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Abstract

Despite the prevalence of HIV-associated episodic memory impairment and its adverse functional impact, there are
no empirically validated cognitive rehabilitation strategies for HIV-infected persons. The present study examined the
self-generation approach, which is theorized to enhance new learning by elaborating and deepening encoding. Participants
included 54 HIV-infected and 46 seronegative individuals, who learned paired word associates in both self-generated
and didactic encoding experimental conditions. Results revealed main effects of HIV serostatus and encoding condition,
but no interaction. Planned comparisons showed that both groups recalled significantly more words learned in the
self-generation condition, and that HIV1 individuals recalled fewer words overall compared to their seronegative
counterparts at delayed recall. Importantly, HIV1 participants with clinical memory impairment evidenced similar
benefits of self-generation compared to unimpaired HIV1 subjects. Self-generation strategies may improve verbal recall
in individuals with HIV infection and may, therefore, be an appropriate and potentially effective cognitive rehabilitation
tool in this population. (JINS, 2012, 18, 128–133)
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INTRODUCTION

Although the incidence of HIV-associated dementia has
fallen since the inception of combination antiretroviral ther-
apy (cART), milder forms of HIV-associated neurocognitive
disorders (HAND) remain highly prevalent (e.g., Heaton
et al., 2010). In fact, recent data suggest that HAND may be
more prevalent in individuals with less severe HIV disease in
the cART era, with specific increases noted in the rates of
executive dysfunction and episodic memory impairment
(Heaton et al., 2011). Among individuals with HAND,
approximately 50–60% evidence mild-to-moderate deficits in
learning and memory (Heaton et al., 2011). Consistent with
HIV infection’s preferential effects on the frontostriatal
neural systems (Ellis, Langford, & Masliah, 2007), the profile

of HIV-associated memory deficits is primarily characterized
by impairment in strategic encoding and retrieval, with con-
solidation/retention processes being relatively spared (e.g.,
Murji et al., 2003). Highlighting their ecological relevance,
HIV-associated episodic memory deficits are reliably asso-
ciated with poorer daily functioning outcomes, such as
unemployment (e.g., van Gorp et al., 2007) and medication
nonadherence (e.g., Hinkin et al., 2002).

Despite the prevalence of HIV-associated episodic memory
impairment and its adverse impact on everyday functioning,
there are no conceptually informed, empirically validated
approaches to remediating memory deficits in this vulnerable
population. As such, it may be prudent to implement memory
remediation techniques that have emerged from the cognitive
rehabilitation literature. Several interventions have been
developed that are based on basic cognitive science, and they
yield robust improvements in memory outcomes. Considering
the strategic encoding deficits evident in HIV infection, the
self-generation approach may be of particular interest.
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Self-generated encoding is theorized to facilitate deeper
and more elaborative encoding of information, ultimately
resulting in enhanced recall (Slamecka & Graf, 1978), a
phenomenon referred to as the generation effect. In a com-
mon self-generation experiment, participants are presented
with word pairs in either a didactic format (i.e., explicitly
presented) or a self-generated condition in which an entire
stem word is presented didactically, but only the first letter of
the second word is presented. To generate the second word,
the participant is provided a semantic cue that delineates a
relationship between the paired word associates.

Relative to simple didactic presentation, a vast literature now
shows that self-generation has a robust effect on both recall and
recognition tasks in cognitively normal adults (e.g., Slamecka
& Graf, 1978). Although there has been considerable debate
over the cognitive mechanisms that moderate the generation
effect, candidate hypotheses include the selective rehearsal
displacement theory and the transfer-appropriate processing
theory (see Bertsch, Pesta, Wiscott, & McDaniel, 2007).
Of clinical relevance, self-generation has been effective in
ameliorating verbal recall deficits in a variety of neurological
conditions such as multiple sclerosis (e.g., Basso, Lowery,
Ghormley, Combs, & Johnson, 2006; Chiaravalloti & DeLuca,
2002), traumatic brain injury (e.g., O’Brien, Chiaravalloti,
Arango-Lasprilla, Lengenfelder, & DeLuca, 2007), and mild
dementia (e.g., Lipinska, Bäckman, Mäntylä, & Viltanen,
1994). However, the generation effect is not necessarily
effective in all clinical populations, including frontotemporal
dementia (e.g., Souliez, Pasquier, Lebert, Leconte, & Petit,
1996) and advanced Alzheimer’s disease (e.g., Dick, Kean, &
Sands, 1989). As such, the present study aimed to explore the
effectiveness and cognitive correlates of a self-generation
paradigm in HIV infection, with the hypothesis that persons
living with HIV will perform better using self-generated
encoding compared to a didactic presentation of verbal material
to be recalled.

METHOD

Participants

This study was approved by the institution’s human research
protections program. Participants included 54 HIV-infected
and 46 HIV-seronegative individuals with broadly similar
risk factors (e.g., substance abuse) recruited from the San
Diego community and local HIV clinics. All participants
were enrolled in a project that examined the combined effects
of HIV and aging on memory; as such, the inclusion criteria
across both serostatus groups was age Z50 (‘‘Older’’) or
r40 (‘‘Younger’’) years (NB. the HIV1 and HIV2 groups
were nevertheless comparable in age) and completion of the
self-generation paradigm. Exclusion criteria were presence of
severe psychiatric illness (e.g., schizophrenia), neurological
disease (e.g., seizure disorders, stroke, closed head injury
with loss of consciousness for more than 15 min, and central
nervous system neoplasms or opportunistic infections),

verbal IQ scores ,70 (based on Wechsler Test of Adult Read-
ing [WTAR]; Psychological Corporation, 2001), a diagnosis of
substance dependence within 1 month of assessment, and a
urine toxicology screen positive for illicit drugs (excluding
marijuana) or positive breathalyzer test on the day of testing.
Table 1 describes the demographic, psychiatric, and medical
characteristics of both groups.

Materials and Procedure

After providing written informed consent, participants com-
pleted a comprehensive neuropsychological, psychiatric,
and medical evaluation for which they received nominal
monetary compensation.

Self-generation task

To examine self-generated learning, participants were presented
100 word pair associates (Slamecka & Graf, 1978) through
either self-generated or didactic encoding (for further detail,
please see Basso et al., 2006). In brief, the didactic condition
was administered such that participants were shown 50 word
pairs that they were instructed to read aloud (e.g., autumn-fall).
In the self-generation condition, participants received 50 word
pairs in which they were presented the first word, but were
asked to produce the second word based on its first letter (e.g.,
autumn-f___) and its lexicosemantic relationship with the stem
word (i.e., associate, category, synonym, rhyme, and opposite).
Participants were instructed to pay specific attention to the
second word of each pair because they would later be asked to
recall it. The primary dependent variables of interest were the
immediate and 20-min delayed free recall scores from the self-
generation and didactic conditions, as well as recognition scores
from both conditions. In addition, we tabulated the number of
errors made by participants during the act of self-generation
[i.e., individual is unable to generate the second word correctly
(range of total errors in this sample 5 0–21)].

General neuropsychological assessment

Participants completed a neuropsychological battery that
adhered to the Frascati research criteria for assessing HAND
(Antinori et al., 2007). These tests included the following:
WAIS-III Digit Symbol (total symbols completed), Trail
Making Tests A & B (total time to complete), D-KEFS Noun
Switching Fluency trial (total words generated), Tower of
London-Drexel version (total move score), California Verbal
Learning Test 2nd Edition (trial 1 total, trials 1–5 total,
long delay total words recalled, total semantic clustering),
WMS-III Logical Memory (total immediate recall, total
delayed recall), WAIS-III Digit Span (total trials completed),
and Grooved Pegboard (completion times) (see Woods
et al., 2007). Neurocognitive test scores were converted to
clinical ratings in the following domains; information pro-
cessing speed, verbal fluency, executive functions, learning,
memory, motor skills, and attention/working memory
(Woods et al., 2004). For the determination of episodic
memory impairment in our post hoc analyses, individuals who
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evidenced a clinical deficit (i.e., T-score , 40) on any primary
scores from tests of learning (i.e., Logical Memory immedi-
ate recall, and CVLT-II total trials 1–5, total semantic clus-
tering) or delayed memory (i.e., Logical Memory delayed
recall or CVLT-II delayed free recall or recognition dis-
criminability) were classified as impaired (see Heaton,
Miller, Taylor, & Grant, 2004).

RESULTS

Self-generation Primary Analyses

The present study examined the effect of self-generated
learning in HIV infection using three mixed model analyses
of variance (ANOVAs) to analyze performance on the
immediate recall (IR), delayed recall (DR), and recognition

trials. The between-subjects factor was HIV serostatus, and
across statistical models, the within-subjects factor was
the number of words either recalled or recognized under
the self-generation or didactic conditions. Given the design of
the parent study and the HIV serostatus effects reported in
Table 1, age group and sex were included in the models as
covariates.

Immediate recall MANOVA

This analysis yielded a main effect of encoding condition
(F[1,96] 5 56.64; p , .001; h2 5 0.355), whereby indivi-
duals recalled more words from the self-generated condition
compared to the didactic condition, (t(99) 5 28.77; p , .001;
d 5 1.10). Neither the main effect of serostatus nor the interac-
tion between serostatus and encoding condition were significant
(ps . .10; h2 , 0.01) (see Figure 1).

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

HIV– (n 5 46) HIV1 (n 5 54) p value

Demographic characteristics
Age (years)a 47.9 (13.4) 47.8 (13.4) .803
Education (years)a 14.1 (2.1) 13.8 (2.2) .376
Sex (% male) 58.7% 77.8% .040
Ethnicity (% Caucasian) 60.9% 61.1% .980

Psychiatric characteristics
Lifetime Major Depressive Disorder (%) 54.4% 59.3% .621
Lifetime Generalized Anxiety Disorder (%) 4.4% 25.9% .003
Lifetime Substance Use Disorder (%) 67.4% 64.8% .786

HIV disease characteristics
Proportion with AIDS (%) — 62.3% —
Proportion on HAART (%) — 88.7% —
Detectable Plasma Viral Load (%) — 17.0% —
Nadir CD4 Countb — 164.0 (71.5, 300.0) —
Current CD4 Countb — 546.0 (368.3, 801.0) —

aMeans (SD).
bMedian (interquartile range).
HIV 5 human immunodeficiency virus. AIDS 5 acquired immune deficiency syndrome. HAART 5 highly active antiretroviral therapy.
CD4 5 cluster of differentiation.

Fig. 1. Line graphs displaying the immediate recall, delayed recall, and recognition tasks across both encoding conditions
in the HIV1 (n 5 54) and HIV2 (n 5 46) subjects.
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Delayed recall MANOVA

Similarly, this analysis revealed a main effect of encoding
condition (F[1,96] 5 37.11; p , .001; h2 5 0.250), whereby
individuals recalled more words from the self-generated
condition compared to the didactic condition, (t(99) 5 26.92;
p , .001; d 5 0.89). Additionally, there was a main effect of
serostatus (F[1,96] 5 4.55; p 5 .036; h2 5 0.069), whereby
HIV1 individuals recalled fewer overall words than their sero-
negative counterparts (t(88.3) 5 22.25; p 5 .027; d 5 0.45).
The interaction term was not significant (p . .10; h2 , 0.01).

Recognition MANOVA

This analysis also revealed a main effect of encoding condi-
tion (F[1,95] 5 111.18; p , .001; h2 5 0.549), whereby
individuals recognized more words from the self-generated
condition compared to the didactic condition (t(98) 5 211.10;
p , .001; d 5 0.99). Neither the serostatus nor interaction
effects were significant (ps . .10; h2 , 0.01).

Effects of HIV-associated memory impairment

Consistent with previous literature on the generation effect (e.g.,
Basso et al., 2006), we repeated the three MANOVAs described
above only within the HIV1 sample, with the dichotomized
clinical memory impairment status as the sole between-subjects
factor (impaired n 5 26; normal n 5 28). (NB. These two
groups did not differ on any demographic, disease, or psychia-
tric variables.) All three analyses revealed main effects of
generation condition (all ps , .001; all h2s . 0.139) and no
significant main effect of impairment status (all ps . .10; all
h2s , 0.01) or interaction between impairment and generation
condition (all ps . .10; all h2s , 0.05). Post hoc paired-samples
t tests demonstrated significant benefits of self-generation in
both the HIV1 unimpaired and impaired samples on the
immediate recall (unimpaired: d 5 1.26; p , .001; impaired:
d 5 0.69; p , .001), delayed recall (unimpaired: d 5 1.05;
p , .001; impaired: d 5 .84; p , .001), and recognition (unim-
paired: d 5 1.26; p , .001; impaired: d 5 0.60; p , .001) trials.

Cognitive Mechanisms of Delayed Recall
Generation Effect

Finally, we sought to examine the cognitive correlates of the
generation effect, which was operationalized as a simple dif-
ference score between self-generated and didactic words on
delayed recall task in the HIV1 sample. Findings revealed a
significant association with verbal fluency rating (Spearman’s
r 5 0.28; p 5 .037), but no other clinical domain rating was
significantly correlated with the generation effect difference
score (ps . .05), with the exception of a trend-level finding for
the memory domain (Spearman’s r 5 0.25; p 5 .073).

DISCUSSION

HIV-associated neurocognitive disorders remain common
despite medical advances to manage the immunovirological

aspects of the disease, but there has been little effort to
develop effective cognitive neurorehabilitation approaches in
this population. Although HIV impacts a wide range of
cognitive functions, one might argue that it is particularly
important to specifically target deficits in episodic memory,
given their prevalence and relevance to everyday function-
ing. In this vein, the present study sought to examine the
validity of the generation effect in an HIV-infected popula-
tion to determine its potential efficacy as a memory rehabi-
litation strategy. Our primary results showed a robust main
effect of self-generation on immediate and delayed recall as
well as recognition of generated words from associated pairs.
In other words, participants were better able to recall or
recognize words they had produced as part of a word pair
compared to words that they were simply asked to read aloud.
In fact, as demonstrated in Figure 1, HIV-infected indivi-
duals’ performance in the self-generated condition surpassed
the performance of their seronegative counterparts on the
control didactic condition, suggesting that this strategy
ostensibly normalized the HIV-associated memory deficit on
this task. This is particularly important given the main effect
of HIV status on the delayed recall component of the task,
whereby HIV-infected individuals recalled significantly
fewer words in total compared to the HIV-seronegative
sample. Of note, we did not observe an interaction between
encoding condition and clinical memory impairment status
among the HIV-infected sample, which suggests that the
generation effect is present in the individuals for whom such
an intervention is arguably most indicated. These results are
consistent with findings in other similar neurological condi-
tions that experience mild-moderate memory deficits, such as
multiple sclerosis (e.g., Basso et al., 2006).

A relatively unique contribution of the present study to
the self-generation literature is the examination of cognitive
correlates of the generation effect described as a difference
score, thereby elucidating the relationship between cognitive
domains and the degree to which a given participant benefitted
from self-generation. Although memory was modestly corre-
lated (but not statistically significant) with self-generation gains
at delayed recall, semantic verbal fluency (noun switching)
emerged as the sole significant predictor. Speaking to the
specificity of this verbal fluency finding, generation gains
at delayed recall were not associated with broader execu-
tive dysfunction (e.g., planning, set shifting). Thus, while
prior studies have largely focused on the contribution of
episodic memory impairment to the better recall performance
on self-generated trials (e.g., O’Brien et al., 2007), the
executive aspects of semantic verbal fluency may also be
important, particularly in terms of within-subject gains.
Although one might argue this association could be driven
by degradation of semantic memory stores themselves, a
subsequent post hoc analysis showed that the generation
difference score was not correlated with a test of semantic
memory (i.e., Pyramids and Palm Trees; Spearman’s r 5 0.13;
p . .10). In sum, these data suggest that the self-initiated
search and retrieval aspects of generative fluency are more
relevant to realizing benefits from self-generation episodic
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memory paradigms than the integrity of the semantic memory
stores themselves.

This study is not without its limitations. First, the results
may not generalize to other HIV-infected populations given
this cohort’s relative immune health and limited demographic
diversity. Given the restrictions of the parent grant’s inclu-
sion criteria, this concern is particularly salient due to the lack
of individuals between the ages 41 and 49, who may be more
representative of the epidemic. Second, this study only
examined the generation effect using a verbal memory task
and, therefore, further investigation of the generation effect in
HIV in other modalities (e.g., sentence completion) is needed.
Within this specific task, intrusion errors committed on
self-generation trials were not recognized as correct in recall
total scores, which is consistent with prior studies, but may
have lowered recall scores and, therefore, underestimated the
potential benefits of the paradigm. In addition, the use of a
difference score between the didactic and self-generation
trials to examine cognitive correlates of the generation effect
may be less psychometrically desirable in some ways (e.g.,
less reliable) compared to a more traditional analysis of the
self-generation trial total score. Finally, future studies should
seek to broaden the exploration of the generation effect in this
population, both in terms of other aspects of memory (e.g.,
prospective memory) as well as determining its ecological
relevance. With respect to the latter, Basso and colleagues
(2006) examined the generation effect on a lab-based task of
everyday functioning (i.e., generating appointment times for
errands) in an MS population, in which they found that
allowing participants to generate the target assisted in their
ability to remember the details of their appointments at recall
and recognition. Beyond the laboratory, the use of self-
generation has potential for being a much-needed efficacious
cognitive rehabilitation intervention for HIV-associated
episodic memory deficits in the clinic, for which there are
currently no empirically validated treatments. For example,
these data argue for increased patient involvement in gen-
erating verbal mnemonic strategies to assist in everyday
memory tasks as well as to enhance didactic interventions
that target adherence and HIV transmission risk behaviors.
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