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People with schizophrenia often experience difficulties with prospective memory (PM), but few empirical stud-
ies have directly compared the effectiveness of different types of reminders in remediating these difficulties. In
the present study, two distinct types of reminders were compared to a standard (no reminder) condition in out-
patients with schizophrenia (n = 30) and controls (n = 30). Using an adapted version of the well-validated lab-
oratory PM measure, Virtual Week, participants were asked to complete three different conditions
(counterbalanced), in which they were (i) provided with access to self-initiated reminders, (ii) provided with
experimenter-initiated reminders, and (iii) completed a standard (no-reminder) condition. Both groups
benefited from the provision of reminders, but self-initiated reminders were the most beneficial, particularly
for time-based tasks. These data align with a broader literature that shows PM can be enhanced by the use of re-
minders. However, it extends this literature in an important way by showing that these benefits are equivalent
for people with schizophrenia, and may be greatest where access to reminders is self-initiated. The implications
of these data for the development of rehabilitative interventions are discussed.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

Prospective memory (PM) refers to the cognitive operations in-
volved in remembering to complete an intended action, such as taking
medication, or turning off appliances. PM is of critical importance for ev-
eryday functioning and a large literature has now emerged focused on
better understanding how capacity for PM is affected in those living
with schizophrenia. Based on a recent review, Wang et al. (2017) con-
cluded that, “Findings of studies conducted so far indicate that PM is se-
verely impaired in schizophrenia.” (p. 1). PM deficits have been
identified in the early, prodromal phase (Frommann et al., 2011), in
first-episode schizophrenia (Lui et al., 2015), and have even been sug-
gested to be a key predictor of initial onset (Lui et al., 2011; Zhou
et al,, 2012). Deficits are also evident in symptomatically remitted pa-
tients (Chen et al., 2015), as well as first-degree relatives (Saleem
et al., 2017). Because of how early these deficits appear, and because
they do not appear to simply reflect a secondary consequence of
broader neurocognitive impairment (Henry et al., 2007; Lui et al,,
2015), it has been argued that PM should be considered a neuropsycho-
logical marker of schizophrenia (Lui et al., 2015).
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In line with this view, it is also noteworthy that PM deficits appear to
be arelatively consistent clinical feature that emerges regardless of how
the PM task is operationalized. Thus, most evidence indicates that
schizophrenia is associated with deficits across multiple types of PM
(Wang et al.,, 2017), as well as other aspects of prospection more
broadly (Lyons et al., 2016). These deficits in prospective cognition
have been indexed using a variety of different, well validated methods
of assessment, including self-report, computerized tests and psycho-
metric test batteries (for a review, see Wang et al., 2017).

Of greatest importance is the finding that level of PM impairment is a
strong predictor of functional outcomes (Au et al., 2014; Raskin et al.,
2014; Twamley et al., 2008). For instance, Raskin et al. (2014) noted
that PM played a critical role in medication management skills, identify-
ing PM as a significant predictor of medication adherence, even after
controlling for broader neurocognitive impairment (see also, Lam
etal,, 2013). Moreover, a recent study involving 153 individuals with se-
vere mental illness (SMI) found that poorer PM was associated with
greater illness burden (disability benefits, hospitalization history, cur-
rent functional capacity), and functional disability (Burton et al.,, 2018).

Compensatory memory strategies provide new ways to accomplish
a cognitive task by working around cognitive weaknesses. However, al-
though several programs are currently available which involve teaching
compensatory strategies, such as the Thinking Skills for Work Program
(which incorporates the use of practical prospective memory
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compensatory strategies to aid daily living, McGurk et al., 2015), these
also use other approaches to enhance cognitive function, making it dif-
ficult to isolate the most effective aspects of the intervention. Analo-
gously, although several studies have shown that compensatory
reminder strategies specifically are effective at improving prospective
remembering, they have not compared the relative efficacy of different
types of reminders (see e.g., Pijnenborg et al., 2010; Velligan et al.,
2008; Chen et al., 2016). At present, it therefore remains unclear
whether specific types of compensatory strategies are more effective
than others for people with schizophrenia, and consequently how best
to compensate for schizophrenia-related PM difficulties. This is an im-
portant question to address, both to enhance our theoretical under-
standing of the cognitive mechanisms that support PM function in
schizophrenia, but also to inform the refinement of cognitive interven-
tions for clinical practice. The goal of the present study was therefore
to provide an empirical assessment of the efficacy of different types of
reminders at enhancing PM function in people with schizophrenia.

To address this goal, an adapted version of the well-validated PM
task, Virtual Week, was used (Henry et al., 2012). In this paradigm, con-
ditions that incorporated self-initiated and experimenter-initiated cues
were compared with performance on a standard (no reminder cue)
condition. This contrast is clinically important and interesting because
it directly speaks to whether people with schizophrenia experience
the greatest benefit when they are provided with reminder cues at
fixed, arbitrary times (experimenter-initiated), or when they are in-
stead given the resources to access reminder cues as often as they
need, and at times of their own choosing (self-initiated). While t was
predicted that the provision of any type of compensatory strategy (re-
minders) would enhance PM function for people with schizophrenia
relative to a no-reminder condition, the key question of interest was
whether self-initiated or experimenter-initiated reminders would be
associated with the greatest benefits.

2. Methods
2.1. Participants

Thirty clinical participants that met DSM-V (American Psychiatric
Association, 2013) criteria for schizophrenia or schizoaffective disorder
were recruited from the Australian Schizophrenia Research Bank, the
Royal Brisbhane Women's Hospital, and a not-for-profit community
mental health organisation. All clinical participants were outpatients,
aged over 18, clinically stable, and had never been diagnosed with a
neurological condition or treated for a substance use disorder. The ma-
jority were receiving atypical antipsychotic medication. The average age
of illness onset was 24.4 years (SD = 6.37), and duration of illness was
14.5 years (SD = 10.04). Severity of illness was measured using the
Scale for the Assessment of Positive Symptoms (SAPS; Andreasen,
1984) and the Scale for the Assessment of Negative Symptoms (SANS;
Andreasen, 1983). Mean composite scores were 5.0 (SD = 3.59) and
8.1 (SD = 3.17) respectively, consistent with a relatively mild level of
symptom presentation and stable phase of illness.

Thirty non-clinical controls were recruited via advertisements. Con-
trols were assessed for schizotypy proneness using the Schizotypal Per-
sonality Questionnaire (SPQ; Raine, 1991). Their mean score of 17.0 out
of a possible maximum of 74 (SD = 11.36) was consistent with norms
regarding paranoid ideas and psychotic experiences among the general
population (Badcock and Dragovi¢, 2006). Exclusion criteria included a
history of neurological insult or psychiatric disorders.

Background information for the two groups is reported in Table 1.
The schizophrenia and control groups did not differ in gender composi-
tion (73% males, and 67% males, respectively), y°(1) = 0.31,p = .581, ®
= 0.07, orin age (M = 38.7,SD = 12.06 and M = 42.9, SD = 15.68, re-
spectively), F(1,59) = 1.37, p = .246, but did differ in years of education
(M =12.9,SD =3.48 and M = 15.6, SD = 3.48, respectively, F(1,59) =
9.13, p = .004).

Table 1
Characteristics of the control and clinical participants.

\Measure Schizophrenia Control Inferential statistics
M SD M SD F df p

NART 108.6 782 1118 567 3290 59 075
Phonemic fluency 31.6 10.01 425 1262 1391 59 <001
Semantic fluency 16.5 438 203 435 1158 59 .001
SEFCI - delay 5.1 1.50 7.1 195 1958 59 <001
TMT ratio 3.0 1.57 2.7 1.75 045 59 .507
TMT part A 328 9.46 265  10.07 6.17 56 .016

2.2. Procedure and measures

All procedures were approved by the Royal Brisbane Women's Hos-
pital and University of Queensland Human Research Ethics Committees.
All participants completed the experimental PM measure, clinical as-
sessments, and background measures of cognitive function
(counterbalanced). Average testing duration was 3 h, and participants
were remunerated $60AUD.

2.2.1. Background cognitive measures

The National Adult Reading Test (NART; Nelson and Willison, 1991)
was used to index premorbid intelligence. The Trail Making Test Part A
(TMT A) was used as a measure of psychomotor speed, and a ratio score
for Part B (TMT B - TMTA/TMTA) as a measure of executive control.
Measures of phonemic (FAS) and semantic (animals) fluency were
also used to index executive control. Retrospective memory was
indexed using the Delayed Recall subtest from the Screening Examina-
tion for Cognitive Impairment (Beatty et al., 1995).

2.2.2. Prospective memory

Participants completed a modified version of the well-validated PM
task, Virtual Week (see Online Supplemental Information for full details
about the measure, and how the original version was adapted for use in
the current study). There is considerable evidence for the reliability and
validity of VW in many clinical groups, including schizophrenia (Henry
et al., 2007; Rendell and Henry, 2009).

Briefly, Virtual Week is a board game that simulates daily life. Partic-
ipants move a token around the board with the roll of a die and are
instructed to make choices regarding daily activities and remember to
carry out lifelike activities (PM tasks). In the present study, participants
were asked to complete 6 ‘days’ of Virtual Week (i.e. six loops around
the board), with each ‘day’ including ten PM tasks: four regular
(i.e., recurring), four irregular (i.e., one-off), and two time-check tasks.
For the regular and irregular tasks, half were event-based (i.e., cued by
a specific contextual cue) and the other half were time-based
(i.e., cued by a specific time on the board). Time-check tasks were depen-
dent on participants' monitoring the time of a stop clock visible on the
top of the board that was independent to the ongoing activities encoun-
tered in Virtual Week.

As noted, in the present study an adapted version of Virtual Week
was used which included three different types of reminder condition:
(1) experimenter-initiated, whereby one pop-up reminder was
displayed on the computer screen with the tasks to be completed that
day, (2) self-initiated, whereby the participant could click a ‘To Do’ list
at any point and as many times as desired during the day to view a
list of tasks to be completed that day (see Fig. 1), or (3) no reminder,
which effectively corresponded to the standard version of VW. Because
of their one off nature, reminders were manipulated in relation to the ir-
regular PM tasks only. The order of reminders was counterbalanced
across participants, with each type of reminder repeating for two con-
secutive days. After completing each virtual day, participants were
asked to identify all the tasks that they had been prompted to complete
that day.
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Fig. 1. The self-initiated reminder cue, or ‘To Do’ list that participants were able to access in Virtual Week.

3. Results
3.1. Background characteristics

As can be seen in Table 1, the two groups did not differ in premorbid
intelligence or the TMT ratio score. However, the clinical group exhib-
ited lower scores on both measures of verbal fluency, the TMT Part A,
as well as the SEFCI-delay task. These data indicate that although the
two groups were matched in terms of premorbid intellectual function,
the clinical group performed significantly worse on the measures of ret-
rospective memory, processing speed and one of the executive control
tasks.

3.2. Regular and time-check task performance

To investigate performance on the PM tasks that were not manipu-
lated by reminder conditions (i.e. regular and time-check tasks), a 2
(group; clinical, control) x 3 (PM task; event-based, time-based, time-
check) mixed ANOVA was conducted. These data are shown in Fig. 2. Fo-
cusing here specifically on effects involving group, it can be seen that
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Fig. 2. Performance on the regular event-based, regular time-based, and time-check tasks
presented separately for the control and clinical groups. Bars represent one standard error
of the mean.

group and PM tasks did not interact, F(2, 116) = 1.96, p = .145, 12 =
0.03. However, a main effect of group emerged, F(1,58) = 8.89, p =
.004, 3 = 0.13, which reflected worse PM performance for the clinical
participants (M = 0.47, SD = 0.10) relative to controls (M = 0.67,SD =
0.10).

3.3. The influence of reminder type

The next step in analyses was to test the effectiveness of different re-
minder types in facilitating PM performance, as indexed by perfor-
mance on the irregular tasks. The proportion of correct responses on
the irregular PM tasks for each of the two groups are shown in Fig. 3.
These data were formally analyzed with a mixed 2 x 3 x 2 ANOVA, in
which the between-group variable was group (clinical, control) and
the within-groups variables were reminder type (self-initiated, experi-
menter initiated, no reminder), and PM cue (event, time). There were
main effects of group, F(1, 58) = 8.68, p = .005, )3 = 0.13, PM cue, F
(1,58) = 15.06, p <.001, nlz, = 0.21, and reminder type F(2, 116) =
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0.8 Bl No reminder
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Fig. 3. Mean proportion of correct responses for irregular PM tasks completed for control
and clinical participants as a function of reminder and PM type (bars represent one
standard error of the mean).
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17.18,p<.001, 12 = 0.23. The main effect of group reflected poorer per-
formance on the irregular PM tasks for people with schizophrenia (M =
0.47, SD = 0.11) relative to controls (M = 0.70, SD = 0.11). The main
effect of PM cue reflected better performance when participants re-
ceived an event-based cue (M = 0.69, SD = 0.35) as opposed to time-
based cues (M = 0.59, SD = 0.33), regardless of group. The main effect
of reminder type reflected highest performance accuracy when re-
minders were self-initiated (M = 0.65, SD = 0.33), followed by
experimenter-initiated reminders (M = 0.59, SD = 0.32), and lowest
accuracy when there was no reminder (M = 0.50, SD = 0.35).

No interactions emerged involving group. Thus, group did not inter-
act with reminder type, F(2, 116) = 2.05,p = .134, nﬁ = 0.03, or with
PM cue, F(1, 58) = 1.74, p = .192, nﬁ = 0.03; nor was there any
three-way interaction between group, reminder type and PM cue, F(2,
116) = 0.14, p = .869, 13 = 0.002. The only interaction to emerge did
not involve group, and this was between PM cue and reminder type, F
(2,116) = 3.27, p = .041, m3 = 0.05. Formal follow up tests of this in-
teraction are also provided as Online Supplemental Information. How-
ever, in brief, these data indicate that reminders increase PM
performance on both event-based and time-based tasks, but are partic-
ularly beneficial for the latter.

3.4. Frequency of accessing reminders

Given that the self-initiated reminder condition provided unlimited
access to participants' “To Do” list, we then tested whether there were
differences in terms of the number of times the two groups accessed
the list per virtual day. The results showed that there was no difference
between the clinical (M = 4.07, SD = 3.45) and the control participants
(M =4.20,SD = 2.86),t(58) = 0.163, p = .871, d = 0.04. Frequency of
accessing the ‘To Do’ list was not related to irregular PM task
performance in the control group (r = —0.07, p >.05), but was posi-
tively correlated with performance in the schizophrenia group (r =
0.38,p = .02).

4. Discussion

By conducting the first direct comparison of whether self- and
experimenter-initiated reminders differ in their capacity to enhance
PM function in people with schizophrenia, the present study is both
timely and important. It has long been recognized that “Without an in-
tact prospective memory it is scarcely possible to function indepen-
dently in an everyday life context” (Cohen, 1996; p. 54) and in the
context of SMI specifically, poorer PM has been directly linked to greater
illness burden and functional disability (Burton et al., 2018). Moreover,
there have been renewed calls for the need to develop compensatory
PM strategies, as these are widely acknowledged to be critical to reduce
the impact of PM impairment on daily life (Raskin, 2018). Indeed, in a
recent review of the schizophrenia literature, Wang et al. (2018) con-
cluded that, “more rehabilitation studies to improve PM performance
in these individuals are needed.”

The first key result to emerge aligned with most prior literature in
showing that, relative to a no reminder condition, provision of re-
minders is associated with better PM function in people with schizo-
phrenia. Moreover, this effect was comparable in magnitude for both
the clinical and control groups. This is an important and interesting find-
ing, because it is not the case that people with schizophrenia benefit
from all interventions focused on enhancing PM. For instance, it has
been shown that (in contrast to the beneficial effects seen for healthy
controls) the provision of emotional stimuli at encoding does not confer
any benefit for people with schizophrenia, relative to neutral PM stimuli
(Yang et al,, 2018).

Moreover, as detailed earlier, there have been very few prior studies
focused on the relative efficacy of different reminders. Consequently, the
most important result to emerge in this study was the finding that self-
initiated reminders were more effective in facilitating PM than

experimenter-initiated reminders. These data therefore indicate that
this self-initiated reminder strategies such as developing and checking
‘to do’ lists should be prioritized in any rehabilitative program. More-
over, given that the magnitude of this effect was particularly strong
for time-based PM tasks, it may be most beneficial to encourage use of
self-initiated reminder strategies for everyday tasks that have to be
completed at specific times (such as taking medications, or attending
appointments).

An important consideration when interpreting these data are that, in
contrast to the experimenter-initiated condition which involved re-
minders being provided at a fixed, arbitrary time, the self-initiated con-
dition allowed participants to determine when and how frequently
reminders were accessed. This meant that self-generated reminders
could be initiated at those times when an individual needed memory re-
freshment the most, allowing an individual to calibrate the reminder in-
terval(s). The current study showed that participants with
schizophrenia were just as likely as controls to access the self-initiated
reminder, and benefitted equally from this type of reminder. However,
in the self-initiated reminder condition there was also greater satura-
tion of the to-be-remembered information, with participants in both
groups accessing reminder information on average four times per
virtual day. This meant that they were exposed to reminder information
approximately four times more frequently than in the experimenter-
initiated condition. The greater benefits seen for the self-initiated
condition might therefore also reflect greater exposure to the to-be-
remembered information.

4.1. Clinical implications

The current results have immediate and direct clinical implications.
This is because they indicate that it may be more beneficial for mental
health care professionals to encourage the use of self-initiated re-
minders for people with schizophrenia. For instance, instead of (or in
addition) to having a text-message service that automatically sends
out reminders prior to functionally important target actions, one useful
intervention might be to encourage the habit of keeping a diary and self-
generating ‘To Do’ lists. This strategy could be used to improve areas of
functioning which challenge people living with schizophrenia including
medication adherence and engagement in activities that improve phys-
ical health such as brushing of teeth (Tani et al., 2012) and participation
in physical activity (Suetani et al., 2016). Because in the present study
more frequent use of the ‘To Do’ list predicted significantly better per-
formance in the clinical group, while no significant relationship was ev-
ident for the control group, it would also be a valuable strategy to
encourage the habit of frequently referring to any external aid that
was self-generated.

4.2. Limitations and future directions

The most important limitation of this study was the relatively high
functioning of the schizophrenia group. All clinical participants were liv-
ing independently, medicated and in a stable phase of illness. It there-
fore remains to be established whether self-initiated reminders show
greater benefits in those who are living with more severe positive and
negative symptoms of psychosis. In particular, people with schizophre-
nia who present with prominent negative symptoms such as avolition
may be expected to benefit very little from self-initiated reminders. In-
deed, consideration of the potentially confounding influence of
avolition in people with schizophrenia is now considered critical in
many functional domains (Millan et al., 2014). In schizophrenia, moti-
vational deficits have been particularly linked to impaired goal repre-
sentation (Barch et al., 2016). Reminder interventions that impose
minimal demands on self-initiated processing (such as the
experimenter-initiated reminder condition used in the present study),
while simultaneously linking these reminder cues to rewarding out-
comes, might therefore be expected to be particularly beneficial for
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people with schizophrenia who present with prominent motivational
disturbances.

4.3. Conclusion

The present study provides further evidence that individuals with
schizophrenia have a consistent and relatively generalized PM deficit.
The important novel findings to emerge were that provision of re-
minders significantly and comparably enhances PM function for clinical
and control participants, and that reminders that are self-initiated are
particularly beneficial for both groups. Future research is now needed
to clarify the underlying mechanisms by which different types of re-
minders elicit their effects on PM function, as well as to test the pre-
dicted clinical implications via interventions that particularly
encourage the development of self-initiated reminders. Future studies
are also needed that directly assess how the efficacy of different types
of reminders varies as a function of specific clinical presentations.
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