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Prospective memory (PM) involves remembering to execute future intentions. Pairs played a word game (Taboo)
with an embedded PM task. In Taboo, one player (clue giver) must get their partner (clue guesser) to say aloud a
target word (e.g., ROOF) by offering clues such as “home” without saying certain taboo words (e.g., fiddler, house).
The PM task required clue givers to remember to say specific clue words if any predesignated PM targets appeared
during the game (e.g., “If ROOF is a target, use ‘home’ as a clue”). Before playing Taboo, participants learned that

half the PM targets did not have to be executed (cancelled intention) and half did (active intention). One day after

playing, participants rated how clearly they remembered executing PM task and targets that had never appeared
in the Taboo game. Memory ratings were higher for words from active intentions relative to cancelled intentions,

evidencing false prospective memory.

General Audience Summary
Remembering to execute a future action (e.g., remembering to take medication) is known as prospective memory
(PM). We hypothesized that forming an intent to execute a future task increases thoughts about that action, which
makes one more likely to later misattribute memories of thoughts of that action as confirmation that the task had
been performed. Participants played a charades-like word game known as Taboo with an additional prospective
memory task that required them to remember to execute a future action. In Taboo, a player (the clue giver) must
try to get their partner (the clue guesser) to say aloud a target word (e.g., TREE) by offering clues such as “found
in a forest” without saying certain taboo words (e.g., green, branch, bark). The embedded PM task required clue
givers to remember to say a specific clue word (e.g., tall) if the predesignated Taboo target (TREE) appeared
during the game. Each participant took turns being the clue giver and clue guesser. Participants learned 10 of
these PM intentions to a criterion; they then learned that a portion of the PM intentions had to be executed
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(active intention), while the rest did not have to be executed (cancelled intention). One day later, participants
returned to complete a post-experiment questionnaire. Clue givers rated how clearly they remembered success-
fully executing their PM intention for PM targets that never appeared in the Taboo game the day before (see
video of procedure: https://ost.io/8mfp3/). Results showed participants were more likely to (falsely) rate words
from the active intention as having higher memory clarity relative to cancelled intention PM words. We theorize
that in forming a future intention, we create a representation of action performance. It is this representation
that we may later mistake as a memory of executing that action (cf. Grezes and Decety, 2001).
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In the popular Broadway musical Hamilton, the title character
sings: “I imagine death so much it feels more like a memory.”
The idea is that when a person engages in enough thought about
a future event, the imagined event may feel like an event that
already occurred. Indeed, Einstein, McDaniel, Smith, and Shaw
(1998) speculated that thoughts about a future action can later be
mistaken as memory of the completed action (see also Johnson
& Sherman, 1990).

Remembering to execute future actions at an appropriate
future time (e.g., remembering to turn off the stove or take
medication) is called prospective memory (PM; Einstein &
McDaniel, 1990; see Cohen & Hicks, 2017; Kliegel et al., 2008,
for reviews). In typical laboratory PM studies, participants per-
form an ongoing task (e.g., a lexical decision task) and, in PM
conditions, participants receive an additional PM instruction to
respond differently if a pre-specified target event happens in the
future (e.g., “Press the spacebar button if an animal-name word
is presented”). These paradigms are sensitive to participants’
ability to encode an intended future action and then to act on
that intention at the appropriate future time. Research suggests
that remembering to perform an action in the future (such as
turning off the oven) leads one to create a set of mental images
of performing that action. That is, there can be an intention-
ality to imagery (see Harman, 1998). As Grezes and Decety
(2001) stated, “the subject imagines himself performing a given
action” through “mental simulation of action, defined as mental
rehearsal of a motor act” (p. 2).

Forgetting to turn off a stove or take medication can have dev-
astating consequences, which has motivated systematic research
that has produced a nuanced understanding of prospective mem-
ory. Researchers categorize errors as either commission or
omission errors. Commission errors occur when one erroneously
executes the PM response despite having already completed the
task, such as mistakenly taking a second dose of medicine (Pink
& Dodson, 2013; Scullin, Bugg, McDaniel, & Einstein, 2011;
Scullin, Bugg, & McDaniel, 2012; Walser, Fischer, & Goschke,
2012). Omission errors are the most common type of PM error
and occur when there is a failure to execute a PM response when a
PM cue is encountered (e.g., forgetting to take one’s medication
at the appointed time). One possible reason for failing to execute
a PM response may be that one mistakenly believes that it was
already executed. That is, I fail to take my pill because I assume
that I already took it. Perhaps the more easily an intended future
action pops into mind, the more likely one will erroneously infer
that it has already been successfully completed.

Research on the intention superiority effect shows that infor-
mation related to future intentions is more easily retrieved (e.g.,
faster reaction times and higher accuracy) compared to informa-
tion that is not future oriented (Goschke & Kuhl, 1993; Marsh,
Hicks, & Bink, 1998; Marsh, Hicks, & Bryan, 1999). After an
intension to act has been carried out, memories of that inten-
tion may pop to mind, Scullin and Bugg (2013) showed that PM
commission errors (carrying out a PM action when it no longer
needs to be completed) can result from spontaneous retrieval
of the intention in an inappropriate context and failed cognitive
control. Despite the obvious value of studying output monitoring
(i.e., memory for one’s previously completed actions) in the con-
text of prospective memory, there is still relatively little research
on the topic (Ball, Pitaes, & Brewer, 2018).

Einstein et al. (1998) described the specific challenges
of managing prospective memory tasks due to the inherent
metacognitive challenges. They noted that when a task is habit-
ual and performed repeatedly, it increases the likelihood of
internal source monitoring errors such that there is difficulty
distinguishing between thoughts of a prospective action and
memories of having performed that action previously. Thus, the
more easily a postponed intention spontaneously comes to mind,
the more likely the person will mistakenly think that they have
completed the postponed intention. We explored this type of PM
error in the current study.

We wondered whether young healthy participants can be led
to believe that they executed a prospective memory action that
they had not executed. This is akin to the type of false mem-
ory implantation studies described in the retrospective memory
literature (see Bernstein, Scoboria, Desjarlais, & Soucie, 2018;
Gallo, 2010; Laney & Loftus, 2013; Schacter, Guerin, & St.
Jacques, 2011). Experiment 1 examined this research question
by using a false memory implantation administered after a 24-h
delay. Experiment 2 was a pre-registered replication of Experi-
ment 1 (Open Science Framework; https://osf.io/4h8gx/)

Experiment 1

Participants played a charades-like word game known as
Taboo (TABOO ® & ©2019 Hasbro, Inc. Used with permission;
https://products.hasbro.com/) that included a prospective mem-
ory task requiring them to remember to execute a future action.
In Taboo, players (e.g., the clue giver) try to get their partner
(e.g., the clue guesser) to say aloud a target word (e.g., TREE)
by offering clues such as “found in a forest” while avoiding
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saying “taboo” words (e.g., green, branch, bark). The embed-
ded prospective memory task required clue givers to remember
to say a specific clue word (e.g., tall) if the predesignated Taboo
target (TREE) appeared during the game. Each participant took
turns being the clue giver and clue guesser. Participants learned
10 of these PM intentions to a criterion. They then learned that
when they were the clue giver, 5 of these PM intentions were
relevant and had to be executed (active intention) while the
other 5 were not relevant and did not have to be executed (can-
celled intention). Twenty-four hours later, participants returned
to complete a post-experiment questionnaire. The independent
variables were Appearance (whether PM targets appeared or
did not appear during the Taboo game) and Relevance (whether
the PM target had to be executed or it was cancelled). The
dependent variable was participants’ self-reported memory clar-
ity ratings 24 h later for having said the associated PM clue word
(e.g., “above”) when the PM target word (e.g., ROOF) appeared
during the Taboo game (1 =Not at All; 7= Very Clearly). We
hypothesized that participants would rate relevant items (active
intentions) as having higher memory clarity compared to not
relevant items (cancelled intentions), even for items that never
appeared during the PM task. A video of the entire procedure
can be downloaded here: https://osf.io/8mfp3/.

Method

Participants. Forty-eight Yeshiva University undergraduate
students (47 males and one female) were tested. Eight partic-
ipants were dropped from the analysis; Three failed to return
for the follow-up questionnaire, three participants’ data were
excluded due to experimenter error, one participant stated during
debriefing that he haphazardly circled answers on the ques-
tionnaire, and one participant was unable to memorize all 10
word pairs. The participants received either research participa-
tion credit for their psychology class or $10 compensation. The
final sample was N =40.

Design and materials. Figure 1 shows how the overall exper-
iment unfolded over time. Figure 2 depicts the actual game of
Taboo. The experiment was a 2 Relevance (relevant, not rele-
vant) x 2 Appearance (appear, not appear) repeated measures
design with both factors as within-subject factors. “Relevant”
word pairs meant that they were a to-be-performed or active
intention, and “not relevant” word pairs were a cancelled inten-
tion meaning that they did not have to be performed during the
Taboo game. “Appeared” word pairs meant that they occurred
during the Taboo game, and “not appeared” word pairs meant
that they never occurred during the Taboo game. The self-
reported memory clarity ratings were conducted 24 h later (plus
or minus 1 h) during the completion of a post-experiment ques-
tionnaire.

We used 118 different “Taboo” cards (see Appendix A). Par-
ticipants received 11 different cards during each Taboo round.
Taboo cards are double sided with four colors. On one side,
the card is blue and yellow; on the other side, it is purple and
orange. We only used words from the blue and purple sections
of the cards; therefore, we refer to the cards as blue or purple.

There is no difference between the blue or purple cards, except
that the two sides do not contain any of the same target words.
Participants received a sheet of paper containing 10 randomly
ordered word pairs (see Appendix B). Using the University of
South Florida Free Association Norms database, we chose word
pairs that had forward cue-to-target strength association ranging
from .070 to .180, and backward cue-to-target strength associa-
tion ranging from .012 to .096 (Nelson, McEvoy, & Schreiber,
1998). Twenty-four hours later, participants returned to the lab
to complete a post-experiment questionnaire (See Appendix
C). As a manipulation check and to evaluate memory for
instructions during the experiment, participants answered sev-
eral questions about their memory of the Taboo game and critical
questions about their memory clarity for having said the appro-
priate cue word when a target word occurred during the Taboo
game.

There were four possible word pair types: (a) relevant-
appeared items were relevant words that appeared during the
Taboo game (i.e., part of the prospective memory task); (b)
not relevant-appeared items were not relevant word pairs that
appeared during the Taboo game; (c) relevant-not appeared items
were relevant word pairs that did not appear during the game;
and finally, (d) not relevant-not appeared items were not rele-
vant word pairs that did not appear during the Taboo game. Of
the 10 possible word pairs, only eight appeared in the follow-up
questionnaire. All three relevant-appeared items appeared in the
questionnaire, as did the two relevant-not appeared items and the
two not relevant-not appeared items. However, the questionnaire
asked participants to rate their memory clarity for only one of
the three not relevant-appeared items. Although there were three
not relevant-appeared items that appeared in the Taboo game, in
the follow-up questionnaire, we randomly asked about memory
clarity for only one item. We did this because we thought it would
make it less likely that participants would guess the hypothesis.
If we had participants report their memory clarity for all 10
word pairs, then we reasoned that participants might be more
likely to realize that we were asking about their target-word
performance for items that never appeared during the game.
Importantly, the critical comparison between relevant and not
relevant items that never appeared in the Taboo task had an equal
number of items.

Procedure. Participants played Taboo in pairs. One player
(clue giver) had a Taboo card with a target word on it (e.g.,
FLASHLIGHT) that they described to the other player without
saying “FLASHLIGHT” and without using any “taboo” words
(e.g., hand, shine, dark). The other player (clue guesser) tried to
guess the target word based on the clues as quickly as possible
(see Appendix A). Each participant took turns serving as both
the clue giver and clue guesser.

Day 1. On Day 1, participants met their game partner and
learned how to play the Taboo game. Participants also studied
and memorized a list of words that served as the prospective
memory instructions.

Learning to play Taboo. Participants sat on opposite sides
of a table. We explained that the clue giver would draw a card
with a target word printed at the top (e.g., TREE). The objective
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(3.) Told 5 Word Pairs = Relevant
(active intention)

(1.) Practice Taboo Game

(2.) Memorize 10 Word Pairs

(3.) Told 5 Word Pairs = Not Relevant
(cancelled intention)

awiy

- (4.) Play Taboo Game with
— embedded PM Task
>
©
(=]
3 Relevant 2 Relevant *3 Not Relevant 2 Not Relevant
appeared in did not appear appeared in did not appear
Taboo game | | in Taboo game / Taboo game in Taboo game
Note: a total of 6 of the previously
studied word-pair targets
appeared during Taboo task
(5.) Complete the Day 2 Questionnaire
Sample question: “How clearly do you remember successfully saying the clue
"saint" when the target-word “ANGEL” appeared?”
(1 =Not at all. 7= Very Clear)
~ *Note: only 1 out of 3 of Not Relevant word-pair targets that appeared in the Taboo game
E actually were items in the Day 2 questionnaire. That is, only 8 of the 10 possible word

targets appeared in the Day 2 memory clarity questionnaire and were rated on a 7-point
scale (1=Not at all: 7=Very Clear). We did this because we thought it would make it less
likely that participants would guess the hypothesis of our study manipulation.

Figure 1. Schematic of experimental procedure.

of the game was to get the clue guesser to say the target word
(e.g., TREE) by giving clues (e.g., “found in the forest”) without
saying taboo words (e.g., branch, trunk, leaves, green) which
were listed on the playing card. We told participants that they
would take turns being the clue-giver and clue-guesser. Each
round lasted 70 s. Participants could spend a maximum of 12's
per card before moving to the next card. We chose this rate to
increase difficulty while exposing participants to multiple cards
during each round. We told participants that there was no penalty

for incorrect guesses and that the clue-giver could decide to skip
a card to proceed to the next one.

We showed participants a sample Taboo card to demonstrate
examples of target words and taboo words (see Appendix A).
As mentioned, Taboo cards are double-sided. One participant
learned that they would use the blue side of the cards, and the
other participant learned that they would use the purple side.
(Recall that there was no difference between the blue and purple
sides, aside from the fact that there were different target words
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Person A (Purple Deck)

Round 1
(Practice Round)
Person A is clue giver
Person B is clue guesser

Round 3
2 Relevant Targets Appear

Person A is clue giver
Person B is clue guesser

Round §
2 Not Relevant Targets Appear

Person A is clue giver
Person B is clue guesser

Round 7
1 Relevant, 1 Not Relevant
Target Appears
Person A is clue giver
Person B is clue guesser

Round 9

No critical targets appeared

Person A is clue giver
Person B is clue guesser
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Person B (Blue Deck)

Round 2
(Practice Round)
Person B is clue giver
Person A is clue guesser

Round 4
2 Relevant Targets Appear

Person B is clue giver
Person A is clue guesser

Round 6
2 Not Relevant Targets Appear

Person B is clue giver
Person A is clue guesser

awil

Round §

1 Relevant, 1 Not Relevant
Target Appears
Person B is clue giver
Person A is clue guesser

Round 10
No critical targets appeared

Person B is clue giver
Person A is clue guesser

v

Figure 2. Schematic representing the Taboo game playing phase. There were 11 cards in each round and the critical items (e.g., relevant or not relevant targets)
always appeared in the first 5 cards. There was a maximum of 12 s allowed for each Taboo card and 1 min and 10's for each round.

on all the cards.) After participants learned the Taboo rules,
the experimenter clarified any rules that were unclear. Next,
participants played two practice Taboo rounds in which each
participant practiced being clue-giver and clue-guesser. If, at
any point during the Taboo rounds, the clue giver said one of the
taboo words (i.e., one of the five words at the bottom of the card
that the clue-giver cannot say), we had the clue-giver skip to the
next card.

Learning the 10 word pairs. After the practice rounds, par-
ticipants separated and had 4 min to memorize a list of 10 word
pairs that would later serve as prospective memory targets and
clue words. If after that time they were unable to correctly write
down every word pair, they received 2 additional min to review
the word pairs. Most participants were able to learn the word
pairs in the 4 min of allotted time. The few participants who
had trouble generally forgot 1 or 2 word pairs, and successfully
wrote down all 10 word pairs after receiving two additional min.
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Learning relevant (PM) and not relevant (cancelled) word
pairs. After participants learned the 10 word pairs, they learned
that five of the word pairs were relevant and had to be exe-
cuted (active intention) while the other five were not relevant
and did not have to be executed (cancelled intention). For rele-
vant word pairs (e.g., BEACH-coast), the first word of each pair
(e.g., BEACH) was a PM target word that could be one of the tar-
gets on a Taboo card. We then instructed participants that if any
of the five relevant PM targets appeared as a Taboo target during
the Taboo game, then they should remember to state the second
word of the word pair (e.g., coast) as a clue to help their partner
guess the target word. This relevant item instruction closely mir-
rored the typical instructions in standard PM laboratory tasks in
which a PM cue (in our case BEACH) must trigger the delayed
intention of remembering to say the word “coast.” Participants
learned that they could say other clues for the relevant target
item, but they should make sure to say the associated word as
one of their clues. Participants did not have to say the associated
cue word for not-relevant items.

Participants then used a computerized slide-show presenta-
tion to rehearse and learn which word pairs were relevant. The
word pairs appeared for three s sequentially, with a plus sign
“4+” separating each pair. Participants learned that the relevant
word pairs would appear in green and the not relevant word
pairs would appear in red. They also learned that under each
word pair a Taboo card for the target-word would appear. Par-
ticipants watched the presentation of the word pairs twice. They
then received a list of the word pairs and had to indicate which
word pairs were relevant. If participants were unable to accu-
rately report which word pairs were relevant, they watched the
presentation of the word pairs twice more. All participants were
able to learn which word pairs were relevant after one or two
attempts of watching the presentation. Although there was no
filled delay between learning the prospective memory instruc-
tions and resuming the Taboo game, there was a built-in natural
delay because the experiment occurred in pairs where both par-
ticipants had to re-enter the testing room to resume playing the
Taboo game. At this time, participants were asked not to speak
to each other; experimenters offered no further reminders about
the PM task.

Playing the remaining rounds of taboo with the embedded
PM task. After participants completed the practice rounds, they
played eight additional rounds of Taboo. In total, participants
played 10 rounds of Taboo. Each round involved a deck of 11
Taboo cards. To ensure that participants saw every critical rele-
vant PM or not relevant PM card, critical cards always appeared
in the first six cards of the deck. See Figure 2 for a schematic
of the Taboo game with the embedded PM task. Throughout
the game, we tracked performance and noted if the clue-giver
remembered to successfully say the associated word for prospec-
tive memory items.

Day 2. Approximately 24 h later, participants returned to
complete the follow-up questionnaire that included the key ques-
tions probing their memory for the critical word pairs (Appendix
C). They were instructed to answer questions as best they could.
As amanipulation check and to evaluate memory for instructions

during the experiment, participants answered several questions
regarding their memory of the Taboo game. They also answered
critical questions about their memory clarity for having said
the appropriate clue word when a target word occurred during
the Taboo game. A sample of a critical question was the fol-
lowing: How clearly do you remember successfully saying the
clue “saint” when the target-word “ANGEL” appeared? Rat-
ings on these questions were evaluated using a 7-point Likert
scale (1 =Not at All, 7= Very Clearly). Critically, participants
were asked to rate their memory clarity for both relevant (active
intentions) and not relevant (cancelled intentions) word pairs
that never appeared the previous day in the Taboo game. Asking
participants to rate their memory for items that never appeared
was our false memory implantation, because it gave participants
the impression that all items on the questionnaire were there
because those items had occurred the previous day during the
Taboo game. After completing the questionnaire, participants
received debriefing and compensation.

Results

All analyses used an alpha level of .05. Although participants
were tested in pairs, for all analyses we treated individual sub-
jects’ data as the unit of analysis. As described above, we had
two groups based on the two decks that participants received
(i.e., blue or purple). We collapsed across this variable because
performance did not differ significantly between them (all
ps>.62).

To confirm that participants appropriately encoded the
instructions for relevant and not relevant word pairs, we analyzed
prospective memory performance by examining the number of
times that participants correctly followed instructions by (a) say-
ing the associated clue word when they detected the relevant
PM target word and (b) not saying the associated clue word
for not relevant targets. Because three out of the five relevant-
appeared and three out of the five not relevant-appeared items
appeared during the Taboo game, prospective memory perfor-
mance scores for relevant word pairs and not relevant word pairs
could each range from 0-3. A t test for paired samples revealed
that there was a significant difference between relevant-appeared
prospective memory performance (M =2.50, SD =0.88) and not
relevant-appeared prospective memory performance (M =2.08,
SD=1.00); 1(39)=3.08, p= .004, d=0.40). This indicates that
participants, on average, were more likely to correctly say the
clue word for the Relevant word pairs than they were to say the
not relevant word pairs, suggesting that participants accurately
understood the instructions for relevant and not relevant word
pairs.

Next, we compared participants’ memory clarity on Day 2 for
having said the associated clue words when the PM target words
appeared during the Taboo game. Participants rated how clearly
(1=Notat All and 7 = Very Clearly) they remembered stating the
associated clue word (e.g., “saint”’) when the target word (e.g.,
“ANGEL”) appeared. Memory clarity ratings were analyzed by
conducting a 2 (Relevance: relevant, not relevant) x 2 (Appear-
ance: appear, not appear) repeated measures ANOVA with both
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Figure 3. Experiment 1: Mean memory clarity ratings as a function of word
pair type. Error bars represent standard errors of the mean.

Relevance and Appearance as within-subject factors. Results
revealed a significant main effect of Relevance, F(1,39)=7.97,
p=.007,n [,2 =.17, with memory clarity ratings being higher for
relevant word pairs (M =4.42, SE=.221) compared to not rele-
vant word pairs (M =3.81, SE=.240). There was a main effect
of appearance, F(1,39)=116.03, p <.001, np2 =.75, with mem-
ory clarity ratings being higher for word pairs that appeared
in the Taboo game (M=5.71, SE=.250) compared to word
pairs that did not appear (M =2.52, SE=.254). The interaction
between relevance and appearance was not statistically signifi-
cant, F(1,39)=3.38,p =.07, np2 =.08. Although the interaction
was not significant, we conducted simple effect tests as planned.
Most critically for our hypothesis, Bonferroni-adjusted com-
parisons indicated that participants rated their memory clarity
for relevant items that never appeared (M =2.98, SD=1.90) as
0.91 points higher compared to not relevant items that never
appeared (M =2.06, SD =1.65; p<.001, 95% CI [.420, 1.405]).
Conversely, memory clarity ratings of relevant and not rel-
evant items that appeared in the Taboo game did not differ
significantly (p =.31). Participants reported higher memory clar-
ity for items that never appeared in the Taboo game when
they had been told that they were relevant (active intention)
compared to not relevant items (cancelled PM intention) see
Figure 3). These two results indicated that participants showed
prospective false memory as they rated memory clarity for
having said a PM word as higher for active intentions com-
pared to cancelled intentions that never appeared the previous
day.

In the next analysis, we examined if memory clarity ratings
differed as a function of whether or not participants remembered
to successfully say the prospective memory clue response when
a PM target word appeared during the Taboo game. A majority
of participants said all of the associated relevant clue words cor-
rectly and only 10 participants met criteria for this analysis (i.e.,
said 1 or 2 of the 3 clue words when the relevant clue words
appeared during the game). Therefore, we conducted a paired-
samples t-test that showed a significant difference, #9)=3.95,
p= .003; d=1.25 between memory clarity ratings for those
items in which participants correctly stated the PM clue when
the relevant/appeared target appeared (M = 6.50, SE=0.34) com-

pared to memory clarity ratings for those who failed to state the
correct clue word (M =2.90, SE=0.74).

Discussion

The current experiment examined the effects of encoding
future intentions on false memory clarity of task performance.
The results supported our hypothesis revealing that participants
reported significantly higher memory clarity for the relevant
prospective memory task word pairs compared to the not rele-
vant word pairs. Therefore, word pairs that participants believed
that they would have to execute in a subsequent task led to an
enhanced status in memory which may have made it more likely
that they falsely rated these words as having higher memory
clarity when questioned 24 h later. We interpret this finding
to mean that when participants encode information that they
intend to enact in the future, this results in a richer and deeper
encoding such that this to-be-enacted memory trace can be
more easily mistaken as an already-enacted memory trace lead-
ing to higher memory clarity ratings. Thus, when participants
were making retrospective evaluations of their performance
24 h later, they may have misattributed thoughts of the action
to be memories of actual action performance, and therefore
were more susceptible to developing a false memory of action
performance.

To our knowledge, this study was the first to directly explore
the effects of encoding prospective memory instructions on later
false memory of task performance. Our results suggest that
encoding a future intention may lead to a higher likelihood that
the future event will be later falsely evaluated as having been
completed.

Experiment 2

In Experiment 2, we conducted a pre-registered replication of
Experiment 1 (https://osf.io/4h8gx/) with the following changes:
First, during the follow-up questionnaire administered 24 h later,
all participants wrote down all the word pairs that they could
remember from the previous day as a check of their mem-
ory for the 10 word pairs. To examine whether this additional
step influenced memory clarity of falsely saying the associated
clue word, half the participants answered these questions before
being asked their memory clarity of having said the associ-
ated clue words (i.e., the critical questions), and half answered
these questions after they were asked the critical questions.
This mixed-measures design allowed us to examine if being
asked about the word pairs (before or after) had any effect on
false memory of saying the clue words. Second, we included a
measure of how well participants knew their Taboo partner in
case it affected performance. Third, we replaced one potentially
confusing Taboo card.

Method

Participants. We recruited 216 undergraduate students for
the study. We subsequently excluded 93 participants: 25 due to
attrition (i.e., failing to appear for Day 2); 51 due to memory
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errors (either failing to successfully memorize all 10 word pairs
or failing to memorize which word pairs were relevant), five due
to major language issues (inability to understand instructions),
or other special needs which made completing the task impossi-
ble, 11 due to experimenter error, and two due to missing data.
Our final sample was 122 participants (98 female; 13 male; 11
unreported).

A power analysis using G-Power 3.1 (Faul, Erdfelder, Lang,
& Buchner, 2007) was pre-registered prior to data collection.
The analysis indicated that a total sample of 98 participants
was needed to detect a small to medium interaction effect in
a 2 x 2 within-subject ANOVA (f =.15; Power=.95; ot =.05).
There was a minor error with the pre-registered power anal-
ysis (we entered 4 measurements instead of 2). Therefore,
we conducted a post-hoc power analysis to test whether our
design in Experiment 2 had enough power to detect a small
to medium interaction effect in a 2 x 2 within-subject ANOVA
with a sample size of 122 participants. The analysis revealed
that the power to detect an interaction effect of this size was 0.91
(F=.15; au=.05). Thus, we had sufficient power to detect the
interaction.

As in Experiment 1, the task demanded that participants
memorize 10 word pairs, and whether these words should be
said during the Taboo game. However, the sample in Experi-
ment 2 was obtained from an open-registration University in
which many students were multilingual and spoke English as
a second language. Attrition was much higher than in Experi-
ment 1. Additionally, a significant portion of the sample failed
to successfully remember the word pairs and other vital infor-
mation. Due to these considerations, we continued to run
participants until we met our power requirements. As this was
a replication, we did not anticipate the higher rate of attrition,
difficulty remembering instructions and/or the word pairs, and
language difficulties. Therefore, we added a self-report language
proficiency questionnaire administered during the collection
of demographic information before completing the study. We
did not pre-register this prior to running the experiment, but
later deemed it necessary given the unexpectedly high level of
difficulty our participants exhibited while playing and under-
standing the Taboo game. Further demographic information on
the participants can be found in the supplementary materials in
Appendix D.

Design and materials. As in Experiment 1, we used a 2
(Relevance: relevant, not relevant) x 2 (Appearance: appear, not
appear) repeated measures design. The primary dependent vari-
able was self-reported memory clarity ratings of having said
an associated PM clue word when the associated PM target
appeared during the Taboo game (1 =Not at All to 7= Very
Clearly).

The materials used in the replication resembled those in
Experiment 1, with a few exceptions. Several additions were
made to the memory clarity survey. Namely, we included a
free recall task in which participants wrote all the word pairs
that they remembered from Day 1. Participants completed
the free recall task either before or after the memory clarity
survey, and the order of presentation was randomized across

participants. We added the free recall task to see if relevant
words were better recalled than not relevant words on Day
2. Finally, we added a friendship question so that participants
could rate how well they knew the other participant; we do not
discuss this measure further, because there were not enough
friends who participated together (see Appendix D for further
information).

Procedure. The procedure was identical to Experiment 1,
except for the addition of the free-recall task on Day 2. First,
participants completed informed consent, and then completed
the demographic and language proficiency questionnaire. As in
Experiment 1, participants learned that they would be playing
the verbal charades game “Taboo” with a partner. On occa-
sions when only one participant signed up for the study, or
if one of the two participants failed to show up, an experi-
menter played the role of the participant’s partner during the
Taboo game. As in Experiment 1, after completing the Taboo
practice rounds, participants memorized the 10 word pairs,
learned which were relevant or not relevant, and played the
Taboo game with embedded PM task. Finally, participants
returned 24 h later (plus or minus one hour) to complete the
post-experiment questionnaire that included the memory clarity
questions.

Results and Discussion

An alpha level of .05 was used for all analyses unless other-
wise noted. We collapsed across deck type (blue vs. purple) as
the pattern of results did not differ based on type of deck (all
ps>.22). See the supplementary materials in Appendix D for
more details on this analysis.

We analyzed prospective memory performance by exam-
ining the number of times that participants correctly said the
appropriate clue word when a relevant PM target appeared com-
pared to the likelihood of saying the not relevant word pair. As
discussed prior, prospective memory performance scores for rel-
evant and not relevant word pairs could each range from 0-3. A
paired samples t-test revealed a significant difference between
relevant-appeared targets (M = 1.96, SD = 1.11) and not relevant-
appeared targets (M =1.58, SD=1.21); #(120)=3.41, p=.001;
d=0.31, indicating that participants said the appropriate clue
word significantly more often when the relevant-appeared items
appeared. As in Experiment 1, this finding indicates participants
understood the instructions for relevant and not relevant word
pairs.

The dependent variable for all subsequent analyses, unless
otherwise stated, was memory clarity ratings (1=Not at
All to 7=Very Clearly). A 2 Relevance (relevant, not rele-
vant) X 2 Appearance (appear, not appear) repeated measures
ANOVA revealed a significant main effect of Relevance,
F(1,121)=11.85, p=.001, n,?=.09, with memory clarity rat-
ings being higher for relevant word pairs (M =5.04, SE=.15)
compared to not relevant word pairs (M =4.62, SE=.18). There
was a main effect of Appearance, F(1,121)=62.00, p <.001,
n ,,2 =.34, with memory clarity ratings being higher for appear
word pairs (M =5.54, SE=.18) compared to not appear word
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Figure 4. Experiment 2: Mean memory clarity ratings as a function of word
pair type. Error bars represent standard errors of the mean.

pairs (M =4.12, SE=.19). The interaction was not significant,
F(1,121)=1.12, p= .29, 1,2 = .01).

To better compare results from Experiment 2 with Experi-
ment 1, we report the pairwise comparisons between relevant
and not relevant word pairs for items that appeared and for rele-
vant and not relevant items that did not appear in the Taboo game.
Bonferroni-adjusted comparisons indicated that participants
rated their memory clarity for relevant items that never appeared
(M=4.38, SE=.19) as 0.52 memory clarity points higher com-
pared to not relevant items that never appeared (M =3.86,
SE=.21; p=.001, 95% CI [.226, .815]). In contrast to Exper-
iment 1, participants rated their memory clarity .32 memory
clarity points higher for Relevant items that Appeared (M =5.70,
SE=.15) compared to not relevant items that appeared in the
Taboo game (p =.04,95% CI [.012, .638]). The pattern of results
can be seen in Figure 4.

As in Experiment 1, we conducted a paired-samples t-test
to compare memory clarity ratings for those participants who
remembered to state the PM clue word to those who failed
to state the word. Results revealed a nonsignificant difference,
1(55)=.50, p=.62, d=0.07 between memory clarity ratings
for those items in which participants correctly stated the PM
clue when the relevant/appeared target appeared (M =5.05,
SD =2.78) compared to memory clarity ratings for those who
failed to state the correct clue word (M =4.84, SD=2.07). It
would appear, based on this nonsignificant result, that perform-
ing the PM action (or not) did not significantly influence memory
clarity ratings. This finding implies that participants are consid-
ering several sources of information to inform their memory
clarity ratings above and beyond memory of actual performance
24 h earlier.

We took the subset of participants who completed the mem-
ory test on Day 2 before completing the questionnaire (n=159)
and compared the number of relevant words recalled with the
number of not relevant words recalled. We made this division
because many of the words that participants were asked to recall
during the memory test were present on the questionnaire. As
such, meaningful results could only be collected from those who
completed the memory test before completing the questionnaire.
Participants did not report significantly more relevant than not
relevant words on the memory test, #(58) = 1.04, p =.30. As well,

the order of the survey presentation (i.e., before or after the
free recall task) did not influence memory clarity ratings (all
ps>.54)

In order to explore more closely the effects at the partici-
pant level, we calculated memory clarity difference scores for
items that never appeared in the Taboo game. We subtracted
memory clarity ratings for Not relevant/not appeared items from
relevant/not appeared items. Therefore, positive scores would
indicate that participants rated their memory clarity higher for
relevant items (active intentions) compared to not relevant items
(cancelled intentions) that never appeared. Correspondingly, a
negative score would indicate that they rated not relevant items
as having higher memory clarity than relevant. We graphed
the frequencies of these difference scores; inspection of these
frequencies shows a larger number of positive values than neg-
ative (see Figure S1 in supplemental materials and results).

It is worth noting that across Experiments 1 and 2 (see
Figures 3 and 4), memory clarity ratings for items that appeared
in the Taboo game had fairly similar ratings; however, for items
that never appeared in the Taboo game, participants in Experi-
ment 2 rated those items substantially higher in memory clarity
relative to Experiment 1. Many of the Experiment 2 partici-
pants were not native English language speakers; therefore, we
suspected that participants may have been more reluctant to
trust their impressions for the not appeared items and, in so
doing, rated them higher compared to participants in Experiment
1. We conducted correlational analyses between the variables
years of English and memory clarity ratings for items that never
appeared in the Taboo task. Results showed that fewer years
of speaking English correlated with increases in memory clar-
ity ratings for word pairs that did not appear. See Figures S2
and S3 in supplemental materials and results for more detailed
analysis.

General Discussion

We created a novel naturalistic prospective memory paradigm
that is socially situated and that could provide a useful applica-
tion for many basic research questions. In two experiments, we
embedded a prospective memory task in the word game Taboo.
The embedded task involved remembering to use certain clue
words (those words deemed relevant in an earlier study episode)
if a PM target appeared during the Taboo game. Twenty-four
hours later, participants returned to complete a post-experiment
questionnaire. Critically, participants rated their memory clar-
ity of having said the PM clue word to PM targets that never
appeared during the Taboo game. Results showed that those
word pairs belonging to arelevant, to-be-executed intention were
rated as having higher memory clarity even for items that never
appeared during the Taboo game.

We predicted that the non-significant interaction observed in
Experiment 1 between appearance and relevance would be sig-
nificant in Experiment 2 as a result of the increased sample size
and resulting statistical power. This prediction assumes that the
effect size in Experiment 1 was an accurate reflection of the true
effect size. The interaction in Experiment 2 was not significant,
which may reflect the fact that the true effect is smaller than
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what we observed in Experiment 1. We believe that the inter-
action is not necessary to frame our results within the context
of false PM. There was a significant difference between rel-
evant/not relevant ratings for appeared items and also for not
appeared items (hence the lack of an interaction). For the inter-
action to be significant, we would have needed a data pattern
in which there was no difference between relevant/not relevant
for appeared items but there was a difference for not appeared
items. We argue that the interaction did not emerge because the
“boost” from encoding items as relevant led to higher mem-
ory clarity ratings for both appeared items and for not appeared
items. Encoding something as to-be-executed leads to a more
vivid memory trace and enhanced accessibility (cf. the intention
superiority effect); therefore, relevant items were rated higher
regardless of whether they appeared or didn’t appear. The fact
that items that never appeared were rated as higher because they
were to-be-executed is evidence of false prospective memory.
The source monitoring framework and/or processing fluency
may be helpful for understanding the mechanism underlying
this effect.

Source Monitoring Framework

In the classic Deese, Roediger and McDermott (DRM)
task, participants study lists of semantically-related words (e.g.,
nurse, hospital). After a delay, subjects try to recall or recognize
these words. Typically, participants falsely recognize or recall
the critical lure word that was never presented (e.g., “doctor”)
with high probability and confidence (Deese, 1959; Roediger
& McDermott, 1995). Theoretical accounts of this false mem-
ory effect have included associative memory models stating that
encoding highly associated words leads to spreading activation
through an associative network to the non-presented associated
lure (Roediger, McDermott, & Robinson, 1998). Other accounts
attribute this effect to a source-monitoring error. The source
monitoring framework can better account for the finding that
participants often report that they remember presentation of
the critical lure during encoding when in fact they are confus-
ing thoughts of the critical lure with actual presentation of it
(Johnson, Hashtroudi, & Lindsay, 1993). In the current study,
higher memory clarity ratings for words that never appeared
may occur because participants are misattributing the source of
their memory. Given that relevant word pairs were encoded as
to-be-executed, this special status may have led to a more vivid
representation of these words. This may have led to later source
misattributions such that the vividness was mistakenly attributed
to being memory of an actual event.

Bugg, Scullin, and McDaniel (2013) stated that the strength
of backward associations in the DRM paradigm accounts for
the critical lure “doctor” coming to mind when highly asso-
ciated words were studied. Bugg et al. showed that how one
initially encodes a future intention influences the risk of com-
mission errors (executing the PM intention when it was already
executed). Specifically, participants encoded an implementa-
tion intention (Gollwitzer, 1999) augmented with instructions to
imagine the event. Implementation intentions which have been
shown to improve prospective memory (Cohen & Gollwitzer,

2008) increased the risk of committing PM commission errors.
Similar to ideas expressed by Bugg et al. (2013), in the context
of the current study, we suggest that encoding a future action
involves making forward associations between the intended
action and an anticipated or imagined future context. In this
way, linking material (a Taboo target word and clue) with an
intention to act in the future increases the likelihood that partic-
ipants will falsely rate that material more clearly relative to an
action that they did not have to execute.

Processing Fluency and Cue Discrepancy

As Rummel and Meiser (2016) state, due to their spe-
cial meaning, PM cues are discrepant from their environment
and therefore are sometimes spontaneously retrieved during
the course of a prospective memory task. In their study, they
presented participants with stimuli that were unrelated to the
intention but discrepant from other stimuli. They manipulated
processing fluency of stimuli for participants that had an active
intention and found that stimuli whose fluency was increased
led to a higher likelihood that participants would execute the
intention despite its actual inappropriateness. That is, stimuli
that felt discrepant or different from other ongoing stimuli were
attributed to an active intention. Consistent with these ideas,
word pairs in the current study that were to be executed had
a special status relative to word pairs that belonged to a can-
celled intention. When these stimuli were encountered 24 h later,
they may have been processed more fluently and this discrep-
ancy may have led to a higher memory clarity rating relative to
word pairs belonging to a cancelled intention. Therefore, these
misattributions of processing fluency (e.g., Jacoby, Kelley, &
Dywan, 1989) may be interpreted as a sign of prior experience
and therefore served as a cue for appearance in the Taboo game
24 h previously.

Our study had several limitations. First, our efforts to create
a novel and ecologically-valid prospective memory paradigm
prevented us from measuring some aspects of task perfor-
mance such as reaction time. Second, we did not anticipate the
considerable attrition of participants in Experiment 2. Finally,
as mentioned previously, only one item from the not rele-
vant/appeared category was included in the Day 2 questionnaire
in an effort to reduce the chances that participants would realize
the study’s intent. Although it is highly unlikely, we cannot rule
out the possibility that uneven representation of categories may
have in some way influenced memory clarity ratings.

Conclusions

In two experiments, participants rated their memory clar-
ity higher for items that they intended to execute relative to
items that belonged to a cancelled intention. Although our data
do not allow us to arbitrate among competing theoretical per-
spectives, the results are novel in that they are the first finding
of young participants retrospectively rating their memory clar-
ity of a prospective memory event that never occurred. As
Whittlesea and Williams (2001) stated, people chronically eval-
uate their subjective processing experience. When the quality
of processing is experienced as more fluent, then they engage
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in attributional processes to explain that experience of fluency.
It may be that higher memory clarity ratings for relevant items
24 h later (for both appeared and not appeared items) reflected
such attributional processes. In encoding a future action, we
create a representation of action performance and it is this rep-
resentation that we may later misattribute as memory of actual
action performance. On Day 2, it may be that participants pro-
cessed relevant items more fluently and attributed this fluency to
a prior experience with this stimulus. Future studies would bene-
fit by exploring the boundaries of this false prospective memory
effect to better understand the specific underlying mechanisms
that might account for this finding.
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