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Context: The King-Devick (KD) test has received consider-
able attention in the literature as an emerging concussion
assessment. However, important test psychometric properties
remain to be addressed in large-scale independent studies.

Objective: To assess (1) test-retest reliability between trials,
(2) test-retest reliability between years 1 and 2, and (3) reliability
of the 2 administration modes.

Design: Cross-sectional study.

Setting: Collegiate athletic training facilities.

Patients or Other Participants: A total of 3248 intercolle-
giate student-athletes participated in year 1 (male =55.3%, age
=20.2 * 2.3 years, height =1.78 = 0.11 m, weight =80.7 =
21.0 kg) and 833 participated in both years.

Main Outcome Measure(s): Time, in seconds, to complete
the KD error free. The KD test reliability was assessed between
trials and between annual tests over 2 years and stratified by
test modality (spiral-bound cards [n = 566] and tablet [n = 264]).

Results: The KD test was reliable between trials (trial 1 =
43.2 + 8.3 seconds, trial 2 = 40.8 = 7.8 seconds; intraclass

correlation coefficient [ICC] (2,1) = 0.888, P < .001), between
years (year 1 = 40.8 * 7.4 seconds, year 2 = 38.7 = 7.7
seconds; ICC [2,1]1=0.827, P < .001), and for both spiral-bound
cards (ICC [2,1]=0.834, P < .001) and tablets (ICC [2,1]=0.827,
P < .001). The mean change between trials for a single test was
—2.4 = 3.8 seconds. Although most athletes improved from year
1 to year 2, 27.1% (226 of 883) of participants demonstrated
worse (slower) KD times (3.2 = 3.9 seconds) in year 2.

Conclusions: The KD test was reliable between trials and
years and when stratified by modality. A small improvement of 2
seconds was identified with annual retesting, likely due to a
practice effect; however, 27% of athletes displayed slowed
performance from year 1 to year 2. These results suggest that
the KD assessment was a reliable test with modest learning
effects over time and that the assessment modality did not
adversely affect baseline reliability.

Key Words: mild traumatic brain injury, vision, oculomotor,
baseline testing, psychometric properties

score.

Key Points

* The King-Devick test was a reliable test with a modest learning effect over time.
» The assessment modality did not seem to adversely affect baseline reliability.
» Improvements in time between trial 1 and trial 2 reinforce the recommendation that 2 trials are needed for a baseline

» Among otherwise healthy collegiate student-athletes, 27% scored worse (ie, “failed”) their year 2 baseline test,
emphasizing the need for a multifaceted concussion-assessment battery.
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become a public health concern, with more than 4

million US emergency department visits annually.!
Early detection of concussion improves patient outcomes;
thus, a valid, sensitive, and easily administered assessment
battery is a vital component of the sideline examination.?>
The most popular sideline examination is the evolving
version of the Sport Concussion Assessment Tool
(SCATS), which is a multifaceted assessment that tests
cognition and balance and includes self-reported symp-
toms.*® However, visual disturbances, such as deficits in
saccadic movement, accommodation, and convergence, are
commonplace in both adolescents and adults and, therefore,
visual assessments are typically abnormal postconcus-
sion.”? The SCATS5 does not test the vestibular-ocular
system; hence, a valid, reliable, and clinically feasible
visual assessment may improve concussion management.*

The King-Devick (KD) test was created in 1976 by Alan
King and Steven Devick'® to evaluate horizontal-saccade
performance in relation to reading difficulties in children
and was adapted for use with concussion screening'! in
2011. A substantial number of the brain’s circuits are
involved in vision; as a result, an efficient visual evaluation
is an appropriate addition to the multifaceted concussion-
assessment battery.'? The KD, which is a rapid number-
naming assessment, is sensitive to vestibulo-ocular changes
caused by concussion (sensitivity = 86%, specificity =
90%); the test involves complex cognitive function
including visual-motor coordination, language function,
and attention and can be completed in about 2 minutes.'*'*
The authors' of a systematic review identified a mean
decrease (slowing) of 4.8 seconds on the KD test after a
sport-related concussion compared with baseline, whereas
nonconcussed athletes demonstrated a 1.9-second improve-
ment in test performance. When the KD was added to the
multifaceted concussion-assessment protocol of cognitive
and balance testing and self-reported symptoms, the
sensitivity improved to 100%, thereby supporting the
inclusion of visual screening.!*1°

The most common concussion-management practice
pattern for athletic trainers is to perform a baseline
assessment when the student-athlete begins intercollegiate
athletics and then reassess after a suspected concussion by
comparing the results.*® Thus, the reliability of a test over
time is a critical component of its efficacy, as common
cognitive and balance tests demonstrate improvements with
repeated administrations over time, likely secondary to a
practice effect.'”'® Similarly, the KD has an inherent and
expected learning effect with mean improvements of 2.8
seconds (faster) between 2 baseline trials and up to 6.4
seconds improvement between test administrations during
the season.'*!*2° The baseline KD test consists of 2 trials.
Because of the repetitive nature of the test, clinicians have
anecdotally questioned the need for the second trial of the
baseline test. No prior researchers have investigated the
between-trials reliability of the KD test to ascertain if 2
trials are necessary for a baseline score.

Overall, the reliability of the KD test in healthy
individuals has ranged from moderate to excellent (intra-
class correlation coefficient [ICC] = 0.74—0.92) in boxers,
mixed martial arts fighters, and collegiate student-athletes;
however, many of these tests were administered over
relatively short periods of time.'''*?° Less is known about

T he identification of concussion in athletes has

the year-to-year test-retest reliability, which is important
because the test score after a suspected concussion may be
compared with a baseline score obtained years prior.>¢ In
a recent large study?® of National Collegiate Athletic
Association (NCAA) student-athletes, reliability was only
moderate (ICC =0.74), with a 2.9-second improvement in
the second year of testing, which raises concerns about
test efficacy. Furthermore, current findings?!*?> suggested
that both reading level and test modality influenced
performance on the KD test. Finally, the KD test has
recently undergone a methodologic change from spiral-
bound cards to a computerized tablet version. Early
results?® indicated differences in performance time
between the modalities, which might also translate to
differences in reliability.

The KD test has received considerable attention in the
literature as part of an emerging concussion-assessment
approach.?* However, important test psychometric prop-
erties remain to be addressed in large-scale independent
studies. Despite the high reliability, the manufacturer
recommends that annual baseline assessments be per-
formed in individuals age 10 and older, which may
become time consuming and expensive when entire teams
or athletic departments must be evaluated.?> Although
preliminary annual reliability data from the NCAA-
Department of Defense (DoD) Concussion Assessment,
Research and Education (CARE) data set were previously
presented,?® our aim was to expand on these findings by
including important clinical considerations. Therefore, we
had 3 goals: to assess (1) test-retest reliability between
trials, (2) test-retest reliability between years 1 and 2, and
(3) reliability stratified by administration modality (spiral-
bound cards or tablet). We hypothesized that the KD
would have good reliability (ICC > 0.75), but a clear
practice effect would be present with repeat administra-
tion.

METHODS
Participants

Participants (N = 3248) were recruited from an ongoing
prospective cohort study, the CARE Consortium, sponsored
by the NCAA and the DoD (Tables 1 and 2). Detailed
information regarding the methods has been previously
published®* and therefore is only summarized here. The
Concussion Research Initiative of the Grand Alliance
started in 2014 and involved NCAA varsity athletes and
cheerleaders from 29 institutions who underwent yearly
baseline and postconcussion assessments using standard-
ized measures of concussion symptoms and clinical testing.
The KD test was offered as an optional assessment (level
B), and 5 institutions chose to include it in their protocols.
The inclusion criteria were participation as a varsity NCAA
intercollegiate student-athlete between July 2014 and
August 2016 and a valid KD baseline score. The exclusion
criteria were an invalid test (eg, incomplete test, errors on
both tests) or incomplete participant information in the
database. All participants provided written informed
consent, as approved by each institutional review board
and the University of Michigan Human Research Protection
Office, at their respective institutions before the study.
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Table 1. Participant Demographic and Anthropometric Values
Males,

Characteristic ~ No. % Age, y Height, m  Weight, kg

Between trials 3248 55.3 20.2 =23 1.78 = 0.11 80.7 = 21.0

Between years 833 59.8 198+ .2 1.80=*=0.11 821 =214

Procedures

Before sport activity, all participants completed a
baseline KD assessment (King-Devick Test, Inc, Oakbrook
Terrace, IL) using either the spiral-bound cards (n = 2303)
or tablet (n=945) version as part of the CARE protocol and
consistent with the manufacturer’s recommendations.?® The
KD test consists of 4 cards (card version) or screens (tablet
version). The first card or screen is for demonstration
purposes, with 3 subsequent testing cards or screens. The
spiral-bound cards have 8 rows of 5 single-digit numbers
placed at random positions in each row. Vertical separation
is 0.75 in (1.91 cm) on cards 1 and 2 and 0.25 in (0.64 cm)
on card 3. In the tablet version, the same numbers are
presented with consistent spacing on consecutive screens.
Using the spiral-bound cards, participants are asked to read
out loud the digits on the 3 testing cards from left to right,
top to bottom, as quickly as possible without making errors.
The total time to complete the 3 test cards is the first trial
time. Two trials are administered, and the fastest time
without any errors is recorded as the final baseline test
score. A mistake that is not quickly corrected before the
individual moves on to the next digit is considered an error.
Cards are held at normal reading distance and corrections
for nearsightedness are allowed; however, participants are
not allowed to trace the numbers on the cards with their
finger or hand. The researcher used a stopwatch to obtain
the time required for the participant to read the digits on
each card. For the tablet version, the participant started and
stopped each trial by touching the tablet screen. Throughout
the study, all participants were consistently tested using
either the cards or a tablet. According to the CARE
protocol, they were tested annually; however, test admin-
istrations may have varied between years, which is
common in concussion management.>¢

Table 2. Participants’ Sports

No. (Cyo)
Sport Between Trials Between Years
Football 858 (26.4) 261 (31.3)
Cross-country/track and field 550 (16.9) 147 (17.6)
Soccer 360 (11.1) 117 (14.0)
Rowing/crew 218 (6.7) 13 (1.6)
Basketball 211 (6.5) 60 (7.2)
Volleyball 136 (4.2) 47 (5.6)
Baseball 187 (5.8) 40 (4.8)
Lacrosse 154 (4.7) 24 (2.9)
Swimming 153 (4.7) 31 (3.7)
Softball 122 (3.8) 23 (2.8)
Gymnastics 74 (2.3) 21 (2.5)
Tennis 80 (2.5) 20 (2.4)
Golf 78 (2.4) 17 (2.0)
Field hockey 35 (1.1)
Diving 25 (<1) 6 (<1)
Not reported 7 (<1) 6 (<1)
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Figure 1. Ranked individual change between trials 1 and 2 for all
participants (N =3248). The time is calculated as trial 1 minus trial 2,
such that a positive number reflects a decreased (faster) perfor-
mance in trial 2.

Statistical Analysis

This was a prospective longitudinal study, and the
dependent variable was the best total time (score) for each
participant. Descriptive statistics were calculated for the
KD test score, and differences were calculated as second
administration minus first administration either within (aim
1) or between (aim 2) years; thus, negative numbers
reflected faster performance. To address the 3 purposes of
this study, agreement between measurements was analyzed
using 2-way mixed-effects ICCs with absolute agreement
(ICC [2,1]). For aim 1, the test-retest reliability between
trials for all participants with 2 valid test scores during their
year 1 baseline test (N = 3248) was compared. The ICC
values were interpreted as <0.5 = poor, 0.5 to 0.74 =
moderate, 0.75 to 0.90 = good, and >0.90 = excellent.*” To
evaluate the second aim, test-retest reliability over the
course of a year, participants with 2 valid test scores a year
apart (n = 833) were calculated. Finally, reliability was
stratified by modality (cards = 566, tablet = 264) over the 2
years. We compared changes between trials and years using
paired-samples  tests and calculated effect sizes (Cohen d).

RESULTS
Trial Test-Retest

A significant intraclass correlation was present within
years between trials 1 and 2 for all participants (trial 1 =
432 *= 8.3 seconds, trial 2 = 40.8 = 7.8 seconds; ICC =
0.888, P < .001). The paired-samples ¢ test identified a
change between trials (r = 34.9; 95% CI = 2.22, 2.48
seconds; P < .001, d = 0.29). The mean change between
trials was —2.4 * 3.8 seconds, the mode was 0.0 seconds,
and the median was —2.2 seconds. Most participants
(76.8%, 2495 of 3248) improved (ie, had a faster time)
on trial 2 (Figure 1).

Annual Test-Retest

A significant positive correlation existed between year 1
and year 2 test scores across modalities (year 1 =40.8 =
7.4 seconds, year 2 =38.7 = 7.7 seconds; ICC = 0.827, P
< .001). We noted a difference between the 2 years (t =
13.1; 95% CI = 1.71, 2.32 seconds; P < .001, d = 0.27).
The mean change between years was —2.0 = 4.5 seconds,
the mode was —2.0 seconds, and the median was —2.1
seconds. Most participants (72.6%, 605 of 833) improved
(had a faster time) during year 2 testing (Figure 2).
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Figure 2. Ranked individual change between years 1 and 2 for all
participants (N =833). The time is calculated as year 1 minus year 2,
such that a positive number reflects a decreased (faster) perfor-
mance in year 2.

Stratified by Modality Reliability

When the tests were stratified by modality, the significant
positive correlations for both versions persisted. For the
spiral-bound cards, the ICC was 0.834 (year 1 =39.9 = 7.3
seconds, year 2 = 38.4 = 8.1 seconds; P < .001), which
represented a change (r = 7.84; 95% CI = 1.11, 1.85
seconds; P < .001, d = 0.19) between years. The mean
change between years was —1.5 = 4.5 seconds, the mode
was —1.5 seconds, and the median was —1.8 seconds. Most
participants (67.7%, 383 of 566) improved (had a faster
time) during year 2 testing.

For the tablet version, a significant positive correlation
was demonstrated between years 1 and 2 (year 1 =42.7 =
7.2 seconds, year 2 = 39.5 * 6.8 seconds; ICC = 0.827, P
< .001), which represented a change (¢t = 7.84; 95% CI =
2.67, 3.67 seconds; P < .001, d = 0.46). The mean change
between years was —3.2 * 4.1 seconds, the mode was —2.9
seconds, and the median was also —2.9 seconds. Most
participants (84.1%, 222 of 264) improved (had a faster
time) during year 2 testing.

DISCUSSION

To our knowledge, this was the first large-scale,
independent study examining the reliability of the KD test
across trials, between 2 years, and stratified by test modality
among intercollegiate student-athletes. Our key findings
suggest the KD test had good reliability (ICC = 0.75-0.90)
between trials, between years, and when stratified by test
modality, with a modest, though clinically relevant,
learning effect over time.?” Clinically, it is important to
note that repeat administration annually resulted in mean
improvements (faster performance) of —2.0 * 4.5 seconds;
73% of student-athletes improved their performance from
year 1 to year 2, which was associated with a small effect
size. However, 27% of participants had poorer (slower)
performance in year 2 (range = 0.01-31.2 seconds slower),
raising concerns about test specificity. When we considered
test modality, both the card (ICC =0.834) and tablet (ICC =
0.827) versions had similar reliability. Taken together,
these results suggest that the KD assessment was a reliable
test with modest learning effects over time and that the
assessment modality did not adversely affect baseline
reliability.

The test manufacturer recommends 2 trials at baseline,
and we found that test-retest performance between trials 1
and 2 during year 1 was reliable (ICC = 0.888). The overall
mean time for all trials over both years was 40.4 £ 7.6
seconds, which was slightly slower but generally consistent

with prior KD results among collegiate student-athletes
(36.3-38.7 seconds).'*!5282% It is worth noting that
previous authors predominantly studied samples of 152 to
220 football and basketball players. The largest investiga-
tion consisted of 755 participants, whereas we assessed
participants in 16 sports with more than 3200 baseline tests.
The improvement from trial 1 to trial 2 during year 1 (—2.4
* 3.8 seconds) was also generally consistent with earlier
findings,'* further suggesting a modest learning effect.
Although most participants (76.8%) improved on the
second trial, a minority (22.4%, 725 of 3248) were slower
(mean = SD =2.2 = 2.2 seconds, mode = 0.30 seconds,
median = 1.6 seconds) on the second trial. The reasons for
this decreased performance are unknown, but the finding
reinforces the need to perform multiple trials at baseline.
Future researchers should determine the number of trials
required at baseline before the participant’s performance
truly plateaus and a stable outcome is identified. As with
most concussion-related baseline assessments, attention
must be paid to the motivation to minimize the effect of
poor effort, and future investigators could assess both
motivational strategies and effort level for achieving
maximal performance. To date, no internal validity measure
exists for the KD test; such measures are traditionally used
for cognitive testing.*®

The KD test instructions recommend an annual baseline
test for individuals over the age of 10. Our results indicated
the annual test-retest performance displayed good reliabil-
ity (ICC = 0.827), which was generally consistent with
prior studies (ICC = 0.81-0.90) but higher than in the
preliminary CARE study (ICC = 0.74).2%31733 The overall
improvement in baseline performance was —2.0 = 4.5
seconds, which was less than in prior studies'*?7-31:34 of
smaller populations involving shorter intervals between
tests, where improvements of 2.8 to 6.7 seconds were
shown. Although the measures of central tendency
demonstrated mild improvements, likely secondary to a
practice or learning effect, the overall range of performance
changes between years was 31.2 seconds (slower) to —16.4
seconds (faster). Furthermore, more than one-quarter
(27.1%) of participants performed more slowly on the
retest, with a mean increase (slower) of 3.2 = 3.9 seconds.
The manufacturer'® stated that any increased time (slower
performance) represented a “failed” test,®> and in individ-
uals with suspected concussions, slower KD performance
times were associated with a 5 times greater risk of
concussion. Therefore, clinicians need to consider that
more than one-quarter of collegiate student-athletes may
perform more slowly during a subsequent test administra-
tion, independent of a concussion, which reinforces the
concept that concussion is a clinical diagnosis supported by
a multifaceted assessment battery and no single test should
ever be used as a standalone diagnostic modality.>™*
Finally, given the time-consuming nature of retesting
hundreds of student-athletes each year, overall test
reliability, cost of the tablet-based assessment, and the
27.1% “failure” rate raise serious questions as to the
necessity of annual KD baseline testing in collegiate
student-athletes.>>*® An important future study will assess
the sensitivity and specificity of the KD test acutely
postconcussion in individuals who have had multiple
baseline tests.
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The manufacturer now recommends that only the
electronic tablet version of the assessment be used because
of reported higher test-retest reliability than for the spiral-
bound cards, incompatibility across test platforms, and
improved testing standardization and to minimize admin-
istration errors.>>?> We identified similar, but not equal,
reliability between modalities, with slightly better reli-
ability for the spiral-bound cards (ICC = 0.834) than the
tablet (ICC = 0.827) version. Previously, Raynowska et
al*®* demonstrated excellent agreement with a strong
positive correlation (ICC = 0.92) between modalities
(spiral-bound cards versus tablet) across a wide range of
ages (725 years) when the same participants took both
tests, but all test results were included, regardless of the
number of errors committed. Conversely, our participants
used the same modality each time, the tests were annual,
and only error-free trials were considered as baseline
scores, which could explain the lower reliability. From a
reliability perspective, these results do not support the
elimination of the spiral-bound cards for test administra-
tion. Further, the spiral-bound cards may be more
clinically feasible given the substantial costs associated
with the tablet version of the test. Among collegiate
student-athletes, the spiral-bound cards resulted in faster
(2.8 seconds) performance than the tablet version, but the
reliability was not established.?? Thus, further investiga-
tion of postinjury specificity and sensitivity between
modalities is required to more thoroughly address the
modality selection.

These results are limited to collegiate student-athletes
whose institutions were participating in the CARE study,
which must be considered when extrapolating to other
populations. The participants represented a diverse array
of 16 sports at 5 institutions, which is a strength of the
research. However, despite the standardized instructions,
the tests were administered by numerous staff members at
5 institutions and were thus subject to intertester
variability, which likely mirrors clinical practice.® More-
over, to maintain the ecological validity of the outcomes,
we did not exclude participants who sustained concussions
during the year, which could have influenced the test
outcomes. As the KD test has become more recognized in
recent years, it is possible participants had taken this test
before becoming involved in CARE (eg, in high school),
which might have influenced the reliability outcomes.
Finally, the test’s reliability over additional years is
currently unknown.

In this large sample of collegiate athletes across 16
sports, the KD test was reliable from trial to trial (ICC =
0.888), between years (ICC = 0.827), and when stratified
by modality (spiral-bound cards ICC =0.834, tablet ICC =
0.827). As expected, a mild practice effect was noted with
a 2-second improvement between years, but caution must
be exercised when interpreting the outcomes. Wide
performance ranges were noted, with 27.1% of partici-
pants having slower KD times in year 2 than in year 1,
which could be misclassified as “failing” the test, thereby
reinforcing the importance of having a trained health care
provider make the clinical diagnosis of concussion. Future
independent investigators should continue to explore KD
test determinants and psychometric properties, both at
baseline and postconcussion, to achieve continuous
improvements in concussion diagnosis and management.
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