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Abstract 28	  

Prospective memory (PM) – the ability to remember and successfully execute our intentions and 29	  

planned activities – is critical for functional independence and declines with age, yet few studies 30	  

have attempted to train PM in older adults. We developed a PM training program using the 31	  

Virtual Week computer game. Trained participants played the game in twelve, 1-hour sessions 32	  

over one month. Measures of neuropsychological functions, lab-based PM, event-related 33	  

potentials (ERPs) during performance on a lab-based PM task, instrumental activities of daily 34	  

living, and real-world PM were assessed before and after training. Performance was compared to 35	  

both no-contact and active (music training) control groups. PM on the Virtual Week game 36	  

dramatically improved following training relative to controls, suggesting PM plasticity is 37	  

preserved in older adults. Relative to control participants, training did not produce reliable 38	  

transfer to laboratory-based tasks, but was associated with a reduction of an ERP component 39	  

(sustained negativity over occipito-parietal cortex) associated with processing PM cues, 40	  

indicative of more automatic PM retrieval. Most importantly, training produced far transfer to 41	  

real-world outcomes including improvements in performance on real-world PM and activities of 42	  

daily living. Real-world gains were not observed in either control group. Our findings 43	  

demonstrate that short-term training with the Virtual Week game produces cognitive and neural 44	  

plasticity that may result in real-world benefits to supporting functional independence in older 45	  

adulthood.  46	  



PM Training - 3 
	  

Introduction 47	  

Prospective memory (PM) - the ability to remember and successfully execute our 48	  

intentions and planned activities – is critical for successful, independent living in everyday life 49	  

(Einstein & McDaniel, 1990; Ellis, 1996). PM failures account for between 50-80% of reported 50	  

everyday memory problems (Crovitz & Daniel, 1984; Kliegel & Martin, 2003; Terry, 1988). The 51	  

normal aging process has a substantial negative effect on PM performance (Bisiacchi, Tarantino, 52	  

& Ciccola, 2008; Henry, MacLeod, Phillips, & Crawford, 2004; Ihle, Hering, Mahy, Bisiacchi, 53	  

& Kliegel, 2013; Kliegel, Phillips, & Jäger, 2008; Rose, Rendell, McDaniel, Aberle, & Kliegel, 54	  

2010). As the world’s population ages, it is becoming increasingly important to develop ways to 55	  

support successful PM functioning so that older adults can continue living independently, at 56	  

home, without the need for assisted care. The present study attempted to train healthy older 57	  

adults to perform everyday PM tasks using a computerized board game, called Virtual Week 58	  

(Rendell & Craik, 2000). We aimed to assess if training gains could produce neuroplasticity in 59	  

PM and transfer to improve real-world PM and everyday functioning. While previous attempts at 60	  

using cognitive training to attain this goal have generally been unsuccessful (Craik & Rose, 61	  

2012; Reichman, Fiocco, & Rose, 2010), the alternative method of “training for transfer” that we 62	  

report here resulted in some encouraging results.  63	  

 64	  

Cognitive training approaches 65	  

Cognitive training programs have typically taken an approach that could be classified as 66	  

either compensatory or restorative (Reichman et al., 2010). A compensatory approach attempts 67	  

to teach an individual a specific strategy or technique that can be used to circumvent or 68	  

compensate for a specific cognitive deficit (e.g., training participants to use a mnemonic strategy 69	  
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to facilitate memory encoding and/or retrieval, Gross et al., 2012; Verhaeghen et al., 1992). A 70	  

restorative or process-based approach aims to repair or improve the functioning of 71	  

neurocognitive processes that are involved more generally in many domains of cognition (e.g., 72	  

adaptive working memory training, Morrison & Chein, 2011; Shipstead, Redick, & Engle, 2012). 73	  

Unfortunately, reliable evidence of far transfer of training gains to cognition in general or 74	  

improvements in everyday functioning is sparse (McDaniel & Bugg, 2012; Reichman et al., 75	  

2010), which has led to the suggestion that training programs should be designed to “train for the 76	  

transfer” (Craik & Rose, 2012). According to this view, if the desired outcome of training is to 77	  

improve both PM in the real world and competence in everyday living, then a training program 78	  

should be designed to have participants practice performing real world PM tasks in simulated 79	  

everyday settings (Hering, Rendell, Rose, Schnitzspahn, & Kliegel, 2014).  80	  

Despite the importance of PM in supporting everyday functioning (Kliegel & Burki, 81	  

2012), few studies have attempted to train PM in older adults.1 Some studies have taken a 82	  

compensatory approach by training older adults to use the implementation intention strategy to 83	  

encode prospective intentions more effectively and these studies have generally found benefits to 84	  

real world behaviors, such as participants’ ability to monitor their blood glucose levels (Liu & 85	  

Park, 2004) or blood pressure levels (Brom, Schnitzspahn, Melzer, Hagner, Bernhard, & Kliegel, 86	  

2013) (for a more thorough review, see Hering et al., 2014). Recently, one study has compared a 87	  

compensatory with a restorative approach and found larger effects for a compensatory 88	  

intervention (Brom & Kliegel, 2014). To date, no study has attempted to incorporate a train for 89	  

transfer approach. 90	  

 91	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 There is a small literature on PM training in clinical samples (Fleming, Shum, Strong, & Lightbody, 2005; Kinsella 
et al., 2009; Radford, Lah, Thayer, Say, & Miller, 2012; Raskin & Sohlberg, 1996; Shum, Fleming, Gill, Gullo, & 
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The Virtual Week Training Study 92	  

 The current study aimed to address three questions: (1) Can training improve older 93	  

adults’ PM? (2) Can training induce neural plasticity in brain mechanisms subserving PM?; and 94	  

(3) Can training gains transfer to other tasks? To address these questions, we designed the 95	  

Virtual Week training game. Virtual Week is a computerized game that simulates going through 96	  

the course of a day on each circuit of the board, pretending to be engaged in events (e.g., 97	  

choosing what to eat for meals or how to interact with others during events), and remembering to 98	  

perform intended actions at the appropriate times (e.g., take medication at breakfast, deliver 99	  

message to colleagues). Figure 1 illustrates a screenshot of the board and examples of PM task 100	  

instruction cards and the “perform task” list that contains tasks that the user is to perform.  101	  

Participants in the training group played 24 levels of the Virtual Week game over the 102	  

course of approximately 1 month (3 sessions/week, 2 levels/session). The difficulty of the game 103	  

increased over the course of training in an adaptive manner in terms of the number of tasks to be 104	  

completed per day, the complexity of tasks, and/or interference with prior tasks. The difficulty 105	  

was titrated to each individual’s level of performance on the previous day. This feature, along 106	  

with ample feedback and messages of encouragement about an individual’s performance on each 107	  

day, served to maintain both an appropriate level of difficulty and the participant’s interest over 108	  

the course of the training. Additionally, at the end of each week of training, participants were 109	  

queried about the strategies they used to help remember to perform the PM tasks.  110	  

The primary outcome measures to index far transfer of training to improvements in 111	  

everyday functioning were performance on a newly developed real-world PM task, the Call-112	  

Back Task, and the timed instrumental activities of daily living (IADL) task (Owsley, Sloane, 113	  

McGwin, & Ball, 2002). The call-back task required participants to carry out PM tasks at home, 114	  
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in their daily life, and therefore provided a proxy for their everyday PM performance. The IADL 115	  

task captures a person’s efficiency in performing everyday-like activities, such as managing 116	  

finances and following medication instructions (Tucker-Drob, 2011). This measure is an 117	  

established and ecologically valid neuropsychological assessment used to assess an individual’s 118	  

ability to function independently (e.g., Owsley, 2002; Tucker-Drob, 2011). Performance on 119	  

IADL tasks is correlated with performance on other neuropsychological constructs such as 120	  

speed, executive functioning and episodic memory (Tucker-Drob, 2011). There is also some 121	  

evidence that PM performance is associated with IADL performance, albeit based only on a self-122	  

rated questionnaire (Woods, Weinborn, Velnoweth, Rooney, & Bucks, 2012).  123	  

Other outcome measures that were assessed included the breakfast task (a lab-based 124	  

measure of planning and task management Craik & Bialystok, 2006; Rose, Luo, Bialystok, 125	  

Hering, Lau, & Craik, 2015), and electrophysiological markers (ERPs) of PM performance 126	  

embedded in a 2-back working memory task (West & Bowry, 2005). ERPs allowed us to detect 127	  

potential changes in brain function that relate to the training. Specifically, it is unknown whether 128	  

training could modulate ERP components associated with either PM cue detection (such as the 129	  

N300 over occipital-parietal sites), retrieval of a PM intention and/or switching to initiating the 130	  

intended action (such as the P3 or late prospective positivity complex over frontocentral and 131	  

parietal sites), or both. Thus, a novel aspect of the current study was the examination of training 132	  

related changes in ERP components that underlie PM.  133	  

To assess the effectiveness of training PM to inducing neurocognitive plasticity and 134	  

producing transfer to other functions, differences between performance pre- and post-training 135	  

was compared to performance levels in both active and passive control groups. The active 136	  

control group participated in a music training program; the passive control group was a no-137	  
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contact control group (see Table 1 for characteristics of the groups). Comparisons between 138	  

groups allowed us to assess the specificity of any training-related behavioral/neural gains and 139	  

rule out the possibility that such changes result merely from differences in arousal and/or 140	  

practice effects.  141	  

 142	  

Method 143	  

Participants 144	  

The current study enrolled 59 healthy older adults. One participant was excluded due to 145	  

health problems that arose during the study. Age ranged from 60 to 79 years (mean = 67.4; SD = 146	  

4.77); mean years of education (mean = 15.40; SD = 2.35); mean average vocabulary score on a 147	  

split-half version of the Shipley Institute of Living Scale (mean = 17.33; SD = 2.51) (Shipley, 148	  

1940; Zachary, 1986). 149	  

Participants were only eligible for the study if they were native English speakers or were 150	  

fluent in English and had normal or corrected-to-normal vision and hearing. Furthermore, 151	  

participants were only included if they did not have a history of a neurological or major 152	  

psychiatric disorder and were not taking any psychoactive medication (e.g., anti-depressive, 153	  

anxiolytics). To screen for normal cognitive functions the TICS-M (Telephone Interview for the 154	  

Cognitive Status - modified; de Jager, Budge, & Clarke, 2003) was assessed; a cut-off score for 155	  

participation of ≥ 31 was used (max = 41, cut-off for dementia = 25, Desmond, Tatemichi, & 156	  

Hanzawa, 1994). In the present study, mean TICS score was 35.8 (SD = 2.1). 157	  

Participants were recruited from the pool of volunteers of Baycrest Centre for Geriatric 158	  

Care, from the Research Volunteer database of the Rotman Research Institute at Baycrest, or 159	  
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from respondents to a local newspaper advertisement. All participants provided written, 160	  

informed consent. The study was approved by the Research Ethics Board of the Rotman 161	  

Research Institute at Baycrest Hospital. Participants received a remuneration of $10 per hour for 162	  

participation. 163	  

Training Intervention 164	  

Virtual Week Training Program. In the Virtual Week game, participants roll a die and 165	  

move a token around the board with one circuit around the board representing one day in which 166	  

each day begins at 7:00 am and finishes at 10:15 pm (Figure 1). The number rolled indicates the 167	  

number of spaces to move the token with one space representing 7.5 minutes of the day. During 168	  

each “day” (circuit of the board), participants had to simulate performing plausible daily events 169	  

at appropriate times during the day (e.g., eating breakfast, visiting the library). These events were 170	  

indicated by green squares on the board. When the participant’s token passed an event square, 171	  

they had to click on an event card icon. This caused a green event card window to pop up that 172	  

described the particular event to the participant. The participant was to select their preferred 173	  

activity for that event from three options.  174	  

Over the course of each virtual day, participants also had to perform different types of 175	  

PM tasks. Some tasks were instructed at the beginning of the game and were to be performed 176	  

every “day” without repeated instruction (regular tasks). Other tasks were to be performed only 177	  

once during the game at a specific time or when encountering an event that occurred on that 178	  

particular day (irregular tasks). These tasks varied according to the PM cue that triggered when 179	  

the task was to be performed. Some tasks had to be performed during a specific event indicated 180	  

by an appropriate event card (event-based tasks); other tasks had to be performed at a specific 181	  

time of the virtual day indicated by a virtual clock on the screen that was calibrated to the 182	  
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position of the token on the board (time-based tasks). To perform a PM task, the participant had 183	  

to click on the “perform task” button and select the correct task (e.g., “take medication”) out of a 184	  

list of all the PM tasks for that day and 4 distractor tasks. The distractor tasks were included in 185	  

the perform task list as lures so that correct performance required recollection of the correct task 186	  

to be performed in relation to the cue.  187	  

A third task type (time-check tasks) required the participant to monitor a stop watch clock 188	  

presented in the middle of the screen that displayed the amount of real time (in minutes and 189	  

seconds) that had elapsed since beginning that virtual day. When the stop watch reached a 190	  

specific time (e.g., 2 min:0 sec or 4 min:0 sec) the participant was to pause and perform the time-191	  

check task (i.e., test lung capacity) at that exact time by selecting the appropriate task from the 192	  

perform task list.  193	  

The Virtual Week training program was similar to the original, computerized version of 194	  

the game (Rendell, Jensen, & Henry, 2007; Rose et al., 2010) except that the time-based tasks in 195	  

this study required monitoring a clock that indicated the virtual time of day rather than having 196	  

the times marked on squares of the board (similar to recent Virtual Week studies, e.g., Leitz, 197	  

Morgan, Bisby, Rendell, & Curran, 2009; Rendell et al., 2011), and the task content varied over 198	  

the 24 virtual days. Many of the PM tasks simulated actual PM tasks that a sample of older 199	  

adults (mean age = 75.4 yrs) reported in a survey study (Penningroth & Scott, 2013). 200	  

Importantly, task difficulty increased over the 24 virtual days. For example, the first day of 201	  

training started out with just two regular tasks and two irregular tasks (one event-based and one 202	  

time-based task each). Upon completing at least 70% of the tasks correctly, the participant could 203	  

proceed to the next level of difficulty. If participants did not attain the 70% correct criterion, they 204	  

were required to repeat the day and reach this criterion before progressing to the next level. The 205	  
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proportion of tasks completed correctly and the number of times the day was repeated was 206	  

recorded for each level of complexity. 207	  

The level of difficulty increased over the course of the training program by increasing the 208	  

overall number of tasks to be performed during the day, the complexity of the tasks to be 209	  

performed, and/or the amount of interference from prior tasks present during the day. For 210	  

example, one way in which the task complexity was manipulated was by hiding the day clock 211	  

and/or the time-check clock. In order to check the time, the participant had to click on a button to 212	  

briefly view the time and then maintain an internal representation of the time as the day 213	  

progressed. One way in which the amount of interference from prior tasks was manipulated was 214	  

by switching the times and events at which the regular health tasks were to be performed on each 215	  

day. For example, the health tasks on level eight, take diabetes medication at breakfast and 216	  

dinner, and check blood sugar at 11 am and 9 pm, switched on level nine to take diabetes 217	  

medication at 10 am and dinner, and check blood sugar at breakfast and 7 pm. Resolving the 218	  

interference from previously learned associations was designed to simulate the difficulties one 219	  

faces in real life when a doctor changes one’s medication. For a full list of the tasks that were to 220	  

be performed over the 24 levels, see supplemental Table 1.  221	  

Active Control Group (Music Training, Moreno et al., 2011). An adapted version of the 222	  

computerized training program developed by Moreno, Bialystok, Barac, Schellenberg, Cepeda, 223	  

and Chau (2011) was used as an active control group for comparison. While this program may 224	  

result in small improvements in vocabulary learning in preschool-aged children, the program was 225	  

not expected to produce any benefits to PM or everyday functioning in older adults. Critically, 226	  

however, the program did involve a similar amount of “time-on-task” and involved some similar 227	  

aspects to the Virtual Week training program, such as interaction with an experimenter/trainer 228	  
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and group training sessions. The Music Training group consisted of non-musicians that engaged 229	  

in a music training program in a classroom setting with a teacher. Training sessions were 230	  

between 40–60 minutes each; participants completed a total of 20 sessions during the 4-week 231	  

period. The program involved a combination of motor, perceptual, and cognitive tasks and 232	  

consisted of teaching participants basic musical concepts such as rhythm, pitch, melody, and 233	  

voice.  234	  

No Contact Control Group. An additional group of participants participated only in the 235	  

pretest and posttest sessions separated by one month to determine the baseline rate of change due 236	  

to practice effects and/or the passage of time between the pretest and posttest sessions.  237	  

Measures 238	  

PM measures 239	  

 PM performance was assessed using a battery of different PM paradigms. The tasks 240	  

varied in their degree of ecological validity according to the classification of Phillips et al. 241	  

(2008). 242	  

Virtual Week (Rendell & Craik, 2000). All participants first performed a trial day on the 243	  

pretest session to learn how to play the game and how to perform examples of the different kinds 244	  

of PM tasks before playing three virtual days of the original, computerized Virtual Week game 245	  

(Rendell, Jensen, & Henry, 2007; Rose et al., 2010) during the pretest session. All participants 246	  

also performed three unique virtual days on the posttest with unique tasks in unique contexts in 247	  

order to assess changes in performance before and after the training intervention (i.e., near 248	  

transfer). Each virtual day consisted of 10 PM tasks per day: two time-check tasks, four regular 249	  

and four irregular tasks. Two of the regular and irregular tasks were time-based tasks; the others 250	  
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were event-based tasks. The proportion of correctly selected PM tasks was calculated to score 251	  

performance.  252	  

The Call-Back Task. To assess naturalistic PM performance in everyday life, we 253	  

developed a novel PM task - the call-back task. Participants chose a two-hour time slot during 254	  

which they would be at home and able to call the research institute back and deliver a message. 255	  

During this time slot, when participants were at home in their daily life, an experimenter called 256	  

them and delivered the task instructions. The participant was to call the experimenter back at 257	  

specific times (e.g., exactly 15 min and 40 min after hanging up) and leave a message with their 258	  

initials on the answering machine; the answering machine logged the time of the call. The 259	  

procedure was repeated after one hour with new times to call back after hanging up (e.g., 20 min 260	  

and 35 min). They were told to remember on their own and to call at the exact time that was 261	  

indicated. Participants were explicitly warned to avoid using any reminder or timer and all 262	  

participants reported complying with the instructions. Note that the target call-back times were 263	  

never set to canonical clock times (e.g., quarter to, half past, or on the hour). The target clock 264	  

time (e.g., 5:37 pm) was not mentioned to the participant. Times were counterbalanced across 265	  

participants between the pre- and post-test sessions. The experimenter recorded the target clock 266	  

time after hanging up and the absolute deviation in minutes between the target clock time and the 267	  

actual time of the message was calculated. Times that were completely missed were recorded as 268	  

60 minutes, i.e., slightly longer than the latest response (50 min.). The dependent measure was 269	  

the total minutes off from the target times for all four calls. The individual values were then log-270	  

transformed to account for non-normal distributions.  271	  

N-back + PM cues. Following West and Bowry (2005) we administered a computerized 272	  

2-back task with letters as an ongoing task and specific colors as PM cues to assess PM within a 273	  
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standardized laboratory setting. Participants saw a series of colored uppercase letters, one letter 274	  

at a time. Their task was to press a key marked “YES” whenever the letter on-screen matched the 275	  

letter presented two letters back. When the letter on the screen was not the same as the letter two 276	  

letters back, they were to press the key labelled “NO” on the keyboard. Participants first 277	  

performed a practice series of 20 letters on the letter 2-back task and the experimenter provided 278	  

feedback. They then performed a series of 50 trials on the 2-back task (labelled as 2-back only). 279	  

The letters in the series were sampled from a set of 15 English consonants in a pseudorandom 280	  

order so that targets (2-back matches) appeared with 17 target and 33 non-target trials. The 281	  

letters were presented in red, green, yellow, or blue font. For the initial 2-back only block, 282	  

participants were told the color was irrelevant.  283	  

Following the 2-back only block, participants were informed they had an additional PM 284	  

task to perform. They were instructed to press the spacebar instead of the “YES” or “NO” button 285	  

whenever they saw a letter presented in a particular color (e.g., blue). Participants were informed 286	  

of the color cue prior to performing a block of 50 trials. There were 5 “PM cues” (i.e., 10% of 287	  

trials), 15 target trials, and 30 non-target trials per block. Participants performed a brief practice 288	  

series on the 2-back task with PM cues where feedback was provided. Participants then 289	  

performed four blocks of 2-back trials with PM cues. Participants were informed of a different 290	  

color for the PM cue prior to each block. Accuracy and reaction times were computed for PM 291	  

hits, 2-back targets and 2-back non-targets in the four 2-back + PM blocks, as well as for 2-back 292	  

targets and non-targets in the 2-back only block.  293	  

Breakfast task (Craik and Bialystok, 2006). The Breakfast task is a computerized 294	  

simulation of the elements involved in preparing and serving a breakfast. Collectively, the 295	  

components of the task broadly measure two neuropsychological functions: planning and multi-296	  
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task management (Rose et al., 2015). Participants were required to prepare five different foods 297	  

with different cooking times (e.g., sausages = 4.5 min, eggs = 2 min). The major aim was to have 298	  

all foods ready at the same moment without under- or over-cooking any of the foods. Therefore, 299	  

participants had to plan the right order of foods to start and stop at the appropriate moment. To 300	  

do so they had to monitor the cooking times of each food indicated by blue time bars. 301	  

Furthermore, participants had to set a table of four with all cutleries as quickly as possible. To 302	  

perform the task participants had to use the mouse and press different buttons on the screen. 303	  

There were two levels of difficulty. In the first trial participants saw all five foods, cooking time 304	  

bars and the table to set on one screen. The second trial displayed each food with its cooking 305	  

time bar and the table on six different screens that could be accessed by pressing several buttons. 306	  

Therefore, the second trial placed higher demands on planning and monitoring.  307	  

The computer task allows assessing several different measures of planning and task 308	  

management. Analyses focused on the discrepancy of cooking times and the average deviation of 309	  

start times. For each food, there was an ideal cooking time and the actual time the participant 310	  

cooked the food. The discrepancy of cooking times was the absolute difference between these 311	  

two times in seconds and then summed for all five foods. In the event that a participant failed to 312	  

start or stop a food, the average discrepancy of the remaining foods was used for the sum. In 313	  

order to succeed on the breakfast task the participant had to plan the correct order in which to 314	  

cook the five foods and to appropriately coordinate the starting times of each food. The absolute 315	  

deviation between the ideal time to start cooking each of the foods and the actual start times was 316	  

calculated and then averaged. 317	  

The Prospective-Retrospective Memory Questionnaire (PRMQ). To assess self-reported 318	  

PM performance in daily life we administered the PRMQ (Crawford, Smith, Maylor, Della Sala, 319	  
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& Logie, 2003). The PRMQ consists of 16 questions about prospective and retrospective 320	  

memory failures in everyday life situations. Participants evaluate the frequency of each type of 321	  

memory error on a 5-point scale (1 = never; 5 = very often). A sum score was calculated for the 322	  

prospective component. 323	  

Everyday Competence  324	  

In addition to the various PM tasks, we administered a standard neuropsychological 325	  

assessment of everyday competence.   326	  

Timed Instrumental Activities of Daily Living (TIADL; Owsley et al., 2002). A modified 327	  

version of the TIADL assessment was administered. Participants were required to complete 5 328	  

tasks: looking for a telephone number in a phone book, count out a certain amount of change in 329	  

coins, read ingredients on 3 cans of food, point out items on a shelf as if they were shopping in a 330	  

store, and read the directions on two medicine bottles. An experimenter read the instructions for 331	  

all five tasks at the beginning of the test to the participant. They were then given a summary of 332	  

the tasks to review until they were ready before starting. They were encouraged to hold all the 333	  

tasks in mind as they were completing them. Each time they needed to look at the instructions 334	  

again during the task, 10 s were added to their total time to completion. The total amount of time 335	  

to completion was recorded. 336	  

Neuropsychological measures  337	  

In addition to the PM and everyday competence assessments, we also administered a 338	  

battery of tasks to assess neuropsychological functions, primarily for the purpose of examining 339	  

the relations among neuropsychological functions, PM, and everyday competence in another 340	  

report (Hering, Kliegel, Rendell, Craik, & Rose, 2015). Based on previous research (e.g., 341	  

Reichman et al., 2010), far transfer of PM training to improvements in neuropsychological 342	  
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functioning in general was not expected. Nonetheless, for the sake of completeness, performance 343	  

on the following measures is reported. 344	  

Processing Speed. The digit-symbol-coding test is a subtest from the Wechsler Adult 345	  

Intelligence Scale III (WAIS-III; Wechsler, 1997) to assess information processing speed. The 346	  

participants had to copy symbols to corresponding numbers as fast as possible during two 347	  

minutes. The combination of the numbers 1 to 9 and the nine specific symbols was given on the 348	  

top of the testing sheet and visible during the task. Performance was scored as the total number 349	  

of correct items.  350	  

Inhibition. Inhibition was assessed via the Stroop test (Stroop, 1935). First, participants 351	  

had to read out loud as quickly as possible 36 words naming the colors red, green, blue or 352	  

yellow. Afterwards they had to name as quickly as possible the color of 36 squares printed in 353	  

red, green, blue or yellow. The last task was to name the ink color of 36 color names (i.e., red, 354	  

green, blue or yellow) printed in an incongruent color of ink. The measure of inhibition was 355	  

calculated as the difference in time between task 3 and 2 – that is, the interference cost. Smaller 356	  

values indicate better inhibition. 357	  

Working memory. A computerized version of the Corsi blocks paradigm (Milner, 1971) 358	  

was administered to assess working memory. Participants saw a grey grid of 36 squares on the 359	  

computer screen. During each trial a certain number of these squares turned blue, one after 360	  

another. Participants had to remember the blue squares and reproduce the sequence at the end of 361	  

their presentation by clicking on the squares of the grid that had displayed a blue square. The 362	  

number of squares on each trial ranged from three to eight with two trials at each sequence 363	  

length. There were two blocks: one to reproduce the sequences in the same forward order as 364	  

presented and one to reproduce the sequences in backwards order, beginning with the item 365	  
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presented last and proceeding in reverse order to the item presented first. Performance was 366	  

scored as the total number of correctly recalled squares.  367	  

Fluid intelligence. Raven’s Standard Progressive Matrices (Raven, Court, & Raven, 368	  

1996) was used to assess fluid intelligence. Participants were presented with several patterns and 369	  

were asked to choose which one of five pieces fills a missing piece in order to complete the 370	  

pattern. Participants were asked to complete as many problems as possible (out of 29 total items) 371	  

within 10 minutes. The patterns increased in difficulty. Performance was scored as the total 372	  

number of correctly solved patterns completed within the allotted time. 373	  

ERP methods 374	  

A subset of the participants performed the n-back + PM cues while we recorded their 375	  

electroencephalogram (EEG) so that we could obtain neurophysiological markers of PM cue 376	  

detection. Specifically, we investigated event-related potentials (ERPs) associated with 377	  

presentation of a PM cue during task performance (West & Bowry, 2005). Thirteen participants 378	  

in the Virtual Week Training group and 23 participants in the control groups completed both the 379	  

pre- and post-test EEG sessions. The EEG was recorded with a Biosemi ActiveTwo system from 380	  

an array of 64 Ag/AgCl electrodes placed over the scalp at locations according to the10-20 381	  

system (Jasper, 1958). Vertical and horizontal eye movements were recorded from electrodes 382	  

placed just lateral (Lo1, Lo2) and inferior (Io1, Io2) the right and left orbits. During online 383	  

recording, electrode offsets were kept below 10 mV, referenced to Cz, and digitized at a 512 Hz 384	  

sampling rate.  385	  

Neuroelectric recordings were processed using the EEGLAB 10 (Delorme & Makeig 386	  

2004) and ERPLAB 1 (Lopez-Calderon & Luck, 2014) toolboxes and custom scripts coded in 387	  

MATLAB (MathWorks, Natick, MA, USA). Electrodes were re-referenced to the common 388	  
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average, channels exhibiting excessive noise were interpolated (spherical spline), traces were 389	  

epoched -200 ms before to 1200 ms after the time-locking stimulus event, and then bandpass 390	  

filtered (0.01–100 Hz; IIR Butterworth, filter order = 4). Epochs with peak-to-peak deflections 391	  

>150 µV were rejected prior to averaging. ERPs were cleaned of eyeblink artifacts using 392	  

independent components analysis (PCA option, Wallstrom, Kass, Miller, Cohn, & Fox, 2004).  393	  

ERPs for each condition were baselined to the prestimulus interval, and averaged in the time-394	  

domain.  ERPs were computed for correct PM cue trials, n-back target trials, and n-back non-395	  

target trials. Responses were bandpass filtered (.1-30 Hz) for analysis (a 10 Hz lowpass filter was 396	  

applied for visualization). Remaining channels that exhibited excessive noise (e.g., TP9, TP10, 397	  

FT9, FT10) were excluded from analysis. Data for two of the training participants were unusable 398	  

due to excessive artefact (eye-blinks, skin potentials); data for three of the control participants 399	  

were unusable because there were too few trials for analysis (only three correct PM trials or zero 400	  

correct n-back target trials). 401	  

To measure ERP components associated with PM, mean voltages for correct PM cue 402	  

trials were computed for each subject for the following components: N300 (250-400 ms), P3 403	  

(350-600), prospective positivity (PP) mean (600-1100 ms) and area under the curve (AUC) 404	  

(350-1100 ms, to encompass the P3 and the PP slow wave). To minimize the family-wise error 405	  

rate for hypothesis testing, the components were measured in electrode clusters that captured left 406	  

frontal (AF3, F1, F3, F5, FC1, FC3), right frontal (AF4, F2, F4, F6, FC2, FC4), centro-parietal 407	  

(C1, Cz, C2, CP1, CPz, CP2), and left occipito-parietal (O1, PO3, PO7, P5, P7, P9), and right 408	  

occipito-parietal (O2, PO4, PO8, P6, P8, P10) regions of interest.  409	  

Procedure 410	  
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After performing the telephone interview to assess general cognitive status, eligible 411	  

participants were invited to the pretest session that lasted two to three hours. After participants 412	  

provided informed consent, tests were administered in the following order: Virtual Week, 413	  

Breakfast task, Stroop test, 2-back task with PM, Corsi block, Raven’s Standard Progressive 414	  

Matrices, Shipley Institute of Living Scale vocabulary and TIADL. During the testing session 415	  

there were multiple short breaks for participants to rest. The session finished with the PRMQ and 416	  

the general instructions for the Call-back task. Participants chose time windows to perform the 417	  

Call-back task at home later on that day or on the following day. 418	  

Approximately one month after the pretest session (duration range = 4-6 weeks), 419	  

participants returned to the lab to complete alternate forms of the same tests on the posttest 420	  

session. Alternate forms were counterbalanced across participants between the pre and posttest 421	  

sessions. 422	  

 423	  

Results 424	  

Training gains 425	  

 We first assessed improvement in PM for participants in the Virtual Week group over the 426	  

course of the training program. As can be seen in Figure 2A, the average number of PM tasks 427	  

correctly performed on each virtual day of the training program steadily increased from an 428	  

average of approximately 3.7 tasks at the beginning of training to approximately 10.5 tasks by 429	  

the end of the training program. Obviously, the number of tasks that were administered on each 430	  

day limited the maximum number of tasks that could be performed correctly on the day. 431	  

Nonetheless, prior to training, participants could only remember to perform approximately 3-4 432	  

tasks correctly on the pre-test session; thus, the training gains represent more than a two-fold 433	  
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increase in the capacity to perform PM tasks correctly. Additionally, Figure 2B shows the 434	  

number of times a given day needed to be repeated before the criterion of 70% correct was 435	  

obtained. The decrease in the number of times that each day needed to be repeated over the 436	  

course of training is in spite of the increase in the difficulty and number of tasks that were to be 437	  

performed on each day over the course of the training program.  438	  

Figure 2C illustrates the change in the strategies the training participants reported using 439	  

to perform the PM tasks at the end of each week of training. Due to the variability in responses, 440	  

the reported strategies were categorized into three classes: no strategy, poor strategies (i.e., rote 441	  

rehearsal, ineffective/idiosyncratic strategy), or good strategies (i.e., visualization, association 442	  

between cue and action). Three raters independently categorized each response, and collectively 443	  

resolved the few discrepancies that existed. Good strategies were differentiated from poor 444	  

strategies based on features of the responses that incorporated aspects of the implementation 445	  

intentions strategy (Brom et al., 2013) and/or deep, elaborative encoding techniques (Craik & 446	  

Lockhart, 1972) – strategies known to be effective in enhancing memory performance in prior 447	  

research. In contrast, poor strategies contained features that were idiosyncratic or known to be 448	  

less effective encoding techniques based on prior research (e.g., rote rehearsal; Craik & 449	  

Lockhart, 1972). For example, one idiosyncratic strategy that was reported consisted of a 450	  

participant trying to associate each to-be-performed PM task with one finger. The participant 451	  

pressed the finger to the table while playing the game, which was to serve as a reminder for the 452	  

task. As more PM tasks were introduced in the game, the participant tried to associate each new 453	  

task with a new finger pressed to the table.  454	  

As can be seen in Figure 2C, the majority of strategies reported at the end of the first 455	  

week of training represents ineffective strategies (no or poor). Over the course of training, the 456	  
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distribution of reported strategies shifted so that by the end of the fourth week, more responses 457	  

were classified as good strategies. However, even after four weeks of training three days per 458	  

week, the majority of responses were still classified as poor strategies. The potential for this 459	  

limitation to have undermined the effectiveness of the training program is considered below in 460	  

the discussion section.  461	  

Training Induced Plasticity 462	  

We first compared the results of the active and control groups to determine if 463	  

participating in the active “placebo” condition resulted in any training gains on the outcome 464	  

measures. As predicted, there were no differences between the active (Music) and no-contact 465	  

control groups on any of the outcome measures, all ps > .10 (supplemental Table 2). Therefore, 466	  

the active and no-contact control groups were combined and compared to the Virtual Week 467	  

training group. One-tailed tests were used due to the directionality of the hypothesized benefits. 468	  

This analysis allowed us to evaluate the potential of the Virtual Week training program to induce 469	  

plasticity in the behavioral skills assessed before and after training. 470	  

Mean performance on the pre and post-test for training and control groups on the 471	  

outcome measures are presented in Table 2. We found large training-related gains in 472	  

performance on all types of PM tasks on the unique virtual days for the training group relative to 473	  

the control groups, which was confirmed by highly significant group by time-of-test (pre vs. 474	  

post) interactions, Fs > 30.0, ps< 0.001 (Figure 3). The task structure of Virtual Week was 475	  

similar on the pre and post-tests and the training program and, therefore, training gains were to 476	  

be expected. Nonetheless, the content of the virtual days and the PM tasks themselves differed, 477	  
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so the benefits of training were not specific to the particular tasks or task contexts learned during 478	  

training (i.e., near transfer).  479	  

No differences were observed between the groups in pre/post-test changes for the 480	  

Breakfast task or laboratory PM measures. Although these tasks putatively measure aspects of 481	  

PM, the lack of transfer is consistent with recent findings that suggest these measures more 482	  

strongly relate to planning (in the case of the Breakfast task, Rose et al., 2015) and working 483	  

memory (in the case of the n-back + PM cues, Hering et al., 2015) than the PM processes tapped 484	  

by the Virtual Week task. More importantly, both primary outcome measures – the call-back task 485	  

(i.e., real-world PM) and the TIADL (i.e., functional independence) – showed significant transfer 486	  

of training for the Virtual Week training group relative to the control group, ps < 0.05 (Figure 4). 487	  

The significant reduction in the number of minutes late for the call-back task and the time to 488	  

complete the instrumental activities of daily living following the Virtual Week training program 489	  

is consistent with the notion of far transfer.2  490	  

Neural Plasticity 491	  

To assess the potential for the Virtual Week training program to have produced neural 492	  

plasticity, ERPs (N300, P3, prospective positivity) associated with PM cue detection on the pre 493	  

and post-test sessions were compared for the training and control groups. The waveforms for the 494	  

left and right frontal, centro-parietal, and left and right occipito-parietal region of interest clusters 495	  

are presented in Figure 5. The only group x time-of-test interaction for the component measures 496	  

in electrode clusters that reached significance was for the prospective positivity area under the 497	  

curve measure for the right occipito-parietal cluster, F(1, 31) = 9.15, p < .005, ηp
2 = .23.  The 498	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2 As expected, no differences were observed between the training and control groups on any of the background 
neuropsychological tests on either the pre or posttest, all ps > .05. 
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waveforms were generally quite consistent between the pre and posttest sessions for both groups, 499	  

with some decreases in timepoints between 300-1000 ms after stimulus onset, especially for the 500	  

training group in the right occipito-parietal electrode cluster and for the control group in the 501	  

frontal electrode clusters. There were increases in amplitude for the training group in the late 502	  

positivity complex (~900-1200 ms) in the right frontal electrode cluster and decreases in these 503	  

timepoints in the left occipito-parietal cluster for both groups. However, with such small sample 504	  

sizes providing analysable data on both the pre and posttest, none of the effects in the frontal, 505	  

centro-parietal, or left occipito-parietal clusters or correlations with behavioural performance 506	  

survived appropriate thresholding for the family-wise error rate. In sum, these preliminary ERP 507	  

results provide some suggestion of neuroplasticity with training related reductions over right 508	  

occipito-parietal cortex associated with correct PM performance, particularly in later stages 509	  

during response selection and enactment.  510	  

Discussion 511	  

Participants in the Virtual Week training program made substantial gains in PM 512	  

performance (in the Virtual Week task) over the course of training, more than doubling the 513	  

number of PM tasks that were performed correctly relative to control participants. Critically, this 514	  

plasticity in PM functioning was not specific to the trained task, but also transferred to more 515	  

efficient performance on a real world measure of PM (the call-back task) and a 516	  

neuropsychological measure of everyday competence (the TIADL). Some training related 517	  

changes were also evident in neurophysiological markers of PM performance, despite a lack of 518	  

concomitant behavioral effect in all participants in the Virtual Week training group.  519	  
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Without observing behavioral gains that directly corresponded to the degree of 520	  

modulation of ERPs pre and post-training, it is difficult to infer causation. Nonetheless, it is 521	  

interesting to note that PM training was associated with more substantial modulation of later 522	  

ERP components (500-1200 ms poststimulus onset) that are thought to underlie processes 523	  

associated with both PM retrieval and inhibiting or switching from performing an action 524	  

associated with the ongoing task (e.g., pressing the match or nonmatch button for the n-back task 525	  

with the right index or middle finger respectively) to performing the intended action associated 526	  

with the PM cue instead (e.g., pressing the space bar with the left hand) (for reviews, see West, 527	  

2011; Cona et al., 2015).  528	  

That training related modulations of the late positive complex were largely present in 529	  

somewhat lateralized occipito-parietal and frontal sites over, for example, right inferior 530	  

frontotemporal cortex may reflect the strong presence of competing intended actions for both the 531	  

ongoing and PM response and the need to withhold a dominant (ongoing) response and engage a 532	  

less frequent (albeit salient PM) response. Furthermore, both groups (especially the control 533	  

group) showed reductions during times around the N300 and P3 components in left anterior 534	  

frontal sites between the pre and posttest for correct PM responses, with the training group 535	  

showing a significant decrease in the late prospective positivity complex in the right occipito-536	  

parietal region of interest. Such modulations are consistent with the notion of enhanced neural 537	  

efficiency, which would be expected if performing the PM task was associated with more 538	  

automatic retrieval of the intended action (Cona, Scarpazza, Sartori, Moscovitch, & Bisiacchi, 539	  

2015). Thus, the results provide some evidence of neuroplasticity, which may be seen as 540	  

analogous to the differences in ERP components for PM tasks that involve more 541	  

automatic/spontaneous retrieval than controlled monitoring, such as tasks with focal vs. nonfocal 542	  
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cues (Cona, Bisiachi, & Moscovitch, 2013). The overall pattern of ERPs and their modulation 543	  

before and after training may reflect enhanced neural efficiency in brain regions associated with 544	  

managing the competing demands for turning intentions into actions, consistent with more 545	  

automatic/spontaneous retrieval and performance of the intended actions (Cona et al., 2015).  546	  

While these results are encouraging, they represent a first step in exploring the efficacy of 547	  

PM training with the Virtual Week training program. The sample sizes in this preliminary study 548	  

are rather small and a limitation in the recruitment procedures prevented a truly random 549	  

allocation to conditions, which resulted in some small but potentially important differences 550	  

between the groups. Nonetheless, our preliminary findings warrant further investigation in a 551	  

larger, randomized controlled trial to replicate and extend the observed benefits of PM training to 552	  

real world PM performance and functional independence. It may also be noted that, while 553	  

musical training may benefit older adults’ ability to process auditory cues and speech (Bidelman 554	  

& Alain, 2015), the lack of a difference between this “active” control group and the no-contact 555	  

control group suggests such benefits might be limited to specific trained tasks and/or stimuli 556	  

rather than promoting far transfer. Future studies would benefit from exploiting the “train for 557	  

transfer” principle that was incorporated into the Virtual Week training program and assessing 558	  

whether training gains result in real world benefits over time with a longitudinal study. 559	  

One potentially important limitation of the Virtual Week training program was evident in 560	  

the strategies that participants reported using. At the beginning of training, most participants 561	  

reported using either no strategy or a strategy that was considered to be ineffective (rote 562	  

rehearsal). We had assumed that the Virtual Week training program – which was designed to be 563	  

a restorative, process-based training program – would result in participants gradually learning to 564	  

use more effective processes for encoding and retrieving their prospective intentions over the 565	  
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course of training. However, even after 4 weeks of 3 sessions per week, most participants still 566	  

reported using ineffective strategies for prospective remembering by the end of the training 567	  

program. Encouragingly, the overall distribution of participants shifted such that more 568	  

participants reported using a strategy that PM researchers would consider to be an effective 569	  

strategy. For example, by the end of the third week, the participant that reported an idiosyncratic 570	  

strategy of associating each to-be-remembered PM task with a finger reported that the strategy 571	  

did not appear to be a very good one and decided to try something different. Perhaps larger 572	  

training and transfer gains could be attained if training had lasted longer or we had explicitly 573	  

instructed participants to practice using more effective strategies as part of the training program.  574	  

There is ample evidence for large benefits to prospective remembering by teaching 575	  

participants to use the implementation intentions encoding strategy (Brom & Kliegel, 2014; 576	  

Brom et al., 2013; McFarland & Glisky, 2011; McDaniel et al., 2014). For example, McDaniel et 577	  

al. (2014) incorporated implementation intentions strategy instructions as part of their extended, 578	  

multi-domain training program and found that training resulted in large gains in PM performance 579	  

on the Virtual Week game, their primary outcome measure. Additionally, in single-session 580	  

strategy training experiments, teaching the implementations intention strategy to healthy older 581	  

adults (Rendell, et al., 2015) and even individuals with early Alzheimer’s Disease (Lee, Shelton, 582	  

Scullin, & McDaniel, 2015; Shelton, et al., 2014) showed substantial improvements in PM 583	  

performance, such that the large age-deficit seen on event-based PM tasks was eliminated 584	  

following implementation intentions strategy training (Rendell et al., 2015). Such gains are not 585	  

limited to performance on PM tasks performed in the laboratory. Brom et al. (2013), for 586	  

example, showed gains in a real world health behavior, blood-glucose monitoring, following 587	  

implementation intentions strategy training.  588	  
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Collectively, large, meaningful gains in PM functioning were observed following strategy 589	  

training. However, it is unclear whether a compensatory approach to cognitive training would 590	  

result in far transfer of training gains to untrained behaviors that are important for independent 591	  

functioning in the real world. For example, teaching individuals to use specific strategies are 592	  

notoriously tied to the specific tasks in which they are practiced (McDaniel & Bugg, 2011), 593	  

whereas self-generated processes learned in more restorative, process-based training programs 594	  

may provide a more generalizable mode of processing that could be applied to varied contexts, 595	  

including behaviors important for functional independence (Craik & Rose, 2012). The efficiency 596	  

and generalizability of these two types of cognitive training are important issues to explore in 597	  

future research.  598	  

In conclusion, a short duration of cognitive training with the Virtual Week training 599	  

program resulted in rather large training related gains in PM performance and some small 600	  

changes in neural correlates of PM processing. Training gains resulted in far transfer in the form 601	  

of enhanced accuracy and efficiency in performing real world PM tasks and instrumental 602	  

activities of daily living. The Virtual Week training program, which incorporates a “train for 603	  

transfer” principle, represents an innovative avenue for cognitive training and potentially 604	  

enhancing functional independence.  605	  

 606	  

 607	  

 608	  

 609	  



PM Training - 28 
	  

 610	  

 611	  

Author Contributions:  612	  

NSR, PGR, AH, MK, and FIMC designed the study. NSR, PGR, and AH helped develop the 613	  

training program.  NSR and AH collected the data. NSR and AH analysed the behavioral data. 614	  

NSR and GMB analysed the ERP data. NSR and AH wrote the paper with edits from PGR, MK, 615	  

GMB and FIMC.  616	  



PM Training - 29 
	  

References 617	  

Bidelman, G. M., & Alain, C. (2015). Musical training orchestrates coordinated neuroplasticity 618	  

in auditory brainstem and cortex to counteract age-related declines in categorical vowel 619	  

perception. The Journal of Neuroscience, 35(3), 1240-1249.  620	  

Bisiacchi, P. S., Tarantino, V., & Ciccola, A. (2008). Aging and prospective memory: the role of 621	  

working memory and monitoring processes. Aging Clinical and Experimental 622	  

Research, 20(6), 569-577.  623	  

Brom, S. & Kliegel, M. (2014). Improving everyday prospective memory performance in older 624	  

adults: Comparing cognitive process and strategy training. Psychology and Aging, 29, 625	  

744-755. 626	  

Brom, S. S., Schnitzspahn, K. M., Melzer, M., Hagner, F., Bernhard, A., & Kliegel, M. (2013). 627	  

Fluid mechanics moderate the effect of implementation intentions on a health prospective 628	  

memory task in older adults. European Journal of Ageing, 19, 1–10.  629	  

Cona, G., Bisiacchi, P. S., & Moscovitch, M. (2013). The effects of focal and nonfocal cues on 630	  

the neural correlates of prospective memory: insights from ERPs. Cerebral Cortex, 631	  

bht116.  632	  

Cona, G., Scarpazza, C., Sartori, G., Moscovitch, M., & Bisiacchi, P. S. (2015). Neural bases of 633	  

prospective memory: A meta-analysis and the “Attention to Delayed Intention”(AtoDI) 634	  

model. Neuroscience and Biobehavioral Reviews. doi:10.1016/j.neubiorev.2015.02.007 635	  

Craik, F. I. M., & Bialystok, E. (2006). Planning and task management in older adults: Cooking 636	  

breakfast. Memory and Cognition, 34(6), 1236-1249. doi: 10.3758/Bf03193268 637	  

Craik, F. I. M., & Lockhart, R. S. (1972). Levels of processing: A framework for memory 638	  

research. Journal of Verbal Learning and Verbal Behavior, 11(6), 671-684. 639	  

Craik, F. I. M., & Rose, N. S. (2012). Training cognition: parallels with physical fitness? Journal 640	  

of Applied Research in Memory and Cognition, 1(1), 51–52. 641	  

doi:10.1016/j.jarmac.2011.12.001. 642	  

Crawford, J. R., Henry, J. D., Ward, A. L., & Blake, J. (2006). The Prospective and 643	  

Retrospective Memory Questionnaire (PRMQ): Latent structure, normative data and 644	  

discrepancy analyses for proxy-ratings. British Journal of Clinical Psychology, 45, 83-645	  

104. doi: 10.1348/014466505x28748 646	  



PM Training - 30 
	  

Crawford, J. R., Smith, G., Maylor, E. A., Della Sala, S., & Logie, R. H. (2003). The Prospective 647	  

and Retrospective Memory Questionnaire (PRMQ): Normative data and latent structure 648	  

in a large non-clinical sample. Memory, 11(3), 261-275. doi: Doi 649	  

10.1080/09658210244000027 650	  

Crovitz, H. F., & Daniel, W. F. (1984). Measurements of everyday memory: Toward the 651	  

prevention of forgetting. Bulletin of the Psychonomic Society, 22(5), 413-414. 652	  

de Jager, C. A., Budge, M. M., & Clarke, R. (2003). Utility of TICS-M for the assessment of 653	  

cognitive function in older adults. International Journal of Geriatric Psychiatry, 18(4), 654	  

318-324. doi: Doi 10.1002/Gps.830 655	  

Delorme, A., & Makeig, S. (2004). EEGLAB: an open source toolbox for analysis of single-trial 656	  

EEG dynamics including independent component analysis. Journal of neuroscience 657	  

methods, 134(1), 9-21. 658	  

Desmond, D. W., Tatemichi, T. K., & Hanzawa, L. (1994). The Telephone Interview for 659	  

Cognitive Status (TICS): Reliability and validity in a stroke sample. International journal 660	  

of geriatric psychiatry, 9(10), 803-807. 661	  

Einstein, G. O., & McDaniel, M. A. (1990). Normal aging and prospective memory. Journal of 662	  

Experimental Psychology-Learning Memory and Cognition, 16(4), 717-726. doi: 663	  

10.1037/0278-7393.16.4.717 664	  

Einstein, G. O., Smith, R. E., McDaniel, M. A., & Shaw, P. (1997). Aging and prospective 665	  

memory: The influence of increased task demands at encoding and retrieval. Psychology 666	  

and Aging, 12(3), 479-488. doi: Doi 10.1037/0882-7974.12.3.479 667	  

Ellis, J. (1996). Prospective memory or the realization of delayed intentions: A conceptual 668	  

framework for research. In M. A. Brandimonte, G. O. Einstein & M. A. McDaniel (Eds.), 669	  

Prospective memory: Theory and applications (pp. 1-22). Mahwah, NJ: Lawrence 670	  

Erlbaum. 671	  

Ellis, J., & Kvavilashvili, L. (2000). Prospective memory in 2000: Past, present, and future 672	  

directions. Applied Cognitive Psychology, 14, S1-S9. doi: Doi 10.1002/Acp.767.Abs 673	  

Fish, J., Wilson, B. A., & Manly, T. (2010). The assessment and rehabilitation of prospective 674	  

memory problems in people with neurological disorders: a review. Neuropsychological 675	  

Rehabilitation, 20(2), 161–179. doi:10.1080/09602010903126029. 676	  



PM Training - 31 
	  

Fleming, J. M., Shum, D., Strong, J., & Lightbody, S. (2005). Prospective memory rehabilitation 677	  

for adults with traumatic brain injury: a compensatory training programme. Brain Injury, 678	  

19(1), 1–10. doi:10.1080/02699050410001720059.  679	  

Gross, A. L., Parisi, J. M., Spira, A. P., Kueider, A. M., Ko, J. Y., Saczynski, J. S., ... & Rebok, 680	  

G. W. (2012). Memory training interventions for older adults: a meta-analysis. Aging and 681	  

Mental Health, 16(6), 722-734. 682	  

Gollwitzer, P. M. (1999). Implementation intentions—strong effects of simple plans. American 683	  

Psychologist, 54(7), 493–503. doi:10. 1037//0003-066x.54.7.493 684	  

Henry, J. D., MacLeod, M. S., Phillips, L. H., & Crawford, J. R. (2004). A meta-analytic review 685	  

of prospective memory and aging. Psychology and Aging, 19(1), 27-39. doi: 686	  

10.1037/0882-7974.19.1.27 687	  

Hering, A., Phillips, L. H., & Kliegel, M. (2014). Importance effects on age differences in 688	  

performance in event-based prospective memory. Gerontology, 60(1), 73-78. doi: Doi 689	  

10.1159/000355057 690	  

Hering, A., Rendell, P. G., Rose, N. S., Schnitzspahn, K. M., & Kliegel, M. (2014). Prospective 691	  

memory training in older adults and its relevance for successful aging. Psychological 692	  

Research, 78(6), 892-904. 693	  

Hering, A., Kliegel, M., Rendell, P.G., Craik, F.I.M., & Rose, N.S. (2015). Ecological validity: 694	  

The assessment of prospective memory in and outside the lab. Manuscript in preparation. 695	  

Ihle, A., Hering, A., Mahy, C. E. V., Bisiacchi, P. S., & Kliegel, M. (2013). Adult age 696	  

differences, response management, and cue focality in event-based prospective memory: 697	  

A meta-analysis on the role of task order specificity. Psychology and Aging, 28(3), 714-698	  

720. doi: Doi 10.1037/A0033653 699	  

Jasper, H.A. (1958). The ten–twenty system of the International Federation. 700	  

Electroencepholography and Clinical Neurophysiology, 10(371-375). 701	  

Kinsella, G. J., Mullaly, E., Rand, E., Ong, B., Burton, C., Price, S., et al. (2009). Early 702	  

intervention for mild cognitive impairment: a randomised controlled trial. Journal of 703	  

Neurology, Neurosurgery and Psychiatry, 80(7), 730–736. oi:10.1136/Jnnp.2008.148346. 704	  

Kliegel, M., Altgassen, M., Hering, A., & Rose, N. S. (2011). A process-model based approach 705	  

to prospective memory impairment in Parkinson's disease. Neuropsychologia, 49(8), 706	  

2166-2177. doi: 10.1016/J.Neuropsychologia.2011.01.024 707	  



PM Training - 32 
	  

Kliegel, M., & Jäger, T. (2006). Can the prospective and retrospective memory questionnaire 708	  

(PRMQ) predict actual prospective memory performance? Current Psychology, 25(3), 709	  

182-191.  710	  

Kliegel, M., & Martin, M. (2003). Prospective memory research: Why is it relevant? 711	  

International Journal of Psychology, 38(4), 193-194. doi: 10.1080/00207590244000205 712	  

Kliegel, M., Phillips, L. H., & Jäger, T. (2008). Adult age differences in event-based prospective 713	  

memory: A meta-analysis on the role of focal versus nonfocal cues. Psychology and 714	  

Aging, 23(1), 203-208. doi: 10.1037/0882-7974.23.1.203 715	  

Lee, J. H., Shelton, J. T., Scullin, M. K., & McDaniel, M. A. (2015). An implementation 716	  

intention strategy can improve prospective memory in older adults with very mild 717	  

Alzheimer's disease. British Journal of Clinical Psychology. 718	  

Liu, L. L., & Park, D. C. (2004). Aging and medical adherence: the use of automatic processes to 719	  

achieve effortful things. Psychology and Aging, 19(2), 318. 720	  

Lopez-Calderon, J., & Luck, S. J. (2014). ERPLAB: An open-source toolbox for the analysis of 721	  

event-related potentials. Frontiers in Human Neuroscience, 8:213. doi: 722	  

10.3389/fnhum.2014.00213  723	  

Maylor, E. A. (1990). Age and prospective memory. Quarterly Journal of Experimental 724	  

Psychology Section a-Human Experimental Psychology, 42(3), 471-493.  725	  

McFarland, C. P., & Glisky, E. L. (2011). Implementation intentions and prospective memory 726	  

among older adults: an investigation of the role of frontal lobe function. Aging 727	  

Neuropsychology and Cognition, 18(6), 633–652. doi:10.1080/13825585.2011.613449. 728	  

McDaniel, M. A., & Bugg, J. M. (2012). Memory training interventions: what has been 729	  

forgotten? Journal of Applied Research in Memory and Cognition, 1(1), 45–50. 730	  

McDaniel, M. A., Binder, E. F., Bugg, J. M., Waldum, E. R., Dufault, C., Meyer, A., ... & 731	  

Kudelka, C. (2014). Effects of cognitive training with and without aerobic exercise on 732	  

cognitively demanding everyday activities. Psychology and Aging, 29(3), 717.  733	  

Milner, B. (1971). Interhemispheric differences in the localization of psychological processes in 734	  

man. British Medical Bulletin, 27, 272–277. 735	  

Moreno, S., Bialystok, E., Barac, R., Schellenberg, E. G., Cepeda, N. J., & Chau, T. (2011). 736	  

Short-term music training enhances verbal intelligence and executive 737	  

function. Psychological Science, 22(11), 1425–1433. doi:10.1177/0956797611416999 738	  



PM Training - 33 
	  

Morrison, A. B., & Chein, J. M. (2011). Does working memory training work? The promise and 739	  

challenges of enhancing cognition by training working memory. Psychonomic Bulletin 740	  

and Review, 18(1), 46-60. 741	  

Owsley, C., Sloane, M., McGwin, G., & Ball, K. (2002). Timed instrumental activities of daily 742	  

living tasks: Relationship to cognitive function and everyday performance assessments in 743	  

older adults. Gerontology, 48(4), 254-265. doi: 10.1159/000058360 744	  

Penningroth, S. L., & Scott, W. D. (2013).  Prospective memory tasks related to goals and 745	  

concerns are rated as more important by both young and older adults, European Journal 746	  

of Ageing, 10, 211-221.  747	  

Phillips, L. H., Henry, J. D., & Martin, M. (2008). Adult aging and prospective memory: The 748	  

importance of ecological validity. In M. Kliegel, M. A. McDaniel & G. O. Einstein 749	  

(Eds.), Prospective memory. Cognitive, neuroscience, developmental and applied 750	  

perspectives. New York: Lawrence Erlbaum Associates. 751	  

Piras, F., Borella, E., Incoccia, C., & Carlesimo, G. A. (2011). Evidence-based practice 752	  

recommendations for memory rehabilitation. European Journal of Physical and 753	  

Rehabilitation Medicine, 47(1), 149–175. 754	  

Piauilino, D. C., Bueno, O. F. A., Tufik, S., Bittencourt, L. R., Santos-Silva, R., Hachul, H., . . . 755	  

Pompeia, S. (2010). The Prospective and Retrospective Memory Questionnaire: A 756	  

population-based random sampling study. Memory, 18(4), 413-426. doi: 757	  

10.1080/09658211003742672 758	  

Radford, K., Lah, S., Thayer, Z., Say, M. J., & Miller, L. A. (2012). Improving memory in 759	  

outpatients with neurological disorders using a group-based training program. Journal of 760	  

the International Neuropsychological Society, 18(4), 738–748. 761	  

doi:10.1017/S1355617712000379. 762	  

Raskin, S. A., & Sohlberg, M. M. (1996). The efficacy of prospective memory training in two 763	  

adults with brain injury. Journal of Head Trauma Rehabilitation, 11(3), 32–51. 764	  

Raven, J. C., Court, J. H., & Raven, J. (1996). Manual for Raven's Progressive Matrices and 765	  

Mill Hill Vocabulary Scales. Standard Progressive Matrices. Oxford, UK: Oxford 766	  

Psychologists Press. 767	  

Reichman, W. E., Fiocco, A. J., & Rose, N. S. (2010). Exercising the brain to avoid cognitive 768	  

decline: examining the evidence. Aging Health, 6(5), 565-584. 769	  



PM Training - 34 
	  

Rendell, P. G., & Craik, F. I. M. (2000). Virtual week and actual week: Age-related differences 770	  

in prospective memory. Applied Cognitive Psychology, 14, S43-S62. doi: 771	  

10.1002/Acp.770 772	  

Rendell, P. G., & Henry, J. D. (2009). A review of Virtual Week for prospective memory 773	  

assessment: Clinical implications. Brain Impairment, 10(1), 14-22. DOI: 10.1037/0882-774	  

7974.19.1.27 775	  

Rendell, P.G., Henry, J.D., Bailey, P.E., Bugge, M., Ryrie, C., Phillips, L.H. Altgassen, M., 776	  

Rose, N.S., Terrett, G. & Kliegel, M. (2015) An implementation intentions encoding 777	  

strategy eliminates age-related deficits in naturalistic event-based prospective memory. 778	  

Manuscript in preparation. 779	  

Rendell, P. G., Jensen, F., & Henry, J. D. (2007). Prospective memory in multiple sclerosis. 780	  

Journal of the International Neuropsychological Society, 13(03), 410-416. Doi: 781	  

10.1007/s00213-008-1408-0. 782	  

Rose, N. S., Rendell, P. G., McDaniel, M. A., Aberle, I., & Kliegel, M. (2010). Age and 783	  

individual differences in prospective memory during a "Virtual Week": The roles of 784	  

working memory, vigilance, task regularity, and cue focality. Psychology and Aging, 785	  

25(3), 595-605. doi: 10.1037/A0019771 786	  

Rose, N. S., Luo, L., Bialystok, E., Hering, A., Lau, K., & Craik, F. I. M. (2015). Cognitive 787	  

processes in the breakfast task: Planning and Monitoring. Canadian Journal of 788	  

Experimental Psychology. http://dx.doi.org/10.1037/cep0000054 789	  

Salthouse, T. A., Berish, D. E., & Siedlecki, K. L. (2004). Construct validity and age sensitivity 790	  

of prospective memory. Memory & Cognition, 32(7), 1133-1148. doi: Doi 791	  

10.3758/Bf03196887 792	  

Shelton, J., Scullin, M., Lee, J., Rose, N.S., Rendell, P., & McDaniel, M. (2014). Implementation 793	  

intentions boost prospective memory in healthy and very mildly demented older adults. 794	  

Manuscript submitted for publication.  795	  

Shipley, W. C. (1940). A self-administering scale for measuring intellectual imapirement and 796	  

deterioration. The Journal of Psychology, 9, 371-377.  797	  

Shipstead, Z., Redick, T. S., & Engle, R. W. (2012). Is working memory training effective?. 798	  

Psychological Bulletin, 138(4), 628. 799	  



PM Training - 35 
	  

Shum, D., Fleming, J., Gill, H., Gullo, M. J., & Strong, J. (2011). A randomized controlled trial 800	  

of prospective memory rehabilitation in adults with traumatic brain injury. Journal of 801	  

Rehabilitation Medicine, 43(3), 216–223. doi:10.2340/16501977-0647. 802	  

Stroop, J. R. (1935). Studies of interference in serial verbal reactions. Journal of Experimental 803	  

Psychology, 18, 643-662. doi: Doi 10.1037/H0054651 804	  

Terry, W. S. (1988). Everyday forgetting - data from a diary Study. Psychological Reports, 805	  

62(1), 299-303.  806	  

Tucker-Drob, E. M. (2011). Neurocognitive functions and everyday functions change together in 807	  

old age. Neuropsychology, 25(3), 368-377. doi: Doi 10.1037/A0022348 808	  

Verhaeghen, P., Marcoen, A., & Goossens, L. (1992). Improving memory performance in the 809	  

aged through mnemonic training: a meta-analytic study. Psychology and Aging, 7(2), 810	  

242. 811	  

Verhaeghen, P., & Salthouse, T. A. (1997). Meta-analyses of age-cognition relations in 812	  

adulthood: Estimates of linear and nonlinear age effects and structural models. 813	  

Psychological Bulletin, 122(3), 231-249. doi: 10.1037/0033-2909.122.3.231 814	  

Wallstrom, G. L., Kass, R. E., Miller, A., Cohn, J. F., & Fox, N. A. (2004). Automatic correction 815	  

of ocular artifacts in the EEG: a comparison of regression-based and component-based 816	  

methods. International Journal of Psychophysiology, 53, 105-119. 817	  

Wechsler, D. (1997). WAIS-III administration and scoring manual. San Antonio, TX: 818	  

Psychological Corporation. 819	  

West, R. (1996). An application of prefrontal cortex function theory to cognitive aging. 820	  

Psychological Bulletin, 120(2), 272-292. doi: Doi 10.1037/0033-2909.120.2.272 821	  

West, R. (2011). The temporal dynamics of prospective memory: A review of the ERP and 822	  

prospective memory literature. Neuropsychologia, 49(8), 2233-2245. 823	  

doi:10.1016/j.neuropsychologia.2010.12.028 824	  

West, R., & Bowry, R. (2005). Effects of aging and working memory demands on prospective 825	  

memory. Psychophysiology, 42(6), 698-712. doi: Doi 10.1111/J.1469-826	  

8986.2005.00361.X 827	  

Woods, S. P., Weinborn, M., Velnoweth, A., Rooney, A., & Bucks, R. S. (2012). Memory for 828	  

intentions is uniquely associated with Instrumental Activities of Daily Living in healthy 829	  



PM Training - 36 
	  

older adults. Journal of the International Neuropsychological Society, 18(1), 134-138. 830	  

doi: 10.1017/S1355617711001263 831	  

Zachary, R. A. (1986). Shipley Institute of Living Scale: Revised Manual. Los Angeles: Western 832	  

Psychological Services.  833	  



PM Training - 37 
	  

Table 1. Participant characteristics. 834	  

Group n Age (range) 
Education 
(years) TICS 

Virtual Week Training 23 67.4 (61-78) 15.1 (2.3) 34.7 (1.7) 

Active Control (music lessons) 14 66.4 (60-79) 15.1 (2.8) 36.5 (2.0) 

No-Contact Control 18 68.5 (60-77) 15.8 (2.0) 36.7 (2.2) 

 835	  

 836	  

Table 2.  Means on pre and posttest assessments for the training and control groups, and results 837	  
of the group by time-of-test interaction effects.  838	  

 

Training Group Control Group 

 

Group X Time of Test 

Measure Pre Post Pre Post 

 

F p 

VW All Regular Tasks (%) 42 88 34 40 

 

30.17 < 0.001 

VW All Irregular Tasks (%) 35 66 37 29 

 

42.24 < 0.001 

VW Time-Check Tasks (%) 36 81 21 23 

 

35.30 < 0.001 

Breakfast Dev. Cooking Time 
(sec) 198 155 299 262 

 

0.03 ns 

N-Back+PM Targets (%) 74 79 75 79 

 

0.21 ns 

N-Back+PM Hits (%) 54 64 52 58 

 

0.03 ns 

TIADLs (sec) 264 180 228 191 

 

3.10 < 0.05 

Call-Back Task (min) 30.0 12.8 17.4 23.4  3.02 < 0.05 

PRMQ (PM rating) 9.7 9.6 12.0 13.6 

 

0.71 ns 

Note: VW = Virtual Week; TIADL = Timed Instrumental Activities of Daily Living; PRMQ = 839	  
Prospective-Retrospective Memory Questionnaire   840	  
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Supplemental Table 1 841	  

Number	   Day	   Week	   Level	   Description	  
1	   Monday	   1	   1	   medication	  @	  breakfast	  &	  dinner,	  diabetes	  pill	  @	  11AM	  &	  9PM	  
2	   Tuesday	   1	   2	   medication	  @	  breakfast	  &	  dinner,	  diabetes	  pill	  @	  11AM	  &	  9PM	  +	  2	  irregular	  	  
3	   Wednesday	   1	   3	   medication	  @	  breakfast	  &	  dinner,	  diabetes	  pill	  @	  11AM	  &	  9PM	  +	  4	  irregular	  
4	   Thursday	   1	   4	   medication	  @	  breakfast	  &	  dinner,	  diabetes	  pill	  @	  11AM	  &	  9PM	  +	  4	  irregular	  w/	  

HIDDEN	  CLOCK	  
5	   Friday	   1	   5	   medication	  @	  breakfast	  &	  dinner,	  diabetes	  pill	  @	  11AM	  &	  9PM	  +	  4	  irregular	  +	  

1	  time-‐check	  (test	  blood	  sugar	  @	  2	  minutes),	  
6	   Monday	   2	   6	   medication	  @	  breakfast	  &	  dinner,	  diabetes	  pill	  @	  11AM	  &	  9PM	  +	  4	  irregular	  +	  

2	  time-‐check	  (test	  blood	  sugar	  @	  2	  and	  6	  minutes)	  
7	   Tuesday	   2	   7	   medication	  @	  breakfast	  &	  dinner,	  diabetes	  pill	  @	  11AM	  &	  9PM	  +	  4	  irregular	  +	  

2	  time-‐check	  (test	  blood	  sugar	  @	  2	  and	  6	  minutes)	  w/	  REPEATED	  LURES	  
8	   Wednesday	   2	   8	   medication	  @	  breakfast	  &	  dinner,	  diabetes	  pill	  @	  11AM	  &	  9PM	  +	  4	  irregular	  +	  

2	  time-‐check	  (test	  blood	  sugar	  @	  2	  and	  6	  minutes)	  w/	  HIDDEN	  CLOCKS	  
9	   Thursday	   2	   9	   4	  NEW	  health	  tasks	  (e.g.,	  medication	  @	  10	  AM	  &	  lunch,	  diabetes	  pill	  @	  

breakfast	  &	  8	  PM)	  +	  4	  irregular	  
10	   Friday	   2	   10	   medication	  @	  10	  AM	  &	  lunch,	  diabetes	  pill	  @	  breakfast	  &	  8	  PM)	  +	  4	  irregular	  

w/	  REPEATED	  LURES	  
11	   Monday	   3	   11	   medication	  @	  10	  AM	  &	  lunch,	  diabetes	  pill	  @	  breakfast	  &	  8	  PM)	  +	  4	  irregular	  +	  

2	  time-‐check	  (test	  blood	  sugar)	  @	  2	  and	  6	  minutes	  
12	   Tuesday	   3	   12	   medication	  @	  10	  AM	  &	  lunch,	  diabetes	  pill	  @	  breakfast	  &	  8	  PM)	  +	  4	  irregular	  +	  

3	  time-‐check	  (test	  blood	  sugar)	  @	  2,	  4,	  and	  6	  minutes	  
13	   Wednesday	   3	   13	   medication	  @	  10	  AM	  &	  lunch,	  diabetes	  pill	  @	  breakfast	  &	  8	  PM)	  +	  4	  irregular	  +	  

4	  time-‐check	  (test	  blood	  sugar)	  @	  2,	  4,	  6,	  and	  8	  minutes	  
14	   Thursday	   3	   14	   medication	  @	  10	  AM	  &	  lunch,	  diabetes	  pill	  @	  breakfast	  &	  8	  PM)	  +	  4	  irregular	  +	  

4	  time-‐check	  (test	  blood	  sugar)	  @	  2,	  4,	  6,	  and	  8	  minutes	  w/	  REPEATED	  LURES	  	  
15	   Friday	   3	   15	   medication	  @	  10	  AM	  &	  lunch,	  diabetes	  pill	  @	  breakfast	  &	  8	  PM)	  +	  4	  irregular	  +	  

4	  time-‐check	  (test	  blood	  sugar)	  @	  2,	  4,	  6,	  and	  8	  minutes	  w/	  HIDDEN	  CLOCKS	  
16	   Monday	   4	   16	   medication	  @	  10	  AM	  &	  lunch,	  diabetes	  pill	  @	  breakfast	  &	  8	  PM)	  +	  4	  irregular	  +	  

4	  time-‐check	  (test	  blood	  sugar)	  @2,	  4,	  6,	  and	  8	  minutes	  w/	  HIDDEN	  CLOCKS	  
17	   Tuesday	   4	   17	   medication	  @	  10	  AM	  &	  lunch,	  diabetes	  pill	  @	  breakfast	  &	  8	  PM)	  +	  4	  irregular	  +	  

2	  time-‐check	  (test	  blood	  sugar)	  @	  2,	  4,	  6,	  and	  8	  minutes	  w/	  HIDDEN	  CLOCKS	  w/	  
REPEATED	  LURES	  

18	   Wednesday	   4	   18	   medication	  @	  10	  AM	  &	  lunch,	  diabetes	  pill	  @	  breakfast	  &	  8	  PM)	  +	  4	  irregular	  +	  
2	  time-‐check	  (test	  blood	  sugar)	  @2,	  4,	  6,	  and	  8	  minutes	  w/	  HIDDEN	  CLOCKS	  w/	  
REPEATED	  LURES	  

19	   Thursday	   4	   19	   medication	  @	  breakfast	  &	  dinner,	  diabetes	  pill	  @	  11AM	  &	  9PM,	  test	  blood	  
sugar	  @2,	  4,	  6,	  and	  8	  minutes	  

20	   Friday	   4	   20	   medication	  @	  breakfast	  &	  dinner,	  diabetes	  pill	  @	  11AM	  &	  9PM,	  test	  blood	  
sugar	  @2,	  4,	  6,	  and	  8	  minutes	  w/	  HIDDEN	  CLOCKS	  

21	   Monday	   5	   21	   medication	  @	  breakfast	  &	  dinner,	  diabetes	  pill	  @	  11AM	  &	  9PM,	  test	  blood	  
sugar	  @2,	  4,	  6,	  and	  8	  minutes	  w/	  HIDDEN	  CLOCKS	  w/	  REPEATED	  LURES	  

22	   Tuesday	   5	   22	   medication	  @	  breakfast	  &	  dinner,	  diabetes	  pill	  @	  11AM	  &	  9PM,	  test	  blood	  
sugar	  @	  2:15,	  4:40,	  6:30,	  &	  8:20minutes	  

23	   Wednesday	   5	   23	   medication	  @	  breakfast	  &	  dinner,	  diabetes	  pill	  @	  11AM	  &	  9PM,	  test	  blood	  
sugar	  @	  2:15,	  4:40,	  6:30,	  &	  8:20	  minutes	  w/	  HIDDEN	  CLOCKS	  

24	   Thursday	   5	   24	   medication	  @	  breakfast	  &	  dinner,	  diabetes	  pill	  @	  11AM	  &	  9PM,	  test	  blood	  
sugar	  @	  2:15,	  4:40,	  6:30,	  &	  8:20	  minutes	  w/	  HIDDEN	  CLOCKS	  w/	  REPEATED	  
LURES	  
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Supplemental Table 2. Mean (SEM) scores on all tasks and measures on the pre- and post-test 842	  
for the Virtual Week Training group, the Music Training group, and the No-Contact Control 843	  
group.  844	  

  
Virtual Week 

Training 
Music 

Training 
No-Contact 

Control 
Task/Measure Pre Post Pre Post Pre Post 
Digit Symbol Substitution (#) 65.0 70.4 55.1 60.9 58.8 60.3 

 
4.0 4.1 3.9 4.0 3.7 3.8 

Stroop Interference (s) 20.6 19.4 24.1 20.9 20 17 

 
2.5 1.8 2.4 2.4 1.9 1.2 

Stroop # Errors 0.10 0.10 0.40 0.10 0.10 0.10 

 
0.08 0.08 0.29 0.14 0.08 0.08 

N-Back Targets (%) 63 60 72 73 64 63 

 
06 08 03 03 06 07 

N-Back Targets RT (ms) 834 840 828 813 838 811 

 
31 38 30 29 23 38 

N-Back Non-Targets (%) 79 86 74 76 69 78 

 
03 02 05 05 05 04 

N-Back Non-Targets RT (ms) 854 812 832 793 805 776 

 
24 25 31 26 24 32 

Corsi Blocks (# correct) 57.3 58.4 54.6 56.8 51 60.1 

 
3.0 2.6 4.8 5.3 5.3 4.1 

Raven (#) 17.0 17.4 14.6 15.3 15.8 17.4 

 
0.8 0.8 1.5 1.3 1.2 0.9 

TIADL (s) 264 180 252 217 209 170 

 
34 18 27 25 26 13 

TIADL (# errors) 11.3 10.5 10.2 10 9.7 9.9 

 
0.7 0.6 0.4 0.4 0.3 0.4 

Call-Back Task (min) 30.0 12.8 16.9 22.4 17.8 25.1 

 
14.0 4.5 4.1 9.4 4.7 9.2 

PRMQ-PM 9.4 9.4 14.3 15.1 10.2 12.5 

 
0.8 0.7 0.9 0.8 1.4 0.8 

PRMQ-RM 7.5 7.9 14.3 15.3 9.9 12.4 

 
0.6 0.5 1.0 0.7 1.4 0.9 

PM+N-Back N-Back Targets (%) 56 61 50 57 54 60 

 
05 04 05 06 05 05 

PM+N-Back N-Back Targets RT (ms) 885 847 855 855 825 870 

 
30 20 41 42 39 23 

PM+N-Back N-Back Non-Targets (%) 81 79 73 80 79 80 

 
03 03 06 04 03 03 

PM+N-Back N-Back Non-Targets RT (ms) 879 874 833 875 835 852 

 
18 24 37 38 33 21 

PM+N-Back PM Targets (%) 73 77 77 84 74 74 

 
04 05 04 03 04 05 
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PM+N-Back PM Targets RT (ms) 842 852 837 794 813 818 

 
26 29 13 30 29 23 

VW Regular Event Tasks (%) 43 93 34 24 48 25 

 
09 07 09 08 08 06 

VW Regular Time Tasks (%) 41 78 19 23 38 22 

 
08 05 06 08 07 05 

VW Time Check Tasks (%) 37 83 11 23 30 22 

 
07 09 05 10 07 09 

VW Irregular Event Tasks (%) 50 69 38 16 38 22 

 
06 07 08 04 06 05 

VW Irregular Time Tasks (%) 16 55 19 29 32 38 

 
07 07 06 08 06 06 

VW All Regular Tasks (%) 42 88 29 44 43 54 

 
04 05 07 05 07 04 

VW All Irregular Tasks (%) 35 66 32 27 46 30 

 
07 06 07 09 06 07 

Note- RT = Reaction Time, TIADL = Timed Instrumental Activities of Daily Living, 845	  
Prospective-Retrospective Memory Questionnaire, PM = Prospective Memory, RM = 846	  
Retrospective Memory, VW = Virtual Week	    847	  
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Figure 1. Screenshots of the Virtual Week game board and examples of the perform task list and PM tasks.	  
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Figure 2. (A) Mean number of tasks correct and (B) mean number of repetitions as a function of the 24 
levels of training and (C) distribution of reported strategies at the end of each week of training for the 
Virtual Week Training group. 
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C. 	  
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Figure 3. Near transfer effects: improvements in the proportion of correctly performed prospective memory 
tasks on new virtual days. 
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Figure 4. Far transfer effects: reductions in (A) the number of minutes late on the real-world measure of prospective 
memory (the call-back task), and (B) the number of seconds to perform the instrumental activities of daily living tasks. 
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Figure 5. ERPs for correct PM trials for the Virtual Week Training group and the Control group on the pre 
and posttest in the left and right frontal, centro-parietal, and left and right occipito-parietal electrode regions 
of interest.  
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