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Abstract

Relatively to “standard” prospective memory, i.e., remembering to perform a future action, little is
known about negative prospective memory, i.e., remembering not to perform a future action. This
study investigated the latter ability in Alzheimer’s disease (AD). AD participants and healthy older
adults were asked to click on the keyboard or not to click on it when a cue word was encountered.
Results showed more omissions (i.e., forgetting to click the keyboard when the instruction was to
do so) in AD participants than in healthy older adults, suggesting a prospective memory deficit.
Interestingly, more commissions (i.e., clicking the keyboard when the instruction was not to do so)
were also observed in AD participants than in healthy older adults. Similar levels of commissions
and omissions were observed in AD participants and in healthy older adults. Also, commissions
and omissions were correlated with performance on an inhibition assessment task. Our findings
reveal that AD is characterized by not only difficulty in the retrieval of recent information, but also
difficulty to inhibit no-longer appropriate stimulus-response associations previously learned,
suggesting a specific deficit of negative prospective memory in AD.
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For goal-directed behavior, we often develop plans that cannot be carried out immediately
and which must be executed in a particular context or at a particular time [1]. This ability to
remember a plan of action and perform an intended action at an appropriate point in the
future has been termed prospective memory [2—-4]. Prospective memory is engaged in
everyday life and is highly relevant for maintaining functional independence [5-8]. For
instance, prospective memory allows us to remember to pay bills, keep appointments,
acknowledge friends’ and relatives’ birthdays, turn off appliances and take medications.
Because prospective memory has been widely regarded as the ability to remember
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performing an action in the future, Pink and Dodson [9] coined the term “negative
prospective memory” to refer to the ability to remember not to perform an action. As the
present paper will emphasize, assessing negative prospective memory is of interest because
impairment of this ability, as may be observed in patients with Alzheimer’s disease (AD),
may result in performing inappropriate future actions (e.g., failing to remember to not take
medication that is no longer clinically indicated, to not eat after a particular medication, to
not call a friend/relative).

Prospective memory impairment has been recognized as a general problem for older adults,
especially those with dementia [10]. Prospective memory impairment has been also found to
negatively impact instrumental activities of daily living in patients with AD and increase
their caregivers’ burden [11]. Not surprisingly, there is a body of research suggesting
impairment of prospective memory in AD. For instance, Kinsella, et al. [12] assessed a
simple and naturalistic task on which AD patients read aloud a short story (ongoing task)
within which a target word (prospective remembering cue) was embedded on multiple
occasions. Patients had to make a word substitution (prospective remembering) whenever
the target word was encountered. Kinsella, et al. [12] observed significant impairment of
prospective memory in AD. Similar findings were reported by Thompson, et al. [13] who
asked AD patients to turn an electronic device on once per day to tap a response box that
automatically appeared on the screen. Compromise of prospective memory was also
observed by Maylor, et al. [14], who asked AD patients to say “animal” when an animal
appeared in the film (event-based prospective memory task) or to stop a clock every three
min (time-based prospective memory task); the authors observed impaired prospective
memory in both tasks. In a study by Duchek, et al. [15], patients with very mild AD and
control participants performed an event-based prospective memory task wherein participants
responded to a specific word embedded in a general knowledge test. Results indicated that
prospective memory was clearly impaired in the very mild AD patients relative to the control
participants. Prospective memory in AD was evaluated by Farina, et al. [16] who invited
very mild AD patients and control participants to perform blocks of category decision in
which participants had to respond to a focal prospective targets (e.g., the word “orange”) and
a nonfocal prospective targets (e.g., words that begin with the letter “0™). Results indicated
that both focal and nonfocal prospective memory performances were impaired in the very
mild AD patients relative to the control participants.

Interestingly, AD has been found to compromise prospective memory even more than
retrospective memory (i.e., memory for information encountered in the past) [17, 18]. The
compromise of prospective memory in AD has been attributed to impairment in frontal
functions, especially working memory and executive function [19-26]; this relationship will
be further explored in the present study, which among other goals, aimed to specifically
assess the relationship between negative prospective memory and inhibition in AD.

Negative prospective memory was assessed by Pink and Dodson [9] who asked young
healthy participants to either routinely respond to prospective memory cues (i.e., typical
prospective memory) or to respond to these cues one time only (i.e., negative prospective
memory). Participants who were instructed to routinely respond to prospective memory cues
were vulnerable to commissions, i.e., they occasionally mistakenly performed prospective
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responses. According to Pink and Dodson [9], commissions occur under the combination of
three conditions: when an action is associated with an intention, when the action has been
performed many times, and when people are distracted. Interestingly, Pink and Dodson [9]
suggested that inhibitory failures cause commissions and that inhibitory control is required
to prevent making a previously habitual prospective memory response (for a similar view,
see [27, 28]. The inhibitory account was also proposed by Scullin, et al. [29] who asked
younger adults and older adults to perform a typical prospective memory task, in which
participants had to press a given key when they saw a given word (i.e., prospective cues).
Participants later performed a lexical decision task, in which participants were instructed
that they no longer needed to press the key when the previous cues reappeared (i.e., negative
prospective memory condition). Results showed that older adults were more prone than
younger adults to commissions (i.e., to press the key on the lexical decision task when the
previous prospective cues appeared). Interestingly, inhibitory performance was lower in
older adults who made commissions than in those who did not. The implication of inhibitory
performance in prospective memory, as observed by Scullin, et al. [29], is relevant to our
study because AD has been widely associated with inhibitory deficits (for reviews see [30,
31]. These deficits have been observed in studies using the directed forgetting task in which
participants are typically instructed to remember or forget certain types of information for a
later memory test [32]. Research using the directed forgetting method suggests that AD
patients experience difficulties when they are asked to suppress no longer relevant
information in working memory [33], semantic memory [34], and episodic memory [35, 36].

To better understand the concept of negative prospective memory, we can refer to research
on negative imperatives (e.g., “do not grasp”) [37, 38]. For instance, Tomasino, et al. [39]
explored the interaction between action and language by assessing whether the linguistic
context, in which an action word occurs, influences motor circuitry activity related to the
processing of action words. More specifically, the authors examined whether the
presentation of hand action-related verbs as positive or negative imperatives (e.g., “do grasp
vs. “do not grasp”) modulates neural activity in the hand area of primary motor cortex or
premotor cortex. To this end, the authors invited young subjects to read silently imperative
phrases, in which both meaningful action verbs and meaningless pseudo-verbs were
presented, and to decide whether these phrases made sense. Results showed that decisions
time was significantly longer for negative, compared to positive, imperatives. At the neural
level, cerebral activity was differentially decreased by action verbs presented as negative
imperatives for the premotor and the primary motor cortex of both hemispheres. The authors
concluded that negative imperatives modulate the neural activity within key areas of the
motor system. Interestingly, the authors suggested that negative imperatives may inhibit
motor simulation or motor planning processes.

The aim of this study was to investigate 1) whether commissions occur in AD patients on
negative prospective tasks, 2) whether AD patients demonstrate similar levels of
commissions and omissions, and 3) whether commissions are correlated with inhibitory
impairment in AD. To this aim, AD participants and healthy older adults performed a task
assessing both standard and negative prospective memory. We expected that AD participants
would show more commissions than healthy older adults, and also expected to uncover a
significant correlation between commissions and inhibitory performance in AD patients.
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The study included 24 participants with a clinical diagnosis of probable AD at the mild stage
(17 women and 7 men; Mage = 71.63 years, SD = 4.98; Myears of formal education =
8.79, SD=2.23, see Table 1 for cognitive characteristics) and 27 control older adults (17
women and 10 men; Mage = 68.89 years, SD = 6.98; Myears of formal education = 9.22,
SD = 2.39). The AD participants were recruited from local retirement homes. The patients
were diagnosed with probable AD dementia of the amnestic form by an experienced
neurologist or geriatrician based on the National Institute on Aging-Alzheimer's Association
clinical criteria (McKhann et al., 2011). The fact that all patients had the amnesic form of
AD is confirmed by their performance on the neuropsychological battery. The control
participants, who were often spouses or companions of AD patients, were independent and
living at their homes. These participants were matched with the AD patients according to
age [449) = 1.59, p> .10], sex [X2 (1, N=51) = .35, p>.10], and educational level [449)

= .66, p>.10].

Exclusion criteria for both AD patients and control participants were: significant psychiatric
or neurological illness, history of clinical depression, habitual alcohol or illicit drug use. All
participants presented no major visual or auditory acuity deficits that would have prevented
completion of study tasks. They freely consented to participate and were able to withdraw
whenever they wished.

Cognitive characteristics—Cognitive characteristics of all participants were evaluated
with a battery tapping general cognitive functioning, working memory, verbal fluency,
inhibition, and depression. General cognitive functioning was assessed with the Mini Mental
State Exam (MMSE) [40]. For working memory assessment, participants had to repeat a
string of single digits in the same order (i.e., forward span) or in the inverse order (i.e.,
backward span). Verbal fluency was assessed with a task on which participants had two
minutes to generate as many words as they could beginning with the letter P. Proper nouns
and variations on words (e.g., “psychology” and “psychologist”) were not allowed. Score
was the number of correctly generated words. Inhibition was assessed with the Stroop task
[41]. This task consisted of three subtests: word reading, color naming, and color-word
interference. In the word reading subtest, participants had to read 100 words printed in black
ink, all words naming colors. In the color naming subtest, they had to name the color of 100
colored ink squares. In the color-word interference subtest, participants had to name the
color of 100 color-words printed in incongruously colored ink (for instance, the word “red”
was written in blue). Inhibition score referred to the completion time for the interference
condition minus the average completion time for word reading and color naming. For
assessment of depression, the Hospital Anxiety and Depression Scale [42] was administered.
This self-report scale consists of seven items on a four-point scale from 0 (not present) to 3
(considerable). As recommended by Herrmann [43], the cut-off for definite depression was
set at > 10/21 points. Neuropsychological and clinical scores for study participants are
summarized in Table 1.
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The prospective memory task was designed to be simple enough to be achievable by AD
participants so that to avoid a floor effect. The task was based on the procedures by Kinsella,
et al. [12] as our participants were required to read aloud a short text (ongoing task) within
which a target word was associated with performing an action (prospective memory) or not
performing that action (negative prospective memory).

In order to mimic everyday life situations of negative prospective memory (e.g., when a
physician asks a patient to no longer take a medication), participants were briefed in advance
that the task assessed their ability to remember not to perform a given future action.
Participants were also instructed that they had to read aloud a text about characteristics of
cats, and that the text would be presented on a laptop screen. To ensure that the participants
fully understood the instructions, a training session was conducted. First, the experimenter
instructed participants that they had to read aloud a phrase and click the spacebar if that
word “cat” was encountered. After this task was completed, the experimenter instructed
participants that they had to read aloud another phrase, but they should not click the
spacebar (or any other key) if the word “cat” was encountered.

After the training session was completed, the testing session took place. The participants
read a longer text (336 words) that was divided into six similar-length paragraphs, each
paragraph contained four times the word “cat”. At the beginning of the first paragraph, the
experimenter asked participants to click the spacebar each time word “cat” was encountered.
After the first paragraph was read, he asked them not to click the spacebar if that word was
encountered. The switch between “click” and “do not click” was repeated three times so
participants alternated between three prospective paragraphs and three negative prospective
ones. Two dependent variables were recorded: commissions and omissions. The
commissions, an index of negative prospective memory, referred to the number of times that
participants mistakenly clicked the spacebar (while they were instructed not to do so); the
maximum score was 12 as the target word was encountered 12 times on the three negative
prospective paragraphs. The omissions, an index of prospective memory, referred to the
number of times that participants omitted to click the spacebar (while they were instructed to
do so0); the maximum score was 12 as the target word was encountered 12 times on the three
positive prospective paragraphs.

We compared differences on commissions and omissions between the two populations (i.e.,
AD patients vs. healthy older adults). We then assessed correlations between commissions,
omissions, and inhibition (based on Stroop test) in the two populations. Owing to the skewed
distribution of data, non-parametric tests were conducted. Between-group comparisons were
performed using the Mann-Whitney U test and within-group comparisons were performed
using the Wilcoxon signed rank test. Besides statistical significance, we also calculate the
effect size for non-parametric tests following recommendations by Rosenthal and DiMatteo
[44], and Ellis [45]. An effect size o= .2 can be considered small, d= .5 represents a
medium effect size and o= .8 refers to a large effect size [46]. Non-parametric correlations
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were calculated with Spearman correlations. For all tests, the level of significance was set as
p<0.05, and p values between 0.051 and 0.10 were considered as trends.

More commissions and omissions in AD participants than in healthy older adults

Scores are depicted in Figure 1. Relative to healthy older adults, AD participants showed
more commissions (Z = —2.85, p< .01, Cohen’s d=.87) and omissions (Z = -2.76, p< .01,
Cohen’s d=.81). Similar commissions and omissions were observed in AD participants (Z
=-1.17, p> .1, Cohen’s d=.33) and healthy older adults (Z = -.59, Cohen’s d=.17).

Correlations between commissions, omissions, and inhibition

As depicted in Table 2, significant correlations were observed between commissions,
omissions, and inhibition in both populations.

For convenience, we assessed correlations between 1) commissions and working memory
(forward and backward spans) and 2) omissions and working memory, no significant
correlation was found in any population (p > .1). We also assessed correlations between 1)
commissions and verbal fluency and 2) omissions and verbal fluency, no significant
correlation was found in any population (p > .1).

Discussion

This study investigated negative prospective memory, i.e., the ability to remember not to
perform a future action, in AD. As expected, our findings demonstrated more commissions
in AD participants than in healthy older adults, i.e., AD participants mistakenly clicked the
spacebar more often than control participants, when the instruction was not to do so.
Interestingly, commissions and omissions were significantly correlated with inhibitory
performance in both groups. We also found that AD participants made more omissions than
healthy older adults, i.e., AD participants forgot to click the spacebar more often than
control participants, when the instruction was to do so. In both populations, similar levels of
commissions and omissions were observed.

A large body of literature has suggested compromise of future thinking in AD [47-50], and
more specifically, compromise of prospective memory in the disease [11-18, 51]. Our
findings are in agreement and further extend this literature by demonstrating one additional
element of impaired future thinking in AD. Impaired negative prospective memory means
that AD patients may not only perform an inappropriate future action (e.g., take a
medication at the wrong time), but may also perform no-longer appropriate future actions
(e.g., take a medication that is no longer indicated). In the experimental paradigm we
employed in this study, participants were required to first develop a habitual association (i.e.,
click the spacebar once the target word appeared) then to inhibit this habitual association
(i.e., not click the spacebar). The paradigm was tailored to assess the difficulty to inhibit no-
longer appropriate future actions, which may explain the significant correlations between
commissions and inhibitory performance we observed.

The relationship between commissions and inhibitory performance, as observed in the
present study, can be viewed under the broader attribution of memory compromise to the
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inhibitory decline in aging. According to May and Hasher [52], older adults experience
difficulties in suppressing the activation of irrelevant thoughts and stimuli, and consequently,
their memory becomes overloaded with task-irrelevant information. This account has been
supported by studies showing that older adults are prone to interference in verbal working
memory, visuospatial working memory, and even implicit memory [52, 53]. Regarding AD,
studies have shown difficulties in suppressing no longer relevant information in working
memory [33], semantic memory [34], and episodic memory [35, 36]. Therefore, AD patients
tend to maintain information from past task performance, even when this information is no
longer relevant for the current situation [31]. This may explain why our AD participants
demonstrated difficulties in inhibiting clicking on the spacebar when this action was no-
longer required.

Unlike inhibition, no significant correlations were observed between prospective/negative
prospective memory and working memory. These findings reflect a study by Schnitzspahn,
et al. [54] who used a structural equation model to find that prospective memory
compromise in normal aging was not significantly related with working memory. In a
similar vein, Zeintl, et al. [55] found that, in normal aging, prospective memory compromise
is independent of decline in working memory or speed of processing. In our study, the
absence of relationship between prospective/negative prospective memory and working
memory can be interpreted as an index of independence between the ability to remember to
perform or not to perform an action and the ability to retain a limited amount of verbal
information for a brief period of time (i.e., verbal working memory). Similarly to working
memory, no significant correlations were observed between prospective memory/negative
prospective memory and verbal fluency. Verbal fluency has been considered as an ability
reflecting shifting (the ability to switch between clusters) [56-59]. Thus, prospective and
negative prospective memory, at least as assessed in our study, seem to be independent of
shifting between our instructions to click (i.e., prospective memory) and not to click the
keyboard (i.e., negative prospective memory). Together, prospective and negative
prospective memory seem to be more related to inhibition than to working memory or
shifting.

Another finding in our study was that omissions and commissions were similarly correlated
in AD participants as well as in healthy older adults. Besides illustrating at the clinical level
how AD patients can be similarly prone to omissions and commissions, this finding has
important theoretical implications, suggesting a functional association, but also dissociation,
between prospective memory and negative prospective memory. In our view, both abilities
require remembering to respond to cues at some point in the future. However, one main
dissociation is that prospective memory requires remembering to perform an action whereas
negative prospective memory requires remembering not to perform any action. The
association and dissociation between prospective memory and negative prospective memory
can also be framed using the inhibition account. Prospective memory requires inhibition of
appropriate action after inappropriate cues (e.g., remembering to take the medication after
lunch and not after breakfast), whereas negative prospective memory requires inhibition of
inappropriate actions (e.g., remembering not to take the medication after the lunch). This
view represents a cohesive theoretical framework that includes both prospective memory and
negative prospective memory.
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To understand the neural basis of negative prospective memory, researchers can build on
studies on negations. Negations have been found to both increase and decrease sensorimotor
areas [60], and sentential negations have been found to transiently reduce the access to
mental representations of the negated information [38]. Indeed, it has been demonstrated that
activation in left fronto-parietal regions and the effective connectivity in concept-specific
embodied systems are reduced in the case of action-related negative sentences [38]. Also,
activations in the hand region of the primary motor and premotor cortices have been found to
decrease for negative hand-action-related imperatives [39]. The premotor cortex has been
also found to be activated, rather than reduced, by negations in research involving a
sentence-picture verification task [61]. According to the two-step simulation hypothesis of
negation processing [62], when people process negations, they generate a simulation of the
negated state of affairs, and a simulation of the actual state of affairs. Together, this research
suggests that negations activate the sensorimotor cortex depending on whether the
simulation the corresponding content of an event has or not been blocked. In our view,
research on negations can constitute a basis for the understanding of neural basis of negative
prospective memory.

Our procedures were primarily based on event-based design, according to which participants
had to execute, or not, an action following a previously specified cue-word occurrence.
Future research can further develop this paradigm by implementing a time-based design
according to which participants would be asked execute an action at a specific point in time.
Such a paradigm would be interest, as age effects are particularly marked on time-based
prospective tasks, which posit greater demands for self-initiated processing involved in time-
based tasks, which lack any external reminders [63, 64]. Another issue to be considered by
future research is potential strategies for rehabilitation of negative prospective memory in
AD. In a study in patients with severe chronic traumatic brain injury, participants were asked
to create a mental image representing the association between a prospective cue and an
intended action; the study showed a positive effect of this strategy on prospective memory
[65]. Similar findings were observed in patients with mild cognitive impairment [66]. Future
research can assess these rehabilitation strategies on negative prospective memory.

To summarize, relatively to the substantive body of research on “standard” prospective
memory, little research has focused on negative prospective memory [9, 67, 68]. Our paper
extends the latter field of research by demonstrating that deficits in inhibitory processes and
negative prospective memory are an important component of AD, which needs to be taken
into account in neurospsychological interventions.

Acknowledgments

Dr. El Haj and Pr. Antoine were supported by the LABEX (excellence laboratory, program investment for the
future) DISTALZ (Development of Innovative Strategies for a Transdisciplinary approach to Alzheimer disease).
Dr. El Haj was supported by the EU Interreg 2 Seas Programme 2014-2020 (co-funded by the European Regional
Development Fund). This research was supported in part (DK) by the Intramural Research Program of the National
Institute on Aging, NIH.

J Alzheimers Dis. Author manuscript; available in PMC 2019 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

El Haj et al.

References
1

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Page 9

. Fish J, Wilson BA, Manly T. The assessment and rehabilitation of prospective memory problems in

people with neurological disorders: a review. Neuropsychol Rehabil. 2010; 20:161-179. [PubMed:
20146135]

. Ellis J, Kvavilashvili L. Prospective memory in 2000: Past, present, and future directions. Appl

Cogn Psychol. 2000; 14:51-S9.

. Einstein GO, McDaniel MA. Normal aging and prospective memory. J Exp Psychol Learn Mem

Cogn. 1990; 16:717-726. [PubMed: 2142956]

. Henry JD, MacLeod MS, Phillips LH, Crawford JR. A meta-analytic review of prospective memory

and aging. Psychol Aging. 2004; 19:27-39. [PubMed: 15065929]

. Groot YCT, Wilson BA, Evans J, Watson P. Prospective memory functioning in people with and

without brain injury. J Int Neuropsychol Soc. 2002; 8:645-654. [PubMed: 12164674]

. Kazui H, Matsuda A, Hirono N, Mori E, Miyoshi N, Ogino A, Tokunaga H, Ikejiri Y, Takeda M.

Everyday memory impairment of patients with mild cognitive impairment. Dement Geriatr Cogn
Disord. 2005; 19:331-337. [PubMed: 15785034]

. Roche NL, Fleming JM, Shum DH. Self-awareness of prospective memory failure in adults with

traumatic brain injury. Brain Inj. 2002; 16:931-945. [PubMed: 12443545]

. McCauley SR, McDaniel MA, Pedroza C, Chapman SB, Levin HS. Incentive effects on event-based

prospective memory performance in children and adolescents with traumatic brain injury.
Neuropsychology. 2009; 23:201-209. [PubMed: 19254093]

. Pink JE, Dodson CS. Negative prospective memory: Remembering not to perform an action.

Psychonomic Bulletin & Review. 2013; 20:184-190. [PubMed: 23132608]

. Chasteen AL, Park DC, Schwarz N. Implementation intentions and facilitation of prospective
memory. Psychol Sci. 2001; 12:457-461. [PubMed: 11760131]

El Haj M, Gallouj K, Antoine P. Google Calendar Enhances Prospective Memory in Alzheimer's
Disease: A Case Report. J Alzheimers Dis. 2017; 57:285-291. [PubMed: 28222535]

Kinsella GJ, Ong B, Storey E, Wallace J, Hester R. Elaborated spaced-retrieval and prospective
memory in mild Alzheimer's disease. Neuropsychol Rehabil. 2007; 17:688-706. [PubMed:
17852763]

Thompson CL, Henry JD, Withall A, Rendell PG, Brodaty H. A naturalistic study of prospective
memory function in MCI and dementia. Br J Clin Psychol. 2011; 50:425-434. [PubMed:
22003951]

Maylor EA, Smith G, Della Sala S, Logie RH. Prospective and retrospective memory in normal
aging and dementia: an experimental study. Mem Cognit. 2002; 30:871-884.

Duchek JM, Balota DA, Cortese M. Prospective memory and apolipoprotein E in healthy aging and
early stage Alzheimer's disease. Neuropsychology. 2006; 20:633-644. [PubMed: 17100508]
Farina N, Young J, Tabet N, Rusted J. Prospective memory in Alzheimer-type dementia: exploring
prospective memory performance in an age-stratified sample. J Clin Exp Neuropsychol. 2013;
35:983-992. [PubMed: 24131030]

Martins SP, Damasceno BP. Prospective and retrospective memory in mild Alzheimer's disease.
Arg Neuropsiquiatr. 2008; 66:318-322. [PubMed: 18641863]

Huppert FA, Beardsall L. Prospective memory impairment as an early indicator of dementia. J Clin
Exp Neuropsychol. 1993; 15:805-821. [PubMed: 8276937]

Pasquier F. Early diagnosis of dementia: neuropsychology. J Neurol. 1999; 246:6-15. [PubMed:
9987708]

Belleville S, Sylvain-Roy S, de Boysson C, Menard MC. Characterizing the memory changes in
persons with mild cognitive impairment. Prog Brain Res. 2008; 169:365-375. [PubMed:
18394487]

Jak AJ, Bangen KJ, Wierenga CE, Delano-Wood L, Corey-Bloom J, Bondi MW. Contributions of
neuropsychology and neuroimaging to understanding clinical subtypes of mild cognitive
impairment. Int Rev Neurobiol. 2009; 84:81-103. [PubMed: 19501714]

J Alzheimers Dis. Author manuscript; available in PMC 2019 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

El Haj et al.

Page 10

22. Carlesimo GA, di Paola M, Fadda L, Caltagirone C, Costa A. Prospective memory impairment and
executive dysfunction in prefrontal lobe damaged patients: is there a causal relationship? Behav
Neurol. 2014; 2014:168496. [PubMed: 24825947]

23. Clune-Ryberg M, Blanco-Campal A, Carton S, Pender N, O'Brien D, Phillips J, Delargy M, Burke
T. The contribution of retrospective memory, attention and executive functions to the prospective
and retrospective components of prospective memory following TBI. Brain Inj. 2011; 25:819-831.
[PubMed: 21721845]

24. Dagenais E, Rouleau I, Tremblay A, Demers M, Roger E, Jobin C, Duquette P. Role of executive
functions in prospective memory in multiple sclerosis: Impact of the strength of cue-action
association. J Clin Exp Neuropsychol. 2016; 38:127-140. [PubMed: 26588195]

25. Marsh RL, Hicks JL. Event-based prospective memory and executive control of working memory.
J Exp Psychol Learn Mem Cogn. 1998; 24:336-349. [PubMed: 9530843]

26. El Haj M, Moroni C, Samson S, Fasotti L, Allain P. Prospective and retrospective time perception
are related to mental time travel: evidence from Alzheimer's disease. Brain Cogn. 2013; 83:45-51.
[PubMed: 23872099]

27. Scullin MK, Bugg JM. Failing to Forget: Prospective Memory Commission Errors Can Result from
Spontaneous Retrieval and Impaired Executive Control. Journal of experimental psychology.
Learning, memory, and cognition. 2013; 39:965-971.

28. Gilbert SJ, Hadjipavlou N, Raoelison M. Automaticity and control in prospective memory: a
computational model. PLoS One. 2013; 8:€59852. [PubMed: 23555807]

29. Scullin MK, Bugg JM, McDaniel MA. Whoops, | did it Again: Commission Errors in Prospective
Memory. Psychol Aging. 2012; 27:46-53. [PubMed: 22082015]

30. Amieva H, Phillips LH, Della Sala S, Henry JD. Inhibitory functioning in Alzheimer's disease.
Brain. 2004; 127:949-964. [PubMed: 14645147]

31. El Haj M. Memory suppression in Alzheimer's disease. Neurol Sci. 2016; 37:337-343. [PubMed:
26700801]

32. Bjork EL, Bjork RA. Continuing influences of to-be-forgotten information. Conscious Cogn. 1996;
5:176-196.

33. Collette F, Schmidt C, Scherrer C, Adam S, Salmon E. Specificity of inhibitory deficits in normal
aging and Alzheimer's disease. Neurobiol Aging. 2009; 30:875-889. [PubMed: 18029058]

34. El Haj M, Postal V, Le Gall D, Allain P. Directed forgetting of autobiographical memory in mild
Alzheimer's disease. Memory. 2011; 19:993-1003. [PubMed: 22092105]

35. El Haj M, Fasotti L, Allain P. Directed forgetting of source memory in normal aging and
Alzheimer's disease. Aging Clin Exp Res. 2015; 27:329-336. [PubMed: 25365949]

36. El Haj M, Gandolphe MC, Allain P, Fasotti L, Antoine P. "Forget to whom you have told this
proverb": directed forgetting of destination memory in Alzheimer's disease. Behav Neurol. 2015;
2015:215971. [PubMed: 25918456]

37. Tomasino B, Marin D, Eleopra R, Rinaldo S, Cristian L, Marco M, Enrico B, Zanier M, Budai R,
Mondani M, D'Auria S, Skrap M, Fabbro F. To move or not to move: subthalamic deep brain
stimulation effects on implicit motor simulation. Brain Res. 2014; 1574:14-25. [PubMed:
24933326]

38. Tettamanti M, Manenti R, Della Rosa PA, Falini A, Perani D, Cappa SF, Moro A. Negation in the
brain: modulating action representations. Neuroimage. 2008; 43:358-367. [PubMed: 18771737]

39. Tomasino B, Weiss PH, Fink GR. To move or not to move: imperatives modulate action-related
verb processing in the motor system. Neuroscience. 2010; 169:246-258. [PubMed: 20420884]

40. Folstein MF, Folstein SE, McHugh PR. "Mini-mental state”. A practical method for grading the
cognitive state of patients for the clinician. J Psychiatr Res. 1975; 12:189-198. [PubMed:
1202204]

41. Stroop JR. Studies of interference in serial verbal reactions. J Exp Psychol. 1935; 18:643-662.

42. Zigmond AS, Snaith RP. The Hospital Anxiety and Depression Scale. Acta Psychiatr Scand. 1983;
67:361-370. [PubMed: 6880820]

43. Herrmann C. International experiences with the Hospital Anxiety and Depression Scale--a review
of validation data and clinical results. J Psychosom Res. 1997; 42:17-41. [PubMed: 9055211]

J Alzheimers Dis. Author manuscript; available in PMC 2019 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

El Haj et al.

Page 11

44. Rosenthal R, DiMatteo MR. Meta-analysis: recent developments in quantitative methods for
literature reviews. Annu Rev Psychol. 2001; 52:59-82. [PubMed: 11148299]

45. Ellis, PD. The Essential Guide to Effect Sizes: Statistical Power, Meta-Analysis, and the
Interpretation of Research Results. Cambridge University Press; New York, NY: 2010.

46. Cohen, J. Statistical power analysis for the behavioral sciences. Erlbaum Associates; Hillsdale, NJ:
1988.

47. Addis DR, Sacchetti DC, Ally BA, Budson AE, Schacter DL. Episodic simulation of future events
is impaired in mild Alzheimer's disease. Neuropsychologia. 2009; 47:2660-2671. [PubMed:
19497331]

48. Irish M, Addis DR, Hodges JR, Piguet O. Considering the role of semantic memory in episodic
future thinking: evidence from semantic dementia. Brain. 2012; 135:2178-2191. [PubMed:
22614246]

49. El Haj M, Antoine P, Kapogiannis D. Similarity between remembering the past and imagining the
future in Alzheimer's disease: Implication of episodic memory. Neuropsychologia. 2015; 66:119-
125. [PubMed: 25448861]

50. El Haj M, Antoine P, Kapogiannis D. Flexibility decline contributes to similarity of past and future
thinking in Alzheimer's disease. Hippocampus. 2015; 25:1447-1455. [PubMed: 25850800]

51. Huppert FA, Johnson T, Nickson J. High prevalence of prospective memory impairment in the
elderly and in early-stage dementia: Findings from a population-based study. Appl Cogn Psychol.
2000; 14:S63-S81.

52. May CP, Hasher L. Synchrony effects in inhibitory control over thought and action. J Exp Psychol
Hum Percept Perform. 1998; 24:363-379. [PubMed: 9554091]

53. Ortega A, Gomez-Ariza CJ, Roman P, Bajo MT. Memory inhibition, aging, and the executive
deficit hypothesis. J Exp Psychol Learn Mem Cogn. 2012; 38:178-186. [PubMed: 21767066]

54. Schnitzspahn KM, Stahl C, Zeintl M, Kaller CP, Kliegel M. The role of shifting, updating, and
inhibition in prospective memory performance in young and older adults. Dev Psychol. 2013,;
49:1544-1553. [PubMed: 23148933]

55. Zeintl M, Kliegel M, Hofer SM. The role of processing resources in age-related prospective and
retrospective memory within old age. Psychol Aging. 2007; 22:826-834. [PubMed: 18179300]

56. Robert PH, Lafont V, Medecin |, Berthet L, Thauby S, Baudu C, Darcourt G. Clustering and
switching strategies in verbal fluency tasks: comparison between schizophrenics and healthy
adults. J Int Neuropsychol Soc. 1998; 4:539-546. [PubMed: 10050358]

57. Troyer AK. Normative data for clustering and switching on verbal fluency tasks. J Clin Exp
Neuropsychol. 2000; 22:370-378. [PubMed: 10855044]

58. Hirshorn EA, Thompson-Schill SL. Role of the left inferior frontal gyrus in covert word retrieval:
neural correlates of switching during verbal fluency. Neuropsychologia. 2006; 44:2547-2557.
[PubMed: 16725162]

59. Weiss EM, Ragland JD, Brensinger CM, Bilker WB, Deisenhammer EA, Delazer M. Sex
differences in clustering and switching in verbal fluency tasks. J Int Neuropsychol Soc. 2006;
12:502-509. [PubMed: 16981602]

60. Tomasino B, Rumiati RI. At the mercy of strategies: the role of motor representations in language
understanding. Front Psychol. 2013; 4:27. [PubMed: 23382722]

61. Hasegawa M, Carpenter PA, Just MA. An fMRI study of bilingual sentence comprehension and
workload. Neuroimage. 2002; 15:647-660. [PubMed: 11848708]

62. Kaup B, Ludtke J, Maienborn C. “The drawer is still closed”: Simulating past and future actions
when processing sentences that describe a state. Brain Lang. 2010; 112:159-166. [PubMed:
19819001]

63. Park DC, Hertzog C, Kidder DP, Morrell RW, Mayhorn CB. Effect of age on event-based and time-
based prospective memory. Psychol Aging. 1997; 12:314-327. [PubMed: 9189992]

64. Vanneste S, Baudouin A, Bouazzaoui B, Taconnat L. Age-related differences in time-based
prospective memory: The role of time estimation in the clock monitoring strategy. Memory. 2016;
24:812-825. [PubMed: 26247302]

65. Potvin M-J, Rouleau I, Sénéchal G, Giguére J-F. Prospective memory rehabilitation based on
visual imagery techniques. Neuropsychol Rehabil. 2011; 21:899-924. [PubMed: 22150454]

J Alzheimers Dis. Author manuscript; available in PMC 2019 January 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

El Haj et al. Page 12

66. Pereira A, de Mendonca A, Silva D, Guerreiro M, Freeman J, Ellis J. Enhancing prospective
memory in mild cognitive impairment: The role of enactment. J Clin Exp Neuropsychol. 2015;
37:863-877. [PubMed: 26313515]

67. Boywitt CD, Rummel J, Meiser T. Commission errors of active intentions: the roles of aging,
cognitive load, and practice. Neuropsychol Dev Cogn B Aging Neuropsychol Cogn. 2015;
22:560-576. [PubMed: 25599267]

68. Bugg JM, Scullin MK, McDaniel MA. Strengthening encoding via implementation intention
formation increases prospective memory commission errors. Psychon Bull Rev. 2013; 20:522-527.
[PubMed: 23355044]

J Alzheimers Dis. Author manuscript; available in PMC 2019 January 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

El Haj et al.

number of commissions/12
e

3
2 x
1
0
Alzheimer Older adults
b
7
4]
3 5
§=
@ 4
a —‘7
[=]
B 3
3]
= :
g 2 X
1
0 .
Alzheimer  Older adults
Figure 1.

Boxplots of rate of commissions (negative prospective memory errors, Figure 1a) and
omissions (prospective memory errors, Figure 1b) in Alzheimer’s disease and control
participants.
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Tablel

Cognitive characteristics of Alzheimer’s disease (AD) patients and control participants

Task AD Older adults | Effect

n=24 n=27 size

General Cognitivefunctioning [ Mini-Mental State Examination (MMSE) [ 21 3g (1.81) | 27.74 (1.48) 3.93
Working memory Forward span 5.13(1.03)* | 6.70(1.54) 121
Backward span 3.75 (1.15)* 4.74 (1.72) .68

Verbal fluency Letter “P” 16.75 (5.88) " | 23.22(450) | 1.26
Inhibition Stroop 58.13 (9.59) *** | 35.78(9.65) | 2.36
Depression HADS 8.21 (1.28)* 6.74 (2.44) 75

Page 14

Note. Standard deviations are given between brackets; the maximum score on MMSE was 30 points; performances on the forward and backward
spans referred to number of correctly repeated digits; the fluency score was the number of correctly generated words; scores on the Stroop referred
to reaction time; the cut-off on the HADS (Hospital Anxiety and Depression Scale) was > 10/21 points;

differences between groups were significant at: **p < .01,

*ohoA

p<.001.

J Alzheimers Dis. Author manuscript; available in PMC 2019 January 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

El Haj et al. Page 15

Table 2

Correlations between commissions, omissions, and inhibition in Alzheimer’s disease (AD) patients and
control participants

1. Commissions 2. Omissions 3. Inhibition
Alzheimer 1. Commissions -
2. Omissions .58, p<.01ClI[.23, .80] -
3. Inhibition 49, p< .01CI[.11,.74] | .47, p<.05CI[.09,.73] -
Older adults | 1. Commissions -
2. Omissions .54, p< .01 Cl [.20, .76] -
3. Inhibition 51, p<.05CI[.16,.74] | 51, p<.05CI[.16, .74] -

We assessed correlations between 1) commissions and working memory (forward and backward spans) and 2) omissions and working memory, no
significant correlation was found in any population (o> .1). We also assessed correlations between 1) commissions and verbal fluency and 2)
omissions and verbal fluency, no significant correlation was found in any population (o> .1).
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