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However, the latter exercise is necessary to determine if
the tests adequately measure performance deficits in the
functional domains found to be impaired in these
diagnosed patients via traditional clinical neuropsycho-
logical tests (the gold standard).

Various measures of reliability and validity of some
of the NES and NES?2 tests have been evaluated in prior
studies. Test-retest reliabilities (test-retest correlations) of
NES and NES2 tests have ranged from 0.51 to 0.92 in
several experimental studies where the test-retest
interval ranged from AM-PM on the same day to 14 days
(Baker et al., 1985b; Mahoney et al., 1988; Echeverria et al.,
1989; Echeverria et al., 1991; Emmen ef al., 1987; Arcia and
Otto, 1992). Tests of response speed and attention had the
highest reliability estimates; two tests of intermediate
memory had moderate estimates (0.61-0.80); and three
tests involving learning/memory (e.g., Associate
Learning) had reliabilities that were generally low to
moderate (0.27-0.67). In field study investigations, the
NES and NES2 tests were considered to be adequately
reliable for repeat testing situations, with reliabilities
ranging from 0.61 to 0.87 (Letz 1990; Maizlish et al., 1987;
Baker ef al., 1988; Letz et al., 1990). Correlations between
performance on three NES tests (Digit Span, Hand-Eye
Coordination, Symbol-Digit) and performance on
standard neuropsychological tests were moderate for the
first two tests and highest for the latter at 0.76 (Baker et al,
1985b). Moreover, variables such as age, gender and
education level have been demonstrated to be important
covariates in the performance on NES2 tests just as they
are on standard neuropsychological tests (Letz, 1993).

The ability of the NES2 test battery to detect
predicted performance impairments in neurological
patients with specific diseases (e.g. Parkinson’s disease
(PD), multiple sclerosis (MS)) was examined in a recent
study by White et al. (1996). These two patient groups
were selected because they exhibit well-defined
contrasting neuropathology and these sites of CNS
damage (basal ganglia and white matter, respectively)
have been implicated in neuropathology secondary to
exposure to particular neurotoxicants. Performance on
NES?2 tests was affected in expected ways in both MS and
PD patients, but was more impaired in MS than PD
patients relative to controls. Moreover, the NES2 battery
was found to be relatively insensitive to deficits in some
predicted cognitive domains (executive function, visu-
ospatial ability, memory). Correlations between NES2
and analogous standard neuropsychological tests were
low to moderate (lower when modality of presentation
and/or responses were different) (Krengel et al., 1996).

The impetus to develop the NES3 test battery was
the result of several factors: improvement in computer
technology, the findings from earlier validation studies
indicating more appropriate test modalities were needed
to detect CNS dysfunction in specific brain sites, and the
desire to be able to identify individuals having subtle as
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well as clear-cut CNS impairment. NES and NES2 tests
were given on a portable, suitcase-type Compaq
computer with software running under a DOS operating
system. With more advanced computer technology (such
as the advent of pen-based laptops, touch screens, and
Windows-type operating systems), it was possible to
update the presentation and administration of neurobe-
havioral tests to more appropriate modalities thus
allowing the inclusion of tests closer in design and
administration to the standard neuropsychological tests.
The first phase of NES3 development was to implement
a small set of neuropsychological tests in the new
hardware /software environment for use as a screening
tool to identify individuals having CNS impairment
(Letz et al.,, 1996).

The present study investigates the validity of
several NES2 and NES3 tests in patients diagnosed with
TE based on World Health Organization criteria
(Johnson, 1987; Baker, ef al. 1985c). Patients with solvent
encephalopathy have been found to show deficits
primarily in the domains of executive function
(cognitive tracking and flexibility), attention, visuospa-
tial abilities, short-term memory, and mood (cf. White et
al., 1992). In epidemiologic studies of solvent-exposed
workers employing standard neuropsychological tests,
impaired performances have been observed in Trail-
Making Test, Wisconsin Card Sorting Test, Wechsler
Adult Intelligence Scales-Revised (WAIS-R) Digit-
Symbol Substitution Test, Moss Delayed Recognition
Span Test, Wechsler Memory Scale (WMS) Visual
Reproductions, and Profile of Mood States (POMS)
(Echeverria et al., 1995; White et al., 1992; Anger, 1990)
compared with non- (or less-) exposed workers. Adult
patients diagnosed with lead encephalopathy have been
reported to shown deficits primarily in the domains of
motor skills, attention, learning and short-term memory,
visuospatial abilities, and mood (cf. White et al., 1992). In
epidemiologic studies of lead-exposed workers
employing standard neuropsychological tests, impaired
performances have been observed in Santa Ana
Formboard Test; WAIS-R subtests including Digit Span,
Digit-Symbol Substitution, Vocabulary, Similarities;
WMS Visual Reproductions and Verbal Paired Associate
Learning; Embedded Figures, and POMS (Baker et al.,
1984; Yokoyama et al, 1988; Hanninen, 1988; Anger,
1990) compared to non-(or less) exposed workers.
Although there is considerable overlap in the functional
domains affected in solvent and lead TE, the cerebral loci
of these chemical exposures are somewhat different.
Patients with significant organic solvent exposures have
demonstrated changes in white matter and subcortical
areas in multifocal patterns (White et al., 1993). Evidence
from animal histopathological studies suggests more
localized effects of lead in the hippocampus and limbic
system (Walsh et al., 1986). Exposure to lead in adult
humans is thought be associated with hippocampal
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damage (Feldman, 1999) and thus present with more
focal domain difficulties.

There were two primary aims of this study. The first
objective was to determine if hypotheses regarding
expected patterns of performance in solvent and lead TE
patients would be observed on NES2 and NES3 tests
designed to measure the same functional domain as the
traditional neuropsychological tests. It was predicted that
patients diagnosed with solvent encephalopathy would
perform more poorly than controls on Sequences A&B
(NES3), Continuous Performance Test (NES2-Letters;
NES3-Animals), Pattern Memory (NES2), Visual Spans
(NES3), Digit-Symbol Test (NES3), List Learning and
delayed recognition (NES3), and Mood scales (NES2)
(representing the domains of executive function,
attention, visuospatial abilities, short-term memory, and
mood). In patients diagnosed with lead encephalopathy
as adults, poorer performances relative to controls on
Finger Tapping (NES2), Continuous Performance Test
(NES3-Animals), Digit-Symbol Test (NES3), List
Learning and delayed recognition (NES3), Pattern
Memory (NES2), and Mood scales (NES2) (representing
the domains of motor skills, attention, short-term
memory, visuospatial abilities, and mood) were
predicted. The second objective was to examine the
correlation between scores on NES2 and NES3 tests and
on analogous standard neuropsychological tests.

METHODS

In this study design, patients diagnosed with TE
were compared to control subjects on their performances
on neurobehavioral and neuropsychological test
vutcomes. The Institutional Review Board Committees of
the Boston VA Medical Center and the Boston University
Medical Center approved all procedures. As part of their
participation in this study, subjects were asked to
complete a questionnaire that included questions about
demographic characteristics and medical and occupa-
tional histories. A set of NES2 and NES3 tests and a
battery of traditional neuropsychological tests were
administered to each subject individually by a qualified
examiner trained appropriately in all test administration
procedures,

Subjects

All subjects included in this study had at least 8
years of education and were at least 18 years old.

Toxicant Encephalopathy (TE) Cases. Potential
cases were patients identified as diagnosed with solvent
and lead encephalopathy that were being followed at a
university occupational neurology clinic or Boston-area
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occupational medicine clinics. Cases selected for
recruitment into this study were those clinically diagnosed
according to the following criteria (Johnson, 1987):

Evidence of Toxicant Txposure(s) in the Appropriate
Temporal Pattern. Information from a work history,
subjective symptom checklist, and family and personal
medical history supporting the occurrence of exposure
to neurotoxicant exposure (solvents or lead) in the
appropriate temporal sequence, i.e. signs and
symptoms of exposure developed after exposure, was
present. A documented history of exposure to either
mixed solvents or lead in the medical records (obtained
and confirmed by the referring occupational health
physicians) was a requirement for all cases. For the
purpose of this study, cases were not considered if they
had a history of both mixed solvent and heavy metal
exposure.

Confirmed Signs of Central Nervous System (CNS)
Deficits on Clinical Examination, Including Neuropsychological
Tests. Cases chosen for recruitment into this study demon-
strated evidence of organic damage in a clinical neuropsy-
chological evaluation that had been carried out prior to
this study. Performance deficits on an appropriately
designed clinical neuropsychological test battery (White
and Proctor, 1992), in a pattern meeting the definition of
mild to severe chronic toxicant encephalopathy (Baker et
al., 1985c; White et al., 1992; White and Proctor, 1997), were
evaluated to identify cases. None of the cases recruited in
this study had severe chronic TE.

Differential Diagnosis. As part of making the
diagnosis of TE, evaluation of other factors such as past
medical, school and family history as well as drug and
alcohol history were considered. Alcohol abuse, long-
term use of prescription medications such as anti-hyper-
tensive medication, and psychotropic drugs may
produce similar CNS effects or could modify the effects
of exposure to industrial chemicals (Sato et al., 1980; Katz,
1985). Also, premorbid cognitive deficits (such as occur in
persons with residual developmental learning disabili-
ties), psychiatric disorders (such as personality disorders
and affective /anxiety disorders), and primary neurologi-
cal diseases (White ef al., 1992) were considered as
possible alternative diagnoses to TE.

One of the co-authors (RFW) was responsible for
confirming the diagnoses of the potential TE cases,
given the above criteria, having either supervised the
initial diagnostic evaluation of the recruited cases
directly or confirmed a diagnosis made by other neu-
ropsychologists in referred patients. A total of 9 solvent
TE and 11 lead TE cases met the above criteria and
consented to participate in the study. All cases had
chronic exposure to these neurotoxicants. Some of the
solvent TE cases were exposed via hobbies or non-work
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(trials #1-3). Then a single interference trial is given with a
new orally presented 12-item list (trial #4). The sum of the
number of items correctly answered for trials #1-3 and the
number correctly answered in trial #4 were analyzed.
Approximately 15 minutes after this task is completed, the
List Learning Delayed Recognition task is begun. For this
latter task, the subject is instructed to touch the picture rep-
resenting the nouns heard on the first list of words. Twelve
pairs of items, consisting of correct pictures from the first
list paired with either incorrect foils from the first list or
correct pictures from the second list, are presented. The
number of items correctly answered was analyzed.

Sequences A & B (NES3). This test is a computerized
version of the Trail-Making Test in which a subject
alternates between number and letter sequences. After a
practice trial, in which the subject is asked to touch circles
numbered 1 through 6 in order, the subject is asked to do
the same for circles numbered 1 through 16 (Sequences
A). Then a practice trial for Sequences B is presented in
which the subject is instructed to touch the screen
alternating between digits and letter circles (i.e., to touch
‘1", then‘A’; ‘2’ then ‘B’; '3’ then ‘C’). Sequences B consists
of circles labeled 1 through 8 and letters A through H.
Throughout the test, when a circle is touched out of order,
an error sound is heard and the last correct answer
remains highlighted. The latencies (in sec) to complete
Sequences A and B and the number of errors counted in
each of these two tasks are recorded and were analyzed.

Visual Span (NES3). In this test, sequences of
blocks on the screen are highlighted in a temporal-
spatial pattern and the subject is asked to reproduce the
sequence by pointing to the blocks in the same order.
Practice trials are given for both forward and backward
tasks. For the test, successively longer sequences are
presented until the subject cannot reproduce the
sequence correctly. Separate maximum spans are
recorded for forward and backward production. The
primary summary measures are maximum span
reproduced correctly forward and maximum spans
reproduced correctly backward. Valid scores range
from 3-9 for forward spans and between 2-8 for
backward spans.

Digit-Symbol (NES3). This is a visual scanning and
psychomotor coding task in which the subject must find
a target digit in a paired digit-symbol array and point,
using the pen to the screen, to the paired symbol located
in a second array with a different sequence of the
symbol. A row of 9 symbols paired with 9 digits is
presented across the top of the computer screen. A target
stimulus is presented in the middle of the screen and the
nine symbols are presented in scrambled order across
the bottom of the screen. The summary measure is the
latency (in sec) to complete responses to 27 target digits.
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Incorrect responses result in an error sound and the
target stimulus remains; the subject must make the
correct response before a new target digit is presented.

Continuous Performance Test; CPT (Animals, NES3).
This is a sustained attention task using animal
silhouettes and was designed for use in subjects who
may not be able to recognize letters, such as young
children. After a practice block of trials, a pseudorandom
sequence of shadow drawings of common animals is
presented on the screen. The subject is asked to respond
by pressing a large key on an external keyboard when
he/she sees the target animal flash on the screen but not
other animals. A response within 1500 msec of the
critical stimulus is considered a correct response and the
response latency is recorded. The mean reaction time for
responding to the target stimuli is recorded across all
non-practice trials, along with the number of total
number of false positive and non-responses.

Finger Tapping (NES2). This is a test of manual
motor speed requiring key tapping with the index finger
of the preferred and nonpreferred hands. A large key on
the external keyboard was used for tapping. The
recorded measure is the number of taps in 30 sec in each
condition.

Pattern Memory (NES2). A matrix of 10 X 10 blocks,
where the blocks are either dark or light, is presented
alone on the screen. After an unfilled interval, a matching
pattern and two other patterns (each of which differs
from the target in four blocks) are presented. The subject
is asked to choose the matching pattern; measures are the
number correct and mean latency on correct trials.

Mood Scales (NES2). An inventory assessing self-
report of degree of tension, depression, anger, fatigue,
and confusion for the preceding week is administered.
Subjects are asked to indicate degree of endorsement
(extremely, quite a bit, moderately, a little, not at all) of
five descriptors for each scale presented in a semirandom
sequence. Each scale is scored for number of items
endorsed, weighted for severity.

The following two tests were performed by the
solvent TE cases and the controls only:

Vocabulary (NES2). This test involves a multiple-
choice recognition of word meanings to estimate native
intellectual ability. There is a maximum of 25 trials with
items increasing in difficulty over trials. The test ends
when four of five successive items have been answered
incorrectly. The measure analyzed is the estimated
number correct out of a possible 25.

CPT (Letters; NES2). A task measuring reaction time,
omissions (non-responses), and false-positive responses
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Correlations Between NES2/3 Tests and Standard
Neuropsychological Tests

Moderate (0.40 to 0.59) to relatively high (above
0.60) correlations between the NES and standard neu-
ropsychological test scores (Table 4) were found for the
simple motor task of fingertapping and latency measures
for several tests of involving attention (Digit Symbol,
Sequences A & B). Comparisons of delayed recognition of
verbal information between the NES List Learning test
and two traditional tests (CVLT and Verbal Paired
Associate Learning) were also moderately correlated
(0.38-0.51). Five pairs of measures involving visual
processing were poorly correlated (0.14-0.35). However,
there was a moderate correlation between the NES
backward Visual Span test and Delayed Recall on the
Visual Reproductions test (0.56). The correlations
between the NES Mood scales and POMS subscales were
quite high, with the correlation between the fatigue scales
being the highest at 0.81. The correlation between NES
Vocabulary and WAIS-R Information was moderate
within the solvent TE cases and controls.

DISCUSSION

Significant performance differences between TE
cases and controls were noted on standard neuropsycho-
logical tests for all predicted domains, as expected; the
one major exception was the domain involving motor
skills. Contrary to the a priori hypotheses, solvent but not
lead TE cases demonstrated significant motor difficulties
on the neuropsychological Finger Tapping task.

Significant performance differences between the
solvent TE cases and controls were observed in the
predicted domains on the NES2/3 tests, with predicted
deficits observed in tasks involving the domains of
executive function, attention, visuospatial abilities, and
memory, as well as mood. The NES2 and 3 tests were less
sensitive to impairments in the lead TE cases. These
results suggest that these NES 2 and 3 tests are able to
detect effects observed with solvent TE, but are not quite
as robust in detecting impaired functioning in lead TE.
There may be several explanations for the relative insen-
sitivity of the NES2/3 tests to detect predicted
impairments in the lead TE group. First, although there
were no differences in the severity of TE between the
solvent and lead TE cases, a significant percentage of the
lead TE cases were currently working and working in
largely manual labor jobs. Therefore, it seems plausible to
assume that their level of motor skills have been
maintained through regular use and may explain the fin-
gertapping results. Second, it is also possible that the
neuropathological consequences present in solvent TE
(white matter changes) affect performance on these NES
2/3 tests more profoundly than the neuropathological
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consequences of lead TE. A similar observation was made
in the validation study of the NES2 on patients with MS
and PD (White et al., 1996) in which the NES2 tests were
more sensitive to the cognitive and affective impairments
associated with MS (white matter lesions), in contrast
with the impairments associated with PD.

Overall, the correlations between traditional neu-
ropsychological and NES 2/3 tests from the same
functional domains were moderate. The computer and
standard neuropsychological tests of motor skills were
the most highly and consistently correlated tests (aside
from mood), a finding similar to that seen in the earlier
NES2 validation study with PD patients (Krengel ef al.,
1996). In some instances, the newer response methods
(using a pen indicator) appear to have enhanced the
correlation, as the correlation between the NES3 Digit
Symbol test and the analogous WAIS-R subtest was 0.70
in this study but was 045 with NES2 version. The
magnitude of this correlation is probably limited by
differences in the response in the NES3 (a simple pointing
maneuver) and WAIS-R (a complex graphomotor
component) variants of the test. Additionally, the
latencies measured in the new NES3 Sequences test,
compared to the Trail-Making Test from which it was
based (a test involving simple and complex attention
skills), were generally moderately correlated. The NES3
Sequences differs in two significant ways from the Trail-
Making Test: in the way that errors are handled and in
the absence of drawn lines that limit the number of circles
to be scanned as the task progresses. These differences
may represent improvements of the NES3 test over its
traditional counterpart.

The less well-correlated pairs of computer-assisted
and traditional neuropsychological tests included
complex tracking of visually presented information
(forward spans on the NES3 Visual Span test, NES2
Pattern Memory). There may be several explanations for
these discrepancies. As described by Krengel et al. (1996),
the different response requirements of the NES2 Pattern
Memory task (multiple choice) and WMS Visual
Reproductions (drawing from memory) may account for
the low correlation between these test performances. In
some instances, different levels of test difficulty are being
compared: the NES3 List Learning task involves simpler
processing skills (recognition of pictures of 12 verbally
presented nouns) compared to the learning trials of the
CVLT (verbal recall of 16 words). In addition, some low
correlations may be due to imprecision in some of the
NES3 measures. For example, in this implementation the
NES3 Sequence A task included a verbal prompt to
respond quickly after a relatively short non-response time
by the subject, which may have distracted some subjects
and reduced the Sequence A vs. Trails A correlation. Also,
the NES3 Visual Span Forward did not include sufficient
practice in this implementation, and some subjects with
initial slight confusion obtained a minimum score.
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Interestingly, lower NES2 vocabulary scores were
observed in the solvent TE cases compared to controls,
although there were no significant differences in
education level and WAIS-R Information. This raises the
issue of whether the NES Vocabulary test is useful as a
measure of native academic abilities (‘hold’ test) in
studies of neurotoxicant effects. Several studies report
that the results of vocabulary tests (NES2 version and
WAIS-R Vocabulary) are related to or influenced by
exposure to solvents (Bolle ef al,, 1996; Michelsen and
Lundberg, 1996; Viaene et al. 1998) and lead (Baker et al.,
1984; Stewart et al, 1999), or other factors (such as
increased overtime work; Proctor et al., 1996). In the latter
study, it was hypothesized that the test's administration
modality (i.e., computer presentation of a series of
multiple choice questions) may affect its ability to
exclusively assess native academic abilities and instead
represents a test additionally involving attention. Indeed,
the correlation between NES Vocabulary and WAIS-R
Information was only moderate (r=0.45) within the
solvent TE cases and controls.

It is recognized that one limitation of this study is the
relatively small sample of TE cases. Every effort was made
to recruit eligible cases. However, fewer individuals who
meet these stringent diagnostic criteria are being referred
currently to Boston area clinics. By including a larger
sample of control subjects, we were able to maintain
adequate power to detect clinically significant differences
(greater than 15-20%) in test performances between
groups. In this study we were able to assess the impact of
malingering on test performance (via controlling for
TOMM scores) and found that it did not significantly
impact test performances. However, several other factors
that might explain group differences (i.e., socioeconomic
status, familiarity with computers) were not examined
because complete information was not available.

In conclusion, the NES3 tests created to better reflect
the modalities of standard neuropsychological tests
represent a step forward in detecting differences in
predicted functional domains in diagnosed TE cases
compared to controls. This battery of selected NES2 and
NES3 tests adequately measures domain-specific
performance deficits and provides supportive evidence
that these new tests may be useful as part of a screening
battery to potentially identify individuals with significant
CNS impairments due to solvent exposure, and to a lesser
extent due to lead exposure. As computer usage and
visual presentation of information become more a part of
our individual lives, further study of the impact that
familiarity with computers has on NES3 test perfor-
mances in relationship with levels of pre-morbid intellec-
tual abilities as assessed by WAIS-R subtests or the NES
Vocabulary test is warranted. Continued study to address
potentially better test assessment methods for native
academic ability in toxicant-exposed groups and follow-
up in other groups of lead-exposed persons is planned.
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This experience with these NES2/3 tests has
already led to improvements in the NES3 testing system.
The NES2 Finger Tapping and Pattern Memory tests
have been implemented in the NES3 hardware/software
environment. Changes to the initial instructions of
Sequence A and Visual Span Forward have been
implemented. Computer-assisted versions of several
tests with interviewer entry of responses to more closely
mimic traditional neuropsychological tests such as list
learning tasks have also been implemented.
Development and study of additional administration
and response modalities improvements to the additional
NES3 tests is ongoing (White et al., 1999) and NES3 test
validation studies are continuing on well-defined
patient groups (with specific neurologic and/or
psychiatric disorders).
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