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Abstract

Individuals with substance use disorders have shown deficits in the ability to implement future
intentions, called prospective memory. Deficits in prospective memory and working memory, a
critical underlying component of prospective memory, likely contribute to substance use treatment
failures. Thus, improvement of prospective memory and working memory in substance use
patients is an innovative target for intervention. We sought to develop a feasible and valid
prospective memory training program that incorporates working memory training and may serve
as a useful adjunct to substance use disorder treatment. We administered a single session of the
novel prospective memory and working memory training program to participants (n7=22; 13 male;
9 female) enrolled in outpatient substance use disorder treatment and correlated performance to
existing measures of prospective memory and working memory. Generally accurate prospective
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memory performance in a single session suggests feasibility in a substance use treatment
population. However, training difficulty should be increased to avoid ceiling effects across
repeated sessions. Consistent with existing literature, we observed superior performance on event-
based relative to time-based prospective memory tasks. Performance on the prospective memory
and working memory training components correlated with validated assessments of prospective
memory and working memory, respectively. Correlations between novel memory training program
performance and established measures suggest that our training engages appropriate cognitive
processes. Further, differential event- and time-based prospective memory task performance
suggests internal validity of our training. These data support development of this intervention as an
adjunctive therapy for substance use disorders.
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prospective memory; working memaory; cognitive training; substance use disorder; addiction

Prospective memory is memory for actions to be performed in the future, such as
remembering to call a doctor to schedule an exam, take a daily medication, or check on food
in the oven (Brandimonte, Einstein, & McDaniel, 2014; Einstein & McDaniel, 1990; Zogg,
Woods, Sauceda, Wiebe, & Simoni, 2012). Prospective memory is important in day-to-day
functioning, and prospective memory deficits are associated with functional impairment in
clinical populations, such as unemployment and lack of independence in those living with
HIV (Woods et al., 2008; Woods et al., 2011). Individuals with a history of substance use
also show impairment in prospective memory. This is true across a wide range of substances
and populations including opioids (Terrett et al., 2014), methamphetamine (Rendell, Mazur,
& Henry, 2009), MDMA (3,4-methylenedioxy-methamphetamine; (Heffernan, Jarvis,
Rodgers, Scholey, & Ling, 2001; Rendell, Gray, Henry, & Tolan, 2007; Rodgers et al.,
2001), alcohol (Griffiths et al., 2012; Heffernan, Clark, Bartholomew, Ling, & Stephens,
2010; Heffernan, 2008; Heffernan et al., 2006), cannabis (Bartholomew, Holroyd, &
Heffernan, 2010; McHale & Hunt, 2008; Montgomery, Seddon, Fisk, Murphy, & Jansari,
2012; Rodgers et al., 2001), and substance dependent individuals living with HIV (Martin et
al., 2007). In substance-dependent HIV-seropositive individuals, prospective memory
deficits predict self-reported risky sexual and injection practices (Martin et al., 2007). Taken
together, these data suggest that improvement of prospective memory may be a valuable
target for intervention in patients with substance use disorders, particularly those who
engage in HIV risk behaviors.

Prospective memory may play an integral role in successful substance use treatment.
Substance use disorder treatment requires implementation of future intentions such as
attending group therapy sessions, taking medications (e.g., an antidepressant or opioid
pharmacotherapy), and avoiding situations that are known to trigger drug use. Because the
patient may fail to remember to implement these strategies, prospective memory deficits
may contribute to treatment failure. Thus, an innovative training program that improves
prospective memory could benefit patients enrolled in a substance use treatment program.
Existing prospective memory interventions include direct training of prospective memory
processes and/or compensatory strategies to overcome deficits (see Hering, Rendell, Rose,
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Schnitzspahn, & Kliegel, 2014, for review). An unpublished study with older adults (Rose et
al., 2012, described in Hering et al., 2014) suggests a benefit of directly training prospective
memory processes. A study is currently being conducted to address the common problem of
cognitive impairment in heart failure patients that directly trains prospective memory
processes (Cameron et al., 2015). Although not yet applied to substance use treatment
populations, these studies are promising for direct training of prospective memory processes.

No existing prospective memory intervention involves explicit training of working memory,
a critical underlying component of prospective memory. Because intentions for future action
must be held in mind prior to performing the action, prospective memory is dependent on
working memory. Working memory is the ability to hold in mind and manipulate
information over short periods of time, such as holding in mind a question while giving the
answer, or performing mental arithmetic (Baddeley, 1992). Greater working memory
function predicts greater prospective memory function, and increasing working memory load
worsens prospective memory performance (Smith, 2003; Smith & Bayen, 2005). As such,
improvement in working memory may improve prospective memory (Richter, Modden,
Eling, & Hildebrandt, 2015). Like prospective memory, working memory is impaired in
substance-using populations (Crean, Crane, & Mason, 2011; Jovanovski, Erb, & Zakzanis,
2005; Martin et al., 2003; Mintzer & Stitzer, 2002; Murphy, Wareing, Fisk, & Montgomery,
2009; Ornstein et al., 2000; Rendell et al., 2009). Working memory training programs have
shown improvements in working memory, decision making, or drug-related outcomes in
substance-using populations (Bickel, Yi, Landes, Hill, & Baxter, 2011; Houben, Wiers, &
Jansen, 2011; Rass et al., 2015). Given the importance of working memory for
implementation of intentions and for deficits in substance users, a prospective memory
intervention would benefit from incorporating working memory training.

A prospective memory training intervention should also provide training on both event- and
time-based prospective memory tasks. Event-based prospective memory tasks have salient,
external cues that signal the appropriateness of the action to be performed (Einstein &
McDaniel, 1990). For example, seeing a colleague at work serves as an external cue to ask
about setting up a meeting. Time-based prospective memory tasks, on the other hand, have
only the passage of time to indicate the appropriateness of the action (Einstein & McDaniel,
1990; Einstein, McDaniel, Richardson, Guynn, & Cunfer, 1995). For example, if a meeting
is set for 10:00 AM, one must monitor the time until the start of the meeting. Prospective
memory tasks requiring greater self-initiated monitoring (i.e., time-based tasks) tend to be
more difficult than event-based tasks (Einstein et al., 1995; Sellen, Louie, Harris, & Wilkins,
1997). Including both types of tasks in a training intervention is important because some
experimental manipulations or individual differences may affect time-based, but not event-
based prospective memory (Cheung et al., 2015; Dawkins, Turner, & Crowe, 2013; Einstein
et al., 1995; Kliegel, Martin, McDaniel, & Einstein, 2001; McHale & Hunt, 2008). The
inclusion of both time- and event-based tasks also provides an initial assessment of an
intervention’s internal validity. Because time-based prospective memory tasks require
greater self-initiated monitoring relative to event-based tasks, performance on a prospective
memory training program is expected to show higher accuracy on event-based prospective
memory tasks relative to time-based prospective memory tasks.
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A feasible training program would involve brief, computerized training sessions within an
appropriate level of difficulty. To increase the likelihood that memory training could be
adopted as an adjunctive therapy, brief training sessions would minimize the time
commitment for patients and treatment providers while maximizing the amount of time for
other aspects of treatment. Automation via computer minimizes the burden on treatment
staff to receive specialized training, minimizes human error or prompting, and ensures
fidelity. An appropriately difficult training program would allow room for improvement, but
not be so difficult as to result in frustration or promote non-adherence. As a consequence of
limited education or income, patients in some community substance use treatment settings
may have limited experience with or access to computers (McClure, Acquavita, Harding, &
Stitzer, 2013). Therefore, it is important to demonstrate that a computerized program does
not serve as an obstacle to training in a low-income treatment population. With these goals
in mind, we developed a novel prospective memory training program to be administered in a
community substance use treatment setting.

The computerized program uses innovative immersive technology to simulate everyday
prospective memory challenges that occur in the context of ongoing demand. Prospective
memory tasks (e.g., take medication; pay bills) are completed while the participant is
engaged in a commercially available working memory training program framed as a “work-
at-home” job. The working memory training program provides measurable, ongoing demand
while potentially improving working memory. In the present study, we administered a single
prospective memory training session to a community substance use treatment population. It
is important to initially assess the validity and feasibility of this program as a first step in the
development of an intervention that would be implemented over repeated sessions, and
ensure that the appropriate cognitive processes are engaged. Validity and feasibility of the
training program were assessed based on the distribution of scores for proportion correct on
prospective memory tasks, the relationship of performance on prospective memory tasks to
an existing computerized assessment of prospective memory, and the relationship of working
memory training performance to an existing assessment of working memory.

Participants

We recruited participants from urban community treatment programs for substance use
disorders in Baltimore, Maryland using flyers and word of mouth referral. We conducted a
preliminary screening via telephone or in-person and confirmed eligibility at a subsequent 2
hr screening session. Eligible participants were aged 18-55 and enrolled in a substance use
treatment program. So that participants were a relevant group for HIV risk behavior
interventions in future research, participants must have had sexual intercourse without a
condom at least once in the last year and/or had sexual intercourse with at least two partners
(with or without a condom) in the last 30 days. Participants were excluded if they were
taking a benzodiazepine or reported significant daytime sedation associated with
antidepressants. Participants with unstable psychiatric conditions, a history of any severe
psychiatric condition associated with psychosis, or a medical condition associated with
significant cognitive impairment were also excluded. Of the 27 participants who were
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screened using these criteria, five were excluded. All participants who qualified after the full
screening completed the entire study (7= 22; 13 male; 9 female). Participants continued to
receive treatment-as-usual, which was not contingent on study participation.

Prospective Memory Training Program

Our program used an immersive computer interface to simulate real life prospective memory
challenges that occur in the context of ongoing working memory demands. Headphones
were used to mask external noise and present sound accompanying the software. The
computer program displayed a living-room environment with a clock, door, desk, computer
monitor and phone (see Figure 1 for a screen shot) on a 27-in. 2560 x 1440 pixel LED
monitor.

During the 32-min session, participants were asked to complete six prospective memory
tasks, three of which were event-based and three of which were time-based. Event-based
tasks required the participant to type a response when a person called on the phone (e.g.,
“When Joy calls, ask her for a ride”; “When Trey calls, ask him about school”) or when a
person arrived at the door (e.g., “When you see Ann, return her wrench”; “When you see
Matt, show him the broken window™). A ringing sound and a name on the phone
accompanied phone tasks, while a knocking sound and a person at the door (name shown
above the door) accompanied door tasks (see Figure 1). For the three time-based tasks, the
participant monitored the clock to complete the task at the appropriate time (e.g., At 8:05,
take out trash; At 8:30, pay bills). There was no stimulus other than the correct time on the
clock to indicate the task should be completed. Regardless of the actual session start time,
the clock on the screen of the prospective memory training program initially displayed 8:00
AM and minutes incremented in real-time thereafter. Two event-based distractors appeared
during the session and consisted of someone who was not on the trained task list arriving at
the door or calling on the phone. Fifty-two possible character names (26 male, 26 female; all
monosyllabic) and accompanying distinct images were randomly assigned by the program to
accompany event-based tasks and distractors. To approximate the anticipated demographics
of the treatment population, 17 of each sex were illustrated as Black/African American and
nine were illustrated as White/Caucasian. Prior to beginning the session, a research assistant
performed a visualization exercise with the participant for each prospective memory task.
Then, a computerized encoding quiz asked the participant to type the appropriate response to
the program stimuli. If the participant gave an incorrect response as judged by the research
assistant, the visualization for the missed item and all quiz questions were repeated until
correct.

The participant used the mouse to click on the phone, door, or clock when appropriate. A
text box appeared and participants had one minute (signaled; see Figure 1) to type and
submit a response. If the participant clicked on any inactive stimulus in the environment or
clicked on the phone, door, or clock when it was not appropriate, no text entry was allowed.
Neither researchers nor the computer program provided feedback regarding task accuracy.
Ignoring the distractor stimuli or typing a response such as “ignore” were counted as
correctly dismissing the distractor. The stimuli/events occurred randomly in time, with the
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constraint that the inter-stimulus interval was no shorter than 2 min 30 s and no longer than 5
min 30 s.

Working Memory Training

Participants performed working memory tasks via a commercially available, Internet-based
working memory training program within an inset screen (826 x 610 pixels), framed as a
“work-at-home” job (Cogmed QM 3.0, Pearson Inc.). The working memory training
included a series of eight exercises requiring maintenance and manipulation of visual or
auditory sequences. The program adjusted difficulty within the session by increasing the
number of items in the sequence when performance was good and decreasing the number of
items if performance was poor. All exercises began with two-item sequences, and the
number of items at session completion varied with performance. When a prospective
memory stimulus occurred, the program required the participant to complete the working
memory trial before interacting with the prospective memory stimulus. Working memory
training lasted beyond the 32-min prospective memory training session until all exercises
were completed (approximately 50 min), during which time the prospective memory
interface and display remained on but no further stimuli appeared. Data from the prospective
and working memory training program were excluded for one participant due to repeated
difficulties accessing these programs via the Internet.

Virtual Week

We used the Virtual Week © (Peter Rendell, 1997) to assess the relationship of performance
on our prospective memory training program to performance on an existing computerized
measure of prospective memory. The Virtual Week is a validated behavioral measure of
prospective memory (Rendell & Craik, 2000; Rendell & Henry, 2009) that has shown poorer
performance in substance-using populations (Griffiths et al., 2012; Henry, Mazur, &
Rendell, 2009; Rendell et al., 2007; Rendell et al., 2009; Terrett et al., 2014). We used the
computerized, brief version of the Virtual Week, which includes one practice day and two
virtual days®. The screen illustrates a board game in which the squares on the board
represent times of the day. Each virtual day required completion of eight prospective
memory tasks, which were categorized as regular or irregular, and as event- or time-based.
Regular tasks were performed every day and irregular tasks were a response to events that
arose during the day. An event-based task required the user to perform a virtual task in
response to an event card, whereas a time-based task required the participant to monitor the
time indicated by the token’s position on the board. No accuracy feedback was provided
during or after the Virtual Week. Performance of a prospective memory task in the Virtual
Week was coded as correct, miss, late, early, little late, or little early according to previously
described criteria (Terrett et al., 2014). Upon completion of the game, the program
administered a recognition quiz to test the participants’ knowledge of the prospective
memory tasks. Due to experimenter error, six participants experienced Virtual Week under

1Because this study took place in a treatment population with some individuals with a history of problematic alcohol use, in a few
instances we removed references to alcohol (or ambiguous references to “drink™) in the Virtual Week. For example, we changed “You
have had a glass or two of wine,” to be “You have had a cup or two of tea,” and changed the photo for this event to show tea rather

than wine.
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incorrect settings. Data from these participants were excluded from the analyses of Virtual
Week task performance and inter-task correlations.

Additional Measures

Procedure

We assessed history of drug abuse and dependence according to a DSM-1V checklist
(Hudziak et al., 1993; Johnson, Johnson, Herrmann, & Sweeney, 2015) for opioids, cocaine,
cannabis, alcohol, and sedative/hypnotics. We assessed past-month HIV risk behaviors (e.g.,
unprotected sexual intercourse, intravenous drug use) using the HIV Risk-Taking Behavior
Scale (Darke, Hall, Heather, Ward, & Wodak, 1991). Participants’ performance on the
Shipley Institute of Living Scale (Shipley, 1940) was used to estimate age-adjusted WAIS-
1Q score (Zachary, Crumpton, & Spiegel, 1985). To measure verbal working memory, we
administered the digit span forward and backward (Wechsler, 1981; Wechsler, 2008). We
administered a self-report measure of prospective memory (Prospective Memory
Questionnaire, PMQ; (Hannon, Adams, Harrington, Fries-Dias, & Gipson, 1995), which
examines prospective memory failures according to endorsement of items on subscales
relating to long-term episodic (e.g., | missed appointments | had scheduled), short-term
habitual (e.g., | forgot to shower or bathe), and internally cued (e.g., | forgot what | came
into a room to get) aspects of prospective memory, as well as compensatory strategies (e.g., |
write myself reminder notes). Drug users have reported poorer prospective memory on the
PMQ (Heffernan et al., 2001; Heffernan, Moss, & Ling, 2002). Staff probed participants
regarding the previous night’s sleep quality. Although no participant’s sleep quality required
rescheduling the session, study staff would have rescheduled if the previous night’s sleep
quality been unusually poor.

The Johns Hopkins University Institutional Review Board approved this study, and all
procedures were performed in accordance with the ethical standards of the Declaration of
Helsinki. The study consisted of three parts termed screening, pre-training, and training.
During screening, a breathalyzer test confirmed .000 blood alcohol concentration (BAC)
prior to obtaining written informed consent. We determined eligibility according to criteria
described above. Qualified participants completed pre-training and training sessions.
Participants turned off their cell phones prior to pre-training and training. During pre-
training, participants completed the Shipley Institute of Living Scale, digit span forward and
backward, PMQ, and the Virtual Week. During training, participants completed our
combined prospective memory and working memory training program. Urine tests for drugs
of abuse and sleep questionnaires were conducted at each visit. Breathalyzer results were
required to be .000 prior to each visit. Participants completed the study parts across three
visits (1= 20), two visits (7= 1), or one visit (7= 1) based on scheduling needs and clinic
preference. Critical components of our prospective memaory training program always took
place in one visit. Participants received $30 for screening, $35 for pre-training, $35 for
training and a $50 bonus for study completion.

Data Analysis

In order to describe the sample, we summarized participant demographic information,
substance use disorder history, and mean scores on the HIV Risk-Taking Behavior Scale and
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the Shipley Institute of Living Scale (estimated WAIS-1Q). We described performance on the
prospective memory training program and the Virtual Week in terms of overall mean
proportion correct prospective memory tasks and mean proportion correct for both event-
and time-based tasks. We compared mean performance for event- and time-based tasks using
paired samples ttests. We examined Pearson correlations between performance on the
prospective memory training program and the Virtual Week and examined whether
performance on our prospective memory program or the Virtual Week correlated with any
subscale of the Prospective Memory Questionnaire. To examine working memory
performance, we measured the correlations between mean highest number of items in a
sequence in the working memory component of our training program and the longest digit
span forward and longest digit span backward. We also examined how performance on
primary prospective memory and working memory outcomes may differ as a function of
participant sex using independent samples #tests.

Participants

Table 1 shows basic demographic characteristics of the sample (7= 22) as well as smoking
status, history of substance abuse or dependence, HIV Risk-Taking Behavior Scale scores,
and estimated WAIS-1Q. All participants except one (who was in treatment for cannabis
dependence) met lifetime DSM-1V diagnostic criteria for opioid abuse or dependence. In
addition, lifetime prevalence of abuse or dependence on cocaine (72.7%), cannabis (63.6%),
alcohol (54.5%), and sedative/hypnotics (31.8%) was common. In total, 20 participants
(90.9%) met lifetime diagnostic criteria for abuse or dependence on more than one
substance. Most participants were maintained on an opioid pharmacotherapy such as
buprenorphine/naloxone (7= 15; 68.2%), buprenorphine (1= 1; 4.5%), or methadone (n=3;
13.6%). Some participants were prescribed naltrexone (n7= 2; 9.1%) and/or disulfiram (n=
3; 13.6%) in addition to buprenorphine/naloxone or alone. It was common for participants to
be prescribed at least one additional psychiatric medication (n7= 13; 59.1%) such as atypical
antipsychotics (7 = 8; 36.4%), SSRIs (n=5; 22.7%), or bupropion (7= 4; 18.2%).

Prospective Memory Training Program

Overall mean proportion correct on assigned tasks for our prospective memory training
program was .75 (SD = .31). Mean proportion correct for event-based tasks (M= .84; SD=.
29) was significantly higher than mean proportion correct for time-based tasks (M= .67; SD
=.38; £20) = 3.20, p=.004). Mean proportion of distractors correctly ignored was .98 (SD
=.11). Table 2 shows the performance distribution for prospective memory tasks.
Performance tended to be very accurate, such that 18 out of 21 participants (excludes one
participant, see Method) missed no more than one event-based task and 14 missed no more
than one time-based task. Females had significantly greater proportion correct for event-
based prospective memory tasks (M= 1.00, SD =0, n=9) relative to males (M=.72, SD=.
34, n=12; (11) = 2.80, p= .02, equal variances not assumed), but not for time-based
prospective memory tasks (Females: M= .78, SD=.29; Males: M= .58, SD=.43; {19) =
1.17, p=.26). Upon further examination, females in the sample were significantly younger
than males (Females: M=35.89, SD=10.13, N=9; Males: M=45.15, SD=6.84, N=13;
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#(20) = 2.57, p=.02), but were not significantly different according to other demographic
variables of race (Females: 7= 3 White, 7= 6 non-White; Males: n= 1 White, n= 12 non-
White; Fisher’s Exact Test p=.26), education in years (Females: M=11.67, SD=2.5;
Males: M=11.38, SD=1.26; 20) = .35, p=.73), or monthly income in USD (Females: M
=613.88, SD=790.24; Males: M=399.77, SD = 358.19; #20) = .86, p=.40).

Virtual Week

Figure 2 displays proportion correct overall and for event-and time-based tasks for Virtual
Week alongside performance on our prospective memory training program. There was no
significant difference between proportion correct on event-based tasks (M= .60; SD = .38)
and time-based tasks (M= .54; SD = .34) on the Virtual Week (415) = 1.33, p=.20). As
was the case with the novel prospective memory training program, females had significantly
greater proportion correct for event-based prospective memory tasks on the Virtual Week (M
=.88, SD = .23, n=7) relative to males (M= .39, SD= .33, n=9; {14) = 3.30, p=.01), but
not for time-based tasks (Females: M= .68, SD=.31; Males: M= .43, SD=.34; {(14) =
1.50, p=.16). Table 3 describes performance on the Virtual Week in more detail with
proportion of responses in the Virtual Week that correspond to each response category
(correct, miss, late, early, little late, little early) across each prospective memory task type
(regular, irregular, event, time). Mean proportion correct on the retrospective quiz for Virtual
Week tasks was .81 (SD = .22).

Overall proportion correct on prospective memory tasks for our prospective memory training
program was significantly correlated with overall proportion correct on the Virtual Week
(n(13) = .54, p=.04). Proportion correct on event-based tasks for our prospective memory
training program was significantly correlated with proportion correct for both event- (/(13)
=.65, p=.009) and time-based (/(13) = .57, p=.03) tasks on the Virtual Week. Proportion
correct on time-based tasks for our prospective memory training program was not
significantly correlated with time- ({(13) = .34, p=.22) or event-based (/(13) = .47, p=.07)
tasks on the Virtual Week.

Self-Reported Prospective Memory

We examined correlations between self-reported prospective memory failures on the
Prospective Memory Questionnaire (PMQ; overall and for each subscale; higher scores
represent worse prospective memory), and each of two other variables: 1) overall proportion
correct on our prospective memory training program; and 2) overall proportion correct on
Virtual Week. Only the correlation between overall proportion correct on Virtual Week and
score on the short-term habitual subscale of the PMQ was significant (/(14) = -.65, p=.007;
for all other correlations p= .24).

Working Memory Training

Mean highest number of items in a sequence across all working memory exercises was 5.22
(SD = .88). Mean highest number of items on the working memory training program was not
significantly different for males and females (Females: M= 5.08, SD=1.02, n= 9; Males: M
=5.32, SD=.79, n=13; {20) = .61, p=.55). Mean highest number of items in a sequence
was significantly correlated with longest digit span forward (/(20) = .56, p=.007) and
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backward (1(20) = .47, p=.03). Performance on the digit span forward was not significantly
different for males (M=6.31, SD=1.44, n=13) and females (M =6.22, SD= .83, n=9;
X20) = .16, p=.87) and neither was the digit span backward (Females: M= 4.00, SD = .87,
Males: M=3.92, SD=1.32; {20) = .15, p=.88).

Discussion

We successfully administered one session of our novel prospective memory training
program in a community substance use treatment sample. The distribution of performance
on the prospective memory tasks suggests the program is feasible for administration in this
population, but may not be sufficiently challenging. As predicted, significantly superior
performance on event-based relative to time-based prospective memory tasks indicates the
program was successful in differentiating between tasks requiring low or high degrees of
self-initiated monitoring (Einstein et al., 1995; Sellen et al., 1997). The overall proportion
correct on our prospective memory training program was significantly positively related to
overall proportion correct on an established assessment of prospective memory, the Virtual
Week. Working memaory performance on the training tasks was significantly positively
associated with standard measures of working memory. These findings suggest the
prospective memory training program is valid and should be further developed for substance
use treatment.

Our results suggest a computerized prospective memory training program is potentially
feasible and acceptable in a community treatment population with varied educational
histories (i.e., on average less than a high school education) and mean income well below
the poverty line. Total time for a single session of training was approximately 50 minutes,
which was not overly burdensome to participants or their ongoing treatment. Further,
participants generally found the program to be engaging. Future research should increase the
difficulty of the training program (i.e., increase number of prospective memory tasks) to
allow for improvement in prospective memory performance across repeated sessions, and
formally assess treatment acceptability for clinicians and patients (e.g., Mitchell, Monico,
Gryczynski, O’Grady, & Schwartz, 2015; Sanchez & Bartel, 2015). Successful
implementation of the program for a single session is promising for further development of
this intervention, especially in a repeatedly administered protocol.

Performance on our prospective memory training program was significantly and positively
correlated with performance on the Virtual Week, which has consistently shown poorer
performance in populations with a history of drug use relative to control populations
(Griffiths et al., 2012; Henry et al., 2009; Rendell et al., 2007; Rendell et al., 2009; Terrett et
al., 2014). We found significant correlations between performance on event-based tasks with
our program and event-and time-based tasks on the Virtual Week, but not between time-
based tasks on our training program and time-based tasks with the Virtual Week. Differences
in the strength of these correlations may be a function of our limited sample size, but may
also reflect differences in the time-based tasks. For our training program, time-based tasks
depended on the passage of real-time. In the Virtual Week, passing squares on the board
according to dice rolls indicated time. Consequently, time-based tasks in the brief version of
Virtual Week used here may be more event-like. The full version of Virtual Week includes
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“time-check” tasks that require the participant to break from the activity of the board game,
which may be more comparable to our time-based tasks. Correlation between our
prospective memory training program and the Virtual Week does not necessarily indicate
that our training would improve performance on the Virtual Week, but these data suggest
that the Virtual Week is a good candidate for tests of near-transfer of prospective memory
improvement following repeated training sessions, possibly with the inclusion of time-check
tasks (see Barnett & Ceci, 2002 for a discussion of transfer).

Accuracy on the Virtual Week, but not our prospective memory training program, was
significantly negatively associated with self-reported memory failures on the short-term
habitual subscale of the Prospective Memory Questionnaire. Virtual Week includes short-
term, habitual tasks that are repeated on each virtual day (e.g., take your medication at
breakfast and dinner), which may relate more strongly to this subscale relative to our
program. Neither overall self-reported prospective memory, nor self-reported prospective
memory on the long-term episodic, internally-cued, or strategies subscales were correlated
with performance on the Virtual Week or our prospective memory training program.
Objective laboratory measures of prospective memory may assess different aspects of
prospective memory than self-report measures (see Uttl & Kibreab, 2011 for discussion).
The relationship between self-reported prospective memory failures and objective laboratory
measures may be better explored in a larger sample size with sufficient power to detect such
a relationship.

A distinguishing feature of our prospective memory training program is that we target
working memory for intervention alongside explicit prospective memory training. Working
memory training programs have shown improvements in cognitive, decision-making, and
drug related outcomes (Bickel et al., 2011; Houben et al., 2011; Rass et al., 2015), and
therefore, training working memory in addition to prospective memory may be a critical
component for increasingly successful drug treatments. Currently available prospective
memory assessments such as the Memory for Intentions Screening Test (Raskin, 2009) or
the Virtual Week are designed for assessment of prospective memory rather than
intervention, and none explicitly include working memory training. Training multiple
memory components has been associated with improved training outcomes through various
means that can enhance plasticity as well as specific memory functions such as encoding and
retrieval (Gross et al., 2012; Hertzog et al., 2008). The working memory training aspect of
our program simulates the ongoing demand in which day-to-day prospective memory tasks
occur while aiming to improve processes critical to prospective memory. We found that
performance on the working memory training during the session was significantly positively
associated with performance on the digit span forward and backward. This suggests the
training targets the appropriate working memory processes and that the digit span is a good
candidate for assessing near-transfer training effects.

This study established the internal and external validity of a novel prospective memory
training program through demonstrated differential performance for time- and event-based
prospective memory tasks, as well as significant correlations with performance on the
existing memory assessment, the Virtual Week. Future research should examine the
generality of the observed effects. For example, females in this sample performed
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significantly better than males on event-based prospective memory tasks in the novel
prospective memory training program and the Virtual Week. These data are consistent with
previous research suggesting that females tend to outperform males on prospective memory
tasks (Maylor & Logie, 2010). On the other hand, females in the present study were
significantly younger than males. Younger adults tend to outperform older adults on
laboratory prospective memory tasks (e.g., Henry et al., 2004), and thus the sex differences
observed here must be interpreted cautiously. Our sample was predominately opioid
maintained, but commonly reported lifetime abuse or dependence on other substances. Thus,
it is also necessary to examine whether our results generalize to substance use treatment
populations without a history of opioid use or polydrug use. Overall, findings from this
study show the prospective memory training program is a good candidate for further
development as a multiple-session adjunctive therapy for substance use treatment.
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Public Significance Statement

Individuals with substance use problems tend to have poorer memory for future
intentions and poorer memory for short-term maintenance and manipulation of
information. We developed and implemented a single session of a novel memory training
program in substance use patients. Results suggest the training program engages the
appropriate memory processes, and is feasible in substance use patients.
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Figure 1.
Screen shot of the novel prospective memory training program. Participants completed the

prospective memory tasks by clicking on the door, the phone, or the clock with the mouse
and typing a response in the textbox that appeared. Working memory training (Cogmed QM
3.0, Pearson Inc.) was completed on the inset “computer monitor”
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Mean proportion correct and standard error for the prospective memory training program
alongside mean proportion correct and standard error for the Virtual Week. Proportions
reflect overall proportion correct as well as proportion correct on event- and time-based
tasks. * indicates significant difference between proportion correct for event- and time-based
tasks for our prospective memory training program (420) = 3.20, p=.004)
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Table 1

Participant Demographic Characteristics and Drug Use History

n %
Total 22 100 %
Sex
Male 13 59.1 %
Female 9 40.9 %
Racial Background1
Black/African American 15 68.2 %
White/Caucasian 4 18.2%
More than one race? 2 9.1%
American Indian/Alaska Native 1 4.5%
Tobacco Smoking Status
Smoker 19 86.4 %
Non-Smoker 3 13.6 %
Met DSM-1V Substance Use Criteria (Lifetime)3
Opioids 21 95.5 %
Cocaine 16 72.7%
Cannabis¥ 14 63.6 %
Alcohol 12 54.5%
Sedative/hypnotic 7 31.8%
Mean SD
Age (years) 414 9.4
Education (years) 115 1.8
Monthly Income $487.36  $568.17
HIV Risk-Taking Behavior Scale Total Score? 6.27 4.22
Shipley Institute of Living Scale (Estimated WAIS-1Q) 90.8 11.4

Note.

JAII participants identified as non-Hispanic.

The two participants who identified as more than one race both identified as White/Caucasian and American Indian/Alaska Native.

Page 19

nrepresents the number of participants who met DSM-1V diagnostic criteria for substance abuse and/or substance dependence at some point
during their lifetime. Participants could meet diagnostic criteria for more than one substance, as such the drug categories are not mutually exclusive.

Information regarding DSM-IV diagnostic criteria for cannabis abuse or dependence was not collected for the first participant.

5Scores on the HIV Risk-Taking Behavior Scale may range from 0 to 55, with higher scores indicating greater frequency of risk behavior. Scores

ranged from 0 to 17 with 6 being the most common score.
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Table 2

Distribution of Scores for Computerized Prospective Memory Training Program Tasks

Event-based tasks

Time-based tasks

Proportion correct  Score Frequency % of sample ScoreFrequency % of sample
0.00 1 4.8 3 14.3
0.33 2 9.5 4 19.0
0.67 3 14.3 4 19.0
1.00 15 71.4 10 47.6

Page 20

Note. Frequencies of proportion correct score on event- and time-based prospective memory tasks for the 21 participants who completed the
computerized prospective memory training program. The proportions are based on three event-based and three time-based tasks during the session.
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