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ABSTRACT

People frequently consider the alternatives of the events that can happen in the future and of
the events that already happened in the past in everyday life. The current study investigates the
effects of engaging in imagination of hypothetical future (Experiment 1) and past (Experiment 2)
events on memory and metamemory. We demonstrate, across two experiments, that
imagination of positive future and positive past events yielded greater memory performance
than negative events, as well as receiving higher vividness and plausibility ratings. In
addition, simulation of a negative event occurring positively in the future or having occurred
positively in the past produced higher memory performance, compared to simulation of a
positive event occurring / having occurred negatively. However, participants’ predictions for
their subsequent memory performance did not reflect their increased tendency to remember
positive or could-be / could-have-been positive events neither for future nor past
reconstructions. These findings are interpreted in the framework of positivity bias which
suggests that people have a tendency towards positivity when simulating future events; and
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we extend this positivity bias to reconstructions of the hypothetical past events as well.

“Blessed are the forgetful, for they get the better even of their
blunders”.
Nietzsche, from Beyond Good and Evil, 91217 (Nietzsche, 2002)

Recollection of episodic memory, memory for everyday
personal experiences (Tulving, 2002), is widely accepted
to be a reconstructive process rather than being an exact
reproduction of the past (Bartlett, 1932; Hassabis &
Maguire, 2007; Schacter, 2012). Although one might intui-
tively think that episodic memory is mostly concerned
with past events, studies have shown that episodic
memory is also linked with imagining episodes that
might happen in the future, episodic future thinking
(Atance & O'Neill, 2001; Schacter et al., 2012), and imagin-
ing plausible alternative versions of the episodes that
already occurred in the past, episodic counterfactual think-
ing (De Brigard et al., 2013; De Brigard & Parikh, 2019;
Roese, 1997). It has been suggested that these two cogni-
tive processes rely heavily on episodic memory, and they
share certain commonalities, where evidence comes both
from neuropsychological (Addis et al, 2009; De Brigard
et al, 2013; Van Hoeck et al, 2013) and behavioural
studies (De Brigard et al.,, 2016; De Brigard & Giovanello,
2012; Ozbek et al., 2017). Although both concepts have
derived from the construct of episodic memory, there is
also a body of research showing that these processes
have some distinct characteristics that make them

distinguishable from episodic memory, as well as from
one another (for a review, see Schacter et al.,, 2015).

Accordingly, despite having comparable constructive
processes, one critical distinction between remembering
the past and imagining the future is that people tend to
conceive their personal futures as being emotionally
more positive than their past (Grysman et al., 2013; Shep-
perd et al, 2013). Newby-Clark and Ross (2003) showed
that it took longer time to simulate negative future
events than positive future events, whereas there was no
such difference found between simulating positive and
negative past events. Rasmussen and Berntsen (2013)
revealed that positive future events received higher phe-
nomenological ratings on measures of sensory imagery,
reliving, and rehearsal than negative future events, while
these differences were smaller, if not completely absent,
for positive and negative past events. Grysman et al.
(2015) demonstrated that future events received higher
positivity ratings than past events across five different
age groups. Moreover, positive future simulations tended
to include more social content indicators than negative
future simulations (Painter & Kring, 2015), and were associ-
ated with greater feelings of pre-experiencing (D'Argem-
beau & Van Der Linden, 2004).

Although dramatically less is known about episodic
counterfactual thinking, it has been suggested that unlike
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future simulations, people engage in counterfactual think-
ing more frequently following a negative event rather than
a positive event (Roese & Morrison, 2009), which makes
upward counterfactuals (simulating how an event might
have been better) more prevalent than downward counter-
factuals (simulating how an event might have been worse).
For clarity and ease of understanding, we will refer to
downward counterfactuals as “would-be-negative” and
upward counterfactuals as “would-be-positive” counterfac-
tuals throughout this paper. De Brigard and Giovanello
(2012) found that episodic counterfactuals were rated as
being emotionally less positive and less intense than
future simulations and episodic memories. Ozbek et al.
(2017) also showed that episodic counterfactuals were
rated as less important, less positive, and less central to
one’s life story and identity than future projections were.
Taken together, people have a more positive outlook and
are more optimistic for their personal futures (Schacter
et al, 2012; Sharot, 2011; Sharot et al, 2007; Szpunar,
2010; Weinstein, 1980), while they are more likely to
imagine how negative events could have had a good
outcome rather than how positive events could have had
a bad outcome (Byrne, 2016).

Even though would-be-positive counterfactuals are
more commonplace and they have a differential effect
on emotion, Gerlach et al. (2014) found no role of
valence in terms of the effects of episodic counterfactual
thinking on memory. Gerlach et al. showed that engaging
in episodic counterfactual thinking can distort the memory
for the original event, by resulting in a form of “internally
generated misinformation”, and it does so regardless of
the valence of the memory. On the contrary, for future pro-
jections, Szpunar et al. (2012) revealed that when people
are asked to remember positive, negative, and neutral
future events, the details associated with negative simu-
lations are remembered more poorly than the details
associated with positive and neutral events over time,
and this facilitates the recollection of future events
through “rose-colored spectacles”. Overall, experimental
evidence suggests that a positivity bias is found in
memory for simulated future events (Sharot et al., 2007;
Szpunar et al, 2013), although counterfactual thinking
seems to operate counter to this positivity bias (Nasco &
Marsh, 1999).

Unlike counterfactual simulation, which juxtaposes an
event that did occur against its alternative that is known
to not have occurred, in the present study we deal with
the imagination of alternative versions of past and future
hypothetical events. This procedure of imagining an
alternative version of a hypothetical event is similar to
counterfactual thinking in the sense that it requires
people to either repeat the same simulation or juxtapose
an alternative simulation to a previously simulated event.
Even though the simulated events are not factual, we
expect that simulating hypothetical episodes will mimic
the counterfactual thinking process while giving us more
control over the experimental design. Accordingly, one of
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the aims of the present study is to investigate how positive
and negative episodes or their alternative outcomes could
affect subsequent recollection and we do so by using a
comparable set of stimuli for both future and past epi-
sodes. When researchers find mnemonic differences
across past and future simulations of events, one possibility
is that participants might take into consideration whether
they have to reconcile with these events or not. While indi-
viduals have to reconcile with actual events that happened
earlier in life, such a limitation does not exist for future
simulations. Thus, the more positive outlook and higher
memory performance for simulated future might come
from the knowledge that actual past events cannot be
changed and thinking of alternative outcomes for irrevers-
ible events is futile, limiting the effortful elaboration of past
events and their counterfactual alternatives. This, in turn,
may lead to memory differences across simulated versions
of past and future events. The other possibility is that
hypothetical action thoughts aimed at future and at past
might function in different ways by the mere virtue of
being aimed at different temporal orientations. In that
case, regardless of whether the event is hypothetical or
not, one should find differences across simulations
oriented at the future or the past. By using comparable
materials for past and future simulations, the current
study can clarify whether and how temporal orientation
might contribute to memory differences. If it is the experi-
enced factuality of the events that induces memory differ-
ences across past and future simulations, because all the
events are imagined in the current design, there should
be no differences across future simulations (Experiment
1) and past simulations (Experiment 2) in terms of actual
memory performance. Alternatively, if the temporal orien-
tation of the simulation is important, the general pattern
across experiments for actual memory performance may
be different.

In addition to memory, the present study also investi-
gates the effects of imagination of past and future
hypothetical events on metamemory, which refers to
people’s beliefs and predictions about how their memory
operates. Although there are studies showing that people
can accurately predict their subsequent memory perform-
ance (Nelson & Dunlosky, 1991), other studies show that
under certain circumstances there might be mismatches
between people’s memory predictions and actual
memory performance (Benjamin et al, 1998; Besken,
2016, 2018; Besken & Mulligan, 2013; Yue et al, 2013).
Emotional valence is one factor that sometimes causes a
mismatch between predicted and actual memory perform-
ance. Studies have typically shown that emotional stimuli
produce higher memory predictions than neutral stimuli
(Hourihan et al., 2017; Nomi et al., 2013; Tauber & Dunlosky,
2012; Zimmerman & Kelley, 2010) even though emotional
stimuli do not always lead to increased memory perform-
ance (e.g., Hourihan & Bursey, 2017; Hourihan et al., 2017,
exp3; Witherby & Tauber, 2018). Moreover, most of the
time, increased memory predictions for emotional stimuli
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only emerge when emotional stimuli are compared with
neutral stimuli (Hourihan et al, 2017), not when broad
emotional categories of stimuli (e.g., positive vs. negative
valence items) (Nomi et al, 2013) or fine-grained-cat-
egories of stimuli (e.g., sad, angry and afraid faces) are com-
pared with each other (Witherby & Tauber, 2018). Thus,
even when participants may remember positively-
valenced items more than negatively-valenced items, this
may not be reflected in memory predictions, as long as
neutral items are not introduced to the encoding list.

Instead of emotionality, participants may base their pre-
dictions on other factors, such as fluency-“the metacogni-
tive experience of ease or difficulty associated with a
cognitive process” (Alter & Oppenheimer, 2008, p. 162). If
we were to evaluate the difficulty level of cognitive tasks
and place them on a spectrum from effortless to very
effortful, this, in turn, would place the metacognitive
experiences on a spectrum from very fluent to disfluent,
respectively (Alter & Oppenheimer, 2009). The studies uti-
lising metacognitive judgments of learning (JOLs), the pre-
dictions people give about the likelihood of remembering
an item in a later memory test, typically show that partici-
pants tend to give higher JOL ratings to easily or fluently
processed items, (Benjamin et al, 1998; Besken, 2016,
2018; Besken & Mulligan, 2013; Koriat & Ma’ayan, 2005;
Rhodes & Castel, 2008, 2009; Yue et al, 2013), even
though the actual memory performance may not always
match with these metacognitive predictions. In line with
this, it is possible that imagining a possible future and
past event might also be affected by the fluency of these
processes. Despite the fact that imagining and reconstruct-
ing past or future rely on episodic memory, they include
some additional steps; such as manipulating the details
of an event to simulate an alternative outcome. This
might increase the cognitive load of these processes,
which will make them conceptually less fluent than
simply imagining a future or past episode in the same
way that they were previously encoded. Thus, metacogni-
tive judgments of learning for reconstructions of the future
or past episodes might potentially be sensitive to fluency
or valence manipulations. The present study seeks to inves-
tigate what manipulations impact metamemory in the
identical or alternative reconstruction of hypothetical
past and future episodes. This is, to our knowledge, the
first experimental study that investigates people’s
memory predictions and actual memory performance for
such past and future positive and negative conditional
simulations.

In order to investigate these issues, we carried out two
experiments. The design was a modification of Gerlach
et al. (2014). In their study, participants were given every-
day life scenarios to listen to and simulate and were sub-
sequently asked to imagine alternative outcomes of
these scenarios. Gerlach and her colleagues’ aim was to
investigate the effects of counterfactual thinking on
memory and they found that engaging in counterfactual
thinking following an episode might lead to source

confusion. With a similar design to that of Gerlach et al.,
in the present study, participants were given brief scen-
arios, each depicting an everyday life situation that takes
place in the future (Experiment 1) and in the past (Exper-
iment 2); and asked to imagine themselves experiencing
each scenario, as well as providing vividness and plausi-
bility ratings. Half of these scenarios were positive, and
the other half was negative. Then, participants were
given the same scenarios with the last few words missing
and were asked to complete the scenario either with the
identical outcome that they read in the previous phase,
or with an alternative outcome which has a different
valence than the original scenario. They also gave item-
by-item JOLs to indicate their confidence of recalling
these outcomes (identical vs alternative) on a subsequent
memory test. Following a 3 min distraction, participants
were given the memory test in which the titles of the scen-
arios were provided as cues and they were asked to write
down the consequence of the scenario with one sentence,
either the identical outcome or the alternative outcome,
based on the condition in which they completed the
scenario.

Experiment 1

The goal of Experiment 1 was to investigate how potential
scenarios of positive and negative episodes in the future
influence actual memory performance and memory pre-
dictions if participants have to simulate them identically
or with an alternative consequence in the opposite
valence. On the basis of current literature, we made the fol-
lowing predictions: Concerning the memory performance,
if positivity bias exists for future simulations, participants
should remember positive events more easily than nega-
tive events. Moreover, memory performance for would-
be-positive alternatives for future events should be
higher than the memory performance for would-be-nega-
tive alternatives, since would-be-positive alternatives
involve simulating how an event with a negative
outcome could have turned out positive. Concerning the
reaction times of simulations, we expect to see that the
onset of the response and the duration of typing will
take a longer time for alternative simulation as compared
to identical simulation, because alternative consequence
simulation may be conceptually more difficult than the
identical simulation. If that is the case, when participants
are simulating future events in the identical format, they
should give higher JOLs to identical simulation scenarios
than alternative simulation scenarios, because simulating
an alternative consequence requires more effort than an
identical simulation.

Method

Participants
The experiment closest to the current study in design,
Gerlach et al. (2014) Experiment 1, used 24 adults per



group. Other studies that investigate JOLs for processing
fluency (e.g., Besken, 2018; Mueller et al., 2013) or emotions
(e.g., Hourihan et al., 2017; Hourihan & Bursey, 2017) usually
use sample sizes ranging from 20 to 40 per group. A stat-
istical power analysis through G-power (Faul et al., 2009)
revealed that a sample size of 30 was necessary to detect
a middle-sized effect of f=.25 with a power of .90, at an
alpha of .05. In order to ensure that all four counterbalance
conditions were shown to an equal number of participants,
thirty-two undergraduate students between the ages of
18-30 from Bilkent University were recruited in the exper-
iment in exchange for course credit. All participants were
native in Turkish. The study was approved by Bilkent Uni-
versity Ethics Committee.

Materials and design

The emotional valence of the scenarios (positive and nega-
tive) was manipulated within subjects. The stimulus set
consisted of 80 brief scenarios, created by the first
author, all of which depicts an everyday life situation that
can occur in the future. Each scenario was 3-5 sentences
long, with 2-4 words long titles that reflected the
content of the scenario. Each scenario had a version with
a negative and a positive outcome. The outcome valence
of the scenarios was counterbalanced across participants
such that when one participant read the scenario with a
positive outcome, the next one read the same scenario
with a negative outcome. Everything in the negative and
positive scenarios was the same except the outcome
valence. The outcome valence of the scenarios was evalu-
ated by an independent group of twenty participants
through an online survey. Participants were presented
with both positive and negative outcomes of the same
scenario and asked to choose the more positive version.
They rated positive scenarios to be more positive than
negative scenarios 95.69% of the time. In the main exper-
iment, each participant read 40 negative and 40 positive
scenarios in total in the encoding phase. The simulation
condition (alternative trials vs identical trials) was also
manipulated within subjects. A copy of materials translated
to English can be found in supplementary online files.

Procedure

All participants were tested individually in a small testing
room. The experiment consisted of an encoding phase, a
simulation phase, a distractor phase, and a memory test
phase. All instructions were presented both verbally and
on the computer screen before each phase.

In the encoding phase, participants were presented with
positive and negative scenarios, each with a title, one at a
time through the computer screen, and each scenario
remained on the screen for a 15-s duration. They were
asked to read the scenarios and imagine themselves experi-
encing this situation in the future. An example of a scenario
used in the experiment (translated to English from Turkish)
can be found in Figure 1, with its positive and negative ver-
sions. After reading each scenario, participants provided
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ratings on a 5-point scale for vividness (1 = not vivid at all,
5 =very vivid), and plausibility (1 = not plausible at all, 5 =
very plausible). This was done to provide participants with
an opportunity to process the scenarios more deeply.
They entered their answers using the corresponding key
on the keyboard and pressed ENTER to proceed to the
next scenario. After completing all 80 scenarios, they
moved on to the simulation phase.

In the simulation phase, the same scenarios, again with
their titles, were presented to the participants, but this
time, the last few words of the scenarios were missing, and
participants were instructed to complete the scenario in
accordance with the simulation condition. There were two
simulation conditions: Identical scenario and alternative
scenario. Identical scenario trials were labelled with the
phrase “Identical Scenario” (Ayni Hikaye in Turkish) and par-
ticipants were asked to press A to proceed. Pressing A
initiated the display of the title and the scenario underneath
the identical scenario prompt. In the identical scenario trials,
participants were asked to complete the scenario in the same
way they read and imagined it during the encoding phase.
Alternative scenario trials were labelled with the phrase
“Counterfactual Scenario” (Varsayimsal Hikaye in Turkish)
and participants pressed Vto see the title and scenario under-
neath the alternative scenario prompt. In the alternative con-
sequence scenario trials, participants were asked to complete
the scenario with an alternative outcome that has a different
valence than the one they read at the encoding phase. Note
that in the alternative trials, if the scenario originally had a
positive outcome, participants needed to write down a nega-
tive outcome (would-be-negative alternative); whereas if the
scenario originally had a negative outcome, participants
needed to complete the scenario with a positive outcome
(would-be-positive alternative). There is an example of the
identical and alternative scenario conditions for the positive
and negative versions of the same scenario in Figure 1. Par-
ticipants used the keyboard to type in their completions,
and the programme recorded participants’ first keypress
latency (the time between the onset of the question to the
time participants pressed any key) and total typing latency
(the time between first keypress and pressing ENTER key)
for each response. When participants pressed ENTER, the pro-
gramme moved on to the JOL screen. In the JOL screen, par-
ticipants were asked to indicate their prediction of how sure
they were that they would remember the consequence of
this scenario later in a memory test on a scale from 0 to
100, where 0 means “l am not sure that | will remember this
consequence at all” and 100 means “l am extremely sure |
will remember this consequence”. They were instructed to
use the whole scale to rate their confidence, and type in
their answers by pressing the appropriate key on the key-
board. All JOLs were self-paced and on a continuous scale.
In the simulation phase, participants completed and pro-
vided confidence ratings for 40 alternative and 40 identical
scenarios (80 in total), and the presentation of the conditions
was counterbalanced across participants so that when one
participant completed the scenario with an identical
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Scenario Title: Buying a Movie Ticket
Experiment 1 Experiment 2
Positive Scenario Negative Scenario Positive Scenario Negative Scenario
You will go to a movie with your | You will go to a movie with your | You had decided to go to a You had decided to go to a
friend tomorrow evening. friend tomorrow evening. movie with your friend last movie with your friend last
Imagine that your credit card will | Imagine that your credit card will | evening. When you were in the | evening. When you were in the
ENCODING k when you are in the not work when you are in the theater, your credit card did not | theater, your credit card did not

PHASE not work when y } y ) Y 0 Y i
theater. You will be carrying theater. You will not be carrying | work. You were carrying cash work. You were not carrying
cash with you as well. Since you | cash with you. Because you do with you as well. Since you had | cash with you. Because you did
have cash, you will be able to not have cash, you will not be cash, you could buy the movie not have cash, you could not buy
buy the movie tickets. able to buy the movie tickets. tickets. the movie tickets.

Would-be- ‘Would-be- Would-be- ‘Would-be-

Identical Negative Identical Positive Identical Negative Identical Positive

Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario
Youwill goto |Youwillgoto |Youwillgoto |Youwillgoto |Youhad You had You had You had
a movie with a movie with a movie with a movie with decided to go to | decided to go to | decided to go to | decided to go to
your friend your friend your friend your friend a movie with a movie with a movie with a movie with
tomorrow tomorrow tomorrow tomorrow your friend last | your friend last | your friend last | your friend last
evening. evening. evening. evening. evening. When |evening. When |evening. When | evening. When
Imagine that Imagine that Imagine that Imagine that you were in the | you were in the | you were in the | you were in the

SIMULATION . . . .

PHASE your credit card your credit card your credit card your credit card theat'er, your theatAer, your theatAer, your thea’{er, your
will not work | will not work | will not work | will not work | credit card did | credit card did | credit card did | credit card did
when you are in | when you are in | when you are in | when you are in | not work. You |not work. You |not work. You |not work. You
the theater. You | the theater. You | the theater. You | the theater. You | were carrying | were carrying | were not were not
will be carrying | will be carrying | will not be will not be cash with you. |cash with you. |carrying cash | carrying cash
cash with you. |cash with you. |carrying cash |carrying cash | “Because I “If I didn’t with you. with you. “If I
“Because [ “If I don’t with you. with you. “IfI | had cash,... have cash,... “Because [ had cash,...
have cash,... have cash,... “Because I do have didn’t have

don’t have cash,... cash,...
cash,...

Figure 1. General procedure of experiments. Examples of positive and negative versions of a scenario presented during the encoding phase, and examples of
identical, would-be-positive and would-be-negative alternatives that are presented during the simulation phase in Experiments 1 and 2.

outcome, the next participant completed the same scenario
with the alternative outcome. These scenarios were further
counterbalanced for emotional valence and shown to an
equal number of participants in each condition.

After the simulation phase, participants completed a
3 min distractor task that consisted of solving arithmetic
math problems presented on the computer screen one at
a time. Then, they were given instructions for the test
phase. The memory test was in the form of a cued-recall
test, whereby the titles of the scenarios were presented
onthe screen one atatime, and participants were instructed
to write down one sentence that reflects the consequence
of the scenarios that they completed in the simulation
phase. If the participant completed the scenario with an
identical outcome, they needed to write down that identical
consequence of the scenario. If the participant completed
the scenario with an alternative outcome, they needed to
write down that alternative consequence. After writing
their response, they pressed ENTER to see the next title.
They were also told that if they cannot remember the con-
sequence, they can press ENTER to move on to the next
title. This phase was self-paced. When they completed the
memory test for 80 scenarios, the experiment ended, and
debriefing information was displayed on the screen.

Results and discussion

The results of all the inferential statistics reported through-
out this article are reliable at alpha level .05 using a two-
tailed test.

Data coding
Same coding procedure was
experiments.

Scheme for simulation. In the simulation phase, following
the procedure consisted of typing in an appropriate
answer in line with the valence and content of the scenario.
For alternative trials, if the scenario was positive, partici-
pants needed to complete the scenario with a would-be-
negative alternative (simulating a worse outcome),
whereas if the scenario was negative, participants
needed to complete the scenario with a would-be-positive
alternative (simulating a better outcome). For identical
trials, if the scenario was positive, the response should
have had the same positive outcome that it had during
the encoding phase, whereas if the scenario was negative,
the response should have had the negative outcome that it
had during the encoding phase. Participants were con-
sidered to have not followed the procedure if they typed
in a wrongly-valenced answer, or if the content of their
response was completely irrelevant to the content of the
scenario that was previously presented in the encoding
phase.

Scheme for Recall. In the cued- recall test, participants
were given the titles of the scenarios, and asked to write
down the consequence of the scenario in the same
valence that they completed at the simulation phase
(either with the identical or an alternative outcome).
Specifically, they were asked to write down one sentence
that structurally has two parts: For alternative conse-
quences, the structure was the conditional proposition

followed for both



form of “If ..., then ...", and for identical consequences,
the structure was “Because I..., ...". Participants were
considered to have given the correct answer if they
remembered their response with the correct procedure
(identical or alternative) and with the correct valence (posi-
tive or negative) and write down the sentence which has
two parts that reflect the causal relationship. Participants
were considered to give partially correct answer if the
response consisted only one part of the sentence that
reflects either the correct valence (but not the procedure),
or the correct procedure (but not the valence). Accordingly,
there was a partial point system where partially correct
answers were given a point of .5, fully correct answers
were given a point of 1. For example, if the correct
answer was “Because | have cash, | will (be able to) buy
the movie tickets”, they were given a full point for a sen-
tence that included both parts, whereas if they said “ |
have cash” or “I will be able to buy the movie tickets”,
they were given .5 points. All other answers were con-
sidered as wrong and were coded as zero.

Conditional recall was calculated by obtaining the sum
of correct recall for each participant for each condition
(identical-positive, identical-negative, alternative-positive,
alternative-negative) and dividing it with the total
number of trials in which the procedure was followed cor-
rectly in that condition. The highest point possible for a
participant in each condition was 20. The number of
trials in which participants did not follow the procedure
at the simulation phase was excluded from the analysis,
and their score was divided with the remaining total
number of trials in which the procedure was followed cor-
rectly. Assuming that the participant followed the pro-
cedure correctly for all the trials in that given condition,
and they recalled all the events successfully, the highest
proportional score they can get was 1.

Plausibility and vividness ratings for positive and
negative scenarios at the encoding phase

The trials in which participants failed to enter a response
between 1 and 5 were excluded from vividness (.8% of
trials) and plausibility (4% of trials) analysis of ratings.
The mean vividness and plausibility ratings were com-
puted for each participant separately for all positive and
negative scenarios. The mean ratings for positive and
negative scenarios can be seen at the top half of Table 1.
A paired-samples t-test showed a significant difference
between positive and negative scenarios for vividness
ratings, with higher vividness ratings for positive than

Table 1. Means and standard error of the mean (in parentheses) for
vividness and plausibility ratings for positive and negative scenarios
during the encoding phases in Experiment 1 and Experiment 2.

Vividness Plausibility
Positive Negative Positive Negative
Experiment 1 4.03 (.09) 3.90 (.09) 3.34 (.09) 2.92 (.07)
Experiment 2 3.90 (.10) 3.67 (.13) 3.42 (.08) 2.90 (.09)
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negative scenarios, t(31)=2.39, p=.023, d=.42. There
was also a significant difference between positive and
negative scenarios for plausibility ratings. Positive scen-
arios were rated as more plausible than negative scenarios,
t(31)=4.22, p<.001, d=.75.

Response time and metamemory at the simulation
phase

The descriptive statistics for procedure compliance,
response time, and JOLs are presented in Table 2. The
trials in which participants failed to follow the procedure
correctly were not significantly different than each other
by a Friedman test (p =.782). These trials were excluded
from the response time, metamemory, and memory ana-
lyses (exclusion rate =3.9%). The median reaction times
for the first keypress and total typing time were computed
for each participant separately for all identical and alterna-
tive trials. Then, the mean of the median reaction times was
entered into a repeated measures two-way ANOVA with
valence (positive, negative) and procedure (identical,
alternative) as repeated factors. As expected, participants’
first keypress was significantly faster for identical trials (M
=8621, SE=701) than alternative trials (M =9304, SE=
710), F(1,31)=7.89, MSerror= 1915000, p =.009, m?=.203.
However, for total typing time, there was no significant
difference between identical and alternative trials F(1,31)
=153, MSeror=988437, p=.226, m2=.047. Neither
valence, nor its interaction with procedure yielded any sig-
nificant difference for total typing time (Fs < 1).

For the item-by-item JOLs, the trials in which partici-
pants failed to enter a rating between 0 and 100 (.7% of
trials) were additionally excluded from the metamemory
analysis. The mean JOL ratings were computed for each
participant separately for all identical and alternative
trials. The analysis revealed a significant main effect of pro-
cedure, F(1,31)=12.10, MSeyor=28.96, p=.002, n? = .281.
Participants gave higher confidence ratings for identical
trials (M=65.38, SE=3.56) than alternative trials (M=
62.01, SE =3.72), as expected. Neither valence nor the inter-
action was significant for item-by-item JOLs.

Cued-recall performance at the testing phase

The descriptive statistics for cued-recall performance are
presented in Table 3. The proportion of correct recall was
computed for each participant. There was no main effect
of valence, positive and negative scenarios were remem-
bered equally (F < 1). However, there was a main effect of
the procedure, participants had higher cued-recall for iden-
tical (M =.59, SE=.05) than alternative trials (M = .45, SE
=.04), F(1,31) =4.14, MSq1or=0.16, p = .050, nf, =.118. Criti-
cally, there was a significant interaction between pro-
cedure and emotional valence, F(1,31)=24.75,
MSeror=.01, p <.001, 77;2, =444, Post hoc t-tests revealed
that for identical trials, positive scenarios yielded better
memory than negative scenarios, t(31) =240, p=.023, d
= .42; whereas for alternative trials would-be-positive scen-
arios yielded better memory than would-be-negative
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Table 2. Means and standard error of the mean (in parentheses) for procedure follow, first keypress latency, response completion latency, and memory

predictions for Experiment 1 and Experiment 2.

Response completion Memory predictions

Procedure compliance First keypress (in ms) (in ms) (out of 100)
Positive Negative Positive Negative Positive Negative Positive Negative
Experiment 1 Identical .96 .96 8670 8572 6507 6590 65.41 65.36
(.01) (.01) (718) (722) (276) (284) (3.68) (3.53)
Alternative .96 .96 9454 9162 6279 6383 61.16 62.99
(.01) (.01) (704) (745) (295) (322) (3.78) (3.73)
Experiment 2 Identical .98 .98 7651 7682 6374 5960 66.50 66.91
(.01) (.01) (706) (671) (378) (381) (3.34) (3.22)
Alternative 93 91 8474 8560 6677 6667 63.21 64.45
(.02) (.03) (716) (828) (381) (340) (3.09) (3.28)

scenarios, t(31) =3.39, p=.002, d=.60. For positive scen-
arios, identical trials resulted in better memory than
alternative trials, t(31)=3.32, p=.002, d=.59. However,
for negative scenarios, there was no difference between
identical and alternative trials (p = .460).

In order to see whether actual recall performance was
affected by JOL ratings, a multilevel binary logistic
regression was conducted at in three steps, with recall per-
formance as the dependent variable (1: recall, 0: did not
recall), using R core package and Ime4 package (Bates
et al, 2011; R Core Team, 2013). Invalid JOL trials and
trials in which participants did not follow the procedure
were excluded from the analyses (2.2%). When participants
were able to partially recall the item, this was coded as 1, as
they had access to the item. JOLs were centred separately
within subjects for each participant and between subjects,
as previously described in Hertzog et al. (2013). The null
model (Model 1) consisted of participants added as a
random effect to predict recall performance with a fixed
slope. In Model 2, JOLs centred within participants as
well as a random slope for within participants JOLs per
subject with no intercept was added to Model 1. This
model tests whether the odds of the participant predicting
their recall performance increases as JOLs increase for each
participant. Model 2 showed a significant improvement
through a log likelihood ratio test (LRT), x? (2) = 26.286, p
<.001. The fixed estimate for within-participants JOLs (b:
011, SE: .002) was significant (z=4.91, p <.001), showing
that the odds of recalling an item increased by .01 for a
1-point increase in JOLs. In Model 3, JOLs centred

Table 3. Means and standard error of the mean (in parentheses) for
conditional proportion correct recall for Experiment 1 and Experiment 2.

Conditional proportion correct recall

Positive (identical)/
Would-be-negative
(alternative)*

Negative (identical) /
Would-be-positive
(alternative)**

Experiment  Identical 62 (.05) .55 (.05)
1 Alternative 40 (.05) .50 (.04)
Experiment  Identical 65 (.04) .54 (.04)
2 Alternative 45 (.05) .56 (.05)

*When positive scenarios are constructed with an alternative outcome in the
simulation phase, their valence becomes negative, resulting in would-be-
negative alternatives.

**When negative scenarios are constructed with an alternative outcome,
their valence becomes positive, resulting in would-be-positive alternatives.

between participants for each encoding condition and
story type was added to Model 2 in order to assess
whether between-subjects JOL variations increased the
odds of recall. Model 3 did not show a significant improve-
ment with the addition of JOLs centred between subjects
through LRT, x* (1)=0.098, p=.754. Thus, participants
with higher JOLs did not differ significantly from partici-
pants with lower JOLs in terms of their actual recall.

In terms of actual memory performance, the results
reveal that participants have a tendency to remember posi-
tive events for the identical procedure and how it could
have turned out positive for the alternative procedure, con-
sistent with the literature in which positivity bias often
characterises the future thinking process (Sharot, 2011;
Sharot et al., 2007).

The experiment confirms that memory predictions for
future simulations are higher when they are simulated in
the same way, as compared to when they are simulated
with a different consequence. Identical simulation is less
effortful, which might lead to higher JOLs, consistent
with various types of fluencies such as encoding fluency
(Castel et al.,, 2007; Hertzog et al., 2003), retrieval fluency
(Benjamin et al., 1998; Koriat & Ma'ayan, 2005), perceptual
fluency (Besken, 2016; Besken & Mulligan, 2013; Rhodes &
Castel, 2008, 2009; Yue et al,, 2013). In contrast, JOLs are
not sensitive to emotional valence, even though this
factor influences actual cued-recall performance, revealing
that participants are not aware of their positivity bias for
their memory. Emotional valence of items typically
becomes more prominent, when they are contrasted
against neutral items (Hourihan et al, 2017), not when
two broad categories of emotional valence are being com-
pared with each other (Nomi et al., 2013).

Experiment 2

When potential events that might happen in the future
are simulated in identical or alternative manners, partici-
pants have a tendency to remember positive or would-
be-positive versions of the potential events more often
than negative or would-be-negative versions. Previous
research has shown that participants are typically more
positive about the future, as compared to the past (Shep-
perd et al., 2013). Experiment 2 investigated whether



similar results would be obtained, if the events were orig-
inally imagined having happened in the past. We make
the following predictions: In terms of memory perform-
ance, if participants have a positivity bias for potential
past events as much as the potential future events,
superior memory performance for positive and would-
be-positive simulations should persist. On the other
hand, if positivity bias occurs only for future events, we
should not see an elevated memory for positive or
would-be-positive past episodes.

In terms of reaction times, we expect people will be
slower when they engage in alternative consequence
simulation of the episodes as compared with identical
simulations, because alternative consequence construction
is a more effortful process. Hence, in terms of memory pre-
dictions, we predict that JOLs should be higher for identical
than alternative scenarios since simulating events identi-
cally should lead to less effort as compared to generating
a plausible, different-valenced event. As in line with the
previous experiment, no effects are hypothesised for
emotional valence of the scenarios, as these scenarios are
not being contrasted against neutral scenarios, even
when there are actual memory performance differences
for emotional valence.

Method

Participants

Thirty-two undergraduate students between the ages of
18-30 from Bilkent University who did not participate in
the first experiment participated in exchange for course
credit. All participants were native in Turkish. The power
analysis used in Experiment 1 was used to determine
sample size.

Materials, design, and procedure

The same scenarios used in Experiment 1 were used, but
instead of future, each scenario was framed with past
tense, and participants were instructed to imagine them-
selves having experienced these scenarios in the past
rather than in the future. An example of a scenario
used in Experiment 2 can be seen in Figure 1. The
design and procedure were identical to that in Exper-
iment 1. Participants read 80 scenarios (40 positive and
40 negative), and they provided vividness and plausi-
bility ratings on a 5-point scale. Then, they were pre-
sented with the same scenarios whose last few words
were missing, and they completed the scenario either
with an identical outcome or an alternative outcome,
and the programme recorded their first keypress and
total typing latencies. After completing each scenario,
they provided a JOL to indicate the likelihood of remem-
bering the consequence of this scenario in a subsequent
memory test. The JOLs were self-paced as in Experiment
1. The cued-recall memory test was identical to that used
in Experiment 1.
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Results and discussion

Plausibility and vividness ratings for positive and
negative scenarios at the encoding phase

The trials in which participants failed to enter a response
between 1 and 5 were excluded from vividness (.3% of
trials) and plausibility (4% of trials) analysis of ratings.
The mean vividness and plausibility ratings for positive
and negative scenarios can be seen at the bottom half of
Table 1. The difference between positive and negative
scenarios for vividness ratings was significant, positive
scenarios were rated as more vivid than negative scenarios,
t(31) =2.50, p=.018, d = .44. The difference between posi-
tive and negative scenarios for plausibility ratings was
also significant, participants gave higher ratings for posi-
tive scenarios than negative scenarios, t(31)=5.33, p
<.001, d=.94.

Response time and metamemory at the simulation
phase

The descriptive statistics for procedure compliance, response
time, and JOLs can be seen in Table 2. The trials in which par-
ticipants failed to follow the procedure correctly were signifi-
cantly different than each other by a Friedman test (p =.001).
Participants followed the procedure more easily in identical
trials than alternative trials for both positive (p =.007) and
negative-valenced (p <.001) conditions. Still, procedure
compliance was quite high for all conditions. The trials in
which participants failed to follow the procedure (5.2% of
trials) were excluded from response time, metamemory,
and memory analyses. Participants’ first keypress was signifi-
cantly faster for identical trials (M=7667, SE=671) than
for alternative trials (M=8517, SE=748), F(1,31)=5.57,
MSeror=4150000, p =.025, 77,2, =.152. It also took more time
to complete the responses for alternative trials (M =6672,
SE=339) than for identical trials (M=6167, SE=360),
F(1,31) =12.21, MSepor= 667535, p=.001, 77,2, =.283. Again,
valence did not yield any significant difference for the
response time latencies.

The trials in which participants did not enter a JOL rating
between 0 and 100 (.2%) were additionally excluded from
the JOL analyses. This time, the difference between identi-
cal and alternative trials did not reach significance, F(1,31)
=241, MSepror=109.46, p =.131, nf, =.072. Neither valence
nor the interaction was significant, Fs < 1.

Cued-recall performance at the testing phase

The descriptive statistics for cued-recall performance are
presented in Table 3. The same pattern observed in Exper-
iment 1 was found here as well. There was no main effect of
valence: positive and negative scenarios were remembered
equally (F < 1). However, there was a main effect of the pro-
cedure such that participants had better recall perform-
ance for identical trials (M=.59, SE=.03) than for
alternative trials (M =.50, SE=.05), F(1,31) =4.87, MSciror
=.053,p=.035, ”flf, =.136. Moreover, there was a significant
interaction between valence and procedure for cued recall,
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F(1,31) =18.52, MSepror =021, p < .001, M= .374. Post hoc t-
tests showed that for identical trials, there was a significant
difference between positive and negative scenarios, where
positive ones were remembered more than negative ones,
t(31) =3.38, p=.002, d = .60. For alternative trials, there was
a significant difference between would-be-negative and
would-be-positive scenarios as well, would-be-positive
scenarios yielded higher memory performance than
would-be-negative ones, t(31) =3.67, p=.001, d=.65. For
positive scenarios, identical trials resulted in higher
memory than alternative trials, t(31)=4.38, p<.001, d
=.77. Again, for negative scenarios, there was no difference
between identical and alternative trials (p = .694).

In order to see whether actual recall performance was
affected by JOL ratings, a multilevel logistic regression
was conducted at in three steps, with recall performance
as the dependent variable, as in Experiment 1. 1.2% of
trials were excluded from the analyses for procedure
non-compliance and invalid JOLs. The null model (Model
1) consisted of participants added as a random effect to
predict recall performance with a fixed slope. In Model 2,
JOLs centred within participants as well as a random
slope for within participants JOLs per subject were added
to Model 1. Model 2 showed a significant improvement
with the addition of a fixed slope through a log likelihood
ratio test(LRT), )(2 (2)=31.615, p <.001. The fixed estimate
for within-participants JOLs (b: .010, SE: .003) was signifi-
cant (z=2.93, p=.003), showing that the odds of recalling
an item increased by .01 for a 1-point increase in JOLs. In
Model 3, JOLs centred between participants was added
to Model 2 in order to assess whether between-subjects
JOL variations increased the odds of recall. Model 3 did
not show a significant improvement with the addition of
JOLs centred between subjects through LRT, x2 VE
0.0561, p=.813. Thus, participants with higher JOLs do
not significantly differ from participants with lower JOLs
in terms of their recall performance.

These results demonstrate that there is a positivity bias
influencing the memory such that people better remember
positive past episodes for identical simulation and would-
be-positive past episodes for alternative simulation con-
ditions. Although it has been suggested that optimism
bias is present for future events (Sharot et al., 2007; Wein-
stein, 1980), it possibly has an influence on remembering
the imagined past as well.

On the other hand, memory predictions did not yield
any significant result, although people were significantly
slower when simulating alternative condition than identi-
cal condition and descriptively, we were able to see the
same pattern observed in Experiment 1 for JOLs. Again,
there was no effect for emotional valence of the scenarios,
showing that participants are not aware of their inclination
to remember positive or would-be-positive scenarios.

Cross-experimental analysis
To see whether or not there is an interaction between
valence and temporal orientation for JOL and memory

performance across experiments, we performed a repeated
measures two-way ANOVA as valence and procedure
within-subjects factors and Experiment 1 and 2 as
between-subject factor. For JOLs, this interaction was
neither significant for valence (p =.956) nor for procedure
(p=.834). Similarly, for recall performance, neither the
interaction with valence (p =.540) nor with procedure (p
=.523) was significant.

General discussion

In the present experiments, we aimed to investigate how
simulating positive and negative hypothetical episodes in
the future (Experiment 1) and in the past (Experiment 2)
influences actual memory performance if participants
have to construct them with an identical or alternative-
valenced outcome. We also investigated the effects of
these manipulations on memory predictions. Participants
were presented with a set of positive and negative scen-
arios, then asked to simulate these episodes either with
the identical consequence or with an alternative conse-
quence, and provide predictions of future memory per-
formance for each, followed by a cued-recall test.

One goal of the study was to investigate how engaging
in construction of an alternative outcome for positive and
negative episode would influence memory for past and
future. Various studies documented that people’s thoughts
tend to be positively biased for their personal futures
(Barsics et al., 2016; Newby-Clark & Ross, 2003; Ozbek
et al, 2017; Rasmussen & Berntsen, 2013; Sharot, 2011;
Sharot et al.,, 2007; Weinstein, 1980). As we expected and
in line with the previous research, we found that the
memory was better for positive future episodes for identi-
cal simulation and would-be-positive future episodes for
alternative simulation in Experiment 1. Critically, we have
found the same recall pattern for past episodes in Exper-
iment 2, which indicates that this bias towards positivity
persists when people simulate episodes which hypotheti-
cally happened in the past. Although the simulated
events in the present study are not factual, the process
of repeating the same simulation or an alternative simu-
lation to a previously presented event resembles counter-
factual thinking. Hence, the superior memory for positive
and would-be-positive past events is quite interesting, as
counterfactual thinking of past is generally thought to
operate counter to such an optimism bias (Nasco &
Marsh, 1999). The study shows that having higher
memory performance for how a negative episode might
have had a positive outcome is actually another side of
this optimism bias observed in memory. Furthermore, in
a study where reasons for engaging in counterfactual
thinking has been examined, Ozbek et al. (2018) have
revealed that counterfactual thinking is more commonly
used for self-reflection and social sharing purposes,
rather than ruminations and generative concerns. This
finding, although counter-intuitive, implies that episodic
counterfactual thinking does not necessarily function



against the positivity bias. In addition, at the encoding
phase, we asked for vividness and plausibility ratings in
order to induce a deeper process of the episodes. Interest-
ingly, people gave higher vividness and plausibility ratings
for positive scenarios than for negative scenarios both for
future and past. Hence, it is possible that optimism bias
starts during the encoding of the information into the
memory, and influences the pattern observed in recall
performance.

Another goal of the present study was to examine
whether people make different predictions for their sub-
sequent memory performance if the cognitive process is
solely imagining an event as it is (identical simulation)
versus imaging the event with an alternative/differently-
valenced outcome (alternative simulation). We assumed
that simulating a previously-known episode with an
alternative outcome is a cognitively more demanding
process since it requires imagining the original episode
and then imagining the alternative and plausible version
of it. Hence, it was hypothesised that engaging in alterna-
tive simulation would lead to lower memory predictions
than identical simulation considering construction of an
alternative consequence is a more effortful process. As
expected, people gave higher JOLs for identical future
simulations than alternative future simulations in Exper-
iment 1. This result is consistent with the literature, when
the task calls for more effort, people tend to think they
will have worse memory for it than a less effortful task
(Begg et al., 1989; Benjamin et al., 1998; Castel et al.,
2007; Hertzog et al., 2003; Koriat & Bjork, 2006; Miele
et al, 2011). However, the difference between alternative
simulation and identical simulation for past episodes did
not reach statistical significance. Ozbek et al. (2017)
showed that episodic counterfactuals were rated as less
important, less positive, and less central than future projec-
tions. These findings for imagining alternative outcomes
for the past episodes might perhaps also generalise to
JOLs as well, since JOLs are technically judgments about
memory, and the cognitive effort that one puts in to
change the past may feel more trivial, compared with
future simulation, eliminating the differences across simu-
lation conditions.

One interesting point for memory predictions is that
even though people did not think they would have a differ-
ential memory performance for positive and negative scen-
arios, subsequent memory results revealed otherwise.
Namely, there was no main effect of emotional valence
for JOLs neither for past nor for future episodes. Neverthe-
less, the memory performance was significantly greater for
positive episodes (for identical simulation trials) and
would-be-positive episodes (for alternative simulation
trials) in both experiments. Typically, research evaluating
the influence of emotional quality on memory monitoring
has shown that people give higher JOLs for emotional
information than for neutral information (Hourihan et al.,
2017; Tauber & Dunlosky, 2012; Witherby & Tauber, 2018;
Zimmerman & Kelley, 2010). Zimmerman and Kelley
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(2010), for example, have found that people give higher
predictions for both positive and negative words than for
neutral words, although this pattern of JOL did not
match with actual recall. In their study, although free-
recall performance was better for emotional words than
neutral words, cued-recall test generated greater perform-
ance for positive emotional words (but not for negative
emotional words). In the present study, we did not use
neutral episodes for its having very little relevance when
engaging in imagination of the alternative consequences
of events in everyday life. Still, people seem to be failing
at predicting their subsequent memory performance
such that JOLs were not different for positive and negative
episodes, and that actual recall was better for positive and
would-be-positive trials in the cued recall test.

There were some limitations of the present research.
One methodological issue is regarding the possibility that
the participants in the second experiment may have actu-
ally experienced some of the scenarios that they had to
simulate. Although one would expect that the probability
of experiencing an event's positive or negative outcome
should be to the same extent, it would be a good idea to
check that the events presented in the experiment do
not correspond to actual events in future studies. A
second issue bears on how to interpret our findings of
superior memory performance found for would-be-posi-
tive events. People consistently gave higher vividness
and plausibility ratings for positive episodes in both exper-
iments. It has also been shown that would-be-positive con-
ditionals are more commonplace as compared to would-
be-negative conditionals. It is possible that people perceive
would-be-positive events as also more plausible and/or
vivid and therefore have easier time remembering the epi-
sodes that are simply perceived as more plausible and/or
vivid. To test this alternative interpretation, future research
may assess the relationship between phenomenological
ratings of conditional propositions and later recall
performance.

Our results match with the findings showing that
healthy adults typically have a positive outlook (Sharot,
2011; Sharot et al, 2007). Having optimistic thoughts
about future has some functional-adaptive roles as it influ-
ences psychological well-being and motivation (for a
review, see Schacter, 2012). The present study adds to
these findings and extends them by demonstrating positiv-
ity bias for reconstructions of past simulations as well.
Finally, through judgments of learning, we also show that
adults are not aware of their tendency to preferentially
remember their positive or would-be-positive memories,
neither for past nor future reconstructions. In other
words, healthy adults have a general tendency to remem-
ber positive and potentially positive events and to forget
negative or potentially negative events, and they are com-
pletely unaware of their tendency to selectively remember
and forget these hypothetical scenarios both in the ima-
gined past and future. In light of these findings, investi-
gating the effects of reconstructing the past and the



898 (&) B.UNAL AND M.BESKEN

future on metamemory and memory in populations which
do not experience this positivity bias, such as patients with
depression, would be of interest for future studies.
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