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Abstract

In recent years, interest in the use of computerized neuropsychological (NP) assessment measures has increased.
However, there are limited data regarding how performance on these measures relates to performance on more
traditional, clinical instruments. In the present study, 82 HlIvhen, who were all believed on clinical grounds to

have neurobehavioral impairment, completed a traditional NP battery (TNB) and the California Computerized
Assessment Package (CalCAP, a collection of computerized reaction time tests). Summary scores based on a TNB,
as well as those based on the CalCAP, demonstrated significant associations with both degree of
immunosuppression (CD4 count) and detectable viral load in cerebrospinal fluid, but not with detectable viral load
in plasma. Established norms on the TNB and CalCAP batteries resulted in classifying 57% and 49% of-the HIV
sample as impaired, respectively. When using the TNB as the “gold standard,” impairment classifications based on
CalCAP summary scores exhibited a sensitivity of 68% and a specificity of 77%. Overall agreement on impairment
classifications between batteries was low (kappa4). Data from this study suggest that traditional NP batteries

and computerized reaction time tests do not measure the same thing, and are not interchangeable in examining
HIV-related NP impairments.J(NS 2003,9, 64-71.)

Keywords: Neuropsychological assessment, HIV, Reaction time, CalCAP, Computerized testing, Sensitivity, CSF
viral load, CD4

INTRODUCTION Nevertheless, there is disagreement on the optimal ap-
. o : - _ . proach to detect and quantify these impairments. Many re-
HtIV |rf\fect:|og IS asso?aotle((jj \;\."t.rt' m_creasedt?srl](s f_or al Val-searchers investigating the neurobehavioral impairments
fy of we -GocutmgeLnMe i € '(1:(;3‘1'” l_r|1eutro € tavl'origggr'associated with HIV infection use neuropsychological (NP)

ormance (Gran artn, » neaton et al., )- batteries consisting of traditional tests, such as measures
from the Halstead-Reitan Battery, various memory assess-
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normative data. In addition, there are many studies docutomatic and symptomatic HI¥ individuals. However, the
menting their reliability and sensitivity in detecting impair- seronegative group differed significantly from the symptom-
ments in individuals with a variety of neurobehavioral atic group ontwo of the CalCAP measures and on three mea-
disorders. These factors have contributed to the popularitgures fromthe conventional NP battery. Sequential RT (CRT4)
of such measures and their acceptance among cliniciangas identified as one of the CalCAP measures most sensitive
and researchers; however, traditional NP measures are ntat HIV-associated NP impairment. In addition, based on the
without criticism. Established NP batteries can be lengthyCalCAP scores, impairment classifications (impaivsdin-
time consuming, and require the use of trained psychomimpaired) significantly differed between individuals in the
etrists, involving commitment of many resources. It would symptomatic group and the control group. Impairment clas-
be desirable to have briefer instruments that provide equivsifications based on scores from the conventional battery
alent sensitivity with lower costs. were not significantly different between the control group
The number and availability of computerized NP mea-and the symptomatic group. The authors of this study
sures have dramatically increased in recent years. Such mezencluded that computerized RT measures might be more
sures provide rigorous standardization, easier data collectiosensitive than conventional NP measures at detecting neuro-
and effortless scoring, as well as incomparable precision ibehavioral impairments associated with HIV infection.
measuring performance speed or reaction time (RT). In ad- Worth et al. (1993) reported that, of all the CalCAP mea-
dition, many conventional NP instruments now have comsures, Choice RT (CRT3) and Sequential RT subtests (CRT4
puterized counterparts (e.g., the Wisconsin Card Sorting CRT14) best discriminated between groups of partici-
Test), and researchers are developing and using novel comants at different stages of AIDS dementia complex (ADC,
puterized measures as potentially attractive alternatives tbased on the Memorial Sloan-Ketterling ADC Clinical Stag-
traditional NP methods. ing System) and a seronegative control group. That is, ADC
Studies have emerged using computerized RT tests tstage | (mild) and Il (moderate) groups were both signifi-
detect neurobehavioral impairments in HIV-infected indi- cantly slower than controls on CRT3 and CRT4, and all
viduals. Their findings indicate that some of these meathree ADC groups (i.e., equivocal, mild, moderate) were
sures are capable of detecting impairments among-HIV significantly slower than controls on CRT14.
individuals (Dunlop et al., 1992; Martin et al., 1992; Wilkie  Even though the above evidence suggests that computer-
etal., 1990). Indeed, there is evidence that reduced speed ized RT measures are of some use in the NP assessment of
information processing is a cardinal feature of HIV associ-HIV + individuals, sufficient evidence is not currently avail-
ated brain dysfunction (Heaton et al., 1995), perhaps makable to determine their role in relation to conventional bat-
ing this an ideal disease with which to demonstrate thederies. Specifically, should computerized RT measures replace
relative value of computerized RT procedures. Furtherconventional NP batteries, or possibly serve to augmentthem?
more, a preliminary study by Martin et al. (1999) found thatOne drawback of RT measures is that they may only tap a
HIV-seropositive patients receiving antiretroviral therapylimited scope of cognitive impairment, such as attention and
performed better on RT tests when compared to those napeed of information processing, virtually ignoring possible
on antiretroviral therapy, suggesting that RT tests may proeeficits in other cognitive domains, such as learning and mem-
vide efficient, sensitive measures of important treatmenbry, executive functions, verbal, and visuospatial skills. The
effects. Given the apparent technical benefits of computereurrent study investigates impairment classifications using
ized tests, and the available literature suggesting their clineomparable, previously established cut-points on subtests of
ical utility with HIV related disorders, it is of interest to the CalCAP and on conventional NP measures. In addition,
compare their sensitivity and rates of diagnostic agreemerthis study examines the relationship between scores on both
with those of conventional NP measures in HIV disease. types of NP tests and markers of immunosuppression (CD4)
To date, few have compared computerized RT measuresnd disease progression (in CSF & plasma). We hypoth-
to conventional NP measures on their ability to detect neuroesized that CalCAP subtests would correlate most strongly
behavioral impairments in an HI cohort. Miller et al.  with conventional NP measures of attention and processing
(1991) used the California Computerized Assessment Paclspeed, but less so with other NP domains (executive
age (CalCAP) and a traditional NP battery in an attempt tabstraction, learnin@memory, and motor). Due to the breadth
differentiate between medically symptomatic HVindi- of ability areas assessed by the conventional NP battery, we
viduals, asymptomatic HIV individuals, and seronegative hypothesized that it would identify a larger percentage of in-
controls. Scores from seven CalCAP subtests were used (Sirdividuals as “NP impaired,” and would demonstrate stron-
ple RT, Choice RT, Sequential RT, Lexical Discrimination, ger associations with biomarkers of HIV disease severity.
Visual Selective Attention, Response Reversal and Visual
Scanning, and Form Discrimination). The traditional NP bat-METHODS
tery used was relatively brief and consisted of seven mea-
sures (Trail Making Tests A & B, WAIS—R Digit Span,
Controlled Oral Word Association Test, Grooved Pegboar
Test, Symbol Digit Modalities, and the Rey Auditory Verbal We studied 82 HIV-seropositive men who were undergoing
Learning Test). Neither battery differentiated between asympscreening for possible participation in a clinical trial inves-

O|?esearch Participants
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tigating the effects of a medication treatment on HIV asso- & Wolfson, 1993), Trail Making Test—Part B (Army In-
ciated neurobehavioral impairment. Participants referred for dividual Test Battery, 1944; Heaton et al., 1991), Stroop
screening were strongly suspected of having neurobehav- Color and Word Test (Golden, 1978)

iqr".’ll imp?irm?n:]s, a? evid(re]nced by selz_rego[]ts/aﬂthy- . 2. Attention and working memory (AfWM): WMS-R Vi-
siclan reterra ; therefore, t € group Stu, led shou containa g | Span (Wechsler, 1987), Paced Auditory Serial Ad-
relatively high percentage of NP-impaired individuals. Var- dition Task (Diehr et al., 1998: Gronwall, 1977; Gronwall

ious exclusioncriteria were used to eliminate prospective & Sampson, 1974), WAISR Digit Span (Wechsler, 1981)
participants with potential confounds, including head inju- ’ ' '

ries, psychiatric disorders, substance use disorders, and d@- Speed of information processing and perceptual motor
velopmental disorders; details of these criteria are described abilities (SIFPM): Symbol Digit Modalities (Smith,
in Heaton et al. (1995). 1982), WAIS-R Block Design (Wechsler, 1981), Fig-
Participants in this Samp|e were middle aged (mean ural Visual Scanning (Wilkie et al., 1990), Trail Making
40.4 yearsSD = 7.6) and generally of average educational ~ Test-PartA (Army Individual Test Battery, 1944; Heaton
attainment (mearr 13.8 yearsSD= 2.9). The samplewas €t al., 1991)
ethnically diverse, consisting of 59% Whitaucasian, 23% 4. Learning and memory (LytMem): Rey Auditory Ver-
African American, 14% Hispanic, and 4% of other ethnic  pa| | earning Test-Learning Trials & Delayed Free Re-
origin. Most participants were in advanced stages of HIV  ¢qj (Rey, 1941, 1962), WMS—R Visual Reproductions—
disease. Using criteria developed by the Center for Disease yR| & VRII (Wechsler, 1987)
Control (Centers for Disease Control, 1992), 11% of par-
ticipants were at stage A, 37% at stage B, and 52% had h
AIDS defining illnesses (stage C). Blood levels of CD4
T-lymphocytes at the time of testing were available for 53
participants and averaged 2680J= 191). Seventy percent - )
were classified as having AIDS, based upon clinical historycalCAP Mini Battery:
and/or CD4 cell count below 200. The Lggof HIV-1 g Choice Reaction Time-Digits (CRT3) (Miller, 1996;
viral load in blood plasma averaged 3.62 copias (SD= Miller et al., 1991)

1.75;n=70; 81% with detectable viral load), and the Ligg ) . ) . o
of HIV-1 viral load in CSF averaged 1.85 copjesL (SD= 7. Sequential Reaction Time #1 (CRT4) (Miller, 1996; Miller

Complex motor skills (Motor): Grooved Pegboard Test
(Heaton et al., 1991; Klove, 1963), dominant and non-
dominant hands.

1.80;n = 60; 45% with detectable viral load). etal., 1991)
All raw scores were converted Tescores using the most
Measures and Procedures extensive normative data available. Whenever possible, these
_ norms were corrected for relevant demographic influences.
NP evaluation Because we were interested in detection and classification

All participants received NP tests administered by traineoOf NP impairment[-scores from all tests were converted to

psychometrists using standardized procedures. The batte f'c't. s_cqres’l)—s_cores) (Heaton etal., 1994, 1995)' Ml.“?h
was composed of several tests considered sensitive in d ke clinicians’ ratings, _th|s met-h(.)d .Of transforming part|C|-_
tecting HIV-associated NP impairment. It is a modified ver- pants’ scores emphasizes deficits in NP performance while

sion of a battery recommended by the NIMH Workshop Onminimizing the impact of superior performance on any par-

Neuropsychological Assessment Approaches (Butters et alt.',CUIar NP test when computing composite scores. More-

1990) and incorporates tests recommended in various clirver D-scores have been found to closely approximate

ical intervention trial protocols. The battery consisted ofCIInICaI ratings of NP impairment associated with HIV in-

traditional NP tests and takes approximately two hours tJeCtt'Og ]SHeatoE ft ‘il'_’ 13]953); ttr:eref(_)rmglscolres were gen- h
complete. Participants also completed the CalCAP «Minj» €rated for €ach test in the battery. 1able 1 summarizes he

battery (Miller et al., 1991). The Mini version of the Cal- relationship betweerT-scores and-scores. A summary

CAP battery contains two RT tests (CRT3 & CRT4) whose
previous findings concerning HIV-related NP impairment
are presented in the Introduction. Furthermore, this batteryablé 1. T-score to deficit-score conversion
represents the most concise version of the CalCAP avail-
able and can be completed in approximately ten minutesy_g.qre

Deficit score

. ) : Descriptor assignment
The traditional NP battery includes the following measures;
grouped by ability domains: =40 Normal 0
39-35 Mild 1
L 34-30 Mild-moderate 2
Traditional NP battery: 29_25 Moderate 3
. . ) 24-20 Moderate-severe 4
1. AbstractionfExecutive function (Exec): Halstead Cat- 5 Severe 5

egory Test (Halstead, 1947; Heaton et al., 1991; Reitan
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D-score was calculated for each participant by averaging hose analyses using the individual CalCBfcores were
the D-scores for all traditional NP battery tests adminis-considered significant when the obseryedalue was .025
tered. In addition, composit®-scores were computed for or less.

each domain of the traditional NP battery by averaging the

D-scores for tests within each domain for each participant.

Likewise, age and education correctiedcores an@-scores RESULTS

were computed for the two CalCAP measures using nor-

mative data provided by Miller (1991), and a summary Impairment Classifications

CalCAPD-score was calculated for each participant by av-A d deficit for all test
eraging theD-scores of these two subtests. verage raw scores and average deficit scores for all tests

On some occasions, participants were unable to Comz_idmmlstered appear in Table 2. Average summary deficit

plete the traditional NP battery and CalCAP on the sam&C0res were 0.968D=1.03) and 0.87%D= 1.14) for the

day. The number of days between batteries averaged 1.tr7ad|t|onal NP battery and the CalCAP, respectively. Partici-

(SD = 10.6) with most participants (87%) receiving both pants were classified as NP impaired when obtaining a sum-

tests on the same day and 96% of participants completing]ar.y DI—S(ict)rebo_f S qlrdlat?ove.. TZ'S CUt'p?}'nﬁ, |.?ﬂr10ughly
both batteries within 15 days. quivalent to being mildly impaired on one half of the com-

ponent measures, and was determined to provide optimal
agreement with clinician ratings of NP impairmentin a prior,
large scale studyN = 500) of HIV seropositive and sero-
Participants underwent a standardized neuromedical asseg$gative subjects (Heaton et al., 1995). Using a test of sig-
ment conducted by trained nurse-clinicians. Blood compohificant differences between correlated proporti@hscores
nents and CSF were collected. CD4 T-lymphocyte subseased on the traditional NP battery resulted in a trend to-
enumeration was obtained by flow cytometry. Levels ofward significantly higher NP impairment rates when com-
HIV-1 RNA in plasma and CSF were both quantified usingpared toD-scores based on the CalCAP (traditional NP
Roche PCR assay (Ellis et al., 1997; Mulder et al., 1994)battery= 57% and CalCAP= 49%;z = 1.46,p = .07).
Due to the limitations of the instruments used in assessin§/sing the traditional NP battery as the “gold standard,” the
plasma and CSF viral load, only values greater than 206alCAP exhibited moderate specificity (77%) and sensitiv-
copiegmL were deemed to accurately represent the presity (68%), with an overall agreement of 72%. Nevertheless,
ence of “detectable” HIV-1 virus. Neuromedical evalua-the instruments demonstrated low to moderate agreement
tions were completed on the same day as NP testing fopn impairment classifications (kappa.44,SD= 0.88). A
43% of subjects, and for 66% neuromedical and NP evaluReceiver Operator Characteristic (ROC) curve was con-
ations were obtained within 15 days. Participants receivingtructed to establish what cut-point would provide optimal
the neuromedical and neuropsychological evaluation on thgensitivity and specificity for impairment classifications
same day did not differ significantly on demographic, neuro-based orD-scores from the CalCAP Mini battery in com-
medical, and neuropsychological variables. parison to impairment classifications based on the tradi-
tional NP battery. Again, we found a cut-point of .5 or greater
to provide optimal sensitivity and specificity in relation to
Data Analyses NP impairment classifications based on the traditional NP

: : battery.
Relationships between the composiescores and three . .
biomarkers of HIV disease progression and immunosup- D-scores based on the traditional NP battery domains

pression (CD4, CSF viral load, and plasma viral load) Wereshowed low to moderate correlations wiBhscores based

examined. Associations betwenscores and CD4 count ©" individual CalCAP tests (see Table 3). Summary scores

were analyzed using linear regression. CSF viral load angased on each battery were moderately correlated.49;

plasma viral load were converted to dichotomous variable® = -001). C_ontrgry to expectatlong, the CalCAP measures
were not primarily related to traditional measures of /SIP

(undetectablédetectable) due to their severely skewed dIS-F_’M ability. Even though scores on CRT3 demonsrated the

tributions; therefore, analyses employing them as depen-. . ; . .
. . . b . hest correlation with the SIPM domain, correlations
dent variables were examined using logistic regression. }n_g . . ’ o
g '99 g with other domains (i.e., Exec, AttWM) were of similar,

participant’s viral load was considered “detectable” when : .

the value was over 200 copjaslL. Otherwise, the viral and quite modest, magnitude.

load for that individual was classified as “undetectable.”
Type | error was controlled at the .05 level by applying Associations with Biomarkers of HIV

the Bonferroni adjustment to each family of analyses. ThereDisease Progression

fore, analyses using a single overBliscore (either tradi-

tional or CalCAP) were considered statistically significantOverall, scores based on measures from the traditional NP

if the observeg-value was .05 or less. Analyses using thebattery showed slightly (though not significantly) greater

traditional NP battery domaib-scores were deemed sta- association with biomarkers of HIV disease progression than

tistically significant if the observep-value was .01 or less. scores based on the CalCAP. Specifically, the summary score

Neuromedical evaluation
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Table 2. Mean deficit and raw scores on NP tests

Raw scor¢D-score Raw scoréD-score

Test M (SD) Test M (SD)
Halstead Category Test 50.41(27.83) Trails A 31.94(17.47)
0.91(1.36) 0.70(1.29)
Trails B 93.56(71.18) RAVLT Learning Trials 42.16(10.28)
0.84(1.53) 1.22(1.62)
Stroop Color and Word 133.43(40.27) RAVLT Delayed Free Recall 7.41(3.32)
1.91(1.98) 1.15(1.43)
WMS-R Visual Span 15.68(3.67) WMS-R Visual Reproduction | 30.48(6.14)
0.35(0.81) 0.38(0.93)
PASAT 105.39(36.21) WMS-R Visual Reproduction Il 24.43(8.91)
0.82(1.46) 0.73(1.50)
WAIS—-R Digit Span 14.55(3.93) Grooved Pegboard DH 76.18(20.89)
0.55(1.01) 1.04(1.49)
Symbol Digit Modalities 44.78(11.85) Grooved Pegboard NDH 86.45(22.46)
1.37(1.78) 1.22(1.52)
WAIS-R Block Design 29.00(10.45) Choice Reaction Time 3-Digits 438.52(70.66)
0.56(1.03) 0.98(1.64)
Figural Visual Scanning 78.04(23.18) Sequential Reaction Time 1 595.24(122.72)
1.19(1.61) 0.76(1.29)

Note WMS-R = Wechsler Memory Scale—Revised; PASATPaced Auditory Serial Addition Task; WAIS—R Wechsler Adult
Intelligence Scale—Revised; RAVLF Rey Auditory Verbal Learning Test; TNB: traditional neuropsychological battery; DH
dominant hand; NDH= non-dominant hand.

based on traditional NP battery tests demonstrated a signifment Package (CalCAP; a collection of computerized
icant association with CD4H(1, 52)= 12.36,p=.001; see reaction time tests) with respect to their classification of NP
Table 4) and detectable CSF viral load (chi-squar@.76, impairment in a sample of individuals suspected of HIV-
p = .009; see Table 5), but was unrelated to detectableelated NP deficits. Furthermore, we determined the degree
plasma viral load (chi-square 0.01,p = .994). The sum- of association between these tests and biomarkers of HIV-
mary D-score based on the CalCAP correlated with bothassociated immunosuppression and disease progression. Al-
CD4 (F(1, 52)= 4.13,p = .047) and detectable CSF viral though many studies have examined the ability of either
load (chi-square= 3.97,p = .046) to a lesser degree than computerized RT or traditional NP tests to detect HIV-
the traditional NP battery—likewise, it did not relate to associated NP impairments, few have directly compared
detectable plasma viral load (chi-squar®.05,p = .829).  the two approaches in this manner.
A nonparametric bootstrap method to test differences be- Our sample was suspected of experiencing NP deficits,
tween dependent correlations revealed that the strength afs indicated by self-report apar physicians’ referrals. The
associations between biomarkers and the two test batteri@sajority of participants in this study were in advanced stages
were not significantly different from each other. of HIV disease—over half of them were classified as CDC
stage C, and most exhibited low CD4 counts. Therefore, we
DISCUSSION anticipated that the more sensitive (accurate) battery would
identify a greater number of individuals as impaired, and
This study compared a traditional neuropsychological batthat its impairment classifications would be more related to
tery and subtests from the California Computerized Assesssiomarkers of HIV-related disease severity. However, to
the extent that individuals without cognitive impairment
were inappropriately referred to and included in the study, a
lower than 100% impairment classification would actually
be desirable. Although we have no independent gold stan-

Table 3. Correlations between traditional NP domains
and CalCAP-mini subtests

Exec Att/YWM SIF/PM Lrn/Mem Motor  dard for correct subject classification in this study, our com-
CRT3 36 37+ . 18 oo parisons between the traditional NP battery and the CalCAP
CRT4  43* Py 35k e 40~  suggest that the traditional NP battery may be more suc-

cessful at identifying participants with HIV-related NP
impairment.

Our results provide some empirical support for the seem-
ingly obvious assertion that traditional NP tests measure
different cognitive domains or constructs than are assessed

Note N = 82, except Attf WM (n = 80); CRT3= choice reaction time 3;
CRT4 = sequential reaction time 1; Execabstractiofiexecutive; Attry
WM = attentioryworking memory; SIPPM = speed of information
processingperceptual motor; LriMem = learning/memory.

*p <.05**p<.01
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Table 4. Relationships between battery deficit-scores and CD4 count

TNB measures r p-value  CalCAP measures r p-value
Summary TNB —.44 .001* Summary CalCAP —.27 .047*
Abstractiory Executive —.43 .001* CRT3 —.16 .264
SIP/Perceptual Motor -.37 .006* CRT4 —.27 .050
Attention/Working Memory —.34 .015

Learning/Memory -.30 .028

Complex Motor —.40 .003*

Note N = 53, except Attif WM (n = 52); TNB = traditional neuropsychological battery; SHspeed of
information processing; CalCAR California Computerized Assessment Package; CRT8hoice
reaction time 3; CRT4 sequential reaction time 1.

* fulfilled criteria for statistical significance presented in Method section.

by computerized reaction time tests. Agreement on impairbattery-based scores demonstrated somewhat stronger as-
ment classification between these instruments was modesbciations with the biomarkers under investigation than
to low, as were correlations between traditional NP batterydid those based on the CalCAP, although the differences
domains and CalCAP subtests. These findings are consibetween measures of association strength failed to demon-
tent with a factor analysis conducted by Miller et al. (1991)strate statistical significance. Our results also indicate that
that included other traditional NP measures and the CalCARneasures of processing speed and complex motor skills
and which indicated that CalCAP subtests load on separatieom the traditional NP battery consistently demonstrate
factors that do not include traditional NP battery tests. Thegreater associations with detectable CSF viral load and
results of that study also suggest that computerized RT tes8D4 count, thus suggesting that these measures may be
assess different NP domains than those assessed by a tradiiere sensitive to HIV-associated NP impairment than
tional battery. other domains from the traditional NP battery or CalCAP
Another method used to compare the batteries’ ability tosubtests.
detect the neurobehavioral impact of HIV infection was to  Our results lend additional support to the role of CSF
determine their association with biological markers of HIV viral load as an indirect marker of viral burden in the brain.
disease progression, including evidence of HIV viral pen-Although both neuropsychological batteries demonstrated
etration in the brain, and ostensibly potential brain injury.a significant relationship with detectable CSF viral load,
CSF viral load, in particular, may serve as an indirect indexneither was reliably associated with viral load in plasma.
of viral presence in the brain, and therefore may be moréNevertheless, it could be suggested that our findings regard-
related to NP function than plasma viral levels (Ellis et al.,ing CSF viral load may be attributable to the chronicity of
1997). Moreover, the brain may be a “sanctuary” for viral HIV disease resulting in an indirect “psychological” con-
replication that can go on relatively independent from event$ound (e.g., depression), associated with both CSF viral
in the periphery. load and neuropsychological functioning. However, several
Even though the two test batteries demonstrated low agrestudies have demonstrated that neuropsychological impair-
ment in impairment classifications, both demonstrated asment in HIV disease cannot be explained on the basis of
sociations with HIV-related biomarkers. Traditional NP depression (Rourke et al., 1999a, 1999b) or constitutional

Table 5. Relationships between batteltscores and detectable HIV viral load markers
in cerebrospinal fluid§ = 60)

NP measures R p-value NP measures R p-value
Summary TNB .08 .009* Summary CalCAP .05 .046*
Abstractiory Executive .04 .077 Choice Reaction Time 3 .06 .024
SIP/Perceptual Motor .10 .005* Sequential Reaction Time 1 .00 .596
Attention/WM * .03 .094

Learning/Memory .03 .136

Complex Motor .09 .006*

Note TNB = traditional neuropsychological battery; WM™ Working Memory; SIP= speed of infor-
mation processing; CalCAR California Computerized Assessment Package.

*sample size wasn(— 1) for Attn/WM domain.

*fulfilled criteria for statistical significance presented in Method section.
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