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Abstract 

Objective: School-based telehealth (SBTH) offers an opportunity to overcome traditional barriers to 

providing comprehensive asthma care for children.  Guided by an implementation science 

framework considering factors internal and external to the school setting, we characterized barriers 

and facilitators to asthma care within an existing SBTH program available in over 50 under-

resourced South Carolina schools. 

 

Methods: This cross-sectional study assessed barriers and facilitators to SBTH asthma care delivery 

using web-based surveys of school nurses, specifically addressing school implementation of 
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telehealth methods. Surveys evaluated practices and nurse and school-specific factors related to 

telehealth implementation including perceived barriers, organizational readiness and self-efficacy. 

Utilizers were schools who completed 1-10 average visits per month while non-utilizers completed 

less than 1 average visit per month. Descriptive statistics were performed to characterize perceptions 

in utilizers versus non-utilizers. 

 

Results: Of 53 surveys distributed, 36 were completed (68% response rate). Commonly cited barriers 

included inadequate time due to competing tasks in both utilizers (65%) and non-utilizers (74%) as 

well as lack of caregiver involvement in care planning (94% of utilizers and 84% of non-utilizers). 

Of those utilizing specific, relevant telehealth services, schools scored high in perceptions of 

organizational readiness (n=24, mean: 24.5/30), self-efficacy (n=26, mean: 3.6/5) and comfort with 

identifying students eligible for SBTH (n= 26, mean: 3.5/5). 

Conclusions: We identified inadequate nurse time and challenges engaging caregivers as key 

barriers to implementation of a school-based telehealth asthma program providing care to an 

under-resourced population. Addressing these barriers when expanding telehealth services may 

promote utilization of telehealth. 

Keywords pediatrics; school; implementation; organizational readiness 

Introduction 

Asthma is one of the most common chronic condition affecting children (1). In 2016 it was 

estimated that 6 million US children age 0-17 years had asthma (2). The incidence of Emergency 

Department (ED) visits and hospitalizations for childhood asthma remains high while visits in 

primary care settings have declined (3).
 
In 2013 among children under 18 years of age, total direct 

costs of pediatric asthma were $5.92 billion (4). Because asthma confers immense burden to 
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children, families and the health care system, innovative strategies are needed to deliver effective, 

patient-centric care to children with asthma (3, 5). 

While effective management guidelines exist for the treatment of pediatric asthma, challenges 

exist in providing quality care to children. Poor medication adherence and presence of triggers lead 

to inadequate asthma control (6, 7). Deficiencies exist with access to care in rural and under-

resourced areas (8, 9). This suggests a need for a more patient and parent-centric model of care to 

address medication adherence, avoidance of triggers and mitigation strategies in the home and school 

environment. 

Children in the US spend a significant portion of their day in school, making this venue ideal 

for innovative, patient-centric health interventions (10). School-based health centers are clinics 

staffed by qualified healthcare professionals that provide health services in the school during school 

hours. Currently, there are over 2500 school-based health clinics in the United States (11). School-

based asthma program interventions include improving access to clinicians including respiratory 

therapists, and specialists, asthma education programs, and direct observed therapy (12-14). 

Telehealth is increasingly an element of care included in these school-based health programs which 

has led increased symptom-free days, less healthcare utilization and improved quality of life (15-17). 

Typically, this involves a nurse or health care professional (telepresenter) located in a school 

connecting a student to a physician or midlevel practitioner (clinician) located at another site. The 

telepresenter uses peripheral tools to allow the clinician to perform key exam maneuvers. For 

example, a stethoscope allows for auscultation of the heart and lungs and a magnifying scope allows 

for visualization of eyes, throat and skin. (Figure 1) 

School nurses are recognized key stakeholders in successful school-based health clinic 

programs. They often play an important role in communication between school staff, other medical 

providers and families, and are instrumental to school-based public health strategies (18-20). Studies 

have shown engaging school nurses in asthma case management is associated with improved 
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medication adherence, symptom monitoring and decreased disease burden (21, 22). However, 

optimizing the role of school nurses in school-based asthma care while balancing this duty with their 

day-to-day duties continues to be a challenge. Lack of time, education, and communication, 

particularly in rural areas, are cited as common barriers (23).
 
In a survey of school nurses in both 

urban and rural areas, Carpenter et al. found that while most had some asthma training, school nurses 

in rural schools were much less likely to have received this support and almost all would have 

appreciated additional training (23). 

School-based telehealth (SBTH) has been shown to increase access to healthcare in rural 

areas (24). Additionally, it may improve the efficiency and sustainability of traditional school-based 

health programs by making a provider available to many schools on the same day (15, 25). Typical 

barriers to asthma care include access to a clinician during daytime hours, difficulty in obtaining 

medication and access to asthma education (26, 27). SBTH asthma care offers an opportunity to 

overcome these barriers to providing asthma care to children compared to the in-person clinic 

setting. The purpose of this study was to characterize school nurses’ perceived barriers and 

facilitators to asthma care delivery in a SBTH program in order to focus future efforts of quality 

improvement. 

Materials and Methods 

 

Conceptual Framework 

This study was guided by implementation science principles to gain a better understanding of 

factors influencing SBTH implementation and guide identification of strategies to support telehealth 

utilization. We used the Exploration, Preparation, Implementation and Sustainment (EPIS) 

framework (28, 29) because it highlights a comprehensive set of internal and external contextual 
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factors that potentially influence implementation processes in a particular setting. This model was 

selected to guide data collection considering factors internal (e.g. resources, leadership, self-efficacy) 

and external (e.g. funding, district support) to the school. 

Setting 

At the time of survey distribution, SBTH was available in 66 South Carolina elementary 

schools, 91% of which primarily serve students who qualify for free or reduced-fee lunch and many 

are located in rural areas. This well-established SBTH program began as a pilot in two South 

Carolina counties and now increases access to healthcare to over 25 000 children across the state. 

Care is provided by connecting pediatric nurse practitioners, pediatricians and respiratory therapists 

to school nurses’ offices using telehealth carts that combine Health Insurance Portability and 

Accountability Act - compliant two-way real-time audio-visual communication with electronic 

peripheral devices including exam camera and stethoscope. The program aims to overcome barriers 

to care for children in the most cost-effective way through acute care for common childhood 

illnesses and chronic disease management for asthma, attention-deficit/hyperactivity disorder and 

trauma. Both the acute and chronic disease management of asthma have been a particular focus of 

the program in an attempt to reduce absenteeism and avoid the high-cost care utilization patterns 

associated with poorly controlled disease. School nurses play a key role in the program by referring 

and telepresenting students for their acute or chronic care. In the case of asthma, children are 

identified either by the school nurse or through parent night events. After parental consent is 

obtained, then children and their parents meet with a school-based health clinician via telehealth to 

assess asthma severity, complete an asthma action plan, receive asthma education and arrange for 

appropriate medication to be ordered and given by the school nurse when appropriate. Whenever 

possible SBTH staff licensed practical nurses (LPN)s come to the school to telepresent these 

scheduled visits to reduce the time burden on the school nurse, however the school nurse’s input 

remains highly valued. Telepresenting involves the nurse getting the student from class, obtaining 
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vitals and connecting via videoconferencing equipment to a clinician at an academic center. The 

telepresenter also manipulates peripheral tools to allow the clinician to auscultate lungs or view 

patient using a scope. The clinician to which the nurse is connecting can include a physician, nurse 

practitioner, respiratory therapist or other specialist. The program is specially aimed at areas of the 

state where children insured through Medicaid utilize the emergency department for asthma twice as 

much as expected, indicating poor disease control and lack of access to preventative care. In each 

school, telehealth provides some services at the school and the school nurse provides some services. 

The responses from the nurses regarding who provides the services at their school is shown in Table 

2. 

Participants 

Out of the 65 nurses covering the 66 schools, the survey was distributed to a total of 53 

eligible elementary school nurses. Nurses were eligible if they had a current position in a school in 

the state of South Carolina with a school-based health clinic and had been based in a school for at 

least one year. Ten nurses had not been in their current school for a full year so may not have been 

able to fairly assess school-based telehealth at their current school. 

Survey Instrument 

The web-based survey evaluated nurse and school-related factors related to telehealth 

implementation. The survey consisted of 64 questions including demographic information, asthma 

care services provided at the school directly by nurses and/or through telehealth, perceived barriers 

to telehealth program delivery and attitudes about program implementation (organizational readiness, 

self-efficacy and comfort in identifying students). Demographic questions included sex, 

race/ethnicity, age, time as a nurse, time as a school nurse, time in current position, average number 

of asthma telehealth visits per month, number of students at school, number of students with asthma 

at school and number of students that nurse treats with asthma at school. Participants rated the extent 
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to which they perceived a set of 19 barriers in carrying out the telehealth asthma program (not a 

barrier, minor barrier, moderate barrier, major barrier). Barriers were mapped to the EPIS model to 

include inner and outer factors related to SBTH, such as parental factors, personnel and time 

resources, financial considerations, technology and communication factors and school leadership. 

Branching logic was used to present an additional set of questions regarding facilitator only if the 

respondent selected that telehealth provided at least one of the services listed in Table 2. 

Organizational readiness was assessed using an adapted version of the 5-item Organizational 

Readiness to Change Instrument (30). Participants reported their level of agreement (strongly 

disagree, moderately disagree, slightly disagree, slightly agree, moderately agree, strongly agree) 

about their school-based health center’s ability to carry out a set of activities necessary for 

implementation of a new program (e.g. coordinate tasks, handle challenges, keep track of progress). 

One item from the original survey was adapted for better fit in the school setting to cover the 

management of administrative tasks. The Cronbach’s alpha in the current study was 0.93. A single 

item assessed self-efficacy, the nurses’ confidence in their ability to effectively participate in the 

school-based asthma telehealth program (not at all confident, slightly confident, moderately 

confident, very confident, extremely confident) Finally, a single item was used to assess nurse 

comfort in identifying students for the program (not at all comfortable, somewhat comfortable, 

moderately comfortable, very comfortable). 

Study procedures 

The survey was sent electronically to the nurses in a web-based platform using Research 

Electronic Data Capture. The survey was open for 5 weeks (11/11/19 − 12/16/19) with weekly 

reminders sent out to nurses to complete. A nominal gift card valued at $10 was sent electronically to 

the nurses who completed the survey to compensate them for their time. 

Statistical Analysis 
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Descriptive statistics were performed on demographic variables as well as whether asthma 

care services were provided by both telehealth and the school nurse, by the school nurse 

independently, by telehealth independently, or not at all. Schools were classified as “non-utilizers” if 

they performed on average less than one asthma visit per month or “utilizers” if they performed on 

average one or more asthma visit per month. Asthma visits included any visit for initial diagnosis, 

on-going management or acute exacerbation. We considered any response of a barrier whether mild, 

moderate or severe, as a positive endorsement of a barrier. In an exploratory analysis, we compared 

the proportion endorsing barriers between the utilizers and non-utilizers using Fisher’s exact test. 

The mean, standard deviation, median and interquartile range of each of the school’s composite 

readiness score, self-efficacy score and commitment score were determined. All analyses were 

performed using Statistical Analysis Software (SAS version 9.4). 

Study Approval 

The Medical University of South Carolina certified this to be quality improvement and did 

not require Institutional Review Board review. 

Results 

 

Of the 53 surveys distributed, 36 were completed (68% response rate). The characteristics of 

the school nurse survey respondents, schools and students are shown in Table 1. Most school nurses 

were female and non-Hispanic White and had been in their current school nurse position for a mean 

of 4.5 years. Of the 36 programs represented by the nurses, 19 programs completed no asthma visits 

or less than 1 average visit per month for asthma using telehealth (“non-utilizers”) while 17 

programs completed 1–10 average visits per month for asthma using telehealth (“utilizers”). An 
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analysis comparing the schools of survey responders and survey non-responders showed there was 

no statistical difference in number of students in school or rurality. 

Service Provision 

Schools provided most of the components of care either using only the school nurse, only 

with telehealth or through both services (Table 2). Some schools did not provide asthma 

management follow-up visits (11%) or deliver controller medicines daily to students (11%). Both 

telehealth and the school nurse provided acute care for students experiencing asthma symptoms 

(47%) and instruction on inhaler technique (50%). Forty-seven percent of nurses independently 

identified students with asthma without telehealth. Forty-seven percent of nurses reported that 

telehealth directly provided asthma management follow-up visits, independent of the nurse. 

School-Based Asthma Care Delivery Barriers 

Some barriers were highly endorsed by both utilizers and non-utilizers (Table 3). Inadequate 

time due to competing tasks was cited as a barrier in both utilizers (65%) and non-utilizers (74%). 

Additionally, a lack of caregiver (parent/guardian/family) involvement in care planning was cited as 

a barrier with 94% of utilizers and 84% of non-utilizers. Few nurses cited timeliness of telehealth 

staff response and State Department of Education support as barriers. Results were stratified between 

utilizers and non-utilizers, though the proportion endorsing each barrier was not significantly 

different between the two groups. The biggest discrepancy in reported barriers between utilizers and 

non-utilizers was in obtaining data related to student health needs (65% among utilizers vs 37% of 

non-utilizers) as well as adequate quality of internet connectivity (35% of utilizers vs 53% among 

non-utilizers). 

Organizational Facilitators 
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We found that that among the 24 nurses who answered all of the questions regarding 

organizational readiness, self-efficacy and comfort with identifying students with asthma, the scores 

were generally high with little variability (Table 4). Of the 24 nurses who responded, the mean score 

for organizational readiness was 24.2 out of a possible 30. Of the 26 nurses who responded, the mean 

score for self-efficacy and comfort was 3.6 and 3.5, respectively, out of a possible 5. Because of the 

small number of responses and lack of variability, analysis of contributing factors was not 

performed. 

Discussion 

In this survey study, we sought to determine the key barriers and facilitators perceived by 

school nurses to providing asthma care in a state-wide SBTH clinic guided by implementation 

science principles, both in programs that were utilizing asthma telehealth care and those who were 

not. These schools are primarily in low-income rural communities and are generally designated as 

medically under-resourced. We found that inadequate nurse time and challenges in engaging 

caregivers were the most commonly cited barriers. Additionally, nurses uniformly endorsed that their 

schools had high degrees of organizational readiness, comfort and self-efficacy. School nurses play 

an integral role in implementation of SBTH. It is vital to understand their perspective on barriers and 

facilitators to uptake of asthma care delivered via SBTH. 

The barriers noted by both utilizers and non-utilizers of asthma care in the SBTH setting were 

in the same domains. Specifically, both groups noted barriers of parental engagement and personnel, 

time and location resources. This makes it likely that interventions to address these barriers will 

improve utilization in both groups. It also suggests the need to further explore reasons non-utilizers 

don’t use the service. These schools may need interventions more tailored to their needs to promote 

utilization. Alternatively, these schools may not have a need for asthma telehealth due to factors we 

have not yet evaluated. 
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The most commonly reported barrier was engaging caregivers in their child’s asthma care, 

specifically with obtaining consent and caregiver involvement in care planning. This highlights the 

need for program designers to strive for a more patient- and family-centric model that is convenient 

and efficient. Other school-based programs for mental health and nutrition have encountered similar 

challenges with engaging parents but also highlighted how their engagement promotes success of 

programs (31, 32). Because both traditional clinic visits and school-based clinics are only available 

during parental working hours, innovative strategies are needed to involve parents without adding 

additional burden on parents or school nurses. Telehealth platforms that allow parents to connect at a 

setting convenient for them could be effective. Mobile health asthma self-management programs 

have been shown to be favorably viewed by parents as a means of managing routine maintenance 

and monitoring and may improve asthma control and promote engagement in SBTH asthma 

programs (33, 34). 

Inadequate nurse time was also commonly cited as a barrier to providing asthma care through 

SBTH. A similar study assessing school nurses’ perceived barriers to implementing strategies for 

food allergy prevention and management found that though they felt the strategies would be helpful, 

time was a significant implementation barrier (35). This may indicate that while nurses recognize the 

benefits of these care programs, competing demands limit their participation. While costly, 

deploying telepresenters to schools to assist in presenting patients to remote clinicians may help ease 

the burden conferred upon school nurses. Because telehealth allows one clinician to complete visits 

from patients at multiple schools without traveling between them, some of the telepresenter cost may 

be mitigated by this efficiency. Formal cost-effectiveness analyses are needed to inform these 

programmatic decisions. 

Despite identifying key barriers, many school nurses reported high levels of confidence in 

organizational readiness, a high degree of self-efficacy and high levels of comfort in identifying 

students with asthma. This is supportive of school-based health’s goal not only to treat students but 

also to empower school nurses and teachers to be knowledgeable and confident in caring for students 
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with asthma (36). Other school-based asthma programs have been successful in empowering nurses 

with knowledge, comfort in management and self-efficacy (37, 38). Because schools self-select into 

the SBTH program, nurses responding to this survey, regardless of level of utilization of the asthma 

program, may have more support in place than schools that have not chosen to participate in 

telehealth. Future studies should focus on barriers to participation in SBTH among those schools 

have not opted into the program. 

Addressing identified barriers to implementation when expanding telehealth services may 

promote higher utilization and improved care. While participants reported high self-efficacy in 

carrying out the telehealth program and high organizational readiness in their schools, key barriers to 

implementation of a SBTH asthma program were identified. Programs should be designed and 

innovative strategies should be developed to ease the burden on these key stakeholders: school 

nurses and caregivers. This should include robust, intentional communication strategies between 

caregivers, nurses and health care providers. Tools, such as mobile applications or web portals, as 

well as optimized workflow with staffing support (ex. telepresenters) are needed. Successful school-

based asthma programs have led to increased symptom-free days and less healthcare utilization, it 

follows that strengthening these programs through addressing barriers will improve asthma care (15). 

There are some limitations to our study. This study was performed in the state of South 

Carolina in one well-established SBTH program. Though a geographically diverse range of schools 

were included, the study had a small sample size. The findings may not be representative of other 

smaller or less-established programs or to programs in other states with different socioeconomic and 

demographic compositions. Additionally, only school nurses were surveyed in this study. It would be 

valuable to explore in a future study the perceived barriers and facilitators of children, parents, 

school administrator and telehealth staff. There may be selection bias in the respondents to the 

survey as those who were more engaged in programs may be more likely to respond. Although the 

responses were anonymous, because the survey was introduced by nurse leadership, the nurses may 

have responded in way that would be favorable to the program rather than how they truly felt. Lastly, 
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although it seems domains of barriers were similar between utilizers and non-utilizers, the study may 

not have been powered to detect a difference. 

In conclusion, this study has identified key barriers and facilitators to successful 

implementation of asthma care in SBTH clinics. Parental and school leadership engagement are key 

drivers of success. As more school and health care system partnerships form to implement pediatric 

care in the school setting, an understanding of key drivers of successful implementation is 

paramount. Future studies should address novel ways to engage caregivers whose children receive 

asthma care through SBTH programs such as employing mobile health technology to facilitate 

communication. Concurrent with this study, our team is qualitatively assessing schools in 

anticipation of deploying a mobile application to assist parents in managing their child’s asthma by 

relaying real-time data to the SBTH program. The children in these schools need and deserve high 

quality medical care for their asthma. SBTH is one strategy to bring preventative care directly to 

children in areas where it is most needed. 

Acknowledgements 

The authors would like to thank John Reigart, MD for his editing of the manuscript and Kathryn 

Hale, MA, CHES
a
 for her invaluable contribution to the function of the school-based health program. 

Declaration of interest statement 

The authors do not have any conflicts of interests or disclosures. 

Funding: This work was supported by the Health Resources and Services Administration (HRSA) of 

the U.S. Department of Health and Human Services (HHS) as part of the National Telehealth Center 

of Excellence Award (U66 RH31458). The contents are those of the author(s) and do not necessarily 

represent the official views of, nor an endorsement, by HRSA, HHS or the U.S. Government. 

References 

Acc
ep

te
d 

M
an

us
cr

ipt



1. Akinbami LJ, Simon AE, Rossen LM. Changing Trends in Asthma Prevalence Among Children. 

Pediatrics. 2016;137(1). Epub 2015/12/30. doi: 10.1542/peds.2015-2354. PubMed PMID: 

26712860; PubMed Central PMCID: PMCPMC4755484. 

2. Zahran HS, Bailey CM, Damon SA, Garbe PL, Breysse PN. Vital Signs: Asthma in Children - United 

States, 2001-2016. MMWR Morb Mortal Wkly Rep. 2018;67(5):149-55. Epub 2018/02/09. doi: 

10.15585/mmwr.mm6705e1. PubMed PMID: 29420459; PubMed Central PMCID: 

PMCPMC5812476. 

3. Akinbami LJ, Moorman JE, Bailey C, Zahran HS, King M, Johnson CA, et al. Trends in asthma 

prevalence, health care use, and mortality in the United States, 2001-2010. NCHS Data Brief. 

2012(94):1-8. Epub 2012/05/24. PubMed PMID: 22617340. 

4. Perry R, Braileanu G, Palmer T, Stevens P. The Economic Burden of Pediatric Asthma in the 

United States: Literature Review of Current Evidence. Pharmacoeconomics. 2019;37(2):155-67. 

Epub 2018/10/14. doi: 10.1007/s40273-018-0726-2. PubMed PMID: 30315512; PubMed Central 

PMCID: PMCPMC6386052. 

5. Chen SH, Huang JL, Yeh KW, Tsai YF. The Stress of Caring for Children With Asthma: A Qualitative 

Study of Primary Caregivers. The journal of nursing research : JNR. 2015. Epub 2015/04/16. doi: 

10.1097/jnr.0000000000000083. PubMed PMID: 25875102. 

6. Basharat S, Jabeen U, Zeeshan F, Bano I, Bari A, Rathore AW. Adherence to asthma treatment 

and their association with asthma control in children. J Pak Med Assoc. 2018;68(5):725-8. Epub 

2018/06/10. PubMed PMID: 29885170. 

7. Kanchongkittiphon W, Mendell MJ, Gaffin JM, Wang G, Phipatanakul W. Indoor environmental 

exposures and exacerbation of asthma: an update to the 2000 review by the Institute of Medicine. 

Environ Health Perspect. 2015;123(1):6-20. Epub 2014/10/11. doi: 10.1289/ehp.1307922. PubMed 

PMID: 25303775; PubMed Central PMCID: PMCPMC4286274. 

Acc
ep

te
d 

M
an

us
cr

ipt



8. Fedele DA, Barnett TE, Everhart RS, Lawless C, Forrest JR. Comparison of asthma prevalence and 

morbidity among rural and nonrural youth. Ann Allergy Asthma Immunol. 2016;117(2):193-4 e1. 

Epub 2016/06/12. doi: 10.1016/j.anai.2016.05.019. PubMed PMID: 27287876. 

9. Pesek RD, Vargas PA, Halterman JS, Jones SM, McCracken A, Perry TT. A comparison of asthma 

prevalence and morbidity between rural and urban schoolchildren in Arkansas. Ann Allergy Asthma 

Immunol. 2010;104(2):125-31. Epub 2010/03/24. doi: 10.1016/j.anai.2009.11.038. PubMed PMID: 

20306815; PubMed Central PMCID: PMCPMC5645070. 

10. Perry TT, Margiotta CA. Implementing Telehealth in Pediatric Asthma. Pediatr Clin North Am. 

2020;67(4):623-7. Epub 2020/07/12. doi: 10.1016/j.pcl.2020.04.003. PubMed PMID: 32650858. 

11. Love HE, Schlitt J, Soleimanpour S, Panchal N, Behr C. Twenty Years Of School-Based Health Care 

Growth And Expansion. Health Aff (Millwood). 2019;38(5):755-64. Epub 2019/05/07. doi: 

10.1377/hlthaff.2018.05472. PubMed PMID: 31059359. 

12. Gerald JK, Fisher JM, Brown MA, Clemens CJ, Moore MA, Carvajal SC, et al. School-supervised 

use of a once-daily inhaled corticosteroid regimen: A cluster randomized trial. J Allergy Clin 

Immunol. 2019;143(2):755-64. Epub 2018/08/18. doi: 10.1016/j.jaci.2018.06.048. PubMed PMID: 

30118728; PubMed Central PMCID: PMCPMC6628704. 

13. Perry TT, Halterman JS, Brown RH, Luo C, Randle SM, Hunter CR, et al. Results of an asthma 

education program delivered via telemedicine in rural schools. Ann Allergy Asthma Immunol. 

2018;120(4):401-8. Epub 2018/02/23. doi: 10.1016/j.anai.2018.02.013. PubMed PMID: 29471032; 

PubMed Central PMCID: PMCPMC5889729. 

14. Al Aloola NA, Naik-Panvelkar P, Nissen L, Saini B. Asthma interventions in primary schools--a 

review. J Asthma. 2014;51(8):779-98. Epub 2014/04/16. doi: 10.3109/02770903.2014.914534. 

PubMed PMID: 24730772. 

15. Halterman JS, Fagnano M, Tajon RS, Tremblay P, Wang H, Butz A, et al. Effect of the School-

Based Telemedicine Enhanced Asthma Management (SB-TEAM) Program on Asthma Morbidity: A 

Acc
ep

te
d 

M
an

us
cr

ipt



Randomized Clinical Trial. JAMA Pediatr. 2018;172(3):e174938. Epub 2018/01/09. doi: 

10.1001/jamapediatrics.2017.4938. PubMed PMID: 29309483; PubMed Central PMCID: 

PMCPMC5885835. 

16. Bergman DA, Sharek PJ, Ekegren K, Thyne S, Mayer M, Saunders M. The use of telemedicine 

access to schools to facilitate expert assessment of children with asthma. Int J Telemed Appl. 

2008:159276. Epub 2008/03/29. doi: 10.1155/2008/159276. PubMed PMID: 18369409; PubMed 

Central PMCID: PMCPMC2271044. 

17. Romano MJ, Hernandez J, Gaylor A, Howard S, Knox R. Improvement in asthma symptoms and 

quality of life in pediatric patients through specialty care delivered via telemedicine. Telemed J E 

Health. 2001;7(4):281-6. Epub 2002/03/12. doi: 10.1089/15305620152814683. PubMed PMID: 

11886666. 

18. Duff CL. Health education, a school nurse role. NASN Sch Nurse. 2015;30(1):8-9. Epub 

2015/01/30. doi: 10.1177/1942602X14557227. PubMed PMID: 25626233. 

19. Lineberry MJ, Ickes MJ. The role and impact of nurses in American elementary schools: a 

systematic review of the research. J Sch Nurs. 2015;31(1):22-33. Epub 2014/06/29. doi: 

10.1177/1059840514540940. PubMed PMID: 24972802. 

20. Tucker S, Lanningham-Foster LM. Nurse-Led School-Based Child Obesity Prevention. J Sch Nurs. 

2015;31(6):450-66. Epub 2015/03/10. doi: 10.1177/1059840515574002. PubMed PMID: 25747899. 

21. Hanley Nadeau E, Toronto CE. Barriers to Asthma Management for School Nurses: An 

Integrative Review. J Sch Nurs. 2016;32(2):86-98. Epub 2015/12/15. doi: 

10.1177/1059840515621607. PubMed PMID: 26656476. 

22. Suwannakeeree P, Deerojanawong J, Prapphal N. School-Based Educational Interventions Can 

Significantly Improve Health Outcomes in Children with Asthma. J Med Assoc Thai. 2016;99(2):166-

74. Epub 2016/06/03. PubMed PMID: 27249896. 

Acc
ep

te
d 

M
an

us
cr

ipt



23. Carpenter DM, Estrada RD, Roberts CA, Elio A, Prendergast M, Durbin K, et al. Urban-Rural 

Differences in School Nurses' Asthma Training Needs and Access to Asthma Resources. J Pediatr 

Nurs. 2017;36:157-62. Epub 2017/09/11. doi: 10.1016/j.pedn.2017.06.013. PubMed PMID: 

28888497; PubMed Central PMCID: PMCPMC6050021. 

24. Marcin JP, Shaikh U, Steinhorn RH. Addressing health disparities in rural communities using 

telehealth. Pediatr Res. 2016;79(1-2):169-76. Epub 2015/10/16. doi: 10.1038/pr.2015.192. PubMed 

PMID: 26466080. 

25. Bian J, Cristaldi KK, Summer AP, Su Z, Marsden J, Mauldin PD, et al. Association of a School-

Based, Asthma-Focused Telehealth Program With Emergency Department Visits Among Children 

Enrolled in South Carolina Medicaid. JAMA Pediatr. 2019. Epub 2019/09/10. doi: 

10.1001/jamapediatrics.2019.3073. PubMed PMID: 31498379; PubMed Central PMCID: 

PMCPMC6735423. 

26. Wilson J, Gedcke-Kerr L, Woo K, Plazas PC, Tranmer J. Effects of Rurality and Geographical 

Distance on Unplanned Emergency Department Utilization for Children With Asthma: A Population 

Level Retrospective Cohort Study. Can J Nurs Res. 2020:844562120974241. Epub 2020/12/08. doi: 

10.1177/0844562120974241. PubMed PMID: 33283543. 

27. Barnes CB, Ulrik CS. Asthma and adherence to inhaled corticosteroids: current status and future 

perspectives. Respir Care. 2015;60(3):455-68. Epub 2014/08/15. doi: 10.4187/respcare.03200. 

PubMed PMID: 25118311. 

28. Aarons GA, Green AE, Willging CE, Ehrhart MG, Roesch SC, Hecht DB, et al. Mixed-method study 

of a conceptual model of evidence-based intervention sustainment across multiple public-sector 

service settings. Implement Sci. 2014;9:183. Epub 2014/12/11. doi: 10.1186/s13012-014-0183-z. 

PubMed PMID: 25490886; PubMed Central PMCID: PMCPMC4272775. 

29. Aarons GA, Hurlburt M, Horwitz SM. Advancing a conceptual model of evidence-based practice 

implementation in public service sectors. Adm Policy Ment Health. 2011;38(1):4-23. Epub 

Acc
ep

te
d 

M
an

us
cr

ipt



2011/01/05. doi: 10.1007/s10488-010-0327-7. PubMed PMID: 21197565; PubMed Central PMCID: 

PMCPMC3025110. 

30. Shea CM, Jacobs SR, Esserman DA, Bruce K, Weiner BJ. Organizational readiness for 

implementing change: a psychometric assessment of a new measure. Implement Sci. 2014;9:7. 

Epub 2014/01/15. doi: 10.1186/1748-5908-9-7. PubMed PMID: 24410955; PubMed Central PMCID: 

PMCPMC3904699. 

31. Woodard GS, Triplett NS, Martin P, Meza RD, Lyon AR, Berliner L, et al. Implementing Mental 

Health Services for Children and Adolescents: Caregiver Involvement in School-Based Care. 

Psychiatr Serv. 2020;71(1):79-82. Epub 2019/09/26. doi: 10.1176/appi.ps.201900160. PubMed 

PMID: 31551041. 

32. Verdonschot A, de Vet E, van Seeters N, Warmer J, Collins CE, Bucher T, et al. Caregivers' Role in 

the Effectiveness of Two Dutch School-Based Nutrition Education Programmes for Children Aged 7-

12 Years Old. Nutrients. 2021;13(1). Epub 2021/01/07. doi: 10.3390/nu13010140. PubMed PMID: 

33401470; PubMed Central PMCID: PMCPMC7824262. 

33. Nichols M, Miller S, Treiber F, Ruggiero K, Dawley E, Teufel Ii R. Patient and Parent Perspectives 

on Improving Pediatric Asthma Self-Management Through a Mobile Health Intervention: Pilot 

Study. JMIR Form Res. 2020;4(7):e15295. Epub 2020/05/23. doi: 10.2196/15295. PubMed PMID: 

32442127; PubMed Central PMCID: PMCPMC7367526. 

34. Perry TT, Marshall A, Berlinski A, Rettiganti M, Brown RH, Randle SM, et al. Smartphone-based 

vs paper-based asthma action plans for adolescents. Ann Allergy Asthma Immunol. 

2017;118(3):298-303. Epub 2017/01/24. doi: 10.1016/j.anai.2016.11.028. PubMed PMID: 

28111110. 

35. Kao LM, Wang J, Kagan O, Russell A, Mustafa SS, Houdek D, et al. School nurse perspectives on 

school policies for food allergy and anaphylaxis. Ann Allergy Asthma Immunol. 2018;120(3):304-9. 

Epub 2018/03/07. doi: 10.1016/j.anai.2017.12.019. PubMed PMID: 29508717. 

Acc
ep

te
d 

M
an

us
cr

ipt



36. Gustafson EM. History and overview of school-based health centers in the US. Nurs Clin North 

Am. 2005;40(4):595-606, vii. Epub 2005/12/06. doi: 10.1016/j.cnur.2005.08.001. PubMed PMID: 

16324934. 

37. Winkelstein ML, Quartey R, Pham L, Lewis-Boyer L, Lewis C, Hill K, et al. Asthma education for 

rural school nurses: resources, barriers, and outcomes. J Sch Nurs. 2006;22(3):170-7. Epub 

2006/05/18. doi: 10.1177/10598405060220030801. PubMed PMID: 16704287. 

38. Francisco B, Rood T, Nevel R, Foreman P, Homan S. Teaming Up for Asthma Control: EPR-3 

Compliant School Program in Missouri Is Effective and Cost-Efficient. Prev Chronic Dis. 2017;14:E40. 

Epub 2017/05/26. doi: 10.5888/pcd14.170003. PubMed PMID: 28541869; PubMed Central PMCID: 

PMCPMC5457908. 

  

Acc
ep

te
d 

M
an

us
cr

ipt



Table 1. Demographics of Nurse Respondents, Students and Schools (n = 36 respondents). 

Variable Category Statistic Value 

Sex  Female N (%) 35 (97.2%) 

Race/Ethnicity White, non-Hispanic 

 

N (%) 27 (75%) 

White, Hispanic or 

Latino 

 1 (3%) 

Black  8 (22%) 

Age 25-34 N (%) 5 (13.9%) 

35-44  10 (27.8%) 

45-54  12 (33.3%) 

55-64  8 (22.2%) 

65+  1 (2.8%) 

Time as a nurse (years)   Median (IQR) 22 (12.5-30) 

Time as a school nurse (years)   Median (IQR) 7.5 (3.0-13.5) 

Time in current school as nurse 

(years)  

 Median (IQR) 4.5 (2.0-4.5) 

Average number of asthma 

telehealth visits per month 

0 N (%) 19 (52.8%) 

1-5  13 (36.1%) 

6-10  4 (11.1%) 

Number of students at school  Mean (STD) 415.9 (177.4) 

Number of students with 

asthma at school 

 Mean (STD) 39.4 (32) 

Number of students with  Mean (STD) 16.2 (15.4) 

Acc
ep

te
d 

M
an

us
cr

ipt



asthma that nurse treats at 

school 
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Table 2. Provision of Components of Asthma Care in School-Based Care (n = 36). 

Component of Care Both nurse and 

telehealth 

provide this 

service 

Telehealth 

provides 

the service 

independent 

of nurse 

Nurse 

provides the 

service 

independent 

of telehealth 

Service not 

provided at 

school 

Acute care for students 

experiencing asthma symptoms 

17 (47%) 5 (14%) 14 (39%) 0 (0%) 

Identify students with asthma 12 (33%) 5 (14%) 17 (47%) 2 (6%) 

Assessment of asthma severity
a
 11 (31%) 8 (22%) 15 (42%) 2 (6%) 

Development of a treatment plan 10 (28%) 12 (33%) 12 (33%) 2 (6%) 

Instruction on inhaler technique 18 (50%) 4 (11%) 14 (39%) 0 (0%) 

Counseling on trigger avoidance 16 (44%) 6 (17%) 9 (25%) 3 (8%) 

Asthma management follow-up 

visits (non-acute care) 

6 (17%) 17 (47%) 9 (25%) 4 (11%) 

Delivery of controller 

medications daily to students 

1 (3%) 5 (14%) 26 (72%) 4 (11%) 

a
Row percentile may be >100% due to rounding. 
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Table 3. Perceived Barriers to Providing School-Based Telehealth Asthma Care (n = 36). 

Potential Barrier Of Utilizers
a
, 

Number 

(Proportion) 

Endorsing as 

Barrier
c
 

(n = 17) 

Of Non-utilizers
b
, 

Number (Proportion) 

Endorsing as 

Barrier
c 
(n = 19) 

p-value
d 

Parental Factors 

Lack of parent/guardian/family involvement 

in care planning 

16 (94%) 16 (84%) 0.61 

Challenges obtaining parent/guardian 

consent for visits 

14 (82%) 14 (74%) 0.70 

Lack of parent/guardian trust in telehealth 10 (59%) 12 (63%) 1.0 

Personnel, Time and Location Resources  

Adequate school nurse availability  9 (53%) 8 (42%) 0.74 

Adequate time (due to competing tasks)  11 (65%) 14 (74%) 0.72 

Availability of staff to coordinate care  8 (47%) 9 (47%) 1.0 

Designated space for telehealth visit  6 (35%) 8 (42%) 0.74 

Adequate tele-presenter availability  3 (18%) 1 (5%)
e
 0.33 

Financial Considerations  

Adequate financial resources  4 (24%) 7 (37%) 0.48 

Reimbursement for services  4 (24%) 2 (11%) 0.39 

School support  

School staff awareness  9 (53%) 8 (42%) 0.74 

School team views about the value of 6 (35%) 5 (26%) 0.72 
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school-based telehealth  

Leadership within the school  3 (18%) 3 (16%) 1.0 

Technology and Data   

Adequate quality of internet connectivity  6 (35%) 10 (53%) 0.34 

School Information Technology 

support/collaboration  

5 (30%) 6 (32%) 1.0 

Obtaining data related to student health 

needs  

11 (65%) 7 (37%) 0.18 

Communication Between University Telehealth Team and School  

Timeliness of telehealth staff response  0 (0%) 2 (11%) 0.49 

School Leadership Support  

School district leadership  4 (24%) 2 (11%) 0.39 

State Department of Education support  2 (11%) 2 (12%)
e
 1.0 

a
Utilizers are those who report one or more visit monthly on average. 

b
Non-utilizers are those who report less than one visit monthly on average. 

c
Respondents reported barrier as mild, moderate or major. 

d
All statistical comparisons were made using Fisher’s Exact test. 

e
Out of 18 respondents, one respondent did not answer question. 
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Table 4. Facilitators of Providing School-Based Telehealth Asthma Care. 

  Mean Standard 

Deviation 

Median Interquartile 

Range 

Organizational Readiness (n = 24)
a
  24.2 5.4 24.5 23 − 28.5 

How confident are you that you can effectively 

participate in your school's telehealth-based 

asthma care services? (n = 26)
b 

3.6 1.1 4 3 − 4  

How comfortable do you feel identifying students 

in your school that would be eligible for the 

school-based asthma telehealth program? (n = 26)
c
 

3.5 0.7 4 3 − 4  

a
Organization Readiness includes 5 questions each with a 1-6 Leikert scale. The range of possible 

scores was 5 to 30. 

b
This question was based on a 1–5 Leikert scale with 1 = Not at All Confident to 5 = Extremely 

Confident. 

c
This question was based on a 1–5 Leikert scale with 1 = Not at All Comfortable to 5 = Very 

Comfortable. 
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Figure 1. Process of School-based Health. 
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