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Objective: To evaluate the factorial and construct validity of
the Head Injury Scale (HIS) among a sample of male and fe-
male collegiate athletes.

Design and Setting: Using a cross-sectional design, we es-
tablished the factorial validity of the HIS scale with confirmatory
factor analysis and the construct validity of the HIS with Pear-
son product moment correlation analyses. Using an experimen-
tal design, we compared scores on the HIS between concussed
and nonconcussed groups with a 2 (groups) X 5 (time) mixed-
model analysis of variance.

Subjects: Participants (N = 279) in the cross-sectional anal-
yses were predominately male (n = 223) collegiate athletes
with a mean age of 19.49 + 1.63 years. Participants (N = 33)
in the experimental analyses were concussed (n = 17) and
nonconcussed control (n = 16) collegiate athletes with a mean
age of 19.76 = 1.49 years.

Measurements: All participants completed baseline mea-
sures for the 16-item HIS, neuropsychological testing battery,
and posturography. Concussed individuals and paired controls

were evaluated on days 1, 2, 3, and 10 postinjury on the same
testing battery.

Results: Confirmatory factor analysis indicated that a theoreti-
cally derived, 3-factor model provided a good but not excellent fit
to the 16-item HIS. Hence, the 16-item HIS was modified on the
basis of substantive arguments about item-content validity. The
subsequent analysis indicated that the 3-factor model provided an
excellent fit to the modified 9-item HIS. The 3 factors were best
described by a single second-order factor: concussion symptoms.
Scores from the 16-item HIS and 9-item HIS were strongly cor-
related, but there were few significant correlations between HIS
scores and scores from the neuropsychological and balance mea-
sures. A significant group-by-day interaction was noted on both
the 9-item HIS and 16-item HIS, with significant differences seen
between groups on days 1 and 2 postconcussion.

Conclusions: We provide evidence for the factorial and con-
struct validity of the HIS among collegiate athletes. This scale
might aid in return-to-play decisions by physicians and athletic
trainers.

Key Words: confirmatory factor analysis, symptoms

ably over the past decade. As a result, numerous def-
nitions, severity scales, and return-to-play guidelines
have been devel oped.}-6 Team physicians and certified athletic
trainers have access to a greater amount of information, but
the debate concerning the validity and practicality of concus-
sion-evaluation methods and diagnostic tools continues.
Balance, neuropsychological performance, and self-reported
symptoms have been commonly cited as means of identifying
concussive symptoms.”15 Although some investigators have
evaluated the validity of balance or neuropsychological per-
formance (or both) for monitoring concussion resolu-
tion,1112.14.16 the cost and practicality of some of these mea-
sures are prohibitive. Balance-diagnostic equipment and
forceplate measures are expensive, time consuming, and lim-
ited to a few institutions and professional organizations. Use
of neuropsychological tests requires that personnel be trained

gort-related concussion research has increased consid-

in test administration and interpretation of scores. Hence, clear
barriers exist to the implementation of these measures.1”
Some researchers have cited self-reported symptoms as a
practical method for monitoring concussive symptoms,13.14.18
Self-reported symptoms after concussion have been docu-
mented for many years, and in the 3 most commonly used
concussion grading scales (Cantu, Colorado, American Acad-
emy of Neurology), self-reported symptoms are primary fac-
tors in return-to-play guidelines.1-3141819 Additionally, re-
searchers often have reported data regarding symptom type,
incidence, prevalence, and severity®13 but have paid limited
attention to the significance of empirically derived, self-report
symptom scales.81920 However, as with the previously men-
tioned methods, self-reported scales also have weaknesses and
limitations. The most commonly noted weakness of a self-
report method relates to the honesty and motivation of the
respondent. This major threat to validity is minimized by the
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Table 1.

Head Injury Scale Self-Report Concussion-Symptoms Scale

16-Item Head Injury Scale

Symptom Never

Sometimes Always

o

Headache

Nausea

Vomiting

Balance difficulty/dizziness
Fatigue

Trouble falling asleep
Sleeping more than usual
Drowsiness

Sensitivity to light and noise
Sadness

Nervousness
Numbness/tingling

Feeling “slowed down”
Feeling like “in a fog”
Difficulty concentrating
Difficulty remembering
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Figure 1. Theoretic measurement model for the Head Injury Scale.

psychometric soundness of the measure and regulated admin-
istration.21.22

Most investigators examining self-report concussion symp-
toms have used a variety of simple checklists and summative
scales with visually similar designs. The Head Injury Scale

(HIS) (Table 1) is a theoretically driven, 16-item, self-report
scale derived from those most commonly described in the lit-
erature. The items represent symptoms that have been com-
monly affiliated with sport-related concussion and postcon-
cussion syndrome.2182324 To our knowledge, scales in the
sport-related concussion literature and their derivations have
not been subjected to tests of factorial and construct validity.
Evidence of factorial validity is necessary to generate an exact
specification or mapping of symptoms (observed variables)
with symptom groupings and overall concussive symptoms
(latent constructs). Evidence of factorial validity also is im-
portant because items on the HIS might not adequately de-
scribe concussion symptoms,18:25.26 and hence, the HIS might
need to be modified.

To evauate the factoria validity of the HIS, it is necessary
to first posit and then test a theoretically derived model that
describes the latent structure or causal processes underlying
responses to the items on the HIS. We adopted a previously
described theoretically based model.1” According to this mod-
el, the 16 items on the HIS are described by the 3 latent con-
structs of somatic, neuropsychological, and cognitive symp-
toms (Figure 1).17 These 3 constructs are strongly interrelated
and might be represented by an overall latent construct of con-
cussive symptoms (Figure 2). Strongly interrelated factors are
often caused by a second-order construct similar to highly re-
lated items being caused by first-order constructs.2” The the-
oretically derived model is then directly tested for its fit to the
16-item HIS through confirmatory factor analysis (CFA).

Construct validity is essentially the extent to which infer-
ences from scores on a test can be made in relation to the
construct of interest.28 Construct validity is on the basis of the
integration of any evidence that bears on the interpretation or
meaning of the test scores.?® Hence, there are multiple meth-
ods for evaluating the construct validity of scores from the
HIS. Common methods include the examination of correla-
tions with external criteria and the comparison of scores across
groups expected to differ in the latent variable of interest.28
For example, one could examine the expected relationships
between baseline HIS scores and scores from composite bal-
ance and neuropsychological measures. The HIS scores also
could be compared among groups of injured and uninjured
samples during a concussive episode.
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Figure 2. Theoretic second-order measurement model for the Head
Injury Scale.

We evaluated the factorial and construct validity of the HIS
using CFA and correlation analyses on baseline data from pre-
season concussion testing of uninjured male and female col-
legiate athletes. Further evaluations of the construct validity
of the original and modified HIS were based on comparisons
of scores between groups of concussed and nonconcussed col-
legiate athletes from before to after a concussive episode.

METHODS

Participants

Participants in the cross-sectional analysis (N = 279) were
National Collegiate Athletic Association Division | collegiate
sport participants. Subjects’ ages ranged from 17 to 27 years
(mean = 19.49 *+ 1.63 years). The sample was predominantly
male (n = 223). All participants signed an informed consent
document, and the study was approved by the institutional
review board.

Participantsin the experimental analyses (N = 33) consisted
of concussed (n = 17: 15 males, 2 females) and nonconcussed
(n = 16: 14 males, 2 females) Division | collegiate athletes.
Subjects ages ranged from 18 to 23 years (mean = 19.76 *+
1.49 years). Subjects heights ranged from 66 to 76 in (167.64

to 193.04 cm) (mean height = 71.35 = 4.77 in [181.23 *=
12.12 cm]). We used the American Academy of Neurology
guidelines, and the injured group comprised 1 grade | and 16
grade Il concussions.® Two concussions were in women's soc-
cer players, with the remaining injuries occurring in football

players.

Instrumentation

The 16-item HIS checklist was considered to be represen-
tative of the instruments most commonly described in the lit-
erature.1719.29.30 Djscrepancies among other described instru-
ments are mainly reflected in the instructions given to the
respondent. Some instruments require a response that is re-
flective of the symptom severity, whereas others evaluate the
duration of each experienced symptom over a set period of
time.817.1920 The HIS finds its resemblance to other instru-
ments in that the 16 items represent symptoms most commonly
associated with concussion; also, each item is rated on a 7-
point Likert-type scale with response options of “never” (0)
to “aways’ (6) (see Table 1).

To evaluate the construct validity of HIS scores on the basis
of correlation analyses, we used a humber of neuropsycholog-
ica tests commonly employed to evaluate sport-related con-
cussion.1”:29 The neuropsychological testing battery presum-
ably evaluated the domains of attention, short-term memory,
speed of information processing, concentration, and verbal flu-
ency. The test battery included the Hopkins Verbal Learning
Test (3 trials combined), Halsted-Reitan Trail-Making Test,
Symbol Digit Modality Test, Wechsler Digit Span, and Con-
trolled Oral Word Association Test. We expected that scores
from those measures might exhibit small to moderate corre-
lations with the overall composite duration score of the HIS.

The NeuroCom Smart Balance Master (NeuroCom Intl Inc,
Clackamas, OR) was also used to evaluate the construct va
lidity of the HIS. The test measures an individua’s use of
sensory inputs, including visual, vestibular, and somatosensory
systems, to perform balance tasks. The testing procedure we
incorporated has been described previously.153132 We ob-
tained this measure because the composite balance score may
exhibit small to moderate correlation with scores from the HIS.

Procedure

The baseline measures were collected by research staff
trained in the administration of a concussion test battery (HIS
scale, neuropsychological tests, balance tests). The HIS was
administered in conjunction with the neuropsychological and bal-
ance assessments during the participant’s freshman or preseason
physica examination. The instructions for the HIS were given
by the test administrator to the subject as follows:

Here is a list of symptoms that people often feel when they have had a
concussion. Please address each symptom based on how you have felt on an
average 24-hour period during the past 7 days. Rate the symptoms on a scale
of 0to 6. Zero (0) means that on an average day you have never experienced
the symptom, 1 means you experience the symptom very briefly during an
average 24-hour period, 3 means the symptom, on an average day, has been
present for about half of the preceding 24-hour period, and 6 means the symp-
tom, on an average day, has been continuous through the same time period.

Participants in the experimental part of this study were
members of the original sample that underwent baseline test-
ing. The participants either sustained a concussion or were
nonconcussed individuals who were paired with concussed
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athletes on the basis of sex and age. Upon sustaining a con-
cussion, players were assessed at days 1 (24 hours), 2 (48
hours), 3 (72 hours), and 10 (240 hours) postinjury. Instruc-
tions for the HIS were similar to those given by the test ad-
ministrator at baseline, except symptoms were assessed for the
previous 24 hours, not for an average 24-hour period during
the past 7 days.

DATA ANALYSIS

Confirmatory Factor Analysis. The factoria validity of
the HIS was tested using CFA with maximum likelihood es-
timation in LISREL 8.50 (Scientific Software Intl, Inc, Chi-
cago, IL). Maximum likelihood estimation assumes that the
data represent a multivariate normal distribution; this was not
the case in the present sample, based on the ordina nature of
the HIS items and the estimates of multivariate skewness
(Mardia normalized estimate = 68.73) and kurtosis (Mardia
normalized estimate = 23.90) generated using PRELIS 2.50
(Scientific Software International, Inc). Estimates from normal
theory methods such as maximum likelihood are only mini-
mally biased by nonnormal, ordina data,3334 but the standard
errors and test statistics can be extremely biased.3®> Conse-
quently, we used the Satorra-Bentler scaled chi-square statistic
and standard errors.36:37 The Satorra-Bentler method corrects
the chi-square statistic and the standard errors to account for
the nonnormality of the data, and the correction yields more
accurate goodness-of-fit statistics and standard errors than oth-
er methods developed for nonnormal data.35:38.39

Model Specification. Model specification is important for
subsequent replication of our results with new data sets.
Hence, the initial measurement model underlying the HIS con-
tained 3 latent variables of cognitive, neuropsychological, and
somatic symptoms (see Figure 1). The measurement model
was specified for input into LISREL using standard procedures
for establishing settings in matrices containing factor loadings
(A, factor variances and covariances (¢), and item uniqueness
(6-8). The matrix containing factor loadings was specified to
reflect simple structure such that items on the HIS loaded on
only one of the latent variables. The factor loading for the first
indicator on each latent variable was constrained to be 1.0 to
establish the metric of each latent variable. The matrix of fac-
tor variances and covariances was specified to be symmetric.
The matrix of item uniqueness was specified to be diagonal.

We also tested the fit of a higher-order model to the HIS
that is similar to Figure 2. The higher-order model was spec-
ified such that a single second-order factor (ie, symptoms) de-
scribed the covariances among the 3 first-order factors (ie, cog-
nitive, neuropsychological, and somatic symptoms). The
higher-order model was specified for input into LISREL using
standard procedures for establishing settings in matrices con-
taining factor loadings (\,), factor variances and covariances
(b and ), item uniqueness (6-3), and path coefficients ().
The matrix containing factor loadings was specified to reflect
simple structure. The factor loading for the first indicator on
each latent variable was constrained to be 1.0. The matrices
of factor variances and covariances and item uniqueness were
specified to be diagonal. The matrix of path coefficients was
specified to link a single second-order factor to the 3 first-
order factors. The path coefficient for the first latent variable
was constrained to be 1.0 to establish the metric of the second-
order factor.

Model Fit. We used the chi-square statistic and the Non-

normed Fit Index (NNFI), Comparative Fit Index (CFl), and
Root Mean Square Error of Approximation (RMSEA) to eval-
uate the fit of the models. The chi-square statistic assessed
absolute fit of the model to the data, but it is sensitive to
sample size and assumes the correct model.274041 The NNFI
is a type Il incremental fit index and tests the proportionate
improvement in fit by comparing the target model to a baseline
model with no correlations among observed variables.*2 The
CFl is a type Il noncentrality-based fit index and tests the
relative improvement in fit by comparing the target model with
a baseline model with no correlations among observed vari-
ables.*3 The NNFI and CFI values should approximate 0.90
and 0.95 to indicate minimally acceptable?”42 and good mod-
el-data fit.** The RMSEA represents closeness of fit or ““error
per degree of freedom.” 45 The RMSEA value should be equal
to or less than 0.06 to demonstrate a good mode!-data fit.**

Model M odifications. The measurement model was modi-
fied to improve the factorial validity of the HIS by identifying
a subset of items that best tapped the latent variables. Model
modifications were conducted almost exclusively on the basis
of substantive information. This substantive information was
supplemented only by factor loadings, squared multiple cor-
relations (SMCs), standardized residuals, and modification in-
dices (Mls) provided as output by LISREL. Small factor load-
ings and SMCs identify items that might not strongly tap the
latent constructs of interest. Large standardized residuals (ie,
greater than +2.58 or less than —2.58) and Mls in the theta-
delta matrix identified pairs of items that were not accurately
predicted by the model.#04647 The offending items were re-
moved, and the modified measurement model was retested to
determine whether the modifications resulted in an improved
fit. The process of identifying and testing model modifications
was continued until a reasonable model was generated as in-
dicated by item content and the fit indices, but modifications
were made only when substantively appropriate.#0:46-48

Bivariate Correlation

We used Pearson product moment correlation coefficients to
examine the relationships between overall composite scores
from the HIS checklist and scores from the other putative mea-
sures of concussion (neuropsychological battery and
NeuroCom). Composite HIS scores were computed by sum-
ming item scores using unity weights. The « value was set at
P = .05 for the correlation analyses.

Experimental Condition

For the second part of this study, we used a 2 (groups:
injured and uninjured control) X 5 (time: testing days) mixed-
model analysis of variance based on the multivariate F statistic
(Pillai-Bartlett) to evaluate differential changes in HIS scores
between the injured and control groups across days. Effect
sizes associated with the F statistics were expressed asn2. The
Greenhouse-Geisser epsilon (e) was reported when the sphe-
ricity assumption was violated (ie, if the Mauchly test of sphe-
ricity was statistically significant at P < .05). Post hoc analysis
of differences between injured and control athletes on individ-
ual testing days was performed using independent-samples t
tests with a 1-tailed P value. The o value was adjusted for
family-wise comparison using the Bonferroni method. Effect
sizes between groups were expressed as the Cohen d (ie, in-
jured mean minus uninjured mean divided by the pooled SD).
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Table 2. Baseline Responses to the 16-Iltem Head Injury Scale
(N = 279)

Skew-
Item Mean SD ness Kurtosis
Headache 1.14 1.26 1.06 0.65
Nausea 0.38 0.77 2.32 5.46
Vomiting 0.11 0.42 4.25 20.49
Balance difficulty/dizziness 0.36 0.81 2.99 11.47
Fatigue 0.98 1.22 1.27 1.39
Trouble falling asleep 0.77 1.23 1.78 2.76
Sleeping more than usual 0.75 1.24 1.79 2.86
Drowsiness 0.73 1.14 1.76 291
Sensitivity to light and noise 0.33 0.88 3.03 9.36
Sadness 0.40 0.97 3.16 10.92
Nervousness 0.88 1.22 1.41 1.46
Numbness/tingling 0.18 0.60 4.46 24.14
Feeling “slowed down” 0.50 0.97 231 6.19
Feeling like “in a fog” 0.25 0.73 3.68 15.01
Difficulty concentrating 0.73 121 1.91 3.41
Difficulty remembering 0.48 0.94 2.53 7.65

Data analysis was performed using the Statistical Package for
the Social Sciences (version 10.1, SPSS Inc, Chicago, IL).

RESULTS

Descriptive Statistics

The means, standard deviations, skewness, and kurtosis val-
ues for the individual items on the HIS at baseline are reported
in Table 2. The means and standard error of the means for the
16-item HIS and 9-item HIS between concussed and noncon-
cussed groups across days are represented in Figures 3 and 4.

Confirmatory Factor Analysis on the 16-ltem Head
Injury Scale

The 3-factor measurement model represented an acceptable
fit to the 16-item HIS (x2%10; = 195.64, RMSEA = 0.058 [90%
confidence interval = 0.046-0.070], NNFI = 0.962, CFl =
0.968). The chi-square statistic was significant (P = .0001),
but the RMSEA value did not exceed the acceptabl e threshold
value of 0.06, and the 90% confidence interval around the
RMSEA point estimate only minimally exceeded 0.06. The
CFl and NNFI values were above the minimally accepted
threshold value of 0.90%2 and exceeded the 0.95 criterion es-
tablished by Hu and Bentler.** The standardized covariances
between latent constructs were .739 (Somatic and Neuropsy-
chological), .836 (Somatic and Cognitive), and .906 (Neuro-
psychological and Cognitive). The mean of the standardized
factor loadings was .542, with a median of .524; the standard-
ized factor loadings ranged from .285 to .769. Hence support
for the 3-factor model for the 16-item HIS was modest, but
the model likely could be improved on the basis of substan-
tively informed model modifications.

Model Modifications

Substantive ideas concerning the content validity of indi-
vidual items were used to identify possible areas in which the
HIS could be modified to improve its factorial validity. The
substantively based modifications were supplemented on the
basis of empirical information from the CFA (ie, factor load-
ings, SMCs, standardized residuals, and MIs) but only when
necessary to identify the offending item. The item ** vomiting”
was considered to be a physical act caused by ‘“‘nausea.”
Hence, redundancy existed across items. The vomiting item
was removed on the basis of the CFA. " Sadness’ and ‘‘ner-
vousness’ are peculiar concussion symptoms and appeared to
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Figure 3. Mean responses and standard error of the mean for injured and control groups using the 16-ltem Head Injury Scale across

testing days. *P = .05.
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Figure 4. Mean responses and standard error of the mean for injured and control groups using the 9-ltem Head Injury Scale across

testing days. *P = .05.

have weak content validity; both items were removed. “* Sleep-
ing more than usual” was redundant with other neuropsycho-
logical symptoms (eg, trouble falling asleep and drowsiness),
and thus, was removed. The item *‘sensitivity to light and
noise” combined 2 symptoms that might have been indepen-
dently linked to the construct of concussion symptoms, but in
the combined format, the item was deemed problematic and
was removed from the model. The item ‘“‘feeling numbness
and tingling” also combined 2 symptoms. Further, this item
appeared to be more strongly linked to anatomical injury than
to neurologic injury. Lastly, the items *difficulty remember-
ing” and “difficulty concentrating” seemed to be highly re-
lated. Empirical information from the CFA demonstrated that
the item “difficulty remembering” should be removed. The
substantively informed modifications in total led to the re-
moval of 7 items, resulting in a 9-item version of the HIS.

Confirmatory Factor Analysis on the 9-ltem Head
Injury Scale

The 3-factor measurement model represented an excellent
fit to the 9-item HIS (x%,4 = 30.02, RMSEA = 0.030 [90%
confidence interval = 0.000-0.060], NNFI = 0.993, CFl =
0.995). The chi-square statistic was not significant (P = .184).
The RMSEA value was 0.030, and its confidence interval in-
cluded zero, indicating the possibility of exact model-data fit.
The NNFI and CFl also provided strong support for the 9-
item, 3-factor model. The NNFI and the CFl values greatly
exceeded the 0.95 standard.** The standardized covariances
between latent constructs were .667 (Somatic and Neuropsy-
chological), .717 (Somatic and Cognitive), and .864 (Neuro-
psychological and Cognitive). The mean of the factor loadings
for the 9-item HIS was .608, with a median of .583; the factor
loadings ranged from .455 and .882. Consequently, support
was strong for the 3-factor model to the 9-item HIS.

We tested the fit of a single second-order factor to describe
the covariances among the 3 first-order factors. The higher-
order model represented an excellent fit to the 9-item HIS

(x%4 = 30.02, RMSEA = 0.030 [90% CI = 0.000-0.060],
NNFI = 0.993, CFl = 0.995), and fit identically compared
with the correlated, 3-factor measurement model. This was
expected because the higher-order model contained only 3
first-order latent variables.2” Therefore, support was strong for
a single second-order factor underlying the 3 first-order factors
underlying the 9-item HIS.

Internal Consistency

The internal consistency of the 16-item HIS and 9-item HIS
was estimated using Cronbach coefficient apha.4® The esti-
mates of internal consistency for the 16-item HIS and 9-item
HIS were 0.84 and 0.78, respectively. The reason for the dight
difference in estimates involves the number of test items; co-
efficient alpha is positively biased by the number of items on
a self-report scale.

Correlation Analysis

Few statistically significant relationships were observed be-
tween HIS scores and scores from other putative measures of
concussion. No dtatistically significant relationships were
found between composite balance scores and scores from ei-
ther version of the symptom scale. Correlations significantly
greater than zero were observed between scores from the 16-
item HIS and the Hopkins Verbal Learning Test Combined and
between scores from the 16-item HIS and the Controlled Ora
Word Association Test (Table 3). Significant correlations were
also observed between scores from the 9-item HIS and scores
from the Hopkins Verbal Learning Test Combined and be-
tween scores from the 9-item HIS and the Controlled Oral
Word Association Test (see Table 3). Negative correlations
were expected because of the nature of the individua score
values (eg, higher scores on the Hopkins Verbal Learning Test
Combined and the Controlled Oral Word Association Test are
better, whereas a lower score on the HIS is better). A strong,
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Table 3. Correlations of Responses to the 16-ltem and 9-ltem Head Injury Scales with the Neuropsychological Testing Battery and

NeuroCom Balance Master (Pearson R)

Measure

Composite balance

Hopkins Verbal Learning Test Combined
Halsted-Reitan Trail-Making Test A
Halsted-Reitan Trail-Making Test B
Symbol Digit Modality Test

Wechsler Digit Span Forward Test
Wechsler Digit Span Backward Test
Hopkins Verbal Learning Test Delayed
Controlled Oral Word Association Test

16-ltem 9-ltem
Head Injury Scale Head Injury Scale
—0.023 —0.043
—0.143* 0.157t
—0.005 —0.050
—0.063 —0.065
0.038 0.031
0.006 0.009
—0.038 —0.044
0.073 0.096
0.161t 0.187t

*Statistically significant at P < .05.
TStatistically significant at P < .01.

statistically significant correlation was noted between scores
from the 16-item HIS and the 9-item HIS (r = .953).

Experimental Condition Analysis

The 2 X 5 mixed-model analysis of variance on the 16-item
HIS demonstrated a significant group-by-time interaction
(F428 = 7.16, P = .001, 2 = 0.521, e = 0.537). No statis-
tically significant difference was seen between concussed and
nonconcussed groups on the baseline HIS scores (t3, = 0.661,
P = 513, d = 0.23). Large, statistically significant differences
were demonstrated between concussed and nonconcussed
groups on the 16-item HIS scoreson day 1 (tzp = 4.42, P =
.001, d = 1.68) and day 2 (tg» = 2.55, P = .001, d = 1.00).
Nonsignificant differences existed between groups on day 3
(tzp = 1.92, P = .063, d = 0.76) and day 10 (t3, = 0.458,
P = .650, d = 0.16) (see Figure 3).

The 2 X 5 mixed-model analysis of variance on the 9-item
HIS demonstrated similar results with a significant group-by-
time interaction (F;28 = 6.38, P = .001, 12 = 0.542, € =
0.595). No statistically significant difference was noted be-
tween concussed and nonconcussed groups on baseline HIS
scores (tzp = —0.322, P = .749, d = —0.11). Large, statis-
ticaly significant differences were seen between groups on the
9-item HIS scores on day 1 (t3, = 4.50, P = .001, d = 1.81)
and day 2 (t3, = 2.43, P = .001, d = 0.93) but not on day 3
(tzp = 1.38, P = 177, d = .49) or day 10 (tg = —0.047,
P = .963, d = —0.02) (see Figure 4).

DISCUSSION

We evaluated the factorial and construct validity of a com-
monly accepted concussion-symptoms scale, namely, the HIS.
Initially, we tested the fit of a theoretically generated mea
surement model to the 16-item HIS using CFA. The measure-
ment model demonstrated a good but not perfect fit to the 16-
item HIS. We then used substantive information supplemented
by empirical indices*®46.47 to refine and improve the factorial
validity of the HIS. The modified version of the HIS consisted
of 9 items, and the measurement model exhibited an excellent,
nearly perfect fit. We then established the construct validity of
scores from the 16-item HIS and the 9-item HIS on the basis
of correlations with scores from external criteria and compar-
isons of scores between injured and uninjured groups.

Factorial Validity

The initial, theoreticaly derived measurement model con-
sisted of 3 correlated factors and represented a good but not
perfect fit to the 16-item HIS. The lack of a perfect fit iden-
tified the need to refine the 16-item HIS. This was further
supported by our observation that some of the 16 symptoms
did not appear to ideally tap one of the 3 common groups of
concussion symptoms. Including symptoms that do not tap the
latent construct of concussive symptoms within a concussion
scale might be problematic. The inclusion of nonrelevant in-
dicators could increase the chances of a false-positive result.
Moreover, inclusion of nonrelevant indicators might increase
the chance of an athlete reporting a higher number of symp-
toms at uninjured baseline because of another unknown or
unrelated condition. Evaluation of concussion resolution de-
pends upon the presence of a representative baseline measure.
If baseline measures are confounded by reports of symptoms
that are not specific to concussion, injury severity and reso-
lution could be misdiagnosed and underreported.

We then generated a 9-item version of the HIS. The 9-item
version was based primarily on an inspection of item content
and then supplemented by empirical evidence from the CFA.
We found that a 3-factor correlated measurement model rep-
resented an excellent, nearly perfect fit to the 9-item HIS. The
3 first-order factors were best described by a single second-
order factor, namely, concussion symptoms. Hence, the 9-item
HIS exhibited strong evidence of factoria validity. Headache,
nausea, and difficulty in balancing tapped into the somatic
symptoms group. Fatigue, trouble falling asleep, and drowsi-
ness tapped into the neuropsychological group. Feeling
“slowed down,” feeling “‘in a fog,” and difficulty concen-
trating tapped into the cognitive group of symptoms. We be-
lieve that of the 16 original symptoms, the 9 symptoms in the
final model represent excellent descriptors of concussion.

Construct Validity

We evaluated the construct validity of scoresfrom the mod-
ified 9-item HIS and the original 16-item HIS. Importantly,
scores from the 9-item HIS and the 16-item HIS were strongly
correlated. The strong relationship between scores from the
modified and the original HIS provided convergent evidence
for the construct validity of the 9-item HIS scores. The strong
relationship indicates that the 9-item HIS taps the construct of
concussion symptoms comparably with the 16-item HIS.
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We observed few statistically significant relationships be-
tween scores from the 9-item HIS and the 16-item HIS and
other putative measures of concussion. The relative lack of
significant and sizable relationships between scores from the
9-item HIS and the 16-item HIS and other putative measures
of concussion symptoms might provide discriminate evidence
for the construct validity of HIS scores. Perhaps the HIS taps
components of concussion symptoms that are not captured by
other putative measures of concussion. Importantly, the trun-
cated distribution of baseline HIS scores and scores from the
other measures of concussion symptoms might have limited
our ability to adequately evaluate the possible existing corre-
lations. Therefore, we further evaluated the construct validity
of HIS scores by comparing scores between injured and un-
injured groups across time.

The 9-item HIS and the 16-item HIS were comparable in
monitoring self-reported concussion-symptom resolution. With
both versions of the HIS, a nonsignificant difference was seen
between groups at baseline, but scores were significantly in-
creased on days 1 and 2 in the concussed group compared
with the nonconcussed group. No significant differences in
HIS scores between groups on day 3 were observed, but the
moderate effect size on this day suggests the presence of sub-
stantial group differences. This reflects the decreased statistical
power of the small number of subjects in this study. Group
differences on day 10 were not supported by either statistical
group differences or elevated effect sizes. This pattern of
change was similar to other research.1319 Typicaly, self-re-
ported concussion-related symptoms have been shown to re-
solve within 2 to 7 days using either duration or severity as a
descriptor.813.181931 Although these types of findings are
common in the sport-related literature, it isimportant to realize
that longer durations have been reported in the non-athletic
population.59-52 For this study, we focused on the common
effects of grades| and 11 sport-related head injuries (American
Academy of Neurology concussion scalel). We observed a du-
ration of less than 10 days for the resolution of self-reported
concussion symptoms. Hence, our observed changes in HIS
scores are consistent with previous reports in the literature and
provide strong support for the construct validity of scoresfrom
both the 9-item HIS and the 16-item HIS.

A smaller difference was observed between groups in mean
scores on the 9-item HIS and the 16-item HIS at baseline and
on day 10. This suggests that with the 16-item HIS, subjects
within the concussed group reported a higher number of symp-
toms that were not specific to concussion at uninjured baseline
than did the controls. Group means were more similar on the
9-item HIS. We believe that this observation lends further sup-
port to the modified, 9-item HIS (see Figures 3 and 4).

Several factors limited our study. We did not cross-validate
the 9-item HIS in an independent sample. We also acknowl-
edge the small sample size used in the experimental condition.
However, the number of athletes who incurred a concussion
during this study is consistent with the rate of concussion in-
jury reported in the literature.5® Another limitation to this
study was that respondents reported their symptoms in terms
of duration. The severity of each symptom was not defined or
evaluated. We believe that future researchers should incorpo-
rate the use of severity descriptors. This would not only be
consistent with current ideals but would also allow greater and
more specific elaboration on the meaning of reported symp-
toms. Finally, data to conduct appropriate reliability analysis
were not collected for this study. Reliability and objectivity

evidence are integral to the continued development and sup-
port of this type of self-report measure.

CONCLUSIONS

This study has provided evidence for the factorial and con-
struct validity of the 9-item HIS instrument. We acknowledge
that symptoms included in other scales and symptoms that
have been combined within the current form (eg, sensitivity
to light and noise) may still function as indicators of concus-
sion; however, scores from the 9-item HIS performed opti-
mally in evaluating self-reported concussion-symptom reso-
[ution.

Concern for score interpretation and meaning is rightfully
generated with the use of a self-report method. Threats to the
validity of such types of measures can be reduced with evi-
dence of the psychometric properties of the instrument. We
offer evidence for the soundness of a commonly used self-
reported symptom scale. These findings support the use of
current instruments and provide directions for their continued
development and improvement.

The incorporation of a valid self-report symptom scale into
a concussion test battery is necessary in making return-to-play
decisions when the presence of concussion symptoms should
preclude an athlete's participation in sport. Commonly ac-
cepted methods for assessing concussion resolution (complete
neuropsychological batteries and posturography) may not be
available to most certified athletic trainers and team physi-
cians. Thus, the existence of a valid self-report symptom scale
that is simple, efficient, and effective provides a measurement
tool that can be used in conjunction with other simple mea-
sures to offer the physician and athletic trainer more concrete
resolution information on which to base return-to-play deci-
sions.
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