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Abstract

Background and Objectives: Evidence-based concussion practices have been codified into legislation, yet implementation has been narrowly
evaluated.We examined implementation of concussion practices inMassachusetts high schools and adopted a disproportionality lens to assess
the relationship between school sociodemographic and policy implementation and examine whether differences in policy implementation
represent systematic disparities consistent with the disproportionality literature.
Methods:A cross-sectional survey was sent toMassachusetts high school nurses (N=304). Responses (n=201; 68.1% response rate) were tallied
so that higher scores indicated greater policy implementation. School demographic data were collected using publicly available datasets and
were linked to survey responses. Descriptive statistics, correlations, k-means clustering, and groupwise comparisons were conducted.
Results: Policy implementation is varied across schools and is associated with school sociodemographic variables. As percentages of
marginalized identities in student population increased, implementation rates decreased. K-means cluster analysis revealed two discrete
groups based on policy implementation scores, with significant differences in sociodemographic variables between groups. Schools with low
implementation scores had a greater percentage of students who identified as African American/Black and nurses with less experience.
Conclusions: Findings highlight current disparities in the implementation of concussion management policies and support adoption of a
disproportionality lens in this sphere.
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Introduction

Sport-related concussion is common among youth in the United
States, resulting in 1.5–3.0 million reported incidents each year.1

Concussion symptoms are diverse, idiosyncratic, may be impacted
by pre-morbid conditions, and can be difficult to alleviate.2

Researchers andpractitioners have developed evidence-based practice
recommendations for concussion prevention, injury identification,3

treatment of symptoms,4 and the return of young people back to
functioning in school and sport.5 Some established best practices in
concussion management have now been codified into state law, with
all 50 states and theDistrict of Columbia enacting some formof youth
concussion management legislation.6 However, these laws differ
across states and their implementation is not well documented, with
early research in this area indicating high levels of variability both
across and within states.7

Variability in implementation of school-based policies has been
observed previously at the state, district, school, and even student
level.8 Evaluation of these inconsistencies revealed that variability
in implementation is not random, but rather systematic and asso-
ciated with school and student level factors such as age,9 race,10

socioeconomic status,11 gender,12 and the training levels of staff and
educators.13 Inequity in the application of school-based policies is
termed disproportionality and has been documented in several
school-based policies including identification of students for gifted
and talented programs,14 school discipline practices,15 identifica-
tion and application of special education services and support plans
in school,16 and baseline neuropsychological testing for concussion
management.17 Given these patterns, employing a disproportion-
ality lens when assessing implementation concussion management
policy is warranted.

Previous research by our group has demonstrated that variabil-
ity in concussion policy implementation exists.18 This study
extends that work using a disproportionality lens to: (a) evaluate
the relationship between implementation of concussion manage-
ment policies and the sociodemographic variables of students in
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Massachusetts high schools, and (b) assess whether disparities in
the implementation of concussion management policies in Massa-
chusetts high schools are systematic, thereby mirroring previously
observed disproportionality patterns.

Hypotheses

Based on existing disproportionality literature in school-based
policy implementation, we anticipated that the extent of schools’
concussion policy implementation would be related to the socio-
demographic makeup of the school’s student population and that
the differences in implementation would be systematic and repre-
sent systemic disparities such that schools with more marginalized
students would have lower rates of policy implementation.

Methods

A cross-sectional survey was employed. Data on concussion imple-
mentation practices were collected via surveys of high school nurses
and data regarding school sociodemographic factors were collected
through publicly available databases.

Participants

Surveys were sent to a single school nurse employed in each eligible
high school in Massachusetts. School nurses were selected for the
current study through collaboration with the public health office,
who identified school nurses as the personnel charged with imple-
menting the established legislation given their consistency across
high schools. That is, all high schools in Massachusetts are required
to have a school nurse on staff. Other staff that may support
concussion management (athletic trainers) are not mandated and
therefore would not be a consistent stakeholder across schools. Our
team has historically discussed concussion legislation with other
stakeholders including athletic trainers19 and athletic directors.20

School nurses were included in the study if they were employed at
least part-time at a public high school that had a student population
>100 students. This sample frame was selected because private
schools and special purpose public schools with less than 100
students often operate differently (e.g., different legislative require-
ments, no extracurricular sport) than ordinary public schools.

Data Collection

Following IRB approval from the University of Massachusetts
Boston (IRB Protocol Number: 2019146) and the BostonUniversity
Medical Campus (IRB Protocol Number: H-38653), eligible schools
were identified using the Massachusetts Department of Early and
Secondary Education’s website. There were 344 public high schools
with >100 students. However, due to data collection complications,
all 344 schools were not included in the sample. Specifically, Boston
Public School District was not included (n = 33) due to changes to
research regulations that required additional institutional review
board review through the Boston Public School District. The
research team moved forward with this review board submission;
however, in combination with the COVID-19 pandemic, data
collection was never able to be initiated. Additionally, n = 7 iden-
tified schools were no longer in operation at the time of data
collection. Therefore, N = 304 public high schools were included
in the sample frame. The nurse in each school was identified
through collaboration with regional school nurse consultants,

who support school nurses in their region by serving as a liaison
to the Massachusetts Department of Public Health. The state of
Massachusetts has six school regions (West, Southwest, Boston,
North, Northeast). We worked with all 6 regional school nurse
consultants to identify a nurse stakeholder in each school. When
nurse consultants did not have direct contact information for a
school nurse, we called the school individually and requested the
email address of their primary school nurse.

In Fall 2019, surveys were sent to the N = 304 school nurses via
email. The emails were forwarded to each nurse individually by their
regional nurse leader. The email included a full consent document, an
overview of the study, and a link to the Qualtrics survey. Two
additional email notices were sent as follow-up reminders to com-
plete the survey (February 2020, April 2020). Nurses were reminded
to ignore subsequent emails if they had completed the survey previ-
ously and duplicate surveys were removed from the sample. Initial
emails were sent in January 2020 and data collection ended in April
2020.

Measures

N  . A brief questionnaire was
included at the start of the survey that determined whether the
nurse worked in a private or public school, the type of school in
which they were employed (charter vs. traditional public), the
presence of extracurricular sport in their school, involvement in
the Massachusetts Interscholastic Athletic Association (MIAA),
employment practices in the school (number of full-time nurses
and athletic trainers), and the years of experience the nurse had in
their current school.

C   . In col-
laboration with colleagues at the Boston Medical Center Injury
Prevention Center (JH, HH, JC), the lead author (CWH) developed
a survey that assessed concussion management practices. The
concussion management practices were delineated into three cat-
egories: (1) neurocognitive baseline testing, (2) mandated practices
from Massachusetts youth concussion legislation, and (3) interdis-
ciplinary care practices. The baseline neurocognitive category con-
sisted of four questions that assessed themodality of baseline testing
in the school (i.e., onsite, online), and who received baseline testing
(e.g., all students, some student-athletes, all student-athletes). The
mandated practices category asked nurses to identify which of the
25 practices listed in the Massachusetts regulations21 were consist-
ently implemented (>90% of the time) in their school. The inter-
disciplinary team category first inquired whether or not an
integrated team or forum was used to support concussion manage-
ment at the nurse’s school and if nurse stated “yes” then asked the
nurse to identify the stakeholders involved in their team (e.g.,
teachers, parents, athletic trainer) and provide a rating between 1
and 10 that represented the level of coordination between the team
members (1 = no coordination, 10 = complete integration and
collaboration). This paper reports only the mandated practices cat-
egory as the purpose is to examine factors associated with disparities
in theway that legislated andother policies are applied across schools.

S  . To examine the relation-
ship between implementation scores and school sociodemographic
variables, publicly available school-level data were collected from
the Department of Elementary and Secondary Education (DESE)
website (https://prfiles.doe.mass.edu/) and the National Center for
Education Statistics database (https://nces.ed.gov/). Variables ana-
lyzed included racial identities of students, number of teachers
employed, student enrollment, student to teacher ratio, percentage
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of students identified as English language learners (ELL), the
school’s composite performance index (CPI), and the school’s
economic disadvantage rate (EDR). The school’s CPI is a score
between 0–100 that represents the extent to which students are
progressing or have attained proficiency on the state-wide assess-
ments. The EDR of a school is a construct defined by the DESE
which denotes the percentage of students in a school who participate
in one or more state-administered programs (e.g., Supplemental
Nutrition Assistance Program (SNAP); the Transitional Assistance
for Families with Dependent Children (TAFDC); the Department of
Children and Families’ (DCF) foster care program, and MassHealth
(Medicaid)). Where possible, school level demographics were
matched to nurse responses according to the name of the school
provided on the survey by the nurse. Although not all respondents
provided their school’s name, and therefore some demographic
data were not matched to any nurse response, the author collected
school demographic data for all schools contacted in the current
study (N = 304). All collected data available upon request.

Analyses

D C C M P. For
each school, implementation scores were created by summing
responses to questions on the mandatory regulations (max score of
25), such that a higher score indicates more practices being imple-
mented on a consistent (>90% of the time) basis. Measures of central
tendency, variability in implementation scores, and visual inspection
of the distribution of responses across policies were used to assess for
patterns in implementation. A comprehensive discussion of man-
dated and non-mandated implementation practices across Massa-
chusetts high schools is provided in a previous publication.22

A R B I&D-
 V. To assess whether there was a relationship
between implementation scores and sociodemographic profiles
of high schools, Pearson product moment and Spearman’s rank
order correlations were calculated for continuous and categor-
ical/dichotomous variables, respectively. Demographic variables
of interest included the distribution of the racial identities of the
student population, the school’s EDR, percentage of ELL students,
student population size, number of teachers, student to teacher ratio,
and the school’s CPI.

EWD  I
S. To assess whether differences in concussion manage-
ment implementation represent systematic disparities across
schools, a k-means clustering analysis and group-wise comparisons
were conducted. To separate schools into meaningful groups, a
K-means clustering analysis was employed. K-means clustering is
an iterative unsupervised machine learning technique designed to
separate data intoK groups based on an identified parameter, where
K is the predetermined number of groups as decided by the
researcher. In the current study, the parameter used to partition
individual nurse responses into distinct groups was their total
implementation score. To establish the optimal number of clusters
(i.e., number of centroids) we followed established practices includ-
ing the elbow method,23 gap statistic,24 and average silhouette
method.25 Once the optimal number of centroids was determined,
the K-means clustering algorithm worked in an iterative process to
create groups that maximized similarity of scores within the group
while optimizing difference (i.e., Euclidean distance) between
groups.26 The iterative process ended when convergence was
achieved which was defined as two successive iterations that result
in less than or equal to 0.01 movement in centroids. To assess

differences in sociodemographic profiles of the established groups,
group-wise comparisons were conducted. Due to violation of equal
variance (significant F-test), and unequal sample sizes, nonpara-
metric Man-Whitney U tests were used to assess for differences
between the established groups. All analyses were conducted using
R-Studio and R statistical software.27

Results

Participants

Of the 304 nurses who were contacted to participate in this study,
201 provided eligible survey responses (response rate: 66%), of which
45 were removed due to the absence of a school identifier (i.e., school
name). As such, N = 156 (51%) schools were included in the current
analyses. Nurses from all 6 regions of the state were represented by
respondents, however therewas an underrepresentation of the Boston
region as the Boston Public School District did not participate in the
study. Table 1 presents the demographic data of the 156 schools that
had a nurse who responded to the survey and provided their school’s
name and the 148 comparison schools that did not have a nurse who
responded or did not provide a school identifier. Comparison
across these groups indicated significant differences with respect
to the mean percentage of students identified as English Language
Learners (ELL; p = .025), African American/Black (p = .013), and
White (p = .024) such that on average those who responded to the
survey had significantly less students who identified as ELL and
African American/Black and a significantly higher percentage of
White students in their school. These findings should be con-
sidered when interpreting the results of the study.

Relationships Between Implementation & School Demographic
Variables

Given previously observed variability in concussion policy imple-
mentation within Massachusetts high schools,28 we assessed the

Table 1. Demographic variables for schools that responded to survey
(responder) and those that did not (non-responder)

Non-Responder Responder p-value

n 148 156

Students (Mean(SD)) 921.65 (578.57) 942.54 (543.90) 0.746

Teachers 72.46 (40.25) 75.98 (40.00) 0.446

Student-Teacher Ratio 12.76 (3.03) 12.17 (2.13) 0.052

EDR 29.13 (21.44) 26.43 (16.52) 0.218

ELL 6.51 (10.66) 4.25 (6.54) *0.025

AA 10.05 (16.61) 6.23 (9.07) *0.013

Asian 5.26 (6.56) 4.44 (6.85) 0.289

Hispanic 17.65 (20.93) 15.31 (18.54) 0.303

Native 0.27 (0.35) 0.27 (0.55) 0.876

White 63.47 (28.76) 70.43 (24.75) *0.024

Hawaiian Pacific Islander 0.10 (0.17) 0.10 (0.28) 0.9

Multiracial 3.21 (1.77) 3.42 (2.97) 0.478

CPI 89.05 (11.07) 90.87 (7.14) 0.089

Racially Marginalized 36.54 (28.77) 29.76 (24.77) *0.028
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relationship between policy implementation and school sociode-
mographic variables. Results of the Pearson product moment cor-
relation analyses revealed significant negative correlations between
implementation scores and several school demographic variables
(See Figure 1). Specifically, significant negative correlations were
observed between the implementation score and the percentage of
students with a marginalized racial identity (r = -0.167, p = .038),
the percentage of ELL students (r = -0.213, p = .008), and school
EDR (r = -0.208, p = .009). Except for the number of full-time
athletics trainers, all sociodemographic variables were negatively
associated with implementation scores such that as schools’ per-
centage of ELL students, Black/African American students, and
EDR increased, their implementation score decreased. The number
of full-time athletic trainers was positively associated with imple-
mentation of non-mandated best practices such that as the number
of full-time AT’s increased so too did the best practices implemen-
tation score. Finally, regarding categorical variables, one significant
relationship emerged between implementation of mandated prac-
tices and the presence of a school nurse leader (r = .165, p = .04),
such that schools that indicated having a nurse leader also had
higher implementation scores.

Evaluation of systematic disparities in implementation

Results of the K-mean clustering analysis revealed two distinct
groups of schools according to their total legislation score (See
Figure 2). These two groups represented schools with high adher-
ence to policy (n = 120) and low adherence to policy and best

practices (n = 36). Themean legislations scores for these two groups
were M = 20.6 and M = 12.19, (p<.001), respectively. Comparison
between mean demographic variables across these two groups also
revealed significant differences between two school demographic
variables (See Table 2). That is, the low implementation group had a
significantly higher percentage of students who identified as Afri-
can American/Black (M = 8.88 ± 13.68, M = 5.44 ± 7.02; p = 0.045)
compared to the high implementation group. Additionally, the low
implementation group had nurses with significantly less experience
(M = 2.19 ± 1.09) than nurses in the high implementation group
(M = 2.84 ± 0.97; p = 0.001).

Discussion

In this study we evaluated the implementation of mandated
concussion management practices across public high schools in
Massachusetts during the 2018–2019 academic year. We exam-
ined whether concussion policy implementation was associated
with the sociodemographic makeup of schools and whether vari-
ability in implementation represents systematic disparities. Our
results affirm the importance of adopting a disproportionality
lens when evaluating implementation of school-based concus-
sion policies.

School nurses in our study reported overall moderate to high
rates of policy implementation, however variability across schools
is evident and our results suggest that the observed variability is
not random but may be systematic and related to the sociodemo-
graphic profile of the high school. To this end, results of the

Figure 1. Pearson product moment correlation coefficients between school demographic variables and implementation scores
Note. Correlation coefficients listed first followed by p-values in parentheses. Alpha set to .05. RID [Marginalized Racial Identity], ELL [English Language Learner], EDR [Economic
Disadvantage Rate], AA [African American], FTE.Nurse [Full Time Nurses], Ratio [Student-Teacher Ratio], FTE.AT [Full Time Athletic Trainers], Leg [Legislation Score], Baseline
[Baseline Testing Score], Collab [Collaboration Score], EBP [Best Practices Score], Total [Total Score], CPI [Composite Performance Index]
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correlation analyses revealed relationships between nurses’
reported implementation practices and a variety of sociodemo-
graphic attributes of the school, including variables representative
of race, socioeconomic status, and resource availability, consistent
with previous disproportionality literature.29 In addition, our
study results demonstrate a relationship between implementation
practices and the sociodemographic factors of the student popu-
lation. That is, schools withmoremarginalized students had lower
concussion management implementation scores. The results of
the k-means clustering analysis highlight the importance of dis-
aggregating implementation data to gain a more nuanced under-
standing of the variability in policy implementation that cannot be
detected when only averaged data are observed.Moreover, beyond
the disparities observed between the included schools, there were
also disparities observed between the schools who did (N = 156)
and did not (N = 148) respond to the survey. That is, the schools
that did not respond to the survey or provide a school name had
significantly higher rates of students who identified as English
Language Learners and Black/African American and had signifi-
cantly less White students. Given that these patterns mimic the
findings of the disparities in respondent schools, it is possible that
the extent of disparities between schools is greater than observed,
and that the rate of policy implementation may be

overrepresented by schools with higher implementation. That is,
it is feasible that nurses who are resourced to implement existing
policy are the same nurses who have bandwidth to respond to the
survey and vice versa; in schools where implementation of con-
cussion policies is limited, the same factors that impede imple-
mentation may also impede nurse response to the disseminated
survey. Additionally, if a nurse felt that implementation was
suboptimal in their school, they may self-select out of the study
out of fear of penalty.

Some of the policies most infrequently implemented appear to
be related to communication and collaboration between stake-
holders including teachers, sports staff, school counselors, school
administrators, healthcare providers, and families. Breakdowns in
communication and lack of coordination exacerbates challenges
associatedwithmanaging students’ concussions30 andmay increase
vulnerabilities for student-athletes who are unable to navigate the
multiple systems involved in their care. Additionally, gaps appear
related to communication with families whose first language is not
English, pointing to specific aspects of policy that may systematic-
ally result in suboptimal care for specific groups of students. To this
end, schools with more English language learners did trend toward
decreased rates of implementation. Identifying specific components
of policy thatmay result in systematic differences in caremay offer a

Figure 2. K-mean cluster plot partitioning across 2 centroids using total legislation score
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manageable starting place for improving equity in concussion
management across all students and schools.

Limitations & Implications

This study offers important and novel information regarding the
current implementation of concussion policy in one state, Massachu-
setts, and results illuminate the importance of evaluating implemen-
tation through a disproportionality framework going forward.
However, there are limitations that warrant attention and can guide
future research efforts. First, although all six regions ofMassachusetts
are represented in the current sample, the Boston region is under-
represented because the Boston Public School system did not partici-
pate. Moreover, school nurses who did respond to our survey were
employed at schools with a lower EDR and higher percentage of
White students. It is possible that with a higher response rate our
findings would have illuminated even greater disparities between
schools. This possibility should be evaluated further.Moreover, future
research should be conducted more broadly across states that may
observe disparities across diverse sociodemographic factors that are
not represented in the current Massachusetts sample. Another limi-
tation of this study was the sole reliance on the perspective of the

school nurse to report on concussion management practices. It is
possible that other stakeholders that are not represented in this study
may have had different perspectives and insights into schools’ con-
cussionmanagement policy implementation. Additionally, the nature
of the surveys prompts caution in interpretation because objective
measures (e.g., observing behaviors in schools) were not collected.
Social desirability or fear of repercussion may have influenced nurse
responses. This studywas particularly vulnerable to this concern aswe
requested nurses provide the name of their school at the end of the
survey. One potential area for future research might be the use of a
case study or ethnographic design to allow for naturalistic observation
aswell asmulti-stakeholder assessment, including student-athlete and
family perspectives on policy implementation. Finally, the data pre-
sented in this studywere collected several years ago, and thus the rates
of adoptionmay have improved since that time. That said, the state of
Massachusettswas an early andprogressive adopter of state legislation
surrounding concussion management and had implemented their
legislation 10 years prior to data collection. Given ongoing disparities
in implementation observed at that time, it is reasonable to believe
they would persist today; however, ongoing monitoring of policy
implementation is an important need identified in this study. Relat-
edly, as Massachusetts was an early and progressive adopter of
concussion legislation, findings may not generalize to other states
across the country that have taken different legislative approaches to
the management of youth concussion. Future research should repli-
cate this study in other states or geographical regions to better
understand disparities in implementation across the country.

R. In addition to the abovementioned next steps for
research, the findings of this study also prompt future study. Given
the documented disparities in implementation across schools,
future qualitative work would be useful to further illuminate the
specific barriers and catalysts to implementation across different
schools. Through a qualitative lens, it is feasible to identify common
barriers to effective implementation and mechanisms in place that
support implementation, both of which can be used to improve
implementation in other schools. Moreover, this study did not
evaluate the impact of the disparate application of policy on the
outcomes and experiences of student-athletes, a critical area for
further inquiry.

P. One notable finding of this study is the role of
integrated teams in schools. Policies that require communication
between school, health, and family had the lowest level of imple-
mentation. The need for integrated teams to support student-
athletes in schools has been called for in previous research31 and
is highlighted again in this study. Team science research32 can offer
an important area of study to inform improved integration and
communication among relevant stakeholders in schools. Another
immediate need based on the communication challenges observed
in this study is the development of information and support for
students and families who do not speak English as their primary
language. Nurses often reported not having the resources required
to communicate to students and families who identify as ELL and
results of the group comparisons indicated that on average, schools
with higher rates of ELL students had lower rates of policy imple-
mentation. Taken together, these findings point toward a signifi-
cant gap in supporting ELL students in the context of concussion
management and return-to-activity.

P. These results also prompt consideration of changes at
the policy level and specifically the “color blind” nature of current
policy development and implementation. Previous researchers
have highlighted the current assumption underlying policy imple-
mentation — that policies will be implemented equitably.33 Thus,

Table 2. Groupwise Comparison between High and Low Implementation Schools
Across Demographic Variables

Low
Implementation

High
Implementation p-value

n 36 120

Students 1070.56 (716.99) 904.13 (477.16) 0.108

Teachers 85.46 (51.45) 73.13 (35.64) 0.105

Student-Teacher
Ratio

12.13 (2.01) 12.19 (2.17) 0.887

EDR 29.38 (16.54) 25.54 (16.48) 0.222

ELL 5.86 (8.93) 3.76 (5.60) 0.091

AA 8.88 (13.68) 5.44 (7.02) 0.045

Asian 4.32 (6.18) 4.47 (7.07) 0.91

Hispanic 18.90 (22.00) 14.23 (17.33) 0.187

Native 0.21 (0.23) 0.28 (0.61) 0.458

White 64.53 (29.90) 72.19 (22.84) 0.104

Hawaiian Pacific
Islander

0.07 (0.15) 0.11 (0.31) 0.514

Multiracial 3.85 (4.96) 3.28 (2.05) 0.316

CPI 90.01 (6.58) 91.13 (7.31) 0.41

Racially Marginalized 36.23 (29.89) 27.82 (22.81) 0.074

Total Score 17.61 (9.26) 31.81 (9.79) *<0.001

Legislation Score 12.19 (4.90) 20.63 (1.96) *<0.001

Best Practice Score 5.42 (6.80) 11.18 (8.69) *<0.001

Nurse Leader (% No
Leader)

11 (30.6) 22 (18.5) 0.188

Nursing Experience 2.19 (1.09) 2.84 (0.97) 0.001

No. Full-Time Nurse 1.65 (0.98) 1.49 (0.63) 0.247

No. Full-Time AT 0.76 (0.51) 0.63 (0.49) 0.151

6 Courtney W Hess et al.

https://doi.org/10.1017/jme.2025.10112 Published online by Cambridge University Press

https://doi.org/10.1017/jme.2025.10112


no consideration for disparities is made when designing policies
and planning for implementation.34 Given established patterns of
disproportionality in policy implementation, Wells suggests the
need to consider this reality proactively during the formation and
implementation of policies. Finally, although policy development is
often a “final” stage of research, our findings highlight the critical
role of implementation science and continued monitoring after the
development of a policy to evaluate the impact of that policy on the
lives of student-athletes. Implementation science is an important
field that can support these goals and should be integrated into the
policy itself. In this way, emerging disparities can be identified early
on and necessary changes to policy made to ensure growing gaps in
treatment don’t emerge and persist.

Conclusion

The current study was the first to evaluate the implementation of
concussion management practices in Massachusetts through a
disproportionality lens. Results highlight that variability in policy
implementation persists in the context of concussion management
and is related to the sociodemographic makeup of the school,
highlighting the relevance of the disproportionality framework.
While these findings are specific to Massachusetts, future research
in concussion management should consider the implementation
practices of established policies and may benefit from evaluating
implementation through a disproportionality lens to fully elucidate
the effectiveness of established practices.
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