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Abstract
Purpose  There is evidence of socioeconomic disparities 
with respect to the implementation of student-sports 
concussion laws nationally. The purpose of this study 
was to examine school sociodemographic characteristics 
associated with the provision of computerised baseline 
neurocognitive testing (BNT) in Massachusetts (MA) high 
schools, and to assess whether the scope of testing 
is associated with the economic status of student 
populations in MA.
Methods  A cross-sectional secondary analysis of 
surveys conducted with MA athletic directors (n=270) was 
employed to investigate school characteristics associated 
with the provision of BNT. Correlation and regression 
analyses were used to assess whether the scope of 
testing is associated with the economic status of student 
populations in MA.
Results  The scope of BNT was independently associated 
with the economic disadvantage rate (EDR) of the student 
population (β=−0.02, p=0.01); whether or not the 
school employs an athletic trainer (AT) (β=0.43, p=0.03); 
and school size (β=−0.54, p=0.03). In a multivariable 
regression model, EDR was significantly associated with 
the scope of baseline testing, while controlling for AT and 
size (β=−0.01, p=0.03, adj-R2=0.1135).
Conclusion  Among public high schools in MA, disparities 
in the provision of BNT for students are associated with 
the economic characteristics of the student body. Schools 
that have a greater proportion of low-income students 
are less likely to provide comprehensive BNT. The clinical 
implications of not receiving BNT prior to concussion may 
include diminished quality of postconcussive care, which 
can have short-term and long-term social, health-related 
and educational impacts.

Introduction
Concussion, or mild traumatic brain injury, 
is common among school-aged youth and 
results from a direct or indirect impact to the 
head or neck.1 Incidence estimates among 
children and adolescents under age 17 range 
from 1 to 2 million brain injuries a year.2 An 
estimated 300 000 of these are sports related.3 
Youth with concussion can experience 

both short-term and long-term physical, 
emotional, cognitive and sleep-related symp-
toms.4 5 Although individual symptoms can 
vary,5 6 researchers have consistently iden-
tified negative effects on academics,7–10 
physiological functioning,11–14 psychological 
well-being15–17 and overall quality of life.18

Best practices for managing concussion 
include education to promote appropriate 
knowledge, attitudes and behaviours among 
stakeholders (eg, students, parents, school 
staff and healthcare providers),19 20 interven-
tions to manage recovery21 22 and protocols 
to support students returning to academics 
and school sports.23–25 All 50 states have, to 
varying degrees, codified these best prac-
tices in legislation and regulations aimed 
at preventing and ameliorating concussion 
symptoms among student–athletes.26

Despite widespread student-sports 
concussion legislation, there is evidence of 
socioeconomic disparities with respect to the 
implementation of these laws. One metric for 
evaluating implementation is awareness and 
knowledge of concussion and associated risk 
factors among students and parents. In a study 

New findings and clinical implications

►► In Massachusetts public high schools, disparities 
in the provision of student baseline neurocognitive 
testing are associated with the economic character-
istics of the student body. Schools that have a great-
er proportion of low-income students are less likely 
to provide comprehensive baseline neurocognitive 
testing.

►► Demographic variation in concussion awareness 
and knowledge should prompt concerns among 
policy-makers regarding the effectiveness of con-
cussion policy implementation.

►► Healthcare providers have a role in educating par-
ents and their young patients about signs and symp-
toms of concussion and the management thereof.
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that used data from a national sample of athletes ages 
12–17, Donnell et al found that only 55% of respondents 
reported having learnt about what to do if they thought 
that they might have a concussion, and that lower income 
students were significantly less likely to have learnt about 
concussion than their higher income peers.27 Wallace et 
al found that Caucasian high school athletes had greater 
concussion knowledge and awareness than their African 
American peers.28 Similarly, Bloodgood et al found that 
African American and Hispanic high school students 
were significantly less likely to have heard of concussion 
than Caucasian students, and Hispanic parents were 
significantly less likely to have heard of concussion than 
parents of other racial/ethnic backgrounds.29 Kroshus 
et al found that communities with more educated resi-
dents were more likely offer flag football, an option 
that limits tackling contact and thereby reduces the risk 
of head injury, compared with communities with less-
educated residents.30 When students and their parents 
are not well informed about the symptoms and sequelae 
of concussion, treatment and appropriate return-to-
activity protocols may be delayed or never implemented. 
Because of the potential adverse neurocognitive effects, 
it is important that laws and regulations aimed to prevent 
and manage concussion are evaluated in terms of the 
feasibility of implementation across different student 
populations.

A complete baseline neurocognitive assessment eval-
uates vision, balance and cognitive functioning, as well 
as for the presence of concussion symptoms before a 
potential head injury.31 Baseline data are compared 
with postinjury data, and comparisons can aid in 
informing return-to-activity planning, thereby poten-
tially reducing the risk of long-term sequelae that could 
impact academic performance, social relationships and 
emotional well-being.31–33 Administration of a baseline 
assessment requires an interdisciplinary team that may 
include a trained neuropsychologist, an athletic trainer 
(AT), a vestibular physical therapist and a sports medi-
cine physician. The use of computerised testing, which 
primarily addresses cognitive functioning, has become 
commonplace in non-clinical environments because it 
can be administered in a time and cost-effective manner 
by anyone trained to use the software, thereby reducing 
the degree of clinical involvement and resources required 
for a complete multifaceted assessment.34

In Massachusetts (MA), the provision of computer-
ised baseline neurocognitive testing (BNT) is up to the 
discretion of each school or school district, and may 
be dependent on the availability of school resources 
required for administration. Although administration 
of computerised BNT is less resource intensive than 
administration of a complete neurocognitive baseline 
test, it still requires schools to be well resourced enough 
to purchase the software, and have qualified personnel 
available to be trained in administration. Thus, inequi-
table implementation of BNT may suggest that there are 
socioeconomic disparities in concussion management 

resource allocation across MA schools. In a recent survey 
of MA high school athletic directors (ADs), sponsored 
by the MA Department of Public Health (MDPH) and 
conducted by investigators at the Boston Medical Center 
Injury Prevention Center, about half of high schools 
provided BNT only for students engaged in extracur-
ricular sports and 18% did not provide any BNT. In the 
present study, we used data from this survey to investigate 
school characteristics associated with the provision of 
BNT, and assess whether the scope of testing is associated 
with the economic status of student populations in MA.

Methods
Patient and public involvement
Following focus groups with ADs, the survey was designed 
to measure ADs’ attitudes, practices and beliefs regarding 
the implementation of MDPH regulations pursuant to 
the 2010 MA sports concussion law, Chapter 166, An Act 
Relative to Safety Regulations for School Athletic Programs. 
This law stipulated that the MDPH develop a concussion 
prevention and management programme for students 
participating in extracurricular sports. The programme 
mandated participation by all MA public schools and 
any other schools that were members of the Massachu-
setts Interscolastic Athletic Association (MIAA).34 Survey 
questions were developed in the following categories: (1) 
characteristics of schools and respondents; (2) salience of 
the sports concussion law and regulations; (3) concussion 
diagnosis and management; (4) workload impact of law 
and regulations; (5) assessment of stakeholder knowledge 
of law and (6) the extent to which students with concus-
sion misrepresent their symptoms during recovery. The 
survey was conducted using Qualtrics survey software, 
licensed to BMC. All ADs (n=346) who were employed at 
schools that are members of the MIAA received an email 
that introduced the study and contained a link to the 
questionnaire. The survey was distributed electronically 
in November 2018, with follow-up to non-respondents in 
April 2019. The Qualtrics program prohibited more than 
one response from the same computer. The survey was 
reviewed and found exempt by the Institutional Review 
Boards at Boston Medical Center and the MDPH. The 
survey response rate was 75% (260/346).

Design and sample overview
Using a cross-sectional design, we conducted secondary 
analyses of the original survey data to investigate the 
relationship between school sociodemographic charac-
teristics and the extent to which schools provided students 
with BNT. School sociodemographic data were derived 
from the MA Department of Elementary and Secondary 
Education (DESE) and the Institute of Education Statis-
tics, National Center for Education Statistics (NCES) 
websites. Our sample included public high schools in 
MA from which responses to the original AD survey were 
received. Because the unit of analysis for the present 
study is the school, rather than individual ADs, when 
more than one response to this survey was received from 
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a single school (because the school employed more than 
one AD), we randomly selected one respondent using 
the Excel ‘remove duplicates’ function. Private schools 
were excluded due to the limited availability of sociode-
mographic data. After removing duplicate schools from 
the dataset, 176 independent observations remained, 
from which 27 private schools were excluded for a final 
sample of 149 public MA high schools, representing 40% 
of all MA public high schools with extracurricular athletic 
programmes.

Dependent variable
Scope of baseline testing (TEST)
The scope of BNT was measured using the survey ques-
tion that asked whether, and for which students, schools 
provided, ‘baseline ImPACT or comparable neurocogni-
tive testing either in person or online’. Response options 
were: ‘none of the students’, ‘all students engaged 
in certain extracurricular athletics at the school’, ‘all 
students engaged in any extracurricular athletics at the 
school’, ‘all students in certain grades’, and ‘all students 
in the school’. Responses were ordinally ranked from 0 
to 4, such that none of the students was ranked 0, and all 
students in the school was ranked 4. The survey question 
did not inquire as to how often schools provided testing 
to each student.

Independent variables
Economic disadvantage rate (EDR)
The EDR is the metric used by DESE to describe the 
socioeconomic status of students enrolled in each school 
by quantifying the percentage of students whose families 
meet certain income thresholds. It is based on students’ 
participation in one or more of the following state-
administered programmes: the Supplemental Nutrition 
Assistance Program, the Transitional Assistance for 
Families with Dependent Children, the Department of 
Children and Families’ foster care programme and Mass-
Health (Medicaid).35 A higher EDR indicates a greater 
percentage of low-income students at the school. EDRs 
for each public high school in our sample were obtained 
from the DESE website for the 2017–2018 academic 
school year, the most recent years for which data were 
available. In 2018, the EDR ranged from 0%–97.1% 
across all MA public schools, and the average EDR was 
31.2%.36

Athletic trainers (AT)
Data on whether or not a school employs an AT were 
derived from the AD survey question, ‘Does your school 
employ an Athletic Trainer?’

Concussion management team (CMT)
Data on whether a school has a CMT were also derived 
from the survey. ADs were asked if their school has a 
CMT comprising school stakeholders (eg, school nurses, 
ATs, ADs, guidance counsellors and teachers) that meet 
to manage return to activity (learn and/or play) for 

students who have experienced a concussion or other 
head injury.

School size (SIZE)
Data on school size were derived from the AD survey. ADs 
were asked how many students were currently enrolled 
at their school. Response options were ‘up to 250’ (very 
small), ‘251–500’ (small), ‘501–750’ (medium), ‘751–
1000’ (large) and ‘more than 1,000’ (very large), and 
were ordinally ranked from 0 to 5.

Non-white racial makeup (RACE)
Data on the racial makeup of students in each school 
were derived from the NCES website for the 2018–2019 
academic school year. Racial makeup was operation-
alised as the number of students enrolled in the school 
who were American Indian/Alaska Native, Asian, Black, 
Hispanic, Native Hawaiian/Pacific Islander, or multi-
racial, and was calculated by summing the number of 
students who identify as non-white, and dividing the sum 
by the total number of students in the school.

School locale (LOCALE)
The NCES uses the United States Census Bureau data to 
create a locale classification for each school in the USA. 
Locale categories include ‘city’, ‘suburb’, ‘town’ and 
‘rural’ and are designated on the basis of proximity to 
an urbanised area.37 Due to a small number of schools in 
our sample fitting the town criteria, we combined schools 
in locales designated as town with those designated with 
rural.

Analytic methods
We examined collinearity among all continuous inde-
pendent variables used in our analyses. We conducted 
bivariate regression analyses to examine the relation-
ship between each independent variable and TEST. We 
assessed a multivariable linear regression model exam-
ining the relationship between EDR and TEST, while 
controlling for AT and SIZE. We did not include CMT, 
LOCALE and RACE in the model because CMT and 
LOCALE were not significantly associated with TEST in 
bivariate analyses (p>0.05), and because RACE was highly 
correlated with EDR. Our alpha level was 0.05. All tests 
were performed using SAS V.9.4.

Results
Sample characteristics
In our sample, 21% of schools were very small or small, 
27% were medium and 52% were large or very large; 9% 
were urban, 67% were suburban and 23% were town/
rural; 77% employed an AT; 89% had a CMT; on average, 
22% of students were non-white; and the mean EDR was 
19.38 (table 1).

Eighteen per cent of ADs indicated that none of their 
students receive any BNT (average EDR=24.8 ± 14.4); 
14% indicated that all students engaged in certain extra-
curricular athletics at the school receive BNT (average 
EDR=20.9 ± 16.1); 55% indicated that all students engaged 
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Table 2  Distribution of baseline neurocognitive testing

Number of 
students tested

Frequency 
(number of 
schools) Per cent

Average EDR 
±SD

None of the 
students

25 18% 24.8±14.4

All students 
engaged 
in certain 
extracurriculars 
at the school

20 14% 20.9±16.1

All students 
engaged in any 
extracurriculars 
at the school

77 55% 19±10.3

All students in 
certain grades

13 9% 12.73±6.2

All students in the 
school

5 4% 20.9±19.1

Figure 1  Boxplot of economic disadvantage rate (EDR) by 
TEST category.

Table 1  Demographic characteristics of sample

Demographic

Frequency 
(number of 
schools) Per cent

Size (number of students)

 � Up to 250 (very small) 7 5%

 � 251–500 (small) 24 16%

 � 501–750 (medium) 40 27%

 � 751–1000 (large) 26 17%

 � 1,000+ (very large) * 52 35%

Locale

 � Urban (city) 13 9%

 � Suburban* 99 67%

 � Rural 35 23%

Athletic trainer

 � Yes 114 77%

 � No* 35 23%

Concussion management team

 � Yes 133 89%

 � No* 16 11%

Average per cent of non-white 
students

22%

Mean EDR score 19.38

*Reference category.

in any extracurricular athletics at the school receive BNT 
(average EDR=19 ± 10.3); 9% indicated that all students 
in certain grades receive BNT (average EDR=12.7 ± 6.2); 
and, 4% indicated that all students in the school receive 
BNT (average EDR=20.9 ± 19.1; table 2 and figure 1).

Collinearity analysis
We evaluated variables for collinearity using Pearson’s 
correlation coefficient for continuous variables (EDR 
and RACE), and Spearman’s ranked correlation coef-
ficient for dichotomous and categorical variables (AT, 
SIZE, CMT, LOCALE). EDR was independently associ-
ated with AT (r=−0.18, p=0.03), size (r=−0.27, p=0.001) 
and RACE (r=−0.51, p<0.001; table 3).

We used bivariate regression to evaluate the association 
between TEST and each independent variable sepa-
rately: EDR (β=−0.02, p=0.01); AT (β=0.43, p=0.03); and 
SIZE (β=−0.54, p=0.03) were independently associated 
with TEST. CMT, LOCALE and RACE were not signifi-
cant independent predictors of TEST (p>0.05; table 4).

Multivariable analyses
In multivariable regression, EDR was significantly associ-
ated with TEST, while controlling for AT and SIZE, such 
that every 1% increase in EDR was associated with a 0.01-
point decrease in TEST (β=−0.01, p=0.03, adj-R2=0.1135; 
table 5).

Discussion
Our results suggest that cross-school disparities in 
the provision of student BNT are associated with the 
economic characteristics of the student body. Schools 
that have a greater proportion of low-income students 
(higher EDR) are less likely to provide comprehensive 
BNT, and this relationship remains significant when 
controlling for whether the school employs an AT, and 
school size. Nevertheless, correlation analysis suggests 
that the relationship between EDR and BNT is weak. 
While this finding provides evidence to suggest that 
there are disparities in the provision of BNT based on 
economic characteristics of school student bodies, it is 
not sufficient to suggest that EDR is the primary driver 
behind schools’ decisions or abilities to provide BNT. 
There are likely other factors, unmeasured in this anal-
ysis, that better explain the variance in BNT practices.



5Campbell J, et al. BMJ Open Sp Ex Med 2020;6:e000752. doi:10.1136/bmjsem-2020-000752

Open access

Table 3  Correlation analyses

EDR AT CMT Size Locale Race

EDR −0.18 (p=0.03)* −0.09 (p=0.29) −0.27 (p=0.001)* 0.04 (p=−0.60) −0.51 (p<0.001)*
TEST −0.22 (0.01)* 0.18† (p=0.03)* 0.05† (p=0.53) 0.06† (p=0.46) −0.04 (p=0.68) 0.06 (p=0.47)

*Significant at an alpha level of 0.05.
†Spearman’s ranked correlation coefficient.
AT, athletic trainer; CMT, concussion management team; EDR, economic disadvantage rate.

Table 4  Bivariate analyses predicting scope of baseline 
neurocognitive testing

Independent variable Beta ±SE P value

EDR −0.02±0.007 0.012*

AT 0.43±0.2 0.03*

Size  �   �

 � Extra small 0.46±0.39 0.25

 � Small −0.54±0.03 0.03*

 � Medium 0.04±0.21 0.83

 � Large 0.15±0.24 0.54

 � Extra large Reference Reference

Locale  �   �

 � Urban 0.38±0.31 0.21

 � Suburban Reference Reference

 � Rural 0.05±0.20 0.81

Race (% white) 0.32±0.44 0.47

CMT 0.22±0.27 0.42

*Significant at alpha level of 0.05.
AT, athletic trainer; CMT, concussion management team; EDR, 
economic disadvantage rate.

Table 5  Multivariable analyses predicting scope of 
baseline neurocognitive testing

Beta ±SE P value

EDR −0.01±0.01 0.03*

AT 0.36±0.25 0.15

Size  �

 � Extra small 0.83±0.44 0.06

 � Small −0.26±0.3 0.38

 � Medium 0.09±0.08 0.68

 � Large 0.08±24 0.74

 � Extra large Reference

*Significant at alpha=0.05.
AT, athletic trainer; EDR, economic disadvantage rate.

Numerous professional medical groups and inter-
national associations have issued guidelines and/or 
position statements outlining the best practices for sports-
related concussion management.33 38–40 These groups do 
not identify BNT as a mandatory aspect of concussion 
management, as there are concerns related to the validity 
and reliability of computerised tests when they are not 
administered properly or embedded within larger 
concussion management programmes.41 42 Although we 
did not assess the quality of BNT administration in our 
survey, baseline tests can be useful in informing individ-
ualised return-to-activity protocols when administered 
properly.33 38–40 Moreover, we believe that whether or not 
a school provides BNT is a useful metric to evaluate the 
comprehensiveness of school-based concussion manage-
ment programmes and resources. Our findings are 
consequential because they indicate that the application 
of school-based BNT is not uniform state wide: dispari-
ties in BNT for student concussion management in MA 
schools is related to the income level of student bodies.

This finding is problematic because the clinical impli-
cations of not receiving a BNT prior to concussion may 
include diminished quality of postconcussive care, which 
can have short-term and long-term social, health-related 

and educational impacts. Our finding also underscores 
the contradiction that students least able to financially 
access private BNT are also least likely to have this service 
provided by their school.

Nonetheless, our finding is not surprising. Schools 
that have high proportions of low-income students 
face complex challenges including but not limited to 
bullying,43 food insecurity,44 student and parental chronic 
stress,45 and community and/or family violence outside 
of school that impact students’ mental health and educa-
tional attainment.46 It is probable that in many schools 
with high EDRs, limited school resources are prioritised 
to other student needs. Furthermore, factors including 
the presence of trained personnel, like an athletic 
trainer, to administer the test and interpret the scores, 
access to an interdisciplinary CMT, access to a computer 
lab and equipment, and access to funds to purchase soft-
ware influence whether or not a school can provide BNT 
for students. Many schools in low-income areas are likely 
unable to administer BNT to all students because of ineq-
uitable access to these resources.

At least two studies support our assertion that disparities 
in concussion management in schools are related to the 
socioeconomic status of the school’s student population, 
and their access to concussion-management resources, 
specifically ATs. In a study conducted at secondary 
schools in Wisconsin, researchers found that schools 
with a higher proportion of students that qualified for 
free or reduced lunch (a similar proxy for socioeconomic 
status as EDR) were less likely to employ an AT, and that 
students in these schools had less access per week to AT 
services.47 In another study using a national convenience 
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sample of ATs, researchers found that the most common 
reasons ATs cited for not employing baseline testing 
were a lack of money and time.48 It is probable that ATs 
are largely responsible for administering computerised 
BNTs, so disparities in BNT may be more closely related 
to a school’s ability to employ a full-time AT, and provide 
ATs with the resources required to administer BNT.

Clinical implications
Considering ways to promote equitable concussion 
management and care should be of concern to policy-
makers, especially because lower income students have 
less access to routine healthcare compared with their 
higher income peers.49 50 Healthcare providers have a 
role in educating parents and their young patients about 
signs and symptoms of concussion and the management 
thereof, thus increasing access to providers with knowl-
edge of concussion is especially important for students 
in low-income schools. Systemic changes to healthcare 
systems, including an expansion of healthcare infrastruc-
ture and linguistically appropriate services in low-income 
communities, are critical to ensure that students in low-
income communities can access such providers outside 
of school, particularly if their school does not have the 
resources to provide comprehensive concussion manage-
ment internally.50 51

Differences in concussion awareness and knowledge 
across the economic spectrum may result in variation in 
parental pressure on schools to conduct BNT. Wallace 
et al, Donnell et al, Bloodgood et al and Kroshus et al 
indicated that concussion-related knowledge varies by 
income, race and educational attainment. Since most 
state-level youth concussion legislation contains educa-
tional mandates, demographic variation in concussion 
awareness and knowledge should prompt concerns 
among policy-makers regarding the effectiveness of 
policy implementation.

Limitations
First, our study involved secondary analysis of data from 
a survey designed to answer questions other than the 
one investigated herein. The 11.35% R2 of our regression 
model suggests that school characteristics not measured 
by the original survey likely contribute to the provision 
and scope of BNT. Second, it is possible that our findings 
understate the strength of the relationship between EDR 
and scope of BNT because the mean EDR of schools in 
our sample was lower than that for schools in the state 
(19.38% vs 31.2%). This may be because the state EDR 
includes special-needs schools that do not have athletic 
programmes but receive more public funds for services 
required by their student population. It could also be 
because schools that have athletic programmes but do 
not provide baseline testing for their students were less 
apt to respond to the initial survey and are therefore 
under-represented in our sample. This would reduce 
variance in our dependent variable and thereby reduce 
the robustness of our finding.

Third, the analysis of EDR by impact testing category 
suggests a dose–response relationship between EDR and 
the provision and scope of BNT such that as schools’ EDR 
decreases, the provision and scope of BNT increases. The 
exception among schools that test all students is likely 
the result of inflated variance due to the small number of 
schools (n=5) that fall into this testing category. Further 
analysis with a larger sample of MA schools is warranted. 
Finally, our study was limited to MA public high schools. 
Generalisability of our finding to other states should be 
approached with caution.

Conclusion
This study examined the relationship between socioeco-
nomic status of student populations and the likelihood 
of students receiving BNT. We found the relationship 
between EDR and scope of baseline testing to be statisti-
cally significant, which has important clinical and social 
implications. Our findings add to the small but growing 
literature on disparities in implementation of youth 
concussion policy and provide sufficient evidence to 
warrant further investigations. Further study is needed to 
better understand school-level factors that affect dispari-
ties in BNT, and other concussion management practices.
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