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Abstract

Background: Many healthcare providers do not consistently implement recommendations 

contained in clinical guidelines on mild traumatic brain injury (mTBI). As such, the Centers 

for Disease Control and Prevention (CDC) created the HEADS UP to Healthcare Providers online 

training to promote uptake of five key recommendations in the CDC Pediatric mTBI Guideline.

Methods: Using data from modules in the CDC HEADS UP to Healthcare Providers online 

training, healthcare providers’ self-reported knowledge and self-efficacy prior to and immediately 

following completion of the training was analyzed.

Results: Improvements for 8 out of the 10 knowledge questions had a high level of practical 

significance. The knowledge question with the highest level of practical significance pre- to post­

test improvement was for the key guideline recommendation on neuroimaging (pre-test correct: 

70.2%; post-test correct: 87.8%; (p < 0.0001, Cohen’s g = 0.39). Four out of the six questions 

had a self-efficacy level increase of a high level of practical significance (r > 0.50) between the 

pre- and post-tests. The self-efficacy question with pre- to post-test improvement with the highest 

level of practical significance was “I am confident in my ability to manage the return to sports 

progression for my patients” (p < 0.001; r = 0.54).

Conclusions: The HEADS UP to Healthcare Providers online training led to significant 

improvements in knowledge and self-efficacy related to mTBI diagnosis and management. 

Expanded use of this training among healthcare providers who commonly provide care for 

pediatric patients with mTBI may be beneficial.

Practical Applications: This study highlights several factors guideline developers may take 

into consideration when creating an implementation tool, such as using health behavior theories, 

working with partners and key stakeholders, and focusing on digital-based tools.
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1. Introduction

To provide comprehensive guidance to healthcare providers who care for pediatric patients 

with mild traumatic brain injury (mTBI), the Centers for Disease Control and Prevention 

(CDC) published an evidence-based guideline on mTBI diagnosis, prognosis, management, 

and treatment in 2018 (Lumba-Brown et al., 2018). As demonstrated in the guideline, the 

science and clinical recommendations regarding the diagnosis and management of pediatric 

patients with mTBI have evolved substantially over the last two decades. Despite this 

progress, previous studies have found that many healthcare providers do not consistently 

implement recommendations contained in clinical guidelines on mTBI (Carl & Kinsella, 

2014; Greene, Kernic, Vavilala, & Rivara, 2014; Melnick et al., 2012; Stache, Howell, & 

Meehan, 2016).

Challenges with implementation of evidence-based guidelines into clinical practice are not 

unique to mTBI. While a plethora of clinical guidelines for a variety of health topics 

are available to healthcare providers, many patients receive treatment that is not based 

on scientific evidence (Institute of Medicine Committee on Standards for Developing 

Trustworthy Clinical Practice, 2011). Several barriers to guideline implementation by 

healthcare providers have been identified (Fischer, Lange, Klose, Greiner, & Kraemer, 

2016; Institute of Medicine Committee on Standards for Developing Trustworthy Clinical 

Practice, 2011). Many of these barriers are believed to stem from an interaction 

between individual characteristics of the guideline (e.g., clarity, specificity, strength of the 

evidence), perceptions of healthcare providers (e.g., self-efficacy, perceived importance of 

the recommendations, relevance to practice) and practice environment or context-related 

characteristics (e.g., inpatient, ambulatory, long-term care setting) (Institute of Medicine 

Committee on Standards for Developing Trustworthy Clinical Practice, 2011).

Reaching healthcare providers with information on mTBI is an ongoing, yet critical 

challenge. CDC created a set of implementation tools (e.g., a checklist for healthcare 

providers and discharge instructions for patients and their families) to promote uptake 

of its recent clinical practice guideline on pediatric mTBI. An example of one such 

implementation tool is the HEADS UP to Healthcare Providers online training. Developed 

in partnership with the American Academy of Pediatrics (AAP), the training provides an 

overview of the evidence-based recommendations in the CDC Pediatric mTBI Guideline, 

as well as practical strategies to integrate these recommendations into clinical practice. 

The training provides a special emphasis on five key recommendations in the CDC 

guideline: when to use neuroimaging for pediatric patients with mTBI; use of validated, age­

appropriate symptom scales to diagnose mTBI; the role of certain risk factors on prolonged 

recovery; instructing patients on return to activity customized to their symptoms; and how 

best to manage a patient’s return to non-sports activities soon after the injury (Table 1).

Development of the HEADS UP to Healthcare Providers training was guided by constructs 

of the Health Belief Model (HBM) (Becker, 1974). First developed in the 1950s, the main 

assumption of the HBM is that an individual’s beliefs (e.g., perceived risk and susceptibility 

to a particular condition), coupled with their perception of the benefits of a specific action, 
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serve as drivers for behavior adoption or change. In the 1970s, the HBM was expanded 

to include a construct on self-efficacy, which is a person’s perceived ability (efficacy 

expectations) to perform an action or task (Bandura, 1977). The use of self-efficacy as 

a valuable predictor of behavior change in the HBM, and other health theories, is well­

documented in the literature (Leventhal, Meyer, & Nerenz, 1980; So, 2013). Moreover, 

self-efficacy is linked to and considered to be a precursor for behavior change related to 

guideline implementation (Fischer et al., 2016).

Thus, the purpose of this study is to assess the effectiveness of the HEADS UP to Healthcare 

Providers online training on healthcare providers’ mTBI knowledge and self-efficacy related 

to the five key recommendations in the CDC Pediatric mTBI Guideline. Findings can be 

used to inform the development of additional implementation tools for the CDC Pediatric 

mTBI Guideline, as well as tools for guidelines that cover other health topics.

2. Methods

This study analyzed data obtained from pre- and post-test modules contained in the HEADS 

UP to Healthcare Providers training. First released in 2011, the training was revised and re­

launched in 2018 to include a specific focus on the recommendations in the CDC Pediatric 

mTBI Guideline. The primary audience of the training is healthcare providers who care 

for pediatric patients with mTBI (e.g., pediatricians, family practice providers); however, 

the training is accessible and available to anyone at no cost from the CDC website. The 

pre-test module contains 11 questions on participant demographics and experience (e.g., 

provider type, practice location [based on zip code], and use of mTBI assessment tools), 

10 knowledge questions, and 6 questions focused on self-efficacy related to diagnosis and 

management of pediatric mTBI. In the one-year time period that we analyzed, 19,208 

individuals took the training. However, 5,493 people were dropped from the analysis 

due missing provider type, which was a key part of our inclusion criteria (i.e., desire to 

ensure that these were actual healthcare providers) and an additional 3,815 people were 

dropped due to failure to take any part of the post-test. This left us with 9,900 individuals 

with complete data. Individuals who did not self-identify in the pre-test module as a 

physician, nurse practitioner, or physician assistant were then excluded from the analysis 

(n = 7,795). The final sample included 2,105 healthcare providers: 781 physicians, 1,078 

nurse practitioners, and 246 physician assistants. These groups were selected for the analysis 

as they are the key audiences for the CDC Pediatric mTBI Guideline.

Questions in the post-test module were identical to those in the pre-test; the sole exception 

being that questions on demographics were not included in the post-test module. The 

knowledge questions in the test modules were derived from and aligned to the five key 

recommendations in the CDC Pediatric mTBI Guideline (Table 1). Responses to the 

knowledge questions were re-coded for analysis such that correct responses = 1 and 

incorrect responses = 0. The self-efficacy questions were created to assess healthcare 

providers’ confidence related to diagnosis and management of pediatric mTBI. The self­

efficacy questions were each measured on a 5-point Likert scale ranging from “strongly 

disagree” to “strongly agree.” Respondents received 1 to 5 points for each item, with 

higher scores indicating a greater level of agreement with each statement. Responses were 

Sarmiento et al. Page 3

J Safety Res. Author manuscript; available in PMC 2022 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



condensed for presentation into three categories: disagree/strongly disagree, neither agree 

nor disagree, and strongly agree/agree. In addition, healthcare providers’ knowledge and 

self-efficacy were analyzed using a scale from 10 pre-test knowledge questions and 6 

pre-test self-efficacy questions. CDC determined that data collection was not subject to 

Institutional Review as the data were collected as part of the regular function of the training 

and designed for training improvement and evaluation.

2.1. Data analysis

Descriptive statistics for study variables were computed using the sample of healthcare 

providers who completed both the pre- and post-test between January 1 and December 31, 

2019. McNemar’s tests were computed to detect statistically significant differences between 

responses to the pre- and post-test knowledge questions, while Wilcoxon signed rank tests 

for paired observations were used to compare pre- and post-test self-efficacy questions. 

Medians were reported for the self-efficacy questions given the ordinal nature of the data. 

SAS version 9.4 (http://www.sas.com) and IBM SPSS were used to compute all statistics.

Effect sizes were computed for each McNemar’s and Wilcoxon signed rank test. Cohen’s g 

was computed for each McNemar’s test; a g of less than 0.15 is considered to have a small 

effect size, a g between 0.15 and 0.25 has a medium effect size, and a g of 0.25 or greater 

has a large effect size (Cohen, 1988). Effect sizes (r) were also computed for each Wilcoxon 

signed rank test using the Z-score and interpreted in accordance with Cohen (1988). An r of 

0.1 represents a small effect size, an r of 0.3 represents a medium effect size and an r of 0.5 

represents a large effect size (Cohen, 1988). Medium and large effects were considered to 

indicate a practical or substantive change (“practical significance”) between the pre-test and 

post-test. The number of missing data was negligible for the knowledge questions; between 

0 and 16 (0.0–0.8%). The number of missing data was higher for the self-efficacy questions, 

ranging from 0 to 165 (0.0–7.8%). An internal analysis demonstrated that those with missing 

data were not significantly different than those with complete data.

3. Results

Most healthcare providers (65.4%) had worked 5 years or fewer in their profession, and 

roughly half (55.6%), evaluated a pediatric patient for a suspected mTBI in the 12 months 

preceding administration of the survey (Table 2). When asked how often they adhere 

to current evidence-based recommendations on mTBI related to decision and assessment 

tools and discharge instructions, 41.8% reported using decisions tools, 42.3% reported 

using standardized assessments, and 62.4% reported providing written discharge instructions 

“often or very often.” To learn about clinical practice recommendations, most healthcare 

providers preferred seeking information from websites (e.g., UpToDate and Medscape) 

(78.6%), viewing presentations from experts (51.5%), and/or attending medical conferences 

(50.7%).

The percentage of correct responses for each of the knowledge questions increased 

significantly between the pre- and post-tests (Table 3). Improvements for 8 out of the 10 

knowledge questions had a high level of practical significance. Of these, the questions with 

pre- to post-test improvement with the highest level of practical significance was for the key 
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guideline recommendation on neuroimaging (“A healthcare provider should order a head 

computerized tomography (CT) scan for patients with suspected mTBI”) (pre-test correct: 

70.2%; post-test correct: 87.8%; p < 0.0001, Cohen’s g = 0.39). Other knowledge questions 

that demonstrated improvements with a high level of practical significance included: “A 

14-year old patient hit her head while playing soccer. She presents with a headache and 

says she ‘just doesn’t feel right.’ What is the appropriate course of action?” (pre-test correct: 

84.0%; post-test correct: 94.8%; p < 0.0001, Cohen’s g = 0.36); “What happens when an 

athlete’s symptoms return after they’ve initiated a step-wise return to play progression?” 

(pre-test correct: 83.5%; post-test correct: 95.3%; p < 0.0001, Cohen’s g = 0.36); and, “A 

6-year-old boy diagnosed with mTBI complains of continuing headaches one week after 

the injury, but no other neurological symptoms. What is the appropriate action to manage 

his headaches?” (pre-test correct: 30.5%; post-test correct: 50.0%; p < 0.0001, Cohen’s g = 

0.34). The two questions with improvements in knowledge with low and medium levels of 

significance included: “Which of the following is TRUE regarding validated mTBI symptom 

rating scales?”; pre-test correct: 74.9%; post-test correct: 77.8% (p < 0.01, Cohen’s g = 

0.07) and “Which indications should prompt admission to a hospital for a patient with 

mTBI?”; pre-test correct: 76.0%; post-test correct: 83.4% (p < 0.0001, Cohen’s g = 0.19).

The level of self-efficacy measured for each of the six questions in the post-test 

demonstrated statistically significant improvements as compared to the pre-test (Table 4). 

All six questions had a self-efficacy level increase of a high level of practical significance 

(r > 0.50) between the pre- and post-tests. These questions were: “I am confident in my 

ability to diagnose an mTBI” (p < 0.001; r = 0.62), “I am confident in my ability to treat 

mTBI symptoms” (p < 0.001; r = 0.63), “I am confident in my ability to manage the return 

to sports progression for my patients” (p < 0.001; r = 0.63), “I am confident in my ability 

to manage return to school for my patients” (p < 0.001; r = 0.63).“I am confident in my 

ability to identify patients who should be referred for evaluation by an mTBI specialist” (p 
< 0.001; r = 0.59), and “I am confident in my ability to communicate with patients about 

mTBI prevention strategies” (p < 0.001; r = 0.54).

4. Discussion

This study examined the effectiveness of the HEADS UP to Healthcare Provider online 

training on improving healthcare providers’ mTBI knowledge and self-efficacy related to the 

five key recommendations in the CDC Pediatric mTBI Guideline. Healthcare providers who 

completed the HEADS UP to Healthcare Providers online training not only demonstrated 

significant improvements in knowledge but also reported improved self-efficacy related to 

mTBI diagnosis and management. These findings suggest that the HEADS UP to Healthcare 

Providers online training may be an effective tool to support implementation of the CDC 

Pediatric mTBI Guideline. Expanded use among healthcare providers who care for pediatric 

patients with mTBI may be beneficial.

More than 19,000 people accessed the HEADS UP to Healthcare Providers online training 

during the study period. High use of this online training may be attributed to mTBI and 

concussion training requirements instituted by some health organizations, schools, and 

states, as well as the inclusion of continuing education credits available through AAP upon 
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its completion (Fischer et al., 2016). Prior research suggests that continuing education 

opportunities and online training for healthcare providers on concussion is associated 

with improvements in clinical practice (Babul, Turcotte, Lambert, Hadly, & Sadler, 2020; 

Broshek, Samples, Beard, & Goodkin, 2014). An online training approach was used for the 

HEADS UP to Healthcare Providers training as it is a cost-effective approach that allowed 

organizations that require the training to disseminate it widely and provide flexibility for 

where (e.g., home or place of work) and when (during or outside of practice hours) 

a healthcare provider could complete their training requirement. As the use of online 

trainings to educate healthcare providers by CDC and other organizations have increased 

in popularity, evaluation of the effectiveness of this educational approach is critical. At 

least two systematic reviews concluded that training healthcare providers through online 

trainings in place of non-computer-based trainings (e.g., in-person presentations, lectures, 

and workshops) is equally effective in improving healthcare providers’ knowledge and 

clinical behaviors (Cook et al., 2008; Richmond, Copsey, Hall, Davies, & Lamb, 2017). 

These findings suggest that health educators may consider the development of an online 

training as one component of a comprehensive approach for guideline implementation.

Healthcare providers with knowledge of and a high self-efficacy related to clinical 

recommendations may be more likely to adopt and adhere to guidelines (Fischer et 

al., 2016). Consistent with increases in self-efficacy related to mTBI diagnosis and 

management, some of the largest improvements in knowledge between pre- and post­

tests were observed for the questions aligned with the CDC Pediatric mTBI Guideline 

recommendations on diagnostic use of neuroimaging and managing a patient’s return to 

activity. Changing healthcare provider behaviors around CT scans for mTBI is an ongoing 

challenge (Halaweish, Riebe-Rodgers, Randall, & Ehrlich, 2018). Decreasing routine use 

of CT scans for patients with mTBI may help reduce adverse health outcomes related to 

radiation exposure (Mannix, Meehan, Monuteaux, & Bachur, 2012; Stanley et al., 2014); up 

to 35% of CT scans conducted in the emergency department for patients with mTBI may 

not be warranted based on clinical guidance (Melnick et al., 2012). While some clinical 

recommendations have been consistent for numerous years (such as that on neuroimaging), 

the CDC Pediatric mTBI Guideline recommendation of a gradual return to non-sports 

activities represents a shift in clinical care (Lumba-Brown et al., 2018). Previous guidance 

recommended a longer rest period; however, healthcare providers are now advised to instruct 

pediatric patients with mTBI to return to their regular non-sports activities within 2–3 days. 

As compared to prescribing “strict rest,” this change in guidance is associated with a shorter 

recovery and a lower symptom burden (Thomas, 2015). Findings from this study indicate 

that training may show promise in furthering adoption of neuroimaging and return to activity 

recommendations that can improve patient health outcomes. However, additional studies are 

needed to assess the sustainability of these improvements and their translation into clinical 

practice.

Previous studies suggest that medical students and residents may not receive adequate 

training on mTBI diagnosis and management and that more educational opportunities on 

this topic are needed (Donaworth, Grandhi, Logan, Gubanich, & Myer, 2016; Haider et 

al., 2017). Donaworth and colleagues (2016) found most U.S. medical school curriculums 

do not include lectures on concussion, and that the majority of medical students do 
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not gain clinical experience with diagnosis and management of concussion during their 

medical school training. Interestingly, approximately two-thirds of healthcare providers who 

completed the CDC training reported working five years or fewer in their profession. A 

desire to learn about concussion, widespread use of digital or mobile-based tools, and use of 

social media to promote the training, may be some of reasons why the training was accessed 

more frequently by newer healthcare providers (Donaworth et al., 2016; Ventola, 2014). 

Taken together, this points to the potential of the HEADS UP to Healthcare Provider training 

to help fill a current information gap for healthcare providers new to their profession.

This study only measured changes in knowledge and self-efficacy based on constructs of 

the HBM prior to and immediately following the HEADS UP to Healthcare Providers 

training. As such, environmental and individual provider characteristics (a limitation of 

the HBM) were not taken into consideration (Janz & Becker, 1984). Moreover, as noted 

above, the long-term effectiveness on healthcare providers’ knowledge and self-efficacy was 

not measured. Ensuring successful and sustained improvements among healthcare providers 

following use of the training may benefit further from a multi-pronged approach that is 

inclusive of system-based changes (e.g., use of electronic health records (EHR)) and support 

from decision-makers (Campanella et al., 2016). Previous studies suggest that integrating 

an online training into a comprehensive implementation effort may lead to improved patient­

healthcare provider communication and symptom-based assessments (Arbogast et al., 2017). 

Arbogast and colleagues found that implementation of a concussion-specific EHR-based 

decision support tool, along with use of the HEADS UP to Healthcare Provider online 

training, substantially increased documentation of healthcare provider-patient discussions 

about recovery (e.g., return to school and sports; Arbogast et al., 2017). This is consistent 

with other studies that found that EHR-based systems may strengthen guideline adherence 

among healthcare providers (Campanella et al., 2016).

4.1. Practical applications

Guideline efforts may be inclusive of development, dissemination, and implementation 

planning (Fischer et al., 2016). Yet, approximately one-third of guidelines published 

between 2010 and 2017 did not offer guideline implementation tools (Liang, Abi Safi, 

& Gagliardi, 2017). Including health educators’ and other public health professionals’ 

participation in guideline development may help to ensure that implementation 

strategies are considered while recommendations are drafted. This may include ensuring 

recommendations are written with patient-centered language and practical strategies (Fischer 

et al., 2016).

Guideline implementation tools may improve healthcare providers’ adherence to guideline 

recommendations (Liang, Abi Safi, et al., 2017). This study highlights several factors 

guideline developers may take into consideration when creating such tools. First, guideline 

implementation tools developed using a theoretical framework, such as the online training 

examined in this paper, are considered to be most effective (Liang, Bernhardsson, et al., 

2017). Guideline developers can ensure that relevant implementation tools (customized 

for both patients and healthcare providers) are designed using health behavior theories 

and tested to assess their ability to support evidence-based patient care (Fischer et al., 
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2016; Liang, Abi Safi, et al., 2017). The HEADS UP to Healthcare Providers training 

took advantage of constructs of adult learning theory and components of the HBM by 

integrating interactive knowledge checks and content aimed at building healthcare provider’s 

self-efficacy and promoting positive learning outcomes (Cook, Levinson, & Garside, 2010). 

Second, working with partners and key stakeholders to promote and disseminate online 

trainings, such as this one, can help improve training use among the target audiences and has 

benefitted other aspects of the HEAD UP campaign. Finally, the widespread usage of digital 

based tools and preferences for seeking out clinical information from websites suggests that 

a shift from print materials to online, tablet, and mobile-based formats may improve uptake 

and adherence to guidelines (Gagliardi & Alhabib, 2015; Ventola, 2014). Online training, 

which can be a cost-effective approach to reach a large audience, may be one important way 

to achieve this.

4.2. Limitations

There are several limitations to this study. First, data from the pre- and post-test modules 

were obtained from a convenience sample of healthcare providers who completed the 

HEADS UP to Healthcare Providers training. Thus, the findings are not intended to be 

generalizable to a wider population. Second, this study did not have a control group of 

healthcare providers who did not complete the training with which the authors could 

compare the results. Thus, it is unclear if other sources of information identified as 

commonly used by healthcare providers in the study (e.g., websites and presentations 

from experts) are similarly effective. Future studies may explore this. Third, the pre- and 

post-test knowledge questions were composed of multiple choice and true/false questions. 

This may have led to an overestimate in the level of knowledge of the respondents, as 

respondents had a 25–50% chance of randomly guessing the correct response. Fourth, social 

desirability may play a role in the respondents’ answers to questions related to self-efficacy. 

It is likely that the respondents know what the “correct” response is or what “should” be 

the answer, particularly with the self-efficacy items. This may inflate both the pre- and 

post-test agreement with these items; however, it may not impact changes in responses 

observed between the pre- and post-tests. Finally, most healthcare providers completed 

the post-test immediately after taking the training. Thus, it is not possible to determine 

whether changes in knowledge and self-efficacy will persist over time. Further, this study 

did not evaluate actual changes in patient care. Thus, it is not possible to determine whether 

an individual’s gains in knowledge and self-efficacy will translate into changes in their 

clinical care practices. Future research that examines whether the training led to actual 

improvements in diagnosis and management decisions may be beneficial.

5. Conclusion

This study examined the effectiveness of the HEADS UP to Healthcare Providers online 

training on healthcare providers’ mTBI knowledge and self-efficacy related to the five 

key recommendations in the CDC Pediatric mTBI Guideline. Findings suggest that upon 

completion of the training, healthcare providers demonstrated significant improvements 

in knowledge related to the five key recommendations in the guideline, as well as 

improvements in self-efficacy related to mTBI diagnosis and management. Expanding use of 
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this training may be an effective way to reach a large number of healthcare providers and 

improve use of recommendations in the CDC Pediatric mTBI Guideline.
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Table 2

Background characteristics of respondents (n = 2,105) who completed the Centers for Disease Control and 

Prevention HEADS UP to Healthcare Providers online training, 2019.

Frequency Percent

Healthcare provider type

Physician 781 37.1

Nurse practitioner 1,078 51.2

Physician assistant 246 11.7

Total 2,105 100.0

Number of years in practice

0–5 1,377 65.4

6–10 207 9.8

11–20 284 13.5

21–30 166 7.9

31+ 71 3.4

Total 2,105 100.0

Percentage of practice that is pediatric

0–25% 1,145 54.5

26–50% 407 19.4

51–75% 38 1.8

76+% 511 24.3

Total 2,101 100.0

Have you evaluated a patient for a suspected mild traumatic brain injury (mTBI) in the previous 12 months

Yes 1,166 55.6

No 848 40.5

Unsure 82 3.9

Total 2,096 100.0

Healthcare provider uses decision tools to evaluate for mTBI in their practice

Very often 418 19.9

Often 458 21.9

Sometimes 613 29.3

Never 607 29.0

Total 2,096 100.0

Healthcare provider uses standardized assessments of concussion in their practice

Very often 466 22.2

Often 422 20.1

Sometimes 607 29.0

Never 601 28.7

Total 2,096 100.0

Healthcare provider provides written discharge instructions for patients with mTBI

Very often 865 41.3

Often 443 21.1
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Frequency Percent

Sometimes 354 16.9

Never 434 20.7

Total 2,096 100.0

How healthcare provider prefers to learn about clinical practice recommendations 
a 

Websites (like UpToDate and Medscape) 1,654 78.6

Presentations from experts (such as Grand Rounds) 1,085 51.5

Medical conferences 1,067 50.7

Scientific publications 998 47.4

Medical organizations 888 42.2

Blogs and social media 275 13.1

a
Respondents were permitted to select multiple responses to this question, therefore the total adds up to over 100%
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