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EASUREMENTS must be valid and reliable

to make critical clinical decisions that are

based on test scores. Recently, the useful-

ness of neuropsychological (NP) tests in
the management of sports-related concussions has
been questioned.' Randolph et al.! concluded that
no NP tests had established evidence in key areas to
support their clinical application. The authors admit-
ted that there is a theoretical rationale for the use of
NP tests in concussion management, but they did
not provide reasons that the data derived from them
do not support clinical use. The key criteria used to
determine usefulness were components validating
existing NP tests. Some of these tests were designed
for other purposes, and we are forcing them to fit a
sports medicine application.

An NP test in sports must function as a measure
that can identify immediate changes in cognitive
function and then provide an indication of changing
status throughout the recovery period. The overall poor
performance of NP tests, including paper-and-pencil
tests and some computer tests, may be influenced by
more fundamental issues relating to the design of the
test. Many existing NP tests have been constructed
for populations other than athletes with sports-related
concussion and are administered in an unintended
manner (serial testing). The purpose of this report is
to provide a critical review of design assumptions and
related psychometric issues that may contribute to the
poor performance of NP tests. It is also important to
note that these measurement issues may be relevant
to other methods used in the assessment of concus-
sion, such as mental status ratings, symptom scales,
and postural stability measures.

Design Assumptions
and Psychometric Problems

To fully understand the critical psychometric problems
of concussion tests, several major measurement con-
cepts must be addressed, including reference standard
and interpretations, ceiling effects, and other psycho-
metric properties.

Reference Standard and Interpretations

There are two kinds of test practice and score inter-
pretations employed in concussion testing. The most
popular practice is the individual-centered standard,
which is based on the assumption that the latent abil-
ity is normally distributed and that the test has the
ability to discriminate well at all ability levels. Thus,
an individual-centered standard is very much like a
norm-referenced standard, which involves compari-
son of a score to a normative value that is based on a
large sample. The difference in concussion testing is
that the score is not compared with a normative value,
but rather the preconcussion score of the individual.
In Figure 1, an individual-centered standard for inter-
pretation is used to identify change.

In the example, two individuals of different ability
levels were baseline tested, and confidence intervals
were calculated for the observed performance scores.
Both experienced a concussion, and the postconcus-
sion test is compared to the baseline reference point
to assess decline in cognitive function. This is done by
comparing the postconcussion test score to the base-
line (preconcussion) score and the confidence interval.
If the postconcussion score falls outside the confidence
interval limit, then change is confirmed. The important
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and the use of an individual-centered standard for postconcussion test
score interpretation (2 individuals with different baseline test scores
and different postconcussion test scores).

issue with an individual-centered standard is its degree
of accuracy for identification of improved status, on
which a decision about fitness for return to sports
may be based.

The second practice in concussion testing is the cri-
terion-referenced standard, most recently proposed by
McCrea et al.,> which does not require baseline testing.
This method uses a population cut-off score to identify
group membership. A criterion-referenced standard
does not involve comparison of an individual’s per-
formance to that of others who have also been tested.
Rather, it compares the individual’s performance to a
well-defined performance standard for interpretation of
the score’s meaning.” A criterion-referenced standard
may be used to identify the existence of psychopathol-
ogy or to define an acceptable skill level in a specified
psychological domain.* The development of a crite-
rion-referenced standard for concussion assessment
is based on the assumption that any concussion will
produce NP dysfunction beyond a certain threshold
of injury severity. The authors who proposed this
method later changed their advocated approach to
the individual-centered standard.>® It is important to
note that this change appears to have been the result
of the NP test’s poor performance and not the result
of a systematic investigation. McCrea et al.° reported
that the 25 point threshold accurately identified mild
traumatic brain injury (MTBI) on the Standardized
Assessment of Concussion. Currently, most NP tests
have not addressed this conceptual dilemma for score
interpretation.
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Figure 2 Depiction of the use of a criterion-referenced standard (cut-
off) for postconcussion test score interpretation (2 individuals with dif-
ferent baseline test scores, but the same postconcussion test score).

Figure 2 further illustrates the use of a criterion-
referenced standard. Two people of different baseline
ability levels (indicated by the white circles) experience
a concussion. Both individuals on the postconcussion
testing had similar scores. The important aspect of
the criterion-referenced standard is that the baseline
ability level does not influence the interpretation of the
postconcussion test results. The dysfunction resulting
from the concussion causes the injured athletes to
score below a level that identifies an appropriate cut-
off score. This cut-off score could then be used without
baseline tests to indicate dysfunction. Both individuals
in this example scored below the cut-off score (vertical
line), indicative of cognitive dysfunction.

Criterion-referenced score interpretation for
clinical decision-making does not lack evidence of
clinical benefit. Perhaps the most widely used scale for
quantification of injury severity is the Glasgow Coma
Scale (GCS), which measures level of consciousness
and uses criterion-referenced interpretation.” Most
emergency medicine professionals regularly use this
scale to categorize a patient’s level of consciousness.
The GCS is not a NP test, but it does uses a criterion-
referenced approach and multiple cut-off scores for
the classification of traumatic brain injuries as mild,
moderate, and severe. GCS scores between 13 and 15
are considered to represent a range of consciousness
states that includes both a normal state and the state
associated with mild traumatic brain injury. Thus, the
GCS is not sufficiently sensitive to differentiate between
patients experiencing mild cognitive impairment from
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MTBI and those who do not have an impairment. This
limitation has lead to the development of NP tests,
which are intended to have sufficient sensitivity to
detect small changes in cognitive function.

Surprisingly, the type of reference standard that
should be used to interpret the extent of cognitive
dysfunction associated with the NP test score of an ath-
lete has sustained a concussion has not received very
much consideration. The use of either an individual-
centered standard or a criterion-referenced standard
varies among the existing NP tests. This fundamental
concept dictates the manner in which the test is con-
structed and the manner in which the resulting score
is interpreted.

Test Assumptions for Interpretation Standards Not Satisfied

The individual-centered standard and the serial test-
ing protocol used today present unique psychometric
demands that must be considered during scale devel-
opment and score evaluation. The Concussion in Sports
Group® has identified the individual-centered standard
as the fundamental basis of NP testing, which requires
baseline preconcussion testing and serial postcon-
cussion follow-up testing. This approach is based on
the assumption of normally distributed ability levels
among the members of the population, a distribution
characterized by a bell-shaped curve. Reaction time
measurements support the individual-centered stan-
dard for assessment of concussion effect, because
baseline scores are normally distributed.” The test must
accurately measure all ability levels, which is directly
related to test-retest reliability.

There appears to be a significant discrepancy
between the published results of NP tests and the basis
for the recommendation to utilize an individual-cen-
tered standard. It seems that most NP test developers
selected items that should be used for construction of
a criterion-referenced test. The nature of the questions
selected are basic and the degrees of item difficulty
do not represent a wide range of ability levels. The
expectation of a postconcussion decrease in perfor-
mance may have influenced the development strategy.
This problem may impose severe limitations on the
accuracy of preconcussion baseline scores. Lacking
a valid baseline measure, no valid interpretation of
postconcussion measures can be derived from the
individual-centered standard.

Although some tests are designed for strict score
interpretation with either an individual-centered stan-
dard or a criterion-referenced standard, it is possible

to successfully construct a test that can be interpreted
using either standard. Through prospective research
and systematic clinical observations, an individual-
centered standard for score interpretation can facilitate
development of a criterion-referenced interpretation.*
This can be achieved by accurately measuring all abil-
ity levels among members of the population. As the
understanding of the range of ability levels increases,
characteristics associated with various score levels will
support development of a criterion-referenced score
interpretation. The potential use of both interpreta-
tion standards is needed for assessment of cognitive
changes attributable to MTBI. The test must identify a
dysfunctional state and then measure the amount of
change in the dysfunctional state periodically through-
out the recovery period. Relative performance of the
individual in relation to the ability continuum and
accuracy in classification of cognitive change must
both be addressed for optimal benefit to be derived
from NP tests. A major limitation of NP tests may be
attributable to ceiling effects.

Ceiling Effects

It is common for some sections of popular NP tests to
present significant ceiling effects.’® A ceiling effect is
problematic, because it indicates that the test cannot
accurately measure every individual’s true baseline
ability (i.e., the upper-level baseline ability of some
individuals is underestimated). A ceiling effect presents
a major problem for use of the individual-centered
standard and serial testing protocol used by some NP
tests. How can underestimated baseline values be used
to accurately quantify dysfunction? An example of this
problem presented by a ceiling effect is illustrated in
Figure 3. In this example, two individuals having differ-
ent latent ability levels receive the same score because
there are no items that discriminate between them.
If both experience a concussion, it is possible the test
score will not accurately represent the extent of cogni-
tive impairment in one or both individuals. However,
the test will be able to identify a person with an ability
level that is lower than the ability level of those who
receive the ceiling score.

This discrepancy between the true ability distri-
bution and the observed score distribution is a major
measurement concern. This problem may relate to
the possible connection between vulnerability to con-
cussion and learning disabilities.” It is unlikely that
latent ability cognitive function has a naturally skewed
distribution; the likely cause of a skewed distribution
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figure3  Depiction of a test score ceiling effect (2 individuals with dif-
ferent ability levels, but the same baseline test score).

of cognitive function scores a poorly designed scale.
Further research will help to guide development of an
NP test that appropriately utilizes an individual-cen-
tered standard for score interpretation.

A ceiling effect may be due to a discrepancy
between the score distribution and the ability distribu-
tion. If abilities in the various dimensions of cognitive
function are normally distributed, but the observed
NP test scores are not, the test was poorly constructed
from a psychometric perspective. A test that does not
contain any difficult items violates the assumption on
which the test scores are interpreted. A solution to the
ceiling effect is illustrated in Figure 4. In this example,
a greater number of difficult items are needed to avoid
a ceiling effect and to more accurately measure cogni-
tive ability at baseline testing. The test must include
items that represent the entire continuum of cognitive
ability for the score distribution to match the ability
distribution.

NP testing is considered a vital tool for quantifi-
cation of an individual athlete’s cognitive function;
however, there are many problems that preclude heavy
reliance on NP testing as a diagnostic tool for MTBI.
It is estimated that as many as 50 % of subtle brain
injuries are not detected by NP testing.'? Because many
NP tests have a low ceiling, the baseline preinjury
scores of individuals with high-level cognitive ability
may fall within a normal mid-level range. If this is the
case, the NP test will not possess sufficient sensitivity
to identify a postconcussion decrease in function.'®'?

figurel  Depiction of a discrepancy between a true ability distribution
and the score distribution of test that has a ceiling effect (test items
represented by black squares do not adequately assess the entire
continuum of ability levels; white squares represent items that assess
high-level abilities, which would improve test sensitivity if added).

A low ceiling may account for the failure of NP test to
detect evidence of relative mild brain injuries.

The validity of an NP test score is heavily depen-
dent upon the clinical knowledge and expertise guid-
ing the test designers’ selection of items to represent
various cognitive functions. Relatively easy items that
assess memory, attention, and information processing
represent basic cognitive functions that are commonly
affected by MTBI. More difficult items may be needed
to assess high levels of intelligence, learning, and lan-
guage. Lezak'’ has suggested that memory and learning
are central to all cognitive functioning, but the different
dimensions of cognitive functioning may not be easily
distinguishable from one another. The possible overlap
in the dimensions may be important to understand to
greater degree for construction of a better NP test.

Figure 5 illustrates the idea that some dimensions
of cognitive function might be easier to perform than
others, which may be responsible for an NP test ceiling
effect. Assuming the existence of a strong relationship
between the various dimensions, a more sensitive
unidimensional representation of cognitive function
might be achieved through the addition of items that
assess more difficult aspects of cognitive function,
such as learning and language. This approach is com-
monly used to assess learning in educational settings.
For example, a math test may be designed to assess
different math abilities, such as addition, multiplica-
tion, and algebra, yet all of the test items of varying
levels of difficulty collectively estimate the math abil-
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figure5  Depiction of the theoretical contributions of component cog-
nitive abilities of differing levels of complexity (assessed by various
test items) to a unidimensional representation of cognitive function
(test score).

ity of the examinee. This approach may also work for
quantification of preconcussion and postconcussion
cognitive ability.

Other Psychometric Concerns

In addition to concerns about NP test design and score
interpretation, there are other issues that must be
considered to ensure that valid and reliable concussion
assessment measures are obtained. Every NP test item
should be subjected to extensive psychometric analysis
for determination of its difficulty level and discrimina-
tion capability. The test administration duration and
the possible existence of practice effects should also
be examined. Current NP test designs and the manner
in which NP test scores are utilized raise concerns
about the psychometric properties of the tests. These
issues are exceedingly complex. Advanced knowledge
of instrument design methodology, including Rasch
analyses and computer adaptive testing, is essential
for development of a psychometrically sound and suf-
ficiently sensitive NP test.

Conclusions

NP tests developed by content experts, even those
designed by respected professionals who have had
significant clinical experience, must have their psycho-
metric properties thoroughly evaluated. The relatively
poor performance of currently available NP tests may

be attributable to test design inadequacies and utili-
zation of inappropriate test score interpretation stan-
dards. NP test items must adequately measure both
baseline preconcussion cognitive ability and follow-up
postconcussion cognitive ability for the test scores to be
utilized in clinical decision making. Improved NP test
design and development of better score interpretation
standards could significantly promote the safety and
well-being of athletes who sustain a concussion. i
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