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INTRODUCTION 

The Automated Neuropsychological Assessment Metrics1,2 (ANAM) is a computerized 
assessment software package currently used to assess various cognitive problems   ^ 
resulting from traumatic brain injury,3,4, '6 hyponatremia in U.S. Marine Corps recruits, 
and aging in geriatric patients.8 ANAM was also used to collect baseline information on 
the victims of the Chernobyl radiation exposure ten years after the accident.   While 
ANAM norms are established for other areas of cognitive study, ■ ■ no norms are 
associated with using ANAM to identify potential cognitive problems that can affect U.S. 
Navy divers. Two of these problems include cognitive effects of central nervous system 
(CNS) decompression sickness (DCS)10 and oxygen toxicity.11,12,13 These^problems 
may result following exposure to pressure and saturation environments  ■   and are 
often exacerbated by concurrent exposures to challenging environments such as 
extreme cold or heat. 

Navy Experimental Diving Unit (NEDU) Technical Report 93-0115 provided a set of 
norms for a brief battery of traditional pencil-and-paper assessments. One of the 
drawbacks cited was that this battery of traditional pencil-and-paper tests typically 
required substantial time to administer, score and then interpret, because each battery 
consists of five or more tests, the required time increases drastically. There is, also 
another more important drawback to these traditional assessments with divers: they are 
apparently unable to detect cognitive decrements in personnel reporting symptoms after 
surfacing. Two factors may explain this: 1) there is no decrement or 2) the decrement 
is so subtle that the traditional batteries are not sensitive enough to detect it. 

Naval Sea System Task Assignment 99-005B was initiated to identify and validate an 
instrument that might have the required sensitivity to screen for cognitive decrements 
when a diver manifests neurological symptoms. Computer platforms were explored 
because they were initially proposed as a means15 to increase the precision of the 
instrument by eliminating the human-stopwatch interface, to automate the scoring     ^ ^ 
process, and to markedly reduce the needed assessment time. The ANAM software • 
was chosen because it accurately measures reaction time to the millisecond, precisely 
measures the accuracy of correct responses, provides a measure of mental efficiency, 
and takes only approximately seven minutes to administer. This short administration 
time may make the instrument a useful tool in conjunction with standard neurological 
and physical examinations before, during, and after recompression treatments. 

The ANAM software is a standard clinical subset of the Tester's workbench (TWB), of 
the Office of Military Performance Assessment Technology (OMPAT). The ANAM was 
developed from selected parts of the Unified Tri-service Committee Performance 
Assessment Battery (UTCPAB)16 and the Walter Reed Performance Assessment    ^ ^ 
Battery.17 ANAM's development and composition are discussed in detail elsewhere. ' 



Because this tool is potentially useful, we sought to provide normative data tailored to 
U.S. Navy divers for guidance in making cognitive assessments of such subjects. 

METHODS 

GENERAL 

Normative data were collected from diver-subjects taking part in various studies at both 
NEDU, Panama City, FL, and the Navy Submarine Medical Research Laboratory 
(NSMRL) in Groton, CT. Careful attention was given to ensure that data were obtained 
only once from each subject. 

EXPERIMENTAL DESIGN AND ANALYSIS 

The sample consisted of 113 U.S. Navy qualified divers with an average age of 33 and 
an age range from 20 to 50. 

The data consisted of mean reaction time (Mean RT), the average response latency in 
milliseconds for the duration of each test; accuracy (% ace), the percentage of correct 
responses for each test; throughput (thruput), a measure of the number of correct       2 

responses made each minute (a measure then used as an index of mental efficiency); 
and median reaction time (Median), a measure of the median response latency in 
milliseconds across all responses made during each test. 

The data were compiled with the Statview feature of ANAM2 and then transferred to 
Microsoft® Excel for analyses. Data analyses consisted of descriptive statistics that 
included mean, standard deviation, and range. 

EQUIPMENT AND INSTRUMENTATION 

The equipment consisted of Micron Transport Trek II laptop computers (Micron PC, 900 
East Karcher Road, Nampa, Idaho 83687) with 366 Pentium processors, a standard 
mouse, and the ANAM software. 

The tests in the ANAM battery were selected for assessing sustained concentration and 
attention; mental flexibility; spatial processing; cognitive processing efficiency; mood; 
arousal/fatigue level; and short-term, long-term, and working memory. Specifically, the 
ANAM battery that was used included the following subtests: 

• Demographics form 

• Stanford Sleepiness Scale (measures alertness/fatigue level) 

Mood Scale 2-R (measures current mood level or state) • 



• Simple Reaction Time (measures basic psychomotor speed) 

• Code Substitution (measures visual scanning and learning through 
letter/symbol comparison) 

• Code Substitution with Long and Short Delay (measures immediate and 
delayed recall) 

• Running Memory Continuous Performance Task (CPT) (measures 
working memory and executive functions) 

• Mathematical Processing Task (measures computational speed and 
working memory) 

• Matching to Sample (measures delayed recall/longer-term memory) 

PROCEDURES 

Each subject was presented with an environment that was controlled for aversive 
stimulation such as room temperature and sound. Most of the data was collected either 
in the morning or at the beginning of the subject's shift, if that subject was working a 
nonstandard shift. Each subject received a brief explanation of the battery before 
testing. 

Baseline assessments were administered for the following studies: 

- Accelerated Decompression (NEDU 1998-2000). This study sought to 
provide guidance for submarine escape by using pure oxygen during 
decompression. The ANAM was used to track central nervous system DCS. 

- Deep Dive (NEDU 1998). The dive attained a storage depth of 1000 fsw; the 
ANAM was used in vivo to track depth-related changes in cognitive 
functioning. 

- Warm Water Diving (NEDU 1999). This study examined the effects of diving 
in extremely warm water; the effects of heat exposure on cognitive 
performance were analyzed. 

- Low Frequency Sound (NSMRL 1999). This study examined the effect of low 
frequency on nearby divers; the ANAM battery was used to track changes in 
cognitive functioning during exposure. 

Only baseline (pre-exposure) data were used for the normative data. 



RESULTS 

Means, standard errors of the means, and related data for the 113 U.S. Navy divers are 
presented in the Tables of Appendix A. Although a small number of women was in the 
sample, all subjects were grouped together. 
The labels, run 1-1, etc., refer to the specific session and run number within each 
session. For instance, run 1-3 refers to the third run of any particular test during the 
first or only session. 

Our sample of divers showed improvement in test performance and reduced variability 
with successive test administrations for Simple Reaction Time, Continuous 
Performance. The one exception was the math subtest, during which the divers 
performances decreased slightly from run 1-1 to run 1-2 for Mean RT, % ace, thruput, 
and Median. For all variables during run 1-3 the divers showed the expected 
improvements to those of run 1-1 and run 1-2. 

DISCUSSION/CONCLUSIONS 

Normative data sets have been established using the ANAM software for various g ^ g g 

populations such as individuals with varying degrees of traumatic brain injury (TBI) 
geriatric patients8, and people from the Chernobyl accident.   However, except for data 
from U.S. Marine Corps recruits, there is little information for relatively normal 
populations. Therefore, it was necessary to establish cognitive performance scores, 
based on a representative sample, of "normal" U.S. Navy divers. U.S. Navy divers are 
a unique group within the military family, as they are often exposed to challenging 
underwater environments. Though the results were characteristic for Navy divers, 
similar findings were obtained from a sample of United States Marine Corps (USMC) 
recruits.7 Baseline performance data for ANAM is currently being established in the 
aviation community. 

This normative data has clinical benefits, as it can afford guidelines for making 
treatment decisions involving any presentation of cognitive symptoms that result from 
central nervous system DCS, oxygen toxicity, and exposure to saturation environments. 
For instance, though it would be ideal for an individual's baseline performance to be in 
place as a marker for future assessments, this is not always possible. When this 
baseline is not available, normative data based on a representative sample of U.S. 
Navy divers could provide a guide for decisions. 

If cognitive impairments are detected when ANAM is administered, then a more 
thorough assessment -- including traditional pencil-and-paper assessments if possible 
--should take place. ANAM should be administered in conjunction with other proven 
techniques such as the neurological and physical exams. ANAM may provide 
additional information that is useful and beneficial for diagnosis and treatment as well 
as for tracking recovery. Validation and reliability data are currently being analyzed and 
will be presented in a technical report at a later date. 
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