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SUMMARY

The King-Devick test (K-D) was introduced in 2011 as a quick,
easy and cost-effective way to screen for a concussion. Re-
lying on differences in visual scanning between a baseline
and post-injury examination to discern a concussion, the test
has been found to be sensitive to concussions immediately
(within minutes) following injury. The aim of this paper was
to determine whether the K-D is sensitive to residual effects
of a concussion.

Performance on the K-D was compared in a sample of 13
subjects tested 1-60 days after a concussion and 17 matched
non-concussed controls. We also compared subjects’ per-
formances on standard neuropsychological measures of con-
vergent validity (attention, working memory and processing
speed) and discriminant validity (IQ and motor speed).
Consistent with hypotheses, concussed subjects performed
worse on the K-D than non-concussed subjects. K-D per-
formance was correlated with tests that measured attention
and processing speed, but was unrelated to estimated IQ.
There was a trend for subjects with a prior history of concus-
sion to perform worse on the K-D than subjects for whom this
was their first concussion.

These results provide initial support for convergent and cri-
terion validity of the K-D as a measure of attention and process-
ing speed that is sensitive to persisting effects of concussion.
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INTRODUCTION

Between 1.6 and 3.8 million athletes suffer sports-related concussions every
year (Langlois, Rutland-Brown & Wald, 2006). Symptoms frequently associated
with a concussion include headache, dizziness, amnesia and confusion in the
minutes following injury (Lovell et al., 2007). In addition to these immediate ef-
fects, concussions appear to result in post-injury neuropsychological insults, in-
cluding reduced attention, worsened executive functioning and visuospatial skills
(Collins et al., 1999).

The King-Devick test (K-D) has been proposed as a reliable, simple and in-
expensive assessment of cognitive functioning after sports-related injury (Galetta
etal., 2011a; Galetta et al., 2011b; King, Clark & Gissane, 2012). The K-D meas-
ures the total time to scan and read aloud large arrays of numbers printed on
three cards which put progressive demands on eye-tracking. Eye-tracking has
been found to be a reliable indicator of neuropsychological deficits in concussed
individuals (Heitger et al., 2004).

Previous studies of the K-D have centered on the test’s capacity to assess
concussions in the immediate aftermath of an injury. Galetta and colleagues
(2011a) found that mixed martial arts fighters and boxers who suffered head
trauma during a match showed longer reading times (compared to pre-match
times) on the K-D in the minutes post-injury than did those who did not suffer
head trauma. Performance on the K-D correlated with performance on the Mili-
tary Acute Concussion Evaluation (MACE), a more established test of post-con-
cussion cognition (French et al., 2008). In a follow-up longitudinal study, Galetta
and colleagues (2011b) confirmed their previous findings in a sample of football,
soccer and basketball players. Players who suffered in-game head trauma per-
formed more slowly on an immediately post-injury sideline test relative to their
pre-season baseline than did those who did not suffer head trauma. As in the
prior study, K-D and MACE scores correlated both at baseline and post-injury.
Finally, in a more recent study, King, Clark and Gissane (2012) compared the K-
D performance in New Zealand rugby players in to scores on the Post-Concus-
sion Symptoms Scale (PCSS) of the Sport Concussion Assessment Tool. During
competition, players who reported signs of concussion or who the team medic
deemed to possibly have a concussion were administered a K-D and a PCSS
within 30 minutes of injury. Both the test-retest differences of the K-D and PCSS
assessment found evidence of a concussion in all cases.

All of these studies have examined the sensitivity and validity of the K-D in
the minutes following injury, yet post-concussive symptoms have been shown
to persist for days and even weeks following injury (Lovell et al., 2007). No prior
studies have tested whether the K-D is sensitive to the longer-term cognitive ef-
fects of concussion. If it were, this would contribute to the overall clinical and
practical value of the test as a concussion assessment tool.

The current study sought to determine whether the K-D is sensitive to the per-
sisting cognitive effects of a concussion in the days and weeks following injury
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and whether performance on the K-D is associated with other cognitive abilities
that are typically affected by concussion and is less associated with cognitive
abilities that are less affected.

METHODS

Subjects

Thirteen recently concussed subjects and seventeen control subjects without
a history of concussion were recruited for this study. Concussed subjects were
recruited from a concussion clinic in the Upstate New York area between 24
hours and 60 days following a sports-related concussion. Subjects ranged in age
between 18-24 years, with an average age of 20.5 years. Age and gender-
matched control subjects were recruited from the psychology undergraduate pool
at the University of Rochester and were offered extra credit toward their psychol-
ogy classes as the primary incentive for their participation. All study procedures
were carried out with the approval of the Research Subjects’ Review Board at
the University of Rochester. Demographic information was obtained from all sub-
jects prior to data collection. Elapsed time since most recent concussion and
concussion history was also recorded for concussed subjects.

Subjects who were non-native English speakers were excluded due to test
materials being available solely in English. Subjects who had undergone neu-
ropsychological assessment within the past six months, were currently taking
stimulant medication, or reported a history of learning disability, autism, mental
retardation or ADHD were excluded in order to ensure adequate power by re-
ducing variability. Control subjects who reported suffering a head injury within
the past two months were also excluded.

Measures

King-Devick (K-D) Test: The K-D is a neuropsychological test that measures
the speed at which a subject performs eye saccades through the rapid reading
of a string of numbers (Galetta et al., 2011a; Galetta et al., 2011b). Subjects read
aloud a random sequence of single digit numbers presented on a card from left
to right. Subjects are instructed to read the numbers as quickly as possible with-
out making any errors. Test administrators demonstrate the task on a sample
card, after which subjects complete the task for three total cards that increase in
difficulty. Subjects are timed while reading each card and the total sum of the
three test card times constitutes the test score. Number of errors made during
card reading is also recorded. The K-D has demonstrated high levels of validity
and test-retest reliability (0.97) (Galetta et al., 2011b).

Additional Measures

The Hopkins Adult Reading Test (HART) (Schretlen et al., 2009) was included
to determine whether any differences in K-D performance might be explained by
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different levels of general intellectual ability of academic experience within this
relatively homogenous sample. The HART is a test of oral reading of irregularly
spelled words that provides an estimate of pre-morbid IQ when combined with
demographic data. Standardized and well-validated neuropsychological meas-
ures of visual scanning and attention, auditory working memory, speed of infor-
mation processing and motor speed were included to assess residual effects of
concussion independent of K-D results and to assess convergent validity of the
K-D. Measures included the Trail Making Test (TMT) (Tombaugh, 2003). Brief
Test of Attention (BTA) (Schretlen, Bobholz & Brandt, 1996), and the Finger Tap-
ping Test (FTT) (Morrison, Gregory & Paul, 1979).

Statistical Analyses
Independent samples t-tests were used to assess group differences between
concussed and non-concussed subjects and between those concussed subjects
with and without a history of prior concussion. The relationship between K-D re-
sults and other cognitive test results was determined using Pearson’s correlation
coefficient.

RESULTS

Sample Characteristics
There were no differences between concussed and non-concussed subjects
in gender, age, or level of education (see Table 1).
The non-concussed group was more racially heterogeneous, probably reflect-
ing the greater racial heterogeneity of the university undergraduate population
compared to the mostly white populations served by the concussion clinic.

Presence of Concussion
Cognitive Test Performance is presented in Table 2. It was found that con-
cussed subjects took longer to complete the K-D than did non-concussed sub-
jects (p<.001). They also were able to recall fewer numbers and letters on the
BTA (both p<.05). The groups did not differ on the other measures (TMT-A & B,
HART or FTT with either hand).

Table 1. Demographics

Concussed Non-Concussed
(n=13) (n=17)

Female, n (%) 6 (46) 7 (41)
Race, n (%)

Caucasian 12 (92) 11 (65)

African American - 2(12)

Asian 1(8) 4 (24)
Age, mean years + SD 20.5+1.6 19.8+£1.2
Education, mean years + SD 14.4+1.2 144 +1.1
History of Prior Concussion, n (%) 7 (54) --
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Table 2. Cognitive Test Performance

Concussed Non-Concussed
Mean K-D Time (seconds)** 0:56.2 £ 0:12.8 0:46.4 £ 0:06.7

Prior Concussion (seconds) 1:00.9 £ 0:13.7 --

No Prior Concussion (seconds) 0:50.7 £ 0:10.2 --
Mean K-D Errors 23+ .44 29 +.69
Mean BTA Numbers Score* 80+1.9 84+14
Mean BTA Letters Score* 75+1.9 8.6+1.2
Mean Trails A Time (seconds) 33.6 +£08.3 27.4+104
Mean Trails B Time (seconds) 61.6+10.1 52.6£15.2
Mean HART Score 223454 23.6+4.4
Mean Finger Tapping Score (Dominant) 48.7+11.6 48.6+9.3
Mean Finger Tapping Score (Non-Dominant) 444+93 447+£79

* p<.05, ** p< .01

Prior History of Concussion

Concussed subjects with a prior history of concussion took approximately 10
seconds longer to complete the K-D than concussed subjects without a prior his-
tory of concussion, a difference that did not reach statistical significance (p=.16).
Concussed subjects without a prior history of concussion performed similarly to
non-concussed subjects. Concussed subjects with a history of concussion also
performed worse on the FTT (non-dominant) than concussed subjects without
a history of concussion (p<.05).

Convergent Validity: K-D time was associated with BTA Numbers (r= -0.40,
p<.05), BTA Letters (r = -0.55, p < .01), TMT-A time (r= 0.62, p < .01), TMT-B
time (r = 0.48, p<.05) and FTT (Dominant Hand) (r= -.48). K-D time was not as-
sociated with performance on the HART (r = -0.09) or FTT non-dominant hand
performance (r =.-36).

DISCUSSION

Results of this study suggest that the K-D is sensitive to the persisting effects
of a concussion in the days and weeks following injury. Concussed subjects took
significantly longer to complete the K-D than did non-concussed subijects.
Groups also differed on BTA performance, indicating that the observed difference
in K-D performance is unlikely to be an artifact of the K-D’s task demands. This
was true despite similar reading levels and years of education between groups,
implying that differences in performance on the K-D was unlikely to reflect dif-
ferences in broad baseline cognitive abilities. Although groups did not differ on
other standard neuropsychological tests, the performance of the group as
a whole on most of these tests was associated with K-D times. Together, these
findings provide evidence for convergent and criterion validity of the K-D as
a measure of attention and processing speed that is sensitive to persisting effects
of concussion.

The current results are consistent with the findings of Galetta and colleagues
(2011a, 2011b) that recently concussed subjects perform slower relative to their
baseline on the K-D than do non-concussed subjects. Despite a much smaller
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sample size than that in Galetta et al. (2011b) (N = 219), our study was still able
to confirm the association between concussion and performance on the K-D.
Moreover, the current study found a significant difference in performance be-
tween groups despite assessing individuals whose injuries had occurred in the
non-immediate past, suggesting that the K-D is sensitive to differences in cog-
nitive functioning in the days and weeks following injury.

We also showed that performance on the K-D is associated with measures
of other abilities typically affected by concussion and less so with measures that
are typically unaffected. These findings are consistent with previous works sug-
gesting the validity of the K-D (Galetta et al., 2011a; Galetta et al., 2011b; King,
Clark & Gissane, 2012). However, we did find a relationship between K-D Time
and FTT. This may reflect an association between attention span and perform-
ance on the FTT (Friedman, Polson & Dafoe, 1988). Thus, future studies study-
ing the discriminant validity of the K-D might compare performance to neuro-
psychological measures that have less of an attentional component.

Finally, our study found a non-significant trend for subjects with a prior history
of concussion to take longer to complete the K-D than subjects for whom this
was their first concussion. A growing literature suggests that individuals with
a history of concussion perform worse on neuropsychological tests of attention
and visuospatial skills than those who have suffered only one concussion
(Guskiewicz et al., 2003). Our study further found that concussed subjects with-
out a prior concussion and non-concussed subjects performed similarly on the
K-D. Such findings suggest that differences in K-D performance between the
concussed and non-concussed groups are driven by prior concussion history.

Limitations and Future Research

The relatively small sample size limited our ability to find significant differences
in K-D performance between concussed subjects with and without a prior history
of concussion. Further, as Chantsoulis and coworkers (2015) have noted, cog-
nitive symptoms that develop after brain injury vary from one individual to an-
other, and the severity of these symptoms may change over the course of
recovery and rehabilitation. Larger studies recruiting a greater number of con-
cussed participants, including those with and without prior history of concussion,
would better be able to draw conclusions in these areas.

The concussed and non-concussed groups were matched for gender and
age, but we were unable to control for differences in racial composition between
the groups. Specifically, there was greater racial heterogeneity within the non-
concussed group than within the concussed group. This difference between
groups is the result of the comparatively more racially diverse University popu-
lation relative to the predominantly white population served by the clinic.

We cannot rule out the possible role that diagnosis threat played in this study
(Chantsoulis et al 2015). Concussed subjects were made aware at consent that
they were being included in the study on the basis of their concussion. As Suhr
and Gunstad (2010) have demonstrated, subjects who are reminded about their
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history of prior head injury tend to perform more poorly on neuropsychological
tests and report putting less effort into completion of such tests than subjects
with a similar head injury history that are not reminded of their medical history.
Thus, differences in performance on the K-D between concussed and non-con-
cussed subjects may to some degree reflect the tendency for concussed subjects
to see themselves at a disadvantage in relation to the non-concussed group.
However, given the mild dose effect found in relation to prior history of concus-
sion (albeit non-significant), there appears to be some relationship between con-
cussion and K-D performance that diagnosis threat fails to explain.

Furthermore, given that the K-D was intended to serve as a test-retest meas-
ure, the lack of baseline data in this study may limit sensitivity. It is possible that
the concussed group had more limited cognitive abilities than the non-concussed
group even prior to their head injuries, and thus differences in performance may
simply be the result of these non-injury related disparities. That said, this study
found little difference between the groups in vocabulary and education levels,
suggesting that they likely had similar baseline cognitive capacities.

Despite these limitations, the current results show that the K-D was capable
of detecting differences in performance between concussed and non-concussed
subjects, and performance on the K-D was both related to other tests that are
sensitive to the persisting effects of a concussion and relatively unrelated to tests
that are not sensitive to these effects. These results were found despite a small
sample size and the injury occurring as much as 60 days prior to assessment.
Simple, cost-effective tests that are sensitive to these effects in the longer-term
aftermath following injury might contribute to early identification of vulnerable in-
dividuals and to our understanding of the specific skills and abilities that are most
impacted. Future research utilizing a larger sample size provide further information
about the validity of the K-D, and comparison of performance on the K-D to that of
a greater variety of neuropsychological assessments might further our understand-
ing as to the specific constructs that the K-D is capable of assessing.
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