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Sport-related concussion (SRC) is a complex injury that 
presents challenges in recognition and management.37 A 
critical element of recovery from a concussion is early 

reporting, meaning telling someone you are experiencing 
concussion-like symptoms as soon as they are felt. Early 
reporting and treatment mean a speedier return to play, 

learning, and life with a reduced risk of other injuries.3 Yet, 
studies suggest 50% or more of concussion symptoms are 
concealed by the individual, and a variety of sport 
settings7,26,33,36,39,40 describe the underreporting of concussion 
symptoms, which further complicates the ability to manage the 
effects of concussions.
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Reporting Skill: The Missing  
Ingredient in Concussion Reporting 
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Background: Extant literature suggests that a substantial portion of athletes may not report a possible concussion and 
that concussion knowledge is insufficient to predict concussion reporting behavior. One area that has not been explored is 
reporting skill; that is, mastery of the actions required to report a concussion. This study evaluated the relationship between 
reporting skill and reporting intention, introducing a measure of the reporting skill construct.

Hypotheses: Reporting intentions will be more closely associated with reporting skill than with concussion/symptom 
knowledge. The relationship between concussion (or symptom) knowledge and reporting intentions will differ by level of 
reporting skill.

Study Design: Repeated cross-sectional study.

Level of Evidence: Level 2.

Methods: A set of items was administered to young adults aged 18 to 24 years from the Survey Sampling International 
panel. Exploratory/confirmatory factor analyses were conducted on 2 waves of data to develop the scale (n = 899). 
Hypotheses were tested using structural equation modeling on the responses from the third wave of participants (n = 406).

Results: Knowing the actions to take in reporting was more important than having knowledge of concussions or 
concussion symptoms. Reporting skill, not concussion or concussion symptom knowledge, was associated with higher 
intentions to report symptoms. Among those with higher levels of reporting skill, concussion symptom knowledge (but not 
general concussion knowledge) was associated with higher intentions to report symptoms.

Conclusion: Reporting skill is an important and, until now, missing ingredient in the concussion literature and practice.

Clinical Relevance: Incorporating reporting skill development in concussion education and team activities to teach athletes 
how to report is likely to improve actual reporting intentions. While further study is needed with particular sports and 
additional age groups, reporting skill holds promise as a new avenue for increased concussion reporting.
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There have been several efforts to encourage a greater 
reporting of possible SRC symptoms to ensure proper 
evaluation, diagnosis, and treatment.11,33,36 Underlying these 
efforts is the belief that greater explicit knowledge of 
concussions is the key to increased reporting. Most educational 
programs assumed that if athletes had greater knowledge of 
signs and symptoms as well as potential effects, they would be 
more likely to report suspected concussion symptoms. The 
result was a proliferation of educational programs designed to 
impart such knowledge.14,37,38 However, to influence reporting 
behavior, there needs to be a relationship between concussion 
knowledge and reporting.

While these programs showed mixed results in the 
relationship between concussion education and increased 
concussion knowledge among participants,20,30,34 the 
associations between increased explicit knowledge of 
concussion facts and improved reporting of concussion 
symptoms are limited.11,12 Several studies raise questions about 
the relationship between knowledge and greater SRC 
reporting.15,16,19 There is some suggestion that a broader 
conceptualization of knowledge may prove useful in the effort 
to improve reporting. Studies suggest that factors beyond 
concussion knowledge should be examined, such as the 
method by which the knowledge is transmitted (eg, training in 
context or taking a “procedural approach” to the education15,30) 
and the contextual support for acting on such knowledge (eg, 
perceived or group norms29,31,32). In addition, studies suggest 
that the likelihood of reporting increases as the athlete gains 
confidence (conceptualized as reporting self-efficacy or 
perceived behavioral control) in their ability to report.1,30

This study takes up the call for a broader conceptualization of 
knowledge by adopting Bloom Taxonomy of Knowledge to 
develop a more robust understanding of knowledge in the 
context of concussion reporting (Figure 1).10 The Bloom 
taxonomy identifies 3 components of knowledge:

The cognitive10—the thinking component based on explicit 
facts;

The affective28—the feeling component based on attitudes 
and emotions; and

The psychomotor23—the doing component based on 
behavior and ability to act.

As previous studies examined the roles of cognitive (ie, 
concussion and concussion symptom15,16,19) and affective (ie, 
reporting self-efficacy1,30) knowledge, this study focused on the 
role of psychomotor knowledge in concussion reporting: 
reporting skill. Reporting skill assesses the individual’s mastery 
of the actions required to report a concussion. High-level 
reporting skills include the ability to recognize and respond to 
situations involving potential concussion symptoms, including 
knowing when you do not know enough to act, leading to the 
action of seeking advice or information (Figure 2). It represents 
knowing how to report and, if there is a realization of not 
knowing how, knowing how to learn.

We call this domain of knowledge “skill,” as it is the most 
active component of the 3 types of knowledge. Rather than 
knowing about concussions or feeling confident, it is the doing 
component of concussion reporting knowledge. Other domains 
(eg, sexual harassment reporting,9 whistleblowing,27 and 
financial wellness17,18) have demonstrated the importance of this 
“how to” component of knowledge in reporting experiences 
and circumstances that might otherwise be difficult to share.

This study develops a scale to measure reporting skill and 
examines the role of reporting skill relative to concussion 
knowledge and self-efficacy in the willingness to report possible 
concussion symptoms. Two hypotheses related to reporting skill 
are examined. Based on findings in the extant literature,15,30 a 
positive association between concussion reporting skill and 
concussion reporting intentions (ie, people who have higher 
levels of reporting skill are more likely to report) was expected 
(hypothesis 1). This association was expected to be stronger 
than the association between concussion knowledge or 
concussion symptom knowledge and reporting intentions. 
Based on findings regarding psychomotor learning,43 the 
interactions between reporting skill and knowledge were 
expected to reveal that the association between concussion/
symptom knowledge and reporting intentions varied depending 
on whether the individual had high (or low) reporting skill 
(hypothesis 2). Individuals with higher levels of reporting skill 
were expected to have stronger associations between 
knowledge and intention, as indicated by a significant 
coefficient for the interaction of reporting skill and knowledge.

Hypothesis 1: Controlling for reporting self-efficacy, reporting 
intentions will be more closely associated with reporting 
skill than with concussion knowledge.

Hypothesis 2: Controlling for reporting self-efficacy, the 
relationship between concussion knowledge and 
reporting intentions will depend on the level of reporting 
skill.

Figure 1.  An expanded view of concussion knowledge.
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Methods
Sampling Design and Participant Recruitment

The sampling design and participant recruitment was consistent 
across the 3 waves of data collection. A national sample of active 
adults aged 18 to 24 years was selected from the Survey Sampling 
International panel for each data collection wave in a repeated 
cross-sectional design. A total of 1305 active young adults 
completed the online survey (496 in wave 1, 403 in wave 2, and 
406 in wave 3). In each wave, a national sample containing a 
diversity of sports and activities (including ice hockey and yoga) 
as well as level of competition (including Division I and 
intramural) was used. The focus was not on a particular sport or 
level of competition but on a national sample of young adults. 
The study was approved by the institutional review board at the 
University of Wisconsin–Madison. The informed consent 
document was presented online to each participant before the 
survey began, with instructions to continue to the first question if 
the participant consented to the study. To qualify for the study, a 
participant was required to be between 18 and 24 years old, 
inclusive, and to participate in regular physical activity.

Measures

Appendix A1 (available in the online version of this article) 
contains the wording of survey questions measuring each 
construct as well as the list of concussion and concussion 
symptom knowledge items used.

Reporting intention, the main outcome variable of the study, 
was measured using a single item: How likely would you be to tell 
someone if you thought you might have a concussion? 
Participants were asked to indicate a number between 0 and 100 
using a slider. An indication of zero meant they would “definitely 
not tell” and of 100 meant they would “definitely tell.”

Concussion knowledge30,33,41 and concussion symptom 
knowledge (selected items)22,33,41 were measured using existing 
scales. Concussion knowledge describes understanding of known 
facts related to concussions, such as “Only a direct hit to the head 
can cause a concussion” or “Symptoms of a concussion can last 
for several weeks.” Concussion symptom knowledge reflects the 
individual’s ability to recognize symptoms of a concussion 
correctly (eg, headaches [true] and hives or a rash [false]).

Three control variables were used in the model. Reporting 
self-efficacy was measured using four of the five items from the 
study by Kroshus et al.30 An exploratory factor analysis using 
principal components revealed low factor loadings (0.583) for 1 
item, I would be able to recognize when I have symptoms of a 
concussion. This item was removed. Cronbach alpha for the 
4-item measure was 0.832. Given the diversity of sports/activities, 
2 additional control variables were included: competitiveness and 
perceived risk of injury. Competitiveness was constructed from 
the participant’s response to a question asking whether he or she 
engaged in a sport at a high level of competition. The variable 
was coded as played competitive sports (1) and did not play 
competitive sports (0), where competitive sports included those 
who played at select/travel, competitive club, and National 
Collegiate Athletic Association (NCAA) Division I, II, or III levels. 
Perceived risk of injury in the sport was measured as a single 
self-reported item: How likely are people who play your sport or 
engage in your activity to get injured? Very likely, somewhat likely, 
neither likely nor unlikely, somewhat unlikely, very unlikely.

Analytical Strategy

Analysis of waves 1 and 2 identified and confirmed the measure 
of the reporting skill construct. Exploratory factor analysis (EFA) 
with wave 1 data was used to identify the reporting skill scale. 
SPSS statistical software (v25; SPSS Inc) was used to complete 
the EFA. The objective of wave 2 was to confirm the measurement 
theory identified in wave 1 as well as the consistency of our scale 
across studies using an independent sample. The objective of 
wave 3 was to assess the study hypotheses. Structural equation 
modeling with MPlus (v8; Muthén & Muthén) was used for the 
confirmatory factor analysis (CFA). SPSS software was used to 
conduct the zero-order correlations and ordinary least squares 
(OLS) regression for this analysis.

Results
The Reporting Skill Scale

The first task of this study was to develop a valid and reliable 
measure of the reporting skill construct. This task was 
accomplished using data from waves 1 and 2. The objective of 
wave 1 was to complete the EFA. The final factor contains 5 

Figure 2.  The concept of reporting skill.
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statements that reasonably reflect the reporting skill construct 
(60.2% of the variance explained). Table 1 contains the 
statements included in the final scale. Details of the EFA can be 
found in Appendix A2 (available online).

The CFA showed reasonable fit between the reporting skill 
factor identified in wave 1 and the data collected in wave 2. The 
χ2 fit value was 11.699 (df = 5); comparative fit index (CFI) and 
nonnormed fit index (Tucker-Lewis index) levels were 0.991 
and 0.982, respectively; and root mean square error of 
approximation (RMSEA) level was less than 0.06. These indices 
are indicative of excellent fit.24 Cronbach α in wave 2 was 0.792, 
suggesting internal consistency of the scale across studies. As 
shown in Figure 3, the items continue to reflect the reporting 
scale construct reasonably well with the factor loadings for 3 of 
the 5 items above 0.7 and 2 items falling below 0.7.

Skill and self-efficacy tend to develop concomitantly6; 
therefore, it is important to assess whether reporting skill is a 
distinct construct. It could be argued that reporting self-efficacy 
accounts for the shared variance observed in the reporting skill 
items. Two CFAs tested the discriminant validity of reporting 
skill relative to reporting self-efficacy—one assuming reporting 
skill and reporting self-efficacy were distinct constructs and 
another assuming they were the same constructs. If the 2-factor 
model that assumes reporting skill and reporting self-efficacy 
are distinct constructs fits significantly better than the 1-factor 
model in which the items of the 2 scales are constrained to a 
single factor, evidence of discriminant validity exists.4

Tests for discriminant validity indicated that reporting skill and 
reporting self-efficacy are correlated but distinct constructs. The 

statistics for the 2-factor solution showed a much stronger fit 
with the data (χ2

(26)
 = 67.215, RMSEA = 0.062, CFI = 0.972, 

Tucker-Lewis index [TLI] = 0.962) than the 1-factor solution 
(χ2

(27)
 = 330.808, RMSEA = 0.166, CFI = 0.797, TLI = 0.729). 

Thus, the discriminant validity of reporting skill relative to 
reporting self-efficacy is supported. Taken together, these 
findings suggest that the measure provides a valid and reliable 
reflection of reporting skill. With this measure, the analysis turns 
to an assessment of the hypotheses.

The Relationship Between Reporting 
Skill and Reporting Intentions

With the measures identified, the primary objective of wave 3 
was to examine the relationships between reporting skill, 
concussion knowledge,30,33,41 concussion symptom 
knowledge,22,33,41 and reporting intentions controlling for 
reporting self-efficacy, competitiveness, and perceived risk of 
injury. In wave 3, reporting skill ranged from a low of 5 to a 
high of 25, with a mean of 18.86 and a standard deviation of 
4.50 (median, 19.00; skewness, −0.628). Appendix A3 contains 
the results of bivariate analyses of these variables as well as a 
test of OLS regression assumptions. The models met assumptions 
of normality, homoskedasticity, and multicollinearity.

The first hypothesis examines whether reporting intention has 
a stronger relationship with reporting skill than concussion 
knowledge. To assess this hypothesis, reporting intention (scale, 
0-100) was regressed on reporting skill and concussion 
knowledge30,33,41 or concussion symptom knowledge (selected 
items) 22,33,41 using OLS regression (Table 2). Controlling for the 
competitive level at which the individual plays, the perceived 
risk of injury in his or her sport or activity, and reporting 
self-efficacy, the results revealed that reporting skill was 
significantly related to the stated probability of reporting while 
concussion knowledge was not.

Similar results were obtained using concussion symptom 
knowledge (Table 3). Controlling for concussion symptom 

Table 1.  Reporting skill scalea

Statement

1 I know where to find the advice I need when 
trying to decide whether I should tell someone 
I might have a concussion.

2 I am able to recognize a good plan of action 
when it comes to a possible concussion.

3 I know how to keep myself from making 
decisions that might have long-term 
consequences for my health.

4 I know how to make myself tell someone if  
I have a concussion.

5 I know the right sources to consult to make 
the right decision about reporting a possible 
concussion.

aThe question was phrased as “To what extent do each of the following 
statements describe you?” The response options were “Describes me 
completely, Describes me somewhat, Not sure, Does not describe me 
very well, Does not describe me at all.”

Figure 3.  Confirmatory factor analysis results for reporting skill 
scale. CFI, comparative fit index; LT, long term; RMSEA, root 
mean square error of approximation; TLI, Tucker-Lewis index.



Sep • Oct 2019Warmath and Winterstein

420

knowledge, competitiveness, risk of injury, and reporting 
self-efficacy, reporting skill had a significant relationship with 
reporting intention. Concussion symptom knowledge did not.

Hypothesis 2 states that the relationship between concussion/
symptom knowledge and reporting intention will depend on 
the level of reporting skill. To examine the moderating effect of 
reporting skill on the concussion knowledge/reporting intention 

relationship, interaction terms were added to the models in 
Tables 4 and 5. Interaction terms were calculated using the 
mean-centered main effects variables to reduce the possibility of 
multicollinearity. Variance inflation factors for the interaction 
models were all below 2.000. No significant interaction was 
observed between concussion knowledge and reporting skill 
(Table 4).

Table 2.  The roles of reporting skill and concussion knowledge in reporting intentionsa

Dependent Variable: Probability of Reporting (0 to 100 Scale)

  Unstandardized Coefficients Standardized Coefficients

  B SE β P

Independent variable  

  (Constant) 3.148 8.111 0.70

  Reporting skill 1.184 0.397 0.167 < 0.01

  Concussion knowledge 0.621 0.580 0.053 0.28

Control  

  Competitiveness –4.683 3.391 –0.064 0.17

  Injury risk in your sport 3.081 1.269 0.114 0.01

  Reporting self-efficacy 1.843 0.490 0.208 < 0.01

SE, standard error. 
aR 2 = 0.141; F = 13.128 (P < 0.001). Competitiveness is measured by a single item asking the level of sport played (from Division 1 or select to intramural or 
recreational). Injury risk is measured by a single item asking how likely the individual believes someone in his or her sport is to get injured.

Table 3.  The roles of reporting skill and concussion symptom knowledge in reporting intentionsa

Dependent Variable: Probability of Reporting (0 to 100 Scale)

  Unstandardized Coefficients Standardized Coefficients

  B SE β P

Independent variable  

  (Constant) 2.244 8.111 0.78

  Reporting skill 1.132 0.395 0.160 < 0.01

  Concussion symptom knowledge 0.784 0.427 0.090 0.07

Control  

  Competitiveness –4.527 3.377 –0.062 0.18

  Injury risk in your sport 3.237 1.266 0.120 0.01

  Reporting self-efficacy 1.789 0.489 0.202 < 0.01

SE, standard error.
aR2 = 0.146; F = 13.646 (P < 0.001). Competitiveness is measured by a single item asking the level of sport played (from Division 1 or select to intramural or 
recreational). Injury risk is measured by a single item asking how likely the individual believes someone in his or her sport is to get injured.
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Table 4.  The interaction of reporting skill and concussion knowledge in reporting intentionsa

Dependent Variable: Probability of Reporting (0 to 100 Scale)

  Unstandardized Coefficients Standardized Coefficients

  B SE β P

Independent variable  

  (Constant) 3.871 8.190 0.65

  Reporting skill 1.196 0.398 0.169 <0.01

  Concussion knowledge 0.547 0.591 0.046 0.35

  Interaction of reporting skill and  
  concussion knowledge

–0.760 0.116 –0.031 0.51

Control  

  Competitiveness –4.815 3.399 –0.066 0.16

  Injury risk in your sport 3.019 1.274 0.112 0.02

  Reporting self-efficacy 1.840 0.490 0.227 <0.01

SE, standard error.
aR2 = 0.142; F = 10.997 (P < 0.001). Competitiveness is measured by a single item asking the level of sport played (from Division 1 or select to intramural 
or recreational). Injury risk is measured by a single item asking how likely the individual believes someone in his or her sport is to get injured.

Table 5.  The interaction of reporting skill and concussion symptom knowledge in reporting intentionsa

Dependent Variable: Probability of Reporting (0 to 100 Scale)

  Unstandardized Coefficients Standardized Coefficients

  B SE β P

Independent variable  

  (Constant) –3.786 8.213 0.01

  Reporting skill 1.143 0.390 0.161 <0.01

  Concussion symptom knowledge 1.035 0.428 0.118 0.02

  Interaction of reporting skill and concussion  
  symptom knowledge

0.289 0.087 0.157 <0.01

Control  

  Competitiveness –3.862 3.341 –0.053 0.25

  Injury risk in your sport 3.633 1.256 0.135 <0.01

  Reporting self-efficacy 1.877 0.483 0.212 <0.01

SE, standard error.
aR 2 = 0.169; F = 13.508 (P < 0.001). Competitiveness is measured by a single item asking the level of sport played (from Division 1 or select to intramural 
or recreational). Injury risk is measured by a single item asking how likely the individual believes someone in his or her sport is to get injured.
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There was, however, a significant interaction between 
concussion symptom knowledge and reporting skill (Table 5). 
These findings suggest that reporting skill may be the missing 
ingredient in supporting the translation of knowledge into 
reporting behavior. They also suggest that concussion education 
should focus more on the symptoms of a concussion and less 
on general concussion knowledge.

Across the 3 models, there were no significant differences in 
the reporting intentions of competitive and noncompetitive 
athletes. Perceived risk of injury and reporting self-efficacy were 
both positively and significantly associated with reporting 
intention in all 3 models.

These findings suggest that knowing the actions to take in 
reporting was more important than having knowledge of 
concussions or concussion symptoms. Reporting skill, not 
concussion or concussion symptom knowledge, was 
associated with greater intentions to report symptoms. Among 
those with higher levels of reporting skill, however, 
concussion symptom knowledge (but not general concussion 
knowledge) was associated with greater intentions to report 
symptoms.

Discussion

Despite a proliferation of concussion education 
interventions,13,14,35,37 concussion knowledge and concussion 
symptom knowledge have had limited effects on 
reporting.11,12,15,16,19,30 This cross-sectional study broadens the 
concept of concussion knowledge to include reporting self-
efficacy and reporting skill to answer the call for a more 
“procedural approach” in the concussion reporting 
discussion.15,30 Reporting intentions seem to be more closely 
associated with the individual’s reporting skill than his or her 
concussion knowledge. Furthermore, reporting skill appears to 
be an important ingredient in the translation of concussion 
symptom knowledge into the behavioral intention of reporting. 
These findings suggest that a combination of reporting skill and 
concussion symptom knowledge (not general concussion knowledge) 
offers the most promising path to increased concussion reporting. 
It is reasonable to expect that self-efficacy, a significant variable 
in all models examined, increases as skill increases.5 Findings 
from this study provide evidence that a more robust view of 
knowledge in the context of concussion reporting offers a 
promising avenue for increased reporting intentions.

From a practitioner point of view, these findings suggest that 
concussion education programs should incorporate content 
beyond explicit concussion and concussion symptom 
knowledge to include a focus on reporting skill and self-
efficacy. Findings from this study suggest that incorporating 
reporting skill in program content will improve the impact of 
the educational program and provide a better indication of 
future reporting intention. This requires moving beyond a 
general call to “tell someone.” Developing reporting skill 
includes assessing whether the individual understands how to 
report and can execute the steps in reporting. In this way, 

reporting skill is similar to any other skill required in one’s 
activity or sport.

Sports teams and, when present, their sports health care team 
have several roles to play in the development of reporting skill. 
One role has to do with establishing a game plan for 
responding to possible concussions that is then taught to 
players. By elevating the importance of knowing how to report, 
athletes and their teammates are more likely to recognize that 
they do not know how to report and should learn. With greater 
importance placed on this skill, athletes will be more likely to 
allocate attentional resources to developing the skill.42 This 
development can begin at fairly young ages. There is evidence 
that metacognitive abilities appear among preschoolers and 
develop over time.21,44 Jonker et al25 found that 12- to 16-year-
old elite athletes can be distinguished by greater metacognitive 
ability, especially reflection regarding what they are and are not 
able to perform in their sport.

With awareness of the need, reporting skill training is an “if 
this–then that” type of training, similar to how athletes train for 
circumstances that may be fluid and require an actionable 
decision. For example, mandatory concussion education could 
include rehearsing the sequence of events in reporting a 
concussion rather than describing them. The objective is to 
make the steps involved feel familiar so when the time comes 
to report, the barriers associated with lack of skill and self-
efficacy are removed.

A focus on reporting skill in a team context may also serve to 
reinforce group norms related to concussion disclosure. Such 
norms encourage athletes and bystanders (eg, teammates) to 
report.29,31,32 Understanding the norms and expectations is 1 
component of an athlete’s socialization into team culture. Practicing 
how to act in accordance with those norms is another.2 
Communicating and practicing a team game plan offers meaningful 
reinforcement of the value a team places on responding to a 
concussion for the athlete and any teammates who might find 
themselves bystanders to a possible concussion event.

In some team environments with robust access to sports 
medicine staff, reporting skill or knowing the steps to report may 
seem obvious. However, even in such team environments, there 
are instances when highly competitive athletes must make an 
individual determination to report, and must have the skill to do 
so. There are many other team environments in which athletes do 
not have easy access to sports medicine care, have no athletic 
trainers on-site, and have no one observing injuries to facilitate 
reporting. Yet student-athletes in these settings may still be subject 
to mandatory concussion education that currently includes only 
the cognitive pillar of knowledge.35 In these environments, 
designing educational programs that incorporate reporting skill is 
of greater importance: knowing where to find advice, recognizing 
a plan of action, making a good health care decision, and 
recognizing the sources of information for a reporting decision.

Finally, programs mandated to provide concussion education 
should routinely assess the efficacy of their educational programs 
through the broader framework of knowledge as described here. 
Findings from this study suggest that including an assessment of 
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reporting skill using the reporting skill scale as presented will 
provide a better indication of future reporting intention.

Limitations

There are several limitations to this study. Participants in this 
study are a national sample of young adults who engage in a 
wide variety of sports and activities. This scale has not yet been 
tested with elite athletes or a particular sport or team or as part 
of a program evaluation. It will be interesting to learn how the 
scale behaves with a specific tier of competitive performance or 
with a very concussion education–saturated sport like football. 
Additional work is required to examine scale performance with 
additional age groups beyond the 18- to 24-year-olds included 
here. Given the cross-sectional panel samples used, the scale 
was not evaluated using test-retest reliability. Testing the scale 
with a particular team will allow for such determination.

Future research might examine the role of reporting skill in 
various contexts and with different types of reporting decisions. 
Baugh et al8 found that reporting intention declines with 
concussion event accumulation. Future research might explore 
whether reporting skill attenuates the decline or how an actual 
reporting experience influences the association between 
knowing how to report and reporting.
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