoms were endorsed far 

less frequently in both groups. One notable exception is the BASTmHealth Negative Affect 

subscale, for which scores in persons with TBI were notably lower compared to the full 

BAST, and which did not show statistical differences between those with and without TBI 

(though the effect size was still large). Given the heterogeneity of emotions that the Negative 

Affect subscale covers, the BASTmHealth Negative Affect subscale may require more than 2 

items to be sufficiently sensitive.
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Discussion

Opportunities to conduct efficient and effective remote clinical monitoring abound with the 

proliferation of mHealth technology. Consistent with previous studies, we found excellent 

overall compliance and high usability with remote self-reporting of neurobehavioral 

symptoms after TBI.17 Though, also consistent with EMA studies in other populations, 

some participants in this study never started daily assessments, bringing down the overall 

compliance.43,44 In our sample, these individuals all had a lifetime history of TBI and 

may have been those experiencing more frequent symptoms, so future efforts should be 

made to understand barriers to compliance and identify approaches to promote active 

symptom-tracking in these individuals. However, among those who did complete daily 

measures, participants with a lifetime history of TBI demonstrated better compliance than 

those without a TBI history. This finding may indicate that those with TBI have more 

intrinsic motivation to complete symptom tracking that is related to their injury experiences, 

though it may also be that those without a history of TBI have less time to respond to high 

frequency in situ self-reported assessments because they are more active in other areas of 

their lives. Whatever the reason, this is an important finding as it addresses concerns that 

individuals with TBI may struggle more than those without in complying with self-reported 

assessments.

Unlike previous studies, our neurobehavioral symptoms measure was specifically developed 

for in situ high frequency self-reported assessment. The BAST was developed using 

patient-centered outcomes techniques, ensuring accessibility of language (low literacy), 

simplicity, and high relevance to the lived experience of individuals with TBI.9,11,14 The 

BAST is completed independently, in the absence of a clinician or trained rater,10,12,13 

mirroring how EMA or ESM items are collected. Based on previous Rasch analysis of the 

BAST,12 we identified items specific for the BASTmHealth that, together, covered a wide 

range of symptom frequency.28 Choosing the two items with the highest factor loadings, 

a commonly employed method for developing short forms, may not accurately reflect the 

range of symptom frequency in a symptom domain and may largely overlap, rather than 

complement, one another. Hence, the rigorous methods we took to develop the BASTmHealth 

described herein provide an evidence-based assessment for advancing high frequency in situ 
self-reported assessment for clinical monitoring in chronic TBI.

The availability of a brief measure of neurobehavioral symptoms, which can be completed 

repeatedly and conveniently in real time by the person with TBI, has important clinical 

implications. Subjective report of function is an important component of assessing outcomes 

after TBI and of diagnosing co-morbid mental health conditions and/or cognitive and 

emotional symptoms that could be early warning signs of dementia. Health providers, 

such as physicians and neuropsychologists, typically rely on retrospective patient and/or 

family member reports when making diagnoses and treatment decisions. These retrospective 

reports are subject to bias and may represent the single worst episodes of problems rather 

than typical daily functioning. The BASTmHealth could be assigned to people with TBI to 

complete for two weeks before their health appointments, and the results could be provided 

to their health care providers to offer them insight into the patient’s typical neurobehavioral 

functioning in their everyday environments, facilitating accurate diagnosis and treatment 
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plans. The ability to compare functioning at different times of day or different days 

throughout the week could assist health care professionals with monitoring patterns that 

could guide treatments, such as whether negative affect is more common in the evenings or 

on weekdays. The inclusion of items that measure common symptoms that may occur less 

frequently could assist with early identification of symptoms that may worsen and trigger 

serial monitoring of these symptoms in the person’s daily environment. These types of 

assessment have the potential to empower persons with TBI and their care partners to take 

control of monitoring these symptoms and their correlates, which can be the first step to 

effective self-management.

Study Limitations

Most participants (76.6%) in our study had at least an undergraduate degree, and all had 

completed high school, so results may not generalize to the those with less education. 

Similarly, as participants were recruited entirely online, our sample was skewed towards 

more technology-literate individuals, so the high compliance in this study may not 

generalize to individuals less comfortable using mHealth technology or those with severe 

cognitive impairment post-TBI. While overall compliance was high, 8 participants (12.5%) 

did not complete repeated measures, despite repeated contact attempts by study personnel. 

These participants all had a history of TBI and reported more frequent neurobehavioral 

symptoms at baseline, so may represent those most in need of long-term monitoring and 

intervention. Future studies should examine strategies to increase buy-in among participants, 

which would likely improve compliance with remote symptom-monitoring. While use of 

Rasch analysis to develop the BASTmHealth was a strength, it is possible that the specific 

items best able to differentiate persons who reported on the full BAST with reference to 

the ‘past two weeks’ would not be the same items best able to differentiate those reporting 

on symptoms over the ‘past 48 hours.’ This may explain the lack of statistically significant 

differences found in those with and without TBI for the BASTmHealth Negative Affect 

subscale. Adding an additional one to two items to this subscale, given the diversity of 

emotions captured by the full BAST Negative Affect subscale, may be necessary. Further 

work is needed to validate the Substance Abuse subscale of the BASTmHealth as these items 

were not yet included in the full BAST version used herein. Effectiveness of the BAST and 

the BASTmHealth in the context of a larger remote symptom monitoring protocol still needs 

to be tested.

Conclusions

Developing and evaluating self-reported assessments for community-based high frequency 

in situ self-reported assessment, like that used in EMA or ESM, is a critical step 

towards expanding remote clinical monitoring systems to monitor and improve post-TBI 

outcomes. To that end, we developed and piloted the BASTmHealth, a short version of 

the well-validated BAST, for high frequency in situ self-reported assessment of chronic 

neurobehavioral symptoms after TBI. Conducting mHealth-based assessment using the 

BASTmHealth is feasible for community-based symptoms post-TBI. The BASTmHealth could 

be integrated into mHealth platforms to provide clinicians with detailed and ecologically 

valid information about a person’s typical neurobehavioral functioning in their everyday 
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environments, which could in turn trigger further clinical evaluation as needed and facilitate 

more effective and personalized interventions. Future testing is needed to validate the 

psychometrics of the BASTmHealth in a larger sample, determine its responsiveness to 

change, and identify symptom frequency or level of change in symptom frequency that 

should trigger further evaluation and/or intervention.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Conflicts of Interest and Sources of Funding:

The authors report no conflicts of interest. The authors alone are responsible for the content and writing of this 
manuscript. This work was supported by a grant from the National Institutes for Health, Eunice Kennedy Shriver 
National Institute of Child Health and Human Development (NIH/NICHD). Grant no: R03HD09445 (PI: Juengst).

List of abbreviations

BAST Behavioral Assessment Screening Tool

EMA Ecological Momentary Assessment

ESM Experience Sampling Method

mHealth Mobile Health

MSNQ mean-square

OSU-TBI Ohio State University TBI Identification Method

TBI Traumatic Brain Injury

References

1. Bryant RA, O’Donnell ML, Creamer M, McFarlane AC, Clark CR, Silove D. The 
psychiatric sequelae of traumatic injury. Am J Psychiatry. 2010;167(3):312–320. doi:10.1176/
appi.ajp.2009.09050617 [PubMed: 20048022] 

2. Riggio S. Traumatic brain injury and its neurobehavioral sequelae. Neurol Clin. 2011;29(1):35–47, 
vii. doi:10.1016/j.ncl.2010.10.008 [PubMed: 21172569] 

3. Sabaz M, Simpson GK, Walker AJ, Rogers JM, Gillis I, Strettles B. Prevalence, comorbidities, 
and correlates of challenging behavior among community-dwelling adults with severe traumatic 
brain injury: a multicenter study. J Head Trauma Rehabil. 2014;29(2):E19–30. doi:10.1097/
HTR.0b013e31828dc590 [PubMed: 23640541] 

4. Bell KR. Fatigue and traumatic brain injury. Arch Phys Med Rehabil. 2015;96(3):567–568. 
doi:10.1016/j.apmr.2013.06.010 [PubMed: 25704751] 

5. Juengst S, Skidmore E, Arenth PM, Niyonkuru C, Raina KD. Unique contribution of fatigue 
to disability in community-dwelling adults with traumatic brain injury. Arch Phys Med Rehabil. 
2013;94(1):74–79. doi:10.1016/j.apmr.2012.07.025 [PubMed: 22885286] 

6. Trexler LE, Parrott DR. Models of brain injury vocational rehabilitation: The evidence for resource 
facilitation from efficacy to effectiveness. J Vocat Rehabil. 2018;49(2):195–203. doi:10.3233/
JVR-180965 [PubMed: 30416325] 

Juengst et al. Page 9

Arch Phys Med Rehabil. Author manuscript; available in PMC 2024 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



7. Wilson L, Stewart W, Dams-O’Connor K, et al. The chronic and evolving neurological 
consequences of traumatic brain injury. Lancet Neurol. 2017;16(10):813–825. doi:10.1016/
S1474-4422(17)30279-X [PubMed: 28920887] 

8. Corrigan JD, Hammond FM. Traumatic Brain Injury as a Chronic Health Condition. Arch Phys Med 
Rehabil. 2013;94(6):1199–1201. doi:10.1016/j.apmr.2013.01.023 [PubMed: 23402722] 

9. Juengst SB, Terhorst L, Dicianno BE, Niemeier JP, Wagner AK. Development and content validity 
of the behavioral assessment screening tool (BASTβ). Disabil Rehabil. Published online January 5, 
2018:1–7. doi:10.1080/09638288.2017.1423403 [PubMed: 27871193] 

10. Juengst SB, Terhorst L, Wagner AK. Factor structure of the Behavioral Assessment Screening 
Tool (BAST) in traumatic brain injury. Disabil Rehabil. Published online November 17, 2018:1–6. 
doi:10.1080/09638288.2018.1496487 [PubMed: 27871193] 

11. Osborne CL, Kauvar DS, Juengst SB. Linking the behavioral assessment screening tool to the 
international classification of functioning, disability, and health as a novel indicator of content 
validity. Disabil Rehabil. 2019;0(0):1–8. doi:10.1080/09638288.2018.1539128

12. Juengst S, Grattan E, Wright B, Terhorst L. Rasch analysis of the Behavioral Assessment 
Screening Tool (BAST) in chronic traumatic brain injury. J Psychosoc Rehabil Ment Health. 
2021;8(3):231–246. doi:10.1007/s40737-021-00218-8 [PubMed: 34926129] 

13. Juengst S, Terhorst L. Further Psychometric Development of the Behavioral Assessment Screening 
Tool (BAST). Arch Phys Med Rehabil. 2020;101(12):e140. doi:10.1016/j.apmr.2020.10.045

14. Higashi R, Juengst SB. Patient-centered measure development and Spanish validation exemplar. 
Health Lit Res Pract. Published online February 20, 2019.

15. Shiffman S, Stone AA, Hufford MR. Ecological momentary assessment. Annu Rev Clin Psychol. 
2008;4:1–32. [PubMed: 18509902] 

16. Larson R, Csikszentmihalyi M. The Experience Sampling Method. In: Csikszentmihalyi M, 
ed. Flow and the Foundations of Positive Psychology: The Collected Works of Mihaly 
Csikszentmihalyi. Springer Netherlands; 2014:21–34. doi:10.1007/978-94-017-9088-8_2

17. Juengst SB, Terhorst L, Nabasny A, et al. Use of mHealth Technology for Patient-Reported 
Outcomes in Community-Dwelling Adults with Acquired Brain Injuries: A Scoping Review. Int J 
Environ Res Public Health. 2021;18(4). doi:10.3390/ijerph18042173

18. Juengst SB, Hart T, Sander AM, Nalder EJ, Pappadis MR. Mobile Health Interventions 
for Traumatic Brain Injuries. Curr Phys Med Rehabil Rep. 2019;7(4):341–356. doi:10.1007/
s40141-019-00240-9

19. Osborne CL, Juengst SB, Smith EE. Identifying user-centered content, design, and features for 
mobile health apps to support long-term assessment, behavioral intervention, and transitions of 
care in neurological rehabilitation: An exploratory study: Br J Occup Ther. Published online 
October 7, 2020. doi:10.1177/0308022620954115

20. Rabinowitz A, Hart T, Wilson J. Ecological momentary assessment of affect in context after 
traumatic brain injury. Rehabil Psychol. Published online September 13, 2021. doi:10.1037/
rep0000403

21. Forster SD, Gauggel S, Petershofer A, Völzke V, Mainz V. Ecological Momentary Assessment 
in Patients With an Acquired Brain Injury: A Pilot Study on Compliance and Fluctuations. Front 
Neurol. 2020;11:115. doi:10.3389/fneur.2020.00115 [PubMed: 32194494] 

22. Burke LE, Shiffman S, Music E, et al. Ecological Momentary Assessment in Behavioral Research: 
Addressing Technological and Human Participant Challenges. J Med Internet Res. 2017;19(3):e77. 
doi:10.2196/jmir.7138 [PubMed: 28298264] 

23. Donker T, Petrie K, Proudfoot J, Clarke J, Birch MR, Christensen H. Smartphones for Smarter 
Delivery of Mental Health Programs: A Systematic Review. J Med Internet Res. 2013;15(11). 
doi:10.2196/jmir.2791

24. Juengst SB, Graham KM, Pulantara IW, et al. Pilot feasibility of an mHealth system for conducting 
ecological momentary assessment of mood-related symptoms following traumatic brain injury. 
Brain Inj. 2015;29(11):1351–1361. doi:10.3109/02699052.2015.1045031 [PubMed: 26287756] 

25. Suffoletto B, Wagner AK, Arenth PM, et al. Mobile phone text messaging to assess symptoms after 
mild traumatic brain injury and provide self-care support: a pilot study. J Head Trauma Rehabil. 
2013;28(4):302–312. doi:10.1097/HTR.0b013e3182847468 [PubMed: 23474882] 

Juengst et al. Page 10

Arch Phys Med Rehabil. Author manuscript; available in PMC 2024 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



26. Rabinowitz AR, Juengst SB. Introduction to Topical Issue on mHealth for 
Brain Injury Rehabilitation. J Head Trauma Rehabil. 2022;37(3):131–133. doi:10.1097/
HTR.0000000000000794 [PubMed: 35703894] 

27. The Standards for Educational and Psychological Testing. http://www.apa.org. Accessed April 19, 
2016. http://www.apa.org/science/programs/testing/standards.aspx

28. Bond TG, Fox CM. Applying the Rasch Model: Fundamental Measurement in the Human 
Sciences. Third edition. Routledge, Taylor and Francis Group; 2015.

29. Choi BS. The Use of Rasch Model in Developing a Short Form Based on Self-Reported Activity 
Measure for Low Back Pain. Phys Ther Korea. 2014;21(4):56–66. doi:10.12674/ptk.2014.21.4.056

30. Nishigami T, Tanaka K, Mibu A, Manfuku M, Yono S, Tanabe A. Development and psychometric 
properties of short form of central sensitization inventory in participants with musculoskeletal 
pain: A cross-sectional study. Luciano JV, ed. PLOS ONE. 2018;13(7):e0200152. doi:10.1371/
journal.pone.0200152 [PubMed: 29975754] 

31. Davis AM, Perruccio AV, Canizares M, et al. The development of a short measure of physical 
function for hip OA HOOS-Physical Function Shortform (HOOS-PS): an OARSI/OMERACT 
initiative. Osteoarthritis Cartilage. 2008;16(5):551–559. doi:10.1016/j.joca.2007.12.016 [PubMed: 
18296074] 

32. Gecht J, Mainz V, Boecker M, et al. Development of a short scale for assessing economic 
environmental aspects in patients with spinal diseases using Rasch analysis. Health Qual Life 
Outcomes. 2017;15(1):196. doi:10.1186/s12955-017-0767-9 [PubMed: 29017570] 

33. Yan Z. Developing a Short Form of the Self-Assessment Practices Scale: Psychometric Evidence. 
Front Educ. 2020;4:153. doi:10.3389/feduc.2019.00153

34. Popova ES, Ostrowski RK, Wescott JJ. Development and Validation of the Occupational Self-
Assessment–Short Form. 2019;73(3):11.

35. Gideon N, Hawkes N, Mond J, Saunders R, Tchanturia K, Serpell L. Development 
and Psychometric Validation of the EDE-QS, a 12 Item Short Form of the Eating 
Disorder Examination Questionnaire (EDE-Q). Takei N, ed. PLOS ONE. 2016;11(5):e0152744. 
doi:10.1371/journal.pone.0152744 [PubMed: 27138364] 

36. Cole JC, Rabin AS, Smith TL, Kaufman AS. Development and Validation of a Rasch-Derived 
CES-D Short Form. Psychol Assess. 2004;16(4):360–372. doi:10.1037/1040-3590.16.4.360 
[PubMed: 15584795] 

37. Schmucker A, Abberger B, Boecker M, Baumeister H. Parallel short forms for the assessment of 
activities of daily living in cardiovascular rehabilitation patients (PADL-cardio): development and 
validation. Disabil Rehabil. 2019;41(7):826–832. doi:10.1080/09638288.2017.1407967 [PubMed: 
29172750] 

38. Abberger B, Haschke A, Tully PJ, et al. Development and validation of parallel short forms 
PaSA-cardio for the assessment of general anxiety in cardiovascular rehabilitation patients using 
Rasch analysis. Clin Rehabil. 2017;31(1):104–114. doi:10.1177/0269215515627288 [PubMed: 
26825110] 

39. Lequerica AH, Lucca C, Chiaravalloti ND, Ward I, Corrigan JD. Feasibility and Preliminary 
Validation of an Online Version of the Ohio State University Traumatic Brain Injury Identification 
Method. Arch Phys Med Rehabil. 2018;99(9):1811–1817. doi:10.1016/j.apmr.2018.03.023 
[PubMed: 29709522] 

40. Corrigan JD, Bogner J. Initial Reliability and Validity of the Ohio State 
University TBI Identification Method: J Head Trauma Rehabil. 2007;22(6):318–329. 
doi:10.1097/01.HTR.0000300227.67748.77 [PubMed: 18025964] 

41. Driver S, Juengst S, McShan EE, Bennett M, Bell K, Dubiel R. A randomized controlled trial 
protocol for people with traumatic brain injury enrolled in a healthy lifestyle program (GLB-TBI). 
Contemp Clin Trials Commun. 2019;14:100328. doi:10.1016/j.conctc.2019.100328 [PubMed: 
30775611] 

42. Williams MT, Lewthwaite H, Fraysse F, Gajewska A, Ignatavicius J, Ferrar K. Compliance 
With Mobile Ecological Momentary Assessment of Self-Reported Health-Related Behaviors and 
Psychological Constructs in Adults: Systematic Review and Meta-analysis. J Med Internet Res. 
2021;23(3):e17023. doi:10.2196/17023 [PubMed: 33656451] 

Juengst et al. Page 11

Arch Phys Med Rehabil. Author manuscript; available in PMC 2024 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.apa.org
http://www.apa.org/science/programs/testing/standards.aspx


43. Kirk GD, Linas BS, Westergaard RP, et al. The exposure assessment in current time study: 
implementation, feasibility, and acceptability of real-time data collection in a community cohort 
of illicit drug users. AIDS Res Treat. 2013;2013:594671. doi:10.1155/2013/594671 [PubMed: 
24307943] 

44. Dunbar MS, Scharf D, Kirchner T, Shiffman S. Do smokers crave cigarettes in some smoking 
situations more than others? Situational correlates of craving when smoking. Nicotine Tob Res Off 
J Soc Res Nicotine Tob. 2010;12(3):226–234. doi:10.1093/ntr/ntp198

Juengst et al. Page 12

Arch Phys Med Rehabil. Author manuscript; available in PMC 2024 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Juengst et al. Page 13

Table 1

BAST item-level properties

Subscale Items

Infit MNSQ Outfit MNSQ

Logits Above Mean (0) by Response 
Category

4=Often 5=Very often

Negative affect

 Thoughts got stuck in my head 1.26 1.35 1-2 3-4

 I felt guilty 1.23 1.28 2-3 3-4

 I got mad easily 1.23 1.20 2-3 4-5

 Couldn’t let go 1.13 1.10 0-1 2-3

 I did not enjoy activities that are usually important to me. 0.90 0.93 2-3 3-4

 Anxious 0.92 0.90 1-2 3-4

 Worried 0.89 0.84 1-2 2-3

 Stressed 0.88 0.84 0-1 2-3

 Depressed 0.86 0.81 2-3 3-4

 Overwhelmed 0.71 0.81 0-1 2-3

Executive (Dys)Function*

 I started activities on my own 0.95 0.95 0-1 3-4

 Finished activities started 0.74 0.75 0-1 3-4

 Planned ahead 1.18 1.14 0-1 2-3

 Able to adapt 0.83 0.83 1-2 2-3

 I was organized 0.95 0.95 0-1 2-3

 Understood effect on others 1.13 1.14 1-2 2-3

 Followed through 0.73 0.76 2-3 -

 Generate multiple solutions 1.26 1.24 1-2 1-2

 Able to pay attention 0.99 1.01 - 1-2

 Thought about others’ feelings 1.18 1.18 1-2 1-2

Fatigue

 Needed a nap/rest 1.21 1.23 1-2 2-3

 Too tired for physical activities 1.23 1.22 1-2 3-4

 I felt too tired to finish tasks that required thinking 1.00 1.03 2-3 3-4

 I had low energy 0.81 0.87 1-2 2-3

 I felt tired 0.66 0.61 0-1 1-2

Impulsivity

 I took unnecessary risks 0.96 0.97 1-2 2-3

 I acted rudely 0.93 0.92 1-2 3-4

 Inappropriate sexual comments 1.39 1.40 1-2 2-3

 Reacted without thinking 0.97 0.96 - 0-1

 Did unsafe things 0.76 0.81 1-2 2-3

NOTE. Highlighted items are those selected for the BASTmHealth. Items are shortened in the table to convey general meaning, but the full BAST 

is available for public use at https://eprovide.mapi-trust.org. Selected items, highlighted in gray, are presented fully here.
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*
Executive Function responses are reverse scored prior to Rasch analysis, so 3=Sometimes, 4=Rarely, 5=Never. Logits >Mean=0 indicate above 

average severity strata in that symptom domain; used to select screening items. Logits < Mean of 0 indicate less than average severity in that 
symptom domain, so are not presented here.

Arch Phys Med Rehabil. Author manuscript; available in PMC 2024 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Juengst et al. Page 15

Ta
b

le
 2

C
om

pl
ia

nc
e 

ra
te

s 
fo

r 
B

A
ST

m
H

ea
lth

 o
ve

r 
2 

w
ee

ks O
ve

ra
ll 

C
om

pl
ia

nc
e

in
 t

he
 S

am
pl

e
M

ea
n 

± 
SD

 a
nd

 R
an

ge
 o

f
In

di
vi

du
al

 P
ar

ti
ci

pa
nt

 C
om

pl
ia

nc
e

N
um

be
r 

an
d 

P
er

ce
nt

 o
f 

P
ar

ti
ci

pa
nt

s
>8

0%
 C

om
pl

ia
nc

e 
T

hr
es

ho
ld

P
ar

ti
ci

pa
nt

s 
w

it
h 

a 
lif

et
im

e 
hi

st
or

y 
of

 T
B

I 
(n

=5
2)

49
6 

of
 6

09
 a

ss
es

sm
en

ts
81

.6
%

 (
SD

=
3.

6%
)

41

81
.4

%
0%

-1
00

%
78

.8
%

O
nl

y 
co

m
pl

et
er

s 
w

it
h 

lif
et

im
e 

hi
st

or
y 

of
 T

B
I 

*  
(n

=4
4)

49
4 

of
 5

11
 a

ss
es

sm
en

ts
96

.1
%

 (
10

.4
%

)
41

96
.7

%
42

.9
%

-1
00

%
93

.2
%

P
ar

ti
ci

pa
nt

s 
w

it
ho

ut
 a

 li
fe

ti
m

e 
hi

st
or

y 
of

 T
B

I 
(n

=1
2)

13
5 

of
 1

47
 a

ss
es

sm
en

ts
92

.9
%

 (
10

.1
%

)
10

91
.8

%
71

.4
%

-1
00

%
83

.3
%

* C
om

pl
et

er
s=

pa
rt

ic
ip

an
ts

 w
ho

 c
om

pl
et

ed
 >

2 
da

ily
 m

ea
su

re
s.

 n
=

1 
pa

rt
ic

ip
an

t c
om

pl
et

ed
 2

 m
ea

su
re

s;
 n

=
7 

pa
rt

ic
ip

an
ts

 d
id

 n
ot

 c
om

pl
et

e 
an

y 
da

ily
 m

ea
su

re
s.

 A
ll 

ad
ul

ts
 w

ith
ou

t a
 li

fe
tim

e 
hi

st
or

y 
of

 T
B

I 
w

er
e 

co
m

pl
et

er
s.

Arch Phys Med Rehabil. Author manuscript; available in PMC 2024 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Juengst et al. Page 16

Ta
b

le
 3

U
sa

bi
lit

y 
an

d 
sa

tis
fa

ct
io

n 
of

 th
e 

B
A

ST
m

H
ea

lth
 r

ep
ea

te
d 

su
rv

ey
s

Su
rv

ey
 I

te
m

D
is

ag
re

e
A

gr
ee

1
2

3
4

5

C
om

pl
et

in
g 

th
e 

da
ily

 s
ur

ve
ys

 w
as

 e
as

y.
0

0
0

20
.8

79
.2

I 
un

de
rs

to
od

 h
ow

 th
e 

da
ily

 s
ur

ve
y 

no
tif

ic
at

io
ns

 w
ou

ld
 w

or
k.

0
0

6.
3

20
.8

72
.9

I 
un

de
rs

to
od

 th
e 

qu
es

tio
ns

 th
at

 w
er

e 
as

ke
d.

0
0

2.
1

20
.8

77
.1

It
 w

as
 f

un
 c

om
pl

et
in

g 
th

e 
da

ily
 s

ur
ve

ys
.

0
0

31
.3

35
.4

33
.3

T
he

 n
um

be
r 

of
 p

ro
m

pt
s 

w
as

 r
ea

so
na

bl
e.

0
0

4.
2

20
.8

75
.0

T
he

 n
um

be
r 

of
 p

ro
m

pt
s 

w
as

 a
nn

oy
in

g.
58

.3
29

.2
10

.4
2.

1
0

C
om

pl
et

in
g 

da
ily

 s
ur

ve
ys

 in
te

rr
up

te
d 

m
y 

da
ily

 a
ct

iv
iti

es
.

60
.4

31
.3

8.
3

0
0

I 
w

ou
ld

 b
e 

w
ill

in
g 

to
 c

om
pl

et
e 

da
ily

 s
ho

rt
 s

ur
ve

ys
 li

ke
 I

 d
id

 in
 th

is
 s

tu
dy

 to
 tr

ac
k 

m
y 

sy
m

pt
om

s 
an

d 
ex

pe
ri

en
ce

s.
0

4.
2

6.
3

25
.0

64
.6

N
O

T
E

. N
=

48
 p

ar
tic

ip
an

ts
 c

om
pl

et
ed

 th
is

 s
ur

ve
y.

 V
al

ue
s 

ar
e 

ro
w

 p
er

ce
nt

ag
es

. G
ra

ye
d 

ce
lls

 in
di

ca
te

 n
eg

at
iv

el
y 

fr
am

ed
 q

ue
st

io
ns

, s
o 

di
sa

gr
ee

m
en

t i
nd

ic
at

es
 a

 m
or

e 
po

si
tiv

e 
re

sp
on

se
.

Arch Phys Med Rehabil. Author manuscript; available in PMC 2024 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Juengst et al. Page 17

Table 4

Neurobehavioral symptoms (BAST/BASTmHealth) of the study sample

BAST Subscales

Full Sample 
(n=64)
BAST Full

Completers (n=56)

BAST vs BASTmHealth
±

BAST Full BAST 2-items BASTmHealth

Negative affect

 All 3.09 (0.9) 2.99 (0.9) 2.52 (1.0) 2.02 (0.7) .619*, .815*

 Persons with TBI only 3.23 (0.9) 3.14 (0.9) 2.61 (1.0) 2.06 (0.7) .593*, .794*

 Persons without TBI only 2.47 (0.6) 2.47 (0.6) 2.13 (0.9) 1.90 (0.7)
.786

†
, .864*

Differences in those with and without 
TBI

P=.007, d=.86 P=.014, d=.81 P=.150, d=.93 P=.516, d=.70

Executive function

 All 2.28 (0.6) 2.28 (0.7) 2.38 (0.8) 2.54 (0.8) .744*, .770*

 Persons with TBI only 2.39 (0.6) 2.40 (0.7) 2.51 (0.8) 2.68 (0.8) .696*, .780*

 Persons without TBI only 1.81 (0.4) 1.81 (0.4) 1.83 (0.5) 2.06 (0.3)
.792

†
, .350

Differences in those with and without 
TBI

P=.004, d=.60 P=.004, d=.61 P=.003, d=.79 P<.001, d=.75

Fatigue

 All 3.36 (1.0) 3.31 (1.0) 3.38 (1.1) 2.80 (1.0) .763*, .762*

 Persons with TBI only 3.56 (1.0) 3.52 (1.0) 3.56 (1.1) 2.98 (1.0) .707*, .700*

 Persons without TBI only 2.52 (0.6) 2.52 (0.6) 2.58 (0.7) 2.13 (0.4)
.590

†
, .759

†

Differences in those with and without 
TBI

P<.001, d=.94 P<.001, d=.93 P=.007, d=1.00 P<.001, d=.92

Impulsivity

 All 2.06 (0.7) 2.01 (0.6) 2.18 (0.8) 1.57 (0.5) .653*, 580*

 Persons with TBI only 2.12 (0.7) 2.08 (0.6) 2.25 (0.8) 2.12 (0.7) .614*, .547*

 Persons without TBI only 1.77 (0.5) 1.77 (0.5) 1.88 (0.6) 1.33 (0.3)
.735

†
, .732

†

Differences in those with and without 
TBI

P=.094, d=.65 P=.107, d=.58 P=.146, d=.71 P=.056, d=.49

Substance abuse

 All 1.27 (0.6) 2.01 (0.6) n/a 1.24 (0.5) .427*, n/a

 Persons with TBI only 1.25 (0.6) 1.16 (0.4) n/a 1.27 (0.6) .495*, n/a

 Persons without TBI only 1.36 (0.4) 1.36 (0.4) n/a 1.16 (0.5) .427, n/a

Differences in those with and without 
TBI

P=.551, d=.58 P=.093, d=.36 n/a P=.535, d=.54

NOTE. Completers=participants who completed >2 daily measures. BAST 2-items=The 2 items from each subscale of the BAST mHealth 
completed as part of the full BAST at baseline. Differences in BAST scores between those with and without TBI were assessed via independent 
samples t tests. Effects sizes are Cohen’s d.

±
Spearman’s ρ correlations between BASTmHealth and the BAST dull subscale, BAST 2-item.

*
P<.001.

†
P<.05.
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