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Abstract

Script generation describes one’s ability to produce complex, sequential action plans derived from mental representations
of everyday activities. The aim of this study was to assess the effect of human immunodeficiency virus (HIV) infection
on script generation performance. Sixty HIV+ individuals (48% of whom had HIV-associated neurocognitive disorders
[HAND]) and 26 demographically comparable HIV- participants were administered a novel, standardized test of script
generation, which required participants to verbally generate and organize the necessary steps for completing six daily
activities. HAND participants evidenced significantly more total errors, intrusions, and script boundary errors compared
to the HIV- sample, indicating difficulties inhibiting irrelevant actions and staying within the prescribed boundaries

of scripts, but had adequate knowledge of the relevant actions required for each script. These findings are generally
consistent with the executive dysfunction and slowing common in HAND and suggest that script generation may play

a role in everyday functioning problems in HIV. (JINS, 2011, 17, 740-745)

Keywords: Human immunodeficiency virus, Cognition, Neuropsychology, Activities of daily living, Executive functions,

Frontal lobes

INTRODUCTION

Script generation is a novel cognitive construct involving
the ability to produce and organize complex, sequential
action plans derived from mental representations of everyday
activities (Grafman, 1995). These scripts are activated when a
high-level goal is established and triggers its individual
component actions and sub-goals. Scripts are crucial to goal-
directed behavior (Shallice, 1982) and provide templates
for a variety of daily activities. Deficiencies in script gen-
eration can, therefore, disrupt instrumental activities of daily
living (IADL; Zalla, Plaissiart, Pillon, Grafman, & Sirigu,
2001), and direct assessments of script use are predictive
of everyday functioning in some neurological populations
(e.g., Giovannetti et al., 2008).
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Neuroimaging studies generally support the involvement
of frontostriatal systems in script generation (e.g., Shallice,
1988), in particular dorsolateral and ventromedial prefrontal
cortex, as well as striatum (e.g., Koechlin, Danek, Burnod, &
Grafman, 2002). Moreover, script generation is commonly
impaired in individuals with prefrontal lesions (e.g., Sirigu
et al., 1995) or Parkinson’s disease (e.g., Godbout & Doyon,
2000). These populations commonly display adequate per-
formance in generating the relevant actions required for a
script, indicating intact access to script knowledge, although
the types of errors that occur may differ by condition. For
example, individuals with Parkinson’s disease and prefrontal
lesions both display errors in sequencing script events,
but Parkinson’s disease patients have difficulty inhibiting
irrelevant script elements while individuals with prefrontal
lesions demonstrate problems staying within the boundaries
of scripts (e.g., premature termination).

Considering the prominent frontostriatal neuropathogenesis
of HIV infection (Gonzalez-Scarano & Martin-Garcia, 2005)
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and resultant executive dysfunction (e.g., Grant et al., 1987),
script generation may be of particular relevance to HIV.
Prior research shows that action (verb) generation is dis-
proportionately impaired in HIV (Woods et al., 2005) and
sensitive to IADL declines (Woods et al., 2006), which
may be related to difficulties inhibiting the generation of
irrelevant actions. If one presumes that deficient generation
of verbs and difficulty avoiding irrelevant actions interfere
with effective generation of script sequences, then it is
reasonable to hypothesize that HIV infection might lead
to errors in script generation, which may ultimately lead to
errors in script execution (i.e., [ADL dysfunction). The aim
of this study was, therefore (1) to assess the effect of HIV-
associated neurocognitive disorders on script generation,
and (2) to examine the convergent (e.g., executive functions)
and divergent (e.g., constructional praxis) validity of script
generation.

741
METHODS

Participants

Participants included 60 individuals with HIV-1 infection
(HIV+) and 26 seronegative healthy adults (HIV-). Individuals
with histories of major neuromedical confounds (e.g., head
injuries), severe psychiatric disorders (e.g., schizophrenia),
substance-related disorders within 1 year of evaluation, or
a positive toxicology test for illicit substance use were
excluded. Twenty-nine of the HIV+ participants (48%)
met research criteria (see Antinori et al., 2007) for an HIV-
associated neurocognitive disorder (HAND) as determined
by a comprehensive neuromedical and neuropsychological
evaluation (see Woods et al., 2004). Twenty of the HAND +
participants were diagnosed with Asymptomatic Neuro-
cognitive Impairment, 7 with Minor Neurocognitive Disorder,
and 2 with HIV-associated Dementia. Table 1 shows that

Table 1. Demographic, psychiatric, and HIV characteristics of the study sample

HIV- HIV+
(n=26) HAND-(n = 31) HAND+((n = 29) F/y2 p

Demographic characteristics

Age (years) 47.1 (12.6) 49.1 (7.5) 50.6 (11.0) 0.77 468

Education (years) 14.3 (2.2) 14.4 (3.1) 142 (2.4) 0.04 .962

WRAT Reading Standard Score 100.8 (12.4) 99.9 (11.9) 100.3 (11.8) 0.04 958

Sex (% male) 69.2% 80.7% 86.7% 2.46 292

Ethnicity (% Caucasian)® 65.4% 77.4% 73.3% 1.20 .550
Psychiatric characteristics

Substance dependence (%)b 34.6% 38.7% 30.0% 0.39 .823

Major depression (%)° 34.6% 61.2% 53.3% 4.10 130

Current major depression (%) 3.9% 12.9% 6.7% 1.64 440

BDI-II* 39(5.5) 10.2 (9.0) 8.8 (8.1) 4.87 010°
HIV characteristics

Nadir CD4° (cells/pl) — 82.5 60.0 1.79 .186

[8.8,292.5] [13.0, 191.0]
Current CD4° (cells/l) — 534.0 400.5 0.90 .346
[226.5, 807.8] [260.0, 601.8]

% Detectable plasma HIV RNA — 22.6% 10.3% 1.62 204

% Detectable CSF HIV RNA® — 6.3% 4.8% 0.04 .843

% with AIDS — 64.5% 80.0% 1.62 204

% on cART — 83.9% 86.2% 0.06 .800
Neuropsychological Z scores®

Attention/working memory —0.1(0.9) 0.5 (0.6) —0.5(0.9) — —

Speed of information processing 0.1 (0.7) 0.6 (0.9) —0.6 (1.0) — —

Executive functions 0.1 (0.6) 0.4 (0.5) —0.4 (1.0) — —

Learning 0.3 (0.7) 0.4 (0.7) —0.7 (0.8) — —

Memory 0.3 (0.6) 0.5 (0.6) —0.7 (0.9) — —

Constructional praxis 0.3 (0.2) 0.2 (0.2) —-0.4(1.2) — —

Note. WRAT = Wide Range Achievement Test; BDI-II=Beck Depression Inventory-II; cART = combination antiretroviral therapies; CSF = cerebrospinal
fluid.

Chi-square analysis compares all ethnicity groups.

PIndicates a lifetime diagnosis.

“Fifteen HIV + participants received the Beck Depression Inventory.

“Data represent medians with interquartile ranges.

“Samples available on 38 HIV + participants.

Both HIV+ groups differ from HIV seronegative group, although the two HIV+ groups are comparable.

€Data are intended to be descriptive and are part of the basis for group classification, and thus F values and significance are not shown.
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the study groups were largely comparable in demographic,
psychiatric, and HIV disease characteristics.

Procedures

The study was approved by the UCSD Human Research
Protections Program. After providing written informed con-
sent, each participant was administered a standardized test
of script generation and comprehensive neuropsychological,
psychiatric, and neuromedical evaluations. The script gen-
eration test required participants to verbally generate and
organize the necessary steps for completing 6 daily activities.
Five scripts were from a normative study of frequency
in engaging in daily scripts by Rosen, Caplan, Sheesley,
Rodriguez, and Grafman (2003), which were chosen to cover
a range of novelty and complexity and for their ecological
relevance for clinical populations. These scripts were as fol-
lows: (1) going shopping for a meal; (2) attending a dentist’s
appointment; (3) preparing to leave the house in the morning;
(4) getting into a car accident (from the time of the accident);
and (5) doing the laundry. An additional script, “getting a
new prescription filled,” was added given its relevance to
the daily activities of HIV+ individuals. The administration
sequence of scripts was randomized for each participant.

Administration was standardized after Godbout and Doyon
(2000). The examiner defined the overall purpose/goal of each
script and the script’s starting and ending points. Instructions
were given verbally and displayed on a cue card that remained
visible throughout the task. For example, for “Preparing to
leave the house in the morning,” the examiner stated: “You
need to get up in the morning to go to work or attend an
appointment. Tell me, in order, all of the things you need to do,
starting when you go to sleep the night before and stopping
when you leave the house.” The examiner offered an example
response to ensure understanding of the task requirements.
After each script instruction, the examiner recorded the parti-
cipant’s responses in the order specified and then confirmed
the responses and their sequence (and scored the corrected
responses separately). When generated events were similar,
such as “take a shower” and “take a bath,” they were classified
as belonging to the same action category (Sirigu et al., 1995).
The lead author and a trained research assistant administered
and scored the test in accordance with standardized procedures,
and each battery was double-scored to ensure accuracy. The
examiner was blinded to participants’ HIV status. Inter-rater
reliability for script generation was established before study
initiation with 10 healthy, HIV seronegative participants not
included in the study sample. Two-way, random-effects intra-
class correlations for consistency revealed good-to-excellent
inter-rater reliability (range = 0.83-0.98).

In line with Godbout and Doyon (2000), performance
on script generation was measured by the following:
(1) Sequencing Errors (physically impossible or inconsistent);
(2) Repetitions; (3) Intrusions (irrelevant to the script);
(4) Script Boundary Errors (participant ends a script before
or beyond the prescribed endpoint); and (5) Total Errors
(sum of 1-4). We also created a variable to index the total
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Accuracy of responding, which was calculated as [(accurate
responses—errors)/accurate responses]. The total number of
script elements that participants omitted from among the top
five most frequently generated actions for each script (Rosen
et al., 2003) were summed to give a measure of important
script elements that were omitted (excluding the prescription
script, which did not have normative information). The total
numbers of actions generated and mean generation time (total
time/number of actions) were used as potential confounding
variables (i.e., to determine whether findings might be due to
reduced fluency). In addition, participants were read a list of
10 actions for each sequence—five that were most frequently
generated in a normative sample (Rosen et al., 2003) and five
that did not belong—and asked to respond “Yes” or “No” to
whether each action belongs in a sequence, providing a
measure of recognition for the semantic content of scripts.
Participants were also asked to rate the frequency that they
performed the given tasks on a scale from 1 (never) to 5 (very
frequently) to assess general script familiarity.

The neuropsychological battery was constructed in
accordance with the recommendations of the Frascati NIH
working group (Antinori et al., 2007) and is described in
detail elsewhere (Rippeth et al., 2004). All participants
scored above the 90% correct cutoff on the Digit Memory
Test (Hiscock & Hiscock, 1989). Population-based Z scores
were created from raw scores of measures within select
neurocognitive domains, which were chosen on an a priori
conceptual basis to explore the convergent and divergent
validity of script generation. These Z scores were adjusted so
that high scores represented better performance and were
averaged to generate composite cognitive domain scores. For
speed of information processing, the measures used were:
(a) Wechsler Adult Intelligence Scale-IIT (WAIS-III) Digit
Symbol; (b) WAIS-III Symbol Search; and (c) Trailmaking
Test, Part A. For attention/working memory, the measures
were: (a) Paced Auditory Inhibition Test (PASAT) number
correct (2.4-s inter-stimulus interval); and (b) Wechsler
Memory Scale-III (WMS-III) Spatial Span total. For execu-
tive functions, the measures were: (a) Wisconsin Card Sorting
Test-64 (WCST-64) perseverative responses; (b) Trailmaking
Test, Part B; and (c) Stroop Color-Word Test (incongruent
trial). Correlations between Action Fluency (Piatt, Fields,
Paolo, & Troster, 1999) and script generation were also
examined given their putative association. In terms of
divergent validity, for learning, the measures used were:
(a) Hopkins Verbal Learning Test-Revised (HVLT-R)
Learning; and (b) Brief Visuospatial Memory Test-Revised
(BVMT-R) Learning. For memory, the measures were:
(a) HVLT-R Delayed Recall; and (b) BVMT-R Delayed
Recall. For constructional praxis, the measure used was:
BVMT-R Copy Trial. Neuropsychological domain Z scores
are presented in Table 1 for reference.

Data Analyses

Data were screened for significant outliers (i.e., >3.5 SD
from the overall group mean) and evaluated for normality
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Table 2. Script generation performance in the HAND+, HAND-, and HIV- healthy comparison samples

HIV- HIV+
(n=26) HAND- (n=31) HAND+ (n=29) > p

Script elements excluded 5.03.5) 4.1 (2.5) 5.3(2.5) 3.99 136 —

Sequencing errors 0.1 (0.4) 0.2 (0.4) 0.5 (0.9) 3.95 .139 —

Repetitions 0.2 (0.7) 0.4 (0.8) 0.5 (1.0) 1.65 438 —

Intrusions 0.6 (1.0) 1.4 (1.9) 22(2.9) 10.16 .006 HAND+ > HIV-
Script boundary errors 1.1 (1.3) 1.6 (1.5) 2.0 (1.1) 7.45 .024 HAND+ > HIV-
Total errors 2.0 (2.1) 3.6 (3.4) 5.1(4.2) 13.41 .001 HAND+ > HIV-
Accuracy (%) 98.8 (1.9) 97.5 (2.8) 95.5 (5.0) 16.37 .0003 HAND+ <HIV-, HAND-
Script elements® 12.7 (4.0) 12.8 (4.1) 11.1 4.0) 4.11 143 —

Time per script (seconds) 75.6 (22.4) 76.8 (29.4) 71.5 (47.0) 3.89 129 —

Recognition hits® 29.7 (0.7) 29.8 (0.4) 29.9 (0.4) 1.01 .603 —

Recognition FPs? 1.2(1.2) 0.8 (1.0) 1.0 (1.1) 2.48 .290 —

Note. FPs = False Positives; Chi-square values are from nonparametric Kruskal-Wallis omnibus tests.

#Average number of individual elements (i.e., actions) per script.
b, .
Out of a total 30 possible.

(i.e., Shapiro-Wilk W test, p <.05). The script generation
error variables were nonnormally distributed, and Kruskal-
Wallis tests (and follow-up Wilcoxon Ranked Sums) were,
therefore, used. Spearman’s rho correlations were used to
examine the association between script generation variables
and neuropsychological performance.

RESULTS

As displayed in Table 2, significant omnibus between-group
differences were observed for total errors, intrusion errors,
script boundary errors, and total accuracy (ps < .05). Pair-wise
comparisons revealed that HAND+ individuals evidenced
significantly more intrusion errors (Cohen’s d =.79), total
errors (d = .94), and script boundary errors (d = .75) as well as
decreased total accuracy (d = 1.3) as compared to the HIV-
sample. HAND+ participants also displayed significantly
lower accuracy in script generation (d = 1.3) compared to
the HAND- participants. HAND- participants were not sig-
nificantly different on any script generation variable from
HIV- individuals. There were no group differences in inclusion
of the most relevant script elements, recognition of script steps,
script generation time, or number of elements generated
(ps>.10). Using the corrected responses of participants in
analyses or removing individuals with dementia from the
HAND sample did not alter the study findings.

Within the HIV+ sample, action fluency was correlated
with script generation boundary errors (rho = —.29; p < .05),
total errors (rho = —.28; p <.05), and accuracy (rho = .34;
p <.01). The speed of information processing Z score was
negatively associated with sequencing errors (rho = —.35;
p <.01), total errors (rho = —.27; p <.05), and boundary
errors (rho = —.35; p <.01), and positively associated with
accuracy (rho=.31; p<.05). The executive functions
Z score was associated with sequencing errors (rho = —.28;
p <.05), total errors (rho = —.28; p <.05), and boundary
errors (rho = —.25; p < .05). The attention/working memory
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Z score was negatively associated with intrusions (rho = —.32;
p <.05), boundary errors (rho = —.27; p <.05), and total
errors (rho = —.29; p <.05), and positively associated with
accuracy (rho = .37; p <.01). All other correlations between
these domains and script generation variables were non-
significant (ps > .10). Moreover, no significant associations
were observed between script generation variables and
measures of learning, memory, or constructional praxis
(range: rho = .01-.21; all ps > .10).

DISCUSSION

In this study, the first to examine script generation in HIV
disease, we found differences of a medium-to-large magni-
tude in script generation errors and accuracy between indi-
viduals with HAND and HIV seronegative participants.
Individuals with HAND displayed increased intrusions,
script boundary errors, and total errors but, unexpectedly, did
not display increased errors in sequencing script elements.
These differences persisted even when examining the
responses of participants after they were given the opportu-
nity to change their responses. In addition, individuals with
HAND did not have difficulties generating the most relevant
elements for each script. Taken together, our results indicate
that HIV+ individuals with HAND display adequate per-
formance in generating and sequencing the relevant actions
required for a script (suggestive of intact access to script
knowledge) but have difficulty inhibiting the expression of
irrelevant steps (i.e., actions) and staying within the pre-
scribed boundaries of scripts.

Our results extend the findings of Woods and colleagues
(2005, 2006), who reported that individuals with HIV
demonstrated deficient overall performance and increased
intrusion errors on a test of action fluency, which was
also predictive of IADL dysfunction. Thus, the processes
of generating script action sequences and searching for,
accessing, and retrieving mental representations of actions
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may be related. To this end, correlational analyses showed
that action fluency was modestly associated with script
boundary errors, total errors, and accuracy, supporting
the relatedness of these measures. Interestingly, however, the
pattern of errors displayed by individuals with HAND was
somewhat different than previous script generation results in
Parkinson’s disease and prefrontal lesions (e.g., Godbout &
Doyon, 2000; Sirigu et al., 1995). Specifically, individuals
with HAND did not display sequencing errors, which are
characteristic of these disorders, although they evidenced
a combination of other errors that distinguish these two
disorders (i.e., intrusions similar to Parkinson’s disease and
boundary errors similar to prefrontal lesion patients).

Although little research has examined the construct validity
of script generation, the present study supports its convergent
validity by demonstrating correlations between script genera-
tion errors and accuracy and clinical measures of executive
functions, attention/working memory, and processing speed.
Thus, script generation errors and accuracy share a modest
proportion of variance with tests measuring these related
cognitive constructs. Importantly, evidence of divergent
validity was provided by nonsignificant correlations with
tests of episodic memory and praxis. Taken together, these
findings provide evidence that HIV-associated difficulties
with script generation involve slowed processing and
executive dysfunction, both of which are common in HIV.

Regarding this study’s clinical significance, although raw
script generation error rates were relatively low (and accuracy
was relatively high), our between-group effect size estimates
fell within the medium-to-large range. Moreover, while
script generation errors are rare in neurologically healthy
individuals, HAND+ individuals made errors on average
once out of every 20 script steps generated (using accuracy as
a metric), which may be clinically significant. However,
these speculative contentions await specific hypothesis test-
ing regarding the clinical significance of script generation,
including studies that relate script generation performance to
“real world” outcomes, such as informant reports of func-
tional abilities or readily measurable IADLs (e.g., medication
adherence).

One might argue that familiarity with the script actions
could have impacted these results. Post hoc analyses exam-
ining self-reported frequency of engaging in these actions
revealed that both HIV + groups had prescriptions filled more
frequently compared to the HIV- group, but this frequency
was not correlated with any script generation variable
(ps>.10). Moreover, HAND+ participants evidenced a
trend for leaving the house less frequently than the HIV-
group (p =.06), which was negatively correlated with the
number of script generation errors in the HAND+ sample,
albeit at a trend level (rho = —.24; p =.06). Thus, the
frequency that HAND+ individuals left the house was
modestly associated with their script generation errors.

It is unlikely that differences observed between the
HAND and HIV- groups were due to demographic factors,
as the groups were comparable in this regard. Results were
also likely not dependent on affective status, as depressive

https://doi.org/10.1017/5135561771100052X Published online by Cambridge University Press

J.C. Scott et al.

symptoms were not associated with script generation per-
formance (all ps > .10). However, limitations of the study
include restricted generalizability due to the demographic
(e.g., largely well-educated males) and HIV disease char-
acteristics (e.g., current immunocompetence) of the study
sample. In addition, although some normative data are
available for script generation, the sensitivity and specificity
of script generation errors to neurocognitive disorders remain
largely unexplored.

In summary, these data provide novel insights into the
nature of script generation difficulties in persons with HIV. In
combination with our previous study examining the multi-
tasking of everyday actions in HIV infection (Scott et al.,
2011), results highlight the potential clinical relevance of
everyday action organization in the expression of HAND. In
fact, a growing literature points to the benefits of directly
assessing everyday actions in several neurologic and neuro-
psychiatric disorders (e.g., Giovannetti et al., 2008; Kessler,
Giovannetti, & MacMullen, 2007). However, although efforts
have begun to standardize and obtain psychometric data for
such tasks, adequate justification for adding such measures to
a clinical neuropsychological battery requires multiple addi-
tional demonstrations of reliability and construct validity.
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