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Abstract. We examined in a group of 15-year-old adolescents the retest reliability over one week of 7 subscales of the Automated
Neuropsychological Metrics (ANAM), a computerized battery based on standard neuropsychological test measures that is one
of several such batteries available to assess concussion effects. Since the principle behind these computerized batteries is to
assess athletes before injury and after injury to determine the level of deficit and whether the individual is safe to return to play,
it is critical that such batteries have excellent retest reliability. Retest reliability of the ANAM was good, especially for the
aggregate of throughput scores, reaching 0.87, but lower for individual subtests, especially for those measuring only speed of
processing. Thus, the ANAM aggregated score appears to have robust reliability for cognitive measures involving memory and
attention in 15-year-olds. Limitations related to assessing return-to-baseline after concussion in adolescents are discussed.

1. Introduction

Medical management of sports-related concussion
has been a topic of considerable interest in the last
decade. There are now standardized approaches to cog-
nitive evaluation [20] and postural stability [13] that
can be used on the field to assess the concussed athlete.
There are a variety of symptom checklists that have
emerged including the Sport Concussion Assessment
Tool (SCAT) [21]. There has been a major reconsid-
eration of management of the concussed patient in the
emergency room including the advice given to family
on signs and symptoms to watch for [2,11]. Perhaps
the most dramatic change in concussion management
has been the use of neuropsychological tests adminis-
tered prior to injury and re-administered after concus-
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sion to test the athlete’s return to pre-injury status [12,
25]. In this paper we will review the issues and suc-
cess of this innovative use of neuropsychological test-
ing and then assess one of the computer based versions
of tests currently on the market for use with concussion
assessment.

A recent review [28] of concussion and post con-
cussion syndrome provided a model for distinguishing
concussion from mild traumatic brain injury (mTBI)
and post concussion syndrome (PCS). The model uses
the most commonly accepted definition of mTBI and
the one proposed by the American Congress of Reha-
bilitation Medicine and the Centers for Disease Con-
trol: loss of consciousness for no more than 30 min-
utes or amnesia as a result of a mechanical force to
the head, and a Glasgow Coma Score (GCS) of 13 to
15 [3]. The model also uses the most commonly ac-
cepted definition of concussion as established by the
American Academy of Neurology (AAN): a trauma
induced alteration of mental status that may or may not
involve loss of consciousness [15,16]. Although not
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explicitly stated in the AAN definition, concussion is
generally viewed as a transient state from which the in-
dividual will recover fully in a relatively short period of
time [21]. In contrast, mTBI is viewed as a permanent
alteration of brain function even though the individual
with mTBI may appear asymptomatic. Post concussion
syndrome was defined in the Willer and Leddy [28]
model as persistent symptoms of concussion past the
period when the individual should have recovered (3
weeks) and therefore qualifies as mTBI. Neuropsycho-
logical testing is often used to describe the impairment
associated with mTBI and PCS and have done so with
relative success [10,19,22–24,26]. In the current paper
the focus is on the use of neuropsychological measures
to assess concussion and concussion recovery.

Randolph, McCrea and Barr [25] provide an excel-
lent review of the development and use of neuropsy-
chological testing in athletics. Various batteries of tests
were used with college athletes for research and later for
individual diagnosis and return to play decisions [1,19].
The National Hockey and National Football Leagues in
the US established a precedent when they agreed to use
neuropsychological tests to establish a pre-injury base-
line of cognitive performance to which players with
concussion can be compared [18]. The expectation
is that the athlete should return to baseline cognitive
performance before returning to the field of play. The
development of computerized testing programs as op-
posed to paper and pencil tests allowed for baseline
testing of many athletes at once, without requiring a
neuropsychologist on site to oversee the testing proce-
dures [25].

There are a variety of other advantages to the use
of computerized testing procedures. Cernich et al. [9]
provide a historical review of the development of com-
puter based testing and the authors point out a number
of major advantages: (1) more rigorous standardiza-
tion of administration; (2) increased accuracy of tim-
ing (for reaction time tests); (3) ease of administration;
(4) ease of scoring, data storage and data access; and
(5) randomly available alternate testing items. Alter-
nate testing items are necessary to reduce the likelihood
of practice effects with repeated testing. The Cernich
et al. [9] review also points to a number of concerns
regarding the use of computerized tests that warrant
careful consideration when using such tests to assist
in clinical judgments such as return to play decisions.
They discuss the potential for error when using differ-
ent computers and different operating systems at base-
line and post concussion assessment. They also point
out that the level of experience each athlete has with
computers may influence results.

Randolph et al. [25] describe three commercially
available computer based neuropsychological testing
programs including ImPACT (University of Pittsburgh,
USA), CogSport (CogState Ltd., Victoria, Australia)
and Headminder Concussion Resolution Index (Head-
Minder Inc., New York, USA). They also discuss one
computer based assessment program that was devel-
oped by the US military called ANAM (Automated
Neuropsychological Assessment Metrics). Each as-
sessment instrument contains a battery of subtests as-
sessing key cognitive constructs which are vulnerable
to concussion: verbal memory, visuospatial memory,
working memory, processing speed, and general reac-
tion time. The Randolph et al. [25] review then de-
scribes the psychometric standards that must be met be-
fore any computer based assessment of cognitive func-
tion can be used for clinical purposes, such as return to
play decisions. The most critical psychometric issue,
according to Randolph et al. [25] is test-retest reliabil-
ity. If a test does not have high test-retest reliability
then the difference between a baseline score and a post
concussion score may simply reflect the error of retest-
ing rather any real difference in the performance of
the athlete. For clinical decision making Randolph et
al. [25] suggest a test-retest reliability of 0.9 is required.
None of the computer-based testing programs met this
criterion although some had not been rigorously tested.

The purpose of the current study is to examine the
test-retest reliability of ANAM with adolescents. We
selected ANAM for a variety of reasons. ANAM is
not a commercial product. Most of the publications
that describe the psychometric properties of any of the
available computerized testing programs were written
by the authors of the tests. When the authors are also
share holders of the publisher of the program there is
an inherent conflict of interest. This is not to suggest
that authors with a commercial interest in the product
would falsify data but they may have a tendency to
not publish or perhaps not study critical psychometric
properties. In 2005 when Randolph et al. [25] pub-
lished their review, the authors reported there were no
published reliability studies of ANAM or ImPACT and
one published study each for CogSport and Headmin-
der. In the two published studies of reliability, the reli-
ability coefficients of individual sub-tests ranged from
0.31 to 0.82 [25].

ANAM is the result of approximately 30 years of
computerized assessment test development [27]. It
was developed for serial testing and precision measure-
ment of cognitive functioning for the US military. Al-
though ANAM was not developed specifically for con-
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cussion assessment, a sports medicine battery evolved
and has undergone substantial psychometric evalua-
tion [8]. Cernich et al. [8] collapsed the results from
three separate studies in order to describe the psycho-
metric properties of ANAM. One study involved the
administration of ANAM 30 times over a four day pe-
riod and demonstrated that individuals without concus-
sion demonstrate fairly substantial practice effects [6].
The other two studies included high school and college
athletes [7] and freshman military academy cadets [5].
In these latter two studies, ANAM demonstrated con-
sistent correlations with traditional neuropsychologi-
cal measures suggesting adequate concurrent validity.
However, test-retest reliability for each subtest using
the military sample ranged from a low of 0.38 to a
high of 0.87 [8]. There was no test-retest reliability
assessment completed on adolescents.

The purpose of the present study was to examine the
test-retest reliability of ANAM within a relatively ho-
mogeneous population of adolescents (15 and 16 year
olds). We deliberately elected to evaluate ANAM un-
der ideal conditions where participants were assessed
on the same computers, at the same time of day, and on-
ly seven days between administrations. We are aware
that if ANAM is used to establish a baseline and then
assess post concussion changes, the time from base-
line assessment to post concussion assessment would
be much more than one week. Further, none of the
participants in this study had experienced concussion
or had demonstrated any other known condition or ill-
ness that would influence cognitive performance. To be
justified as a concussion assessment program, ANAM
subtests should demonstrate very high reliability under
ideal conditions because they are likely to have reduced
reliability under the less than ideal conditions that gen-
erally characterize most sports medicine applications.

2. Methods

2.1. Participants

Participants were recruited from local high schools.
Volunteers were solicited by the school principals. The
announcement for participants indicated that the re-
searchers were conducting a study of computer test-
ing procedures and volunteers would be compensated
$50 for their participation. Consent of a parent was
required along with assent from the participant. The
consent procedures were reviewed and approved by the
research ethics committee of Brock University. Fifteen

girls and 14 boys with the average age of 15.4 years
(range= 15.0 to 16.8 years) were included in the study.
No volunteers were refused participation. The partici-
pants were average to above average students and none
had failed a grade or had academic difficulty. None had
been diagnosed with a learning disability. All but two
participants were right handed. Medical history was
negative and none of the participants were on prescrip-
tion medication. None of the participants had a history
of concussion. All participants were quite familiar with
computers and required no instruction on the use of the
computer mouse.

2.2. Procedure

Participants came in twice at the same time of day
(primarily afternoons) in a one-week interval. The
sports medicine battery of ANAM [8] was administered
on both occasions using the same stand alone desk top
computer. The only persons present in the room at the
time of the testing were the participant and a research
assistant. The research assistant introduced the task
and assisted with administration of ANAM only when
there was a question. ANAM is, for the most part, self
administered and the instructions on the screen are quite
straightforward to follow. The ANAM sports medicine
battery administered included the following subtests:

1. Code Substitution (CDS): This test uses a
symbol-digit coding paradigm. Participants must
scan a series of codes and match them to digits.
As with all subtests, the participant is provided
with several sample test items and given feedback
on whether they are correct.

2. Code Substitution Delayed (CDD): This test
presents the same symbols as CDS but the partic-
ipant must remember the matching numbers from
the earlier administration. The delay from CDS
to CDD is approximately 10 minutes but depends
on how quickly the participant proceeds through
the intervening subtests.

3. Continuous Performance Test (CPT): This test
is also called the Running Memory Continuing
Performance Test [14]. The task is a continuous
reaction time test using a ‘one back’ paradigm to
assess working memory and sustained attention.
Subjects are required to recall the last letter to
appear on the screen and decide if the current
letter displayed on the screen is the same as or
different from the previous letter.
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4. Mathematical Processing (MTH): The test re-
quires the participant to perform basic arithmetic
functions in order to determine if the three num-
bers presented in an equation with plus or minus
signs are less than or greater than 5.

5. Match-to-Sample (MSP): The test presents the
participant with a 4× 4 red and white block
design which disappears and the participant must
identify which of two designs match the previous
design.

6. Simple Reaction Time (SRT): In this test the par-
ticipant is instructed to press the mouse key im-
mediately upon presentation on the screen of a
simple stimulus (an asterisk). The SRT measure
occurs twice in the battery (beginning and end)
so there is a SRT1 and a SRT2 measure. This
test was designed as a pure reaction time assess-
ment [27].

Each test provides an accuracy score (percent cor-
rect), an average time for correct responses (measured
in milliseconds), and a throughput score (number of
correct responses per minute). Test-retest reliability
was calculated for each and for a composite of the
scores.

Reliability was measured by the Intraclass Correla-
tion Coefficient (ICC) and the Pearson correlation co-
efficient (r). While r reflects the degree to which par-
ticipants’ scores are ranked in the same order on sec-
ond testing with similar magnitudes in individual dif-
ferences, theICC also takes into account any absolute
changes over the two sessions. Such changes could
represent increases in scores due to learning (practice
effects) or automatization, or they could represent de-
creases due to distraction or simple boredom with the
task. Thus, theICC is required to inform us as to how
clinically useful is any individual test score, i.e., how
likely it is that we would obtain exactly the same value
on a second testing. Ther is useful for informing us
as to how discriminating the test is across individuals
in the context of group studies, even if the participants
systematically improve or degrade their scores on a sec-
ond testing. Thus, a highICC value indicates that we
can trust the particular score obtained while ther value
indicates that we can trust the individual differences
indicated by the score.

For purposes of research that compares a target group
against a control group, ther reflects the reliability of
interest. For purposes of assessing an individual, we
need to know that when a test is administered we can
trust its specific value and compare it against norms.
This is especially an issue when we are administering

neuropsychological tests repeatedly in order to doc-
ument recovery. Standard psychological tests often
should not be readministered within a year in order to
reduce any learning or memory effect. Some problem
solving tests cannot be usefully given twice ever be-
cause once the solution is obtained, the second testing
is a measure of the person’s ability to recall the solu-
tion rather than derive it. However, the purpose of the
ANAM is to enable repeated testing without involving
undue learning or memory effects or incurring large
resource costs. Therefore, we need to know itsICC as
well asr over this short testing period.

3. Results

3.1. Throughput measures

The number of correct responses per minute showed
relatively strong retest reliability on ther values for
measures that reflect some cognitive component other
than simple reaction time (see Table 1). All the subtests
achieved values similar to those in standard group re-
search studies in cognitive psychology except perhaps
for the SRT measures. The results achieved with this
sample of adolescents were similar to the test-retest re-
liability correlations (r values) presented by Cernich et
al. [8]. Cernich et al. reliability results are included in
Table 1.

TheICC measures were somewhat lower, suggesting
that there were simple test effects, which are reflected
in the overall change in scores from the first test ses-
sion to the second. As shown in Table 1, several of the
tasks had significantly increased scores on the second
session, and the total of these 5 scores (omitting the
SRT measures) improved significantly,t(27) = 5.8,
p < 0.001. For the individual scales, all the val-
ues reached statistical significance, illustrating that the
retest is better than zero which is of course something
we would expect, but only the nonSRT tasks reached
comfortable levels for research purposes, that is, a relia-
bility score greater than 0.6. No test on its own reached
a high enough level for clinical utility. Note that the
highestICC reliability for a single test represents only
about 50% of the variance across test sessions while the
lowest reflects a 20% overlap across sessions. How-
ever, the sum of the 5 subscores reached near-clinical
levels, withr andICC values of 0.87, accounting for
over 75% of the variance.

We sought further verification of the stability of the
aggregated throughput scores by forming z-scores for
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Table 1
Retest results for the ANAM throughput measures on each of the subtests. The aggregate measures indicate how improved the
reliability is

Pearson r p-value Adult Sample1 ICC p-value mean change2 t p-value

CDD 0.67 <0.001 0.68 <0.001 1.46 0.755 0.457
CDS 0.81 <0.001 0.58 <0.001 10.06 7.771 <0.001
MSP 0.72 <0.001 0.66 0.72 <0.001 1.75 0.938 0.357
MTH 0.71 <0.001 0.87 0.61 <0.001 2.32 2.222 0.035
CPT 0.70 <0.001 0.58 0.65 <0.001 7.02 2.456 0.021
SRT 0.48 0.01 0.38 0.44 0.006 14.64 2.130 0.042
SRT2 0.50 0.007 0.47 0.004 −9.97 1.193 0.243

Average of tasks 1–5 0.87 <0.001 0.87 <0.001 4.52 5.833 <0.001
Average of all 7 z-scores 0.86 <0.001 0.86 <0.001
Average of first 5 z-scores 0.88 <0.001 0.87 <0.001

1The adult sample Pearson r correlations are taken from Cernich et al. [8] and are presented for comparison purposes.
2The mean change is the change in throughput from first to second testing.

Table 2
Retest results for the accuracy measures on each of the ANAM sub-
tests. The simple reaction time (SRT) is omitted as this task did not
have a choice in the response

Pearsonr p-value ICC p-value

CDD 0.46 0.015 0.44 0.008
CDS 0.45 0.017 0.40 0.012
MSP 0.22 0.250 0.19 0.154
MTH 0.25 0.199 0.25 0.096
CPT 0.46 0.015 0.32 0.027

each of the test subscores. By doing this, we are able to
equate them in an averaged aggregate measure know-
ing that they contribute equal weight to the average,
producing anr andICC of 0.86. This reliability is il-
lustrated in Fig. 1 as not depending on extreme (outli-
er) scores, a common concern when testing a group of
children where the variance across individuals may be
high. The reliability is equally enhanced using z-scores
from just the first 5 subtests, omitting the SRT tasks
(r = 0.877, ICC = 0.874,p < 0.001).

3.2. Accuracy measures

Accuracy scores, independent of the response speed,
showed weaker retest reliabilities (see Table 2). Retest
values for these raw accuracy scores ranged from 0.22
to 0.46 for ther values, and 0.19 to 0.44 for theICC
values. The lowered reliabilities compared to those
achieved for the throughput measures indicate that
some involvement of speed of processing is necessary
for acceptable reliabilities.

3.3. Reaction times

The reliability of the response times on their own is
shown in Table 3. While some Pearson correlations
were respectable for group studies, some were not, and
theICC values were especially limited.

Table 3
Retest coefficients for the mean response times on correct trials for
each of the ANAM subtests

Pearsonr p-value ICC p-value

CDD 0.74 <0.001 0.74 <0.001
CDS 0.83 <0.001 0.54 <0.001
MSP 0.59 0.001 0.59 <0.001
MTH 0.44 0.02 0.43 0.009
CPT 0.80 <0.001 0.65 <0.001
SRT 0.29 0.13 0.24 0.089
SRT2 0.46 0.013 0.38 0.02

Table 4
Intercorrelations among ANAM subtests at the first test session

CDS MSP MTH CPT SRT SRT2

CDD 0.653** 0.201 0.361 −0.012 −0.119 0.260
CDS 0.323 0.361 0.259 0.235 0.162
MSP 0.047 0.035 0.128 −0.108
MTH 0.601** 0.036 0.180
CPT 0.052 0.108
SRT 0.497**

** p < 0.01.

3.4. Intercorrelations among subtests

For reasons explained below, it is useful to know
the intercorrelations among the subtests. As shown in
Table 4 giving the intercorrelations upon first testing,
the subtests appeared to be only moderately related,
significance being reached only in two pairings.

4. Discussion

It is not surprising that interest in the neuropsycho-
logical assessment of concussion has increased giv-
en the attention to concussion generally. Kirkwood,
Yeates and Wilson [17] reviewed the state of the sci-
ence in the management of pediatric concussions and
suggest that neuropsychological assessment has been
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Fig. 1. Test-retest scatterplot of the aggregated throughput measures for all 7 subtests. The aggregate was formed by averaging the Z-scores from
each of the subscales.

regarded as the best means of objectively identifying
cognitive difficulties and making a differential diagno-
sis of concussion. The testing proceduresand tests used
have generally been thoroughly evaluated and tend to
have excellent reliability. In fact, it is partly because
of the reliability of these instruments that serial test-
ing is not encouraged because they are vulnerable to
practice effects. Further, neuropsychological testing
has been impractical for assessment of sports related
concussions because of the length of time it takes for a
thorough assessment and the subsequent costs.

Brief testing batteries have been developed which
made testing of large groups of athletes and persons
with concussion feasible and a body of research ensued.
Kirkwood et al. highlight some of the valuable findings
that have come from this research. However, Belanger
and Vanderploeg [4] recently published a meta analysis
of neuropsychological test research on concussion and
found that after one or two weeks neuropsychological
tests were unable to differentiate those with concussion
from those without concussion. In other words, while
neuropsychological testing has been useful for research
purposes it has not been useful for differentiating those
with persistent symptoms (post concussion syndrome)
from those who are fully recovered. It is possible, that
neuropsychological tests used in brief batteries are less
reliable than those used in more complete batteries [25].

The other development in neuropsychological test-
ing that occurred as a result of research and practice
with athletes is computerization of the brief batteries.
As Kirkwood et al. [17] point out, computerization of

batteries was thought to have many advantages over pa-
per and pencil applications. The most important factor
was the reduced cost and standardization of the test-
ing procedures without the necessity of having a neu-
ropsychologist in attendance to conduct the tests. The
development of computerized testing programs made
it feasible to test large numbers of athletes before the
season (and therefore before the injury) in order to es-
tablish a baseline of cognitive performance. In theory,
a player with a concussion should not return to play un-
til their cognitive performance has returned to baseline.
The use of neuropsychological tests for clinical deci-
sion making puts an expectation on the psychometric
properties of the tests and procedures used.

The review by Randolph et al. [25] concluded
that neuropsychological testing in the management of
sports-related concussion is very useful for research but
its use with individual athletes is limited by problems
of untested or inadequate reliability. ANAM was one
of the computerized testing programs discussed and at
the time of the Randolph review there was limited in-
formation available on the psychometric properties of
ANAM. Since that time, there have been a number of
studies published which give us considerable insight
into the factors assessed by ANAM and with our study
there are now two analyses of test-retest reliability.

Of course, clinical assessment can only be as good
as the tools used. While our data reflect retest relia-
bility specifically on the ANAM, our results address
more general issues in the clinical neuropsychology of
concussion. Depending on their psychometric proper-
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ties, neuropsychological test scores can be useful on-
ly for screening, only for group studies, or for clini-
cal assessment of individuals. While standard clinical
neuropsychological tests are designed and refined for
clinical assessment, especially with respect to high re-
liability, short versions and computerized versions that
are designed to be similar may differ considerably from
their longer one-on-one counterparts. The reliability
of component subtests of all standard measures never
fare as well as aggregated measures. Our data suggest
that the ANAM as a whole does well with respect to
reliability.

4.1. The significance of reliability values: Group
versus clinical reliability

ANAM subscales on the basis of the present data
have sufficient reliability for studies involving screen-
ing and follow up, but for clinical applications an ag-
gregated measure is needed. However, note that aggre-
gating absolute scores gives higher weighting to those
scales with larger scores. For these reasons, clinical
utility would be enhanced if tables provided data from
large samples of gender and age based cohorts showing
conversion to z-scores.

We can fairly ask whether our reliability scores are
exaggerated compared to the natural assessment con-
text because of our care in reducing other sources of
variation by testing participants individually and at the
same time of day. The strength of the ANAM being in a
computer format is that it can be administered without
close supervision, and initial baseline measures would
likely have larger error variance if taken in a group test
session.

4.2. Implications for the neuropsychology of
concussion

The construct validity of computerized tests is al-
ways a concern, not least because exposure and com-
fort with computers varies widely in our society, es-
pecially as a function of age. One of the few studies
on construct validity for the ANAM indicates that it
has modest relations with standard neuropsychological
tests, although this was in a rather different population
from ours [14]. We should also point out, however, that
standard neuropsychological tests may have altered va-
lidity and retest reliabilities in a select sample remind-
ing us that reliability and validity of test scores need
to be rechecked when considering a specific popula-
tion. For example, many standard neuropsychological

assessment tools made for adults do not generalize their
validity to children. For this reason, the application of
ANAM to high school athletes needs to be evaluated
for validity and reliability on that group [1].

4.3. So what does ANAM performance reflect?

The ANAM subtests are constructed to tap into the
same processes as standard neuropsychological mea-
sures. However, as we have seen, the retest reliabili-
ty of the accuracy or the response time scores is quite
modest. The consistency arises when one considers the
throughput score, a reflection of efficiency rather than
pure accuracy of speed. In fact, despite the fact that all
the ANAM measures are timed tests and participants
feel the pressure to perform quickly (perhaps partly due
to the computer-context), we can confidently conclude
from our results that the scores do not simply reflect
response speed. First, intercorrelations among scales
are not large: Only the CDD-CDS and MTH-CPT pair-
ings were consistently significant (besides the two SRT
halves being related to each other, of course). Also,
the fact that the SRT scores were theleast reliable sug-
gests that the other scales with higher reliability are tap-
ping into some other processes, presumably cognitive
efficiency measures.

The fact that the raw (non-throughput)scores did not
achieve impressive reliability values while the through-
out scores did suggests that there is some aspect of
timing that is critical to performance on the ANAM.
We can conceptualize this as some form of information
processing efficiency and not simply speed of process-
ing.

Trait or state? We tried to schedule for everyone
the two test sessions at the same time of day in order
to minimize variance due to circadian arousal cycles,
time since last meal, and fatigue from daily activities.
What this does, of course, is emphasize the trait char-
acteristics of the ANAM in our measure of reliability.
However, this means that we do not yet really know
the robustness of the ANAM across normal daily rou-
tines. It may be that variation in ANAM performance
is affected by these sorts of factors to the same extent
as individual differences in skills. This has two impli-
cations. First, the ANAM should be given at a fixed
time of day to all participants if the researcher wants
to maintain the high levels of reliability demonstrated
here. Second, the clinician should be careful about in-
terpreting return-to-baseline data if gains or losses can
be attributed to fatigue or arousal factors. Of course,
this concern can be alleviated by another study specif-
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ically examining the effects of circadian contributions
to variance, for example, by carrying out a study such
as the present one varying the timing of the two test ses-
sions. If the reliability of the ANAM does not reduce,
then we know that it taps into some very consistent trait
characteristics.

4.4. Implications for understanding recovery from
concussion

We know that response speed is reduced after con-
cussion, but so is information processing efficiency, in-
dependent of speedper se. Such factors are critical for
learning and normal independent living skills. In the
context of adolescent injury and return to normal par-
ticipation in group functions, perhaps the most stressful
for parents and teachers is the question of returning to
the normal level of athletic and other risky activities.
Returning to the individual’s normal baseline speed of
processing may be one prerequisite for “return to play”
for the injured adolescent, but return to their baseline
efficiency of information processing is surely a prereq-
uisite for avoiding further injury. By extension, one
must be careful about interpreting other test scores that
rely heavily on response time as reflecting adequate
recovery after concussion.

The ANAM does not measure and therefore does not
reflect many of the other important cognitive informa-
tion processing skills. For example, we cannot know
from ANAM scores whether an individual has returned
after a concussion to a baseline level of problem solv-
ing, school learning skills, complex analytic thought,
or affect regulation. However, one can imagine that this
is not an issue for situations where the school official
or parent must decide when previous tasks should be
taken up again. The ANAM has, so far, proved itself
to have some of the psychometric properties necessary
for this purpose.
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