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Can the experience of an emotion persist once the memory for what
induced the emotion has been forgotten? We capitalized on a rare
opportunity to study this question directly using a select group of
patients with severe amnesia following circumscribed bilateral
damage to the hippocampus. The amnesic patients underwent a
sadness induction procedure (using affectively-laden film clips) to
ascertain whether their experience of sadness would persist beyond
their memory for the sadness-inducing films. The experiment showed
that the patients continued to experience elevated levels of sadness
well beyond the point in time at which they had lost factual memory
for the film clips. A second experiment using a happiness induction
procedure yielded similar results, suggesting that both positive and
negative emotional experiences can persist independent of explicit
memory for the inducing event. These findings provide direct
evidence that a feeling of emotion can endure beyond the conscious
recollection for the events that initially triggered the emotion.

declarative memory | emotional memory | memory erasure | implicit
memory | hippocampus

large body of work has investigated the psychological and

neurobiological mechanisms underlying the influence of
emotion on memory (1-9). Yet, very little is known about the
opposite relationship, namely, how memory impacts emotion.’One
especially intriguing question is whether the sustained experience of
emotion is dependent upon, versus independent of, intact declar-
ative memory for the events that initially caused the emotion.
Consider the following real-life examples: the death of a close friend
or family member, the fall of the twin towers, the end of a romantic
relationship—these are all events capable of eliciting an intense and
prolonged state of emotion such as sadness. In these previous
examples, the experience of sadness and the memory for the sad-
ness-inducing event are often inseparable, fused together within our
stream of consciousness as we ruminate, regret, and repeatedly
replay the event (10, 11). The tight fusion between emotion and
memory is well known to those suffering from affective disorders.
For example, individuals with depression or posttraumatic stress
disorder show a striking tendency to ruminate about the causes of
their negative affect, which in turn escalates and prolongs their
emotional pain and suffering (12-14). Thus, there are compelling
reasons to predict that the persistence of an emotional experience,
such as sadness, is highly dependent on remembering the emotion-
inducing event.

However, what would happen to the feeling of an emotion if we
could no longer remember the emotion-inducing event? Would
the feeling fade away in parallel with the vanquished memory?
Alternatively, is it possible that the feeling could persist without
the memory? To answer these questions, an experiment needs to
be devised that can disconnect the experience of an emotion from
the memory for what caused the emotion. In healthy people with
normal memory, a reliable disconnection of this sort is very dif-
ficult to establish given the intertwined relationship between an
emotional experience and its cause.” To overcome this obstacle
we investigated a rare group of five patients who have severe
anterograde amnesia following circumscribed bilateral hippo-
campal brain damage (Fig. 1, Table 1, and Tables S1 and S2). A
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central feature of these patients’ condition is a profound
impairment in forming new conscious memories about events that
unfold in their daily lives. This severe memory deficit confers a
unique opportunity to investigate whether the experience of an
emotion can outlast the memory for what caused it.

The dissociation between emotion and memory in patients with
amnesia harkens back to 1911, when the Swiss neurologist Cla-
paréde concealed a pin between his fingers while greeting one of his
amnesic patients with a handshake (18). The sharp pin surprised the
patient and elicited a small amount of pain that quickly dissipated.
Within minutes, the patient had forgotten the encounter. Yet, when
Claparede tried to reintroduce himself shortly thereafter, the
amnesic patient adamantly refused to shake his hand. When
pressed to explain her reaction, the patient retorted, “Is there
perhaps a pin hidden in your hand?” Claparéde claims, however,
that even with repeated questioning the patient could never
explicitly remember that she, herself, had been stuck in the hand
with a pin. Despite her impoverished memory for the devious
handshake, Claparede’s patient continued to demonstrate pre-
served avoidance learning. Similar forms of “nonconscious” emo-
tional learning in amnesic patients have been shown using a variety
of different tasks, including preserved conditioned responses during
a fear conditioning paradigm (19), preserved learning of the
advantageous strategy on a gambling task (20; but see refs. 21, 22),
and preserved affective associations for different people using
variations of a “Good Guy-Bad Guy” paradigm (23-25). Analogous
results have also been obtained in patients with Alzheimer’s disease
(26-28) and even in rats with amnesia (29). A common theme in all
of these previous experiments is the finding of preserved behavioral
changes (as measured by avoidance responses, autonomic respon-
ses, or forced-choice preference judgments) in the face of impaired
memory for the learning conditions. Moreover, the behavioral
changes were only evident when the amnesic patients were re-
exposed to the stimulus that was conditioned during the original
learning trials. Beyond these behavioral changes, little is known

Author contributions: J.S.F., M.C.D., and D.T. designed research; J.S.F. performed research;
J.S.F. analyzed data; and J.S.F., M.C.D., and D.T. wrote the paper.

The authors declare no conflict of interest.
*This Direct Submission article had a prearranged editor.
To whom correspondence should be addressed. E-mail: justin-feinstein@uiowa.edu.

This article contains supporting information online at www.pnas.org/cgi/content/full/
0914054107/DCSupplemental.

TEmotion is typically parsed into two components: emotional expression and emotional
experience. The expression of emotion includes a myriad of responses (physiological,
behavioral, and cognitive) that are induced by a triggering stimulus. The experience of
emotion represents the conscious subjective “feeling” state associated with these re-
sponses. Throughout this paper, references to emotion mainly refer to this latter compo-
nent (i.e., the feeling of emotion).

*We may, on occasion, have an ephemeral whisper of such a disconnection, for example,
when we feel a burst of emotion and, for a brief second, do not remember the cause. Our
declarative memory, however, rapidly supplies knowledge of the trigger, and we are back
to the state of feeling the emotion and knowing what caused it. In fact, most definitions
of emotion explicitly assume that emotional experiences are intentional states triggered
by an identifiable source or object (15-17). Moods, on the other hand, do not necessarily
have a clear cause and can persist independent of our awareness for their source (16, 17).
The present study specifically focuses on emotions that are triggered by a clearly
identifiable source.
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Amnesic brain

Healthy brain

Fig. 1. Prototypical example of the severe bilateral hippocampal atrophy
present in this cohort of amnesic patients. (Right) a coronal MRI image of
patient Am4 and (Left) the homologous image from a healthy brain. The
white arrows point to the region of the hippocampus.

about how the amnesic patients actually felt. Again, Claparede’s
patient provides a perfect example—it is unknown whether she still
felt upset or nervous following the handshake even though she
could not explicitly remember being pricked by a sharp pin. To the
best of our knowledge, there have been no studies that have care-
fully and systematically tracked an amnesic patient’s emotional
experience in conjunction with their memory for the emotion-
inducing event. Here, we report such a study, in which we examined
whether the conscious experience of an emotion can persist once
the emotion-inducing event is forgotten.

In the experiment, each amnesic patient (Am) underwent a
sadness induction procedure, which entailed watching a series of
emotional film clips portraying themes of loss and death (Table
S3). The patients returned to the laboratory on a separate day for a
happiness induction procedure using highly amusing and humor-
ous film clips (Table S4). Both emotion induction procedures
followed the same timeline (Fig. 2). A detailed memory test for the
film clips (probing both free recall and recognition memory) was
administered 5-10 min following the end of the film clips. Imme-
diately after the memory test, each patient’s current state of
emotion (i.e., how they feel “right now, at the present moment”)
was measured using an in-depth questionnaire (see Methods). For
comparison, emotion was also measured immediately before the
induction (baseline), immediately after the induction (approx-
imately 0-5 min postinduction), and at the end of the experiment

(approximately 20-30 min postinduction). This entire procedure
was also administered to a group of normal comparison (NC)
participants without brain damage, matched pairwise to the
amnesic patients on sex, age, and education. The normal com-
parison participants provide a reference group by which to garner a
general sense of how long the emotion inductions last in individuals
with intact memory for the film clips. By systematically tracking
each amnesic patient’s emotional experience before and after a
memory test, the experiment opens up the possibility of uncovering
a dissociation between the conscious awareness of an emotional
state and the conscious recollection of that state’s origin (30).

Results

Sadness Induction. The sadness induction was highly effective at
inducing the appropriate changes in emotion. Two raters (blind
to all details about this study) viewed videotapes of the amnesic
patients watching the film clips and found that they displayed
changes in facial affect consistent with the experience of sadness
(31), including crying, upturning of the inner eyebrows, down-
turning of the corners of the lips, and quivering of the chin or
mouth. Immediately following the end of the film clips, all par-
ticipants reported substantial increases in their level of sadness
and negative affect, along with corresponding decreases in their
level of happiness and positive affect (Figs. 3 B and C).

The subsequent memory test revealed that the amnesic patients
retained little or no factual memory for the sad film clips (Fig. 34).
Each amnesic patient’s raw memory scores are presented in Table 1.
Four of the amnesic patients recalled five or fewer details about the
sad film clips, including one patient (Am1) who was unable to rec-
ollect anything about the films. Patient Am5 was the only amnesic
who appeared to retain more than a minimal amount of information
about the film clips. On the verbal recognition test, four of the
patients failed to perform significantly above chance level, and on
the picture recognition test, three of the patients failed to perform
significantly above chance level, including one patient (Am1) who
performed at chance level on both recognition tasks. By sharp con-
trast, the normal comparison participants had no difficulty remem-
bering the film clips. They recalled many factual details about the
films, and, on average, nearly six times as many details as the amnesic
patients. One-tailed dependent ¢ tests were computed between
the two groups and a Bonferroni-corrected threshold was set at
0.0167. Significant differences were found for free recall [¢ (4) = 5.3,
P =0.0031,r = 0.94] and picture recognition [#(4) = 3.2, P = 0.0163,

Table 1. Memory test results and volumetric MRI data

No. factual Verbal

details recognition Picture recognition HC HC Amygdala Amygdala

Participant recalled (% correct) (% correct) 1Q-MQ volume % loss volume % loss
Am1 (3344) 01 NA 40%*** | NA 50%*** | NA 45 NA NA NA NA
Am2 (2144) 310 80% | 100% 70%*** | 70%*** 43 —3.92%% 44% -0.22 4%
Am3 (1846) 213 60%*** | 20%*** 90% 1 90% 27 —4.23%* 47% -0.9 14%
Am4 (1606) 515 60%*** | 80% 80%*** | 50% *** 25 —3.99** 1% -1.18 17%
Amb5 (2363) 1519 60%*** | 100% 90% 190% 25 —2.64* 28% -0.6 8%
Group Data
Severe Amnesics
avg. 514 60% | 75% 76% | 75% 33 -3.70 40% -0.73 11%
range 0-15 20-100 50-90 25-45 -2.6--4.2 28-47 -0.2- -1.2 4-17
Normal Comparisons
avg. 29135 88% | 100% 100% NA NA NA NA NA
range 18-45 60-100 100-100

Memory test results for the sadness induction are presented in the left side of each cell and results for the happiness induction are presented in the right side
of each cell. IQ — MQ =spread between general intelligence and memory (Full Scale IQ — General Memory Index); HC volume = SDs below the hippocampal volume
of 87 control subjects; HC % loss = estimated % loss of hippocampal tissue; Amygdala volume = SDs below the amygdala volume of 87 control subjects; Amygdala
% loss = estimated % loss of amygdala tissue. For more details on the volumetric MRI analyses see ref. 38. *P < 0.05, **P < 0.01: significantly different than
expected based on age and sex; ***performance was not significantly above chance based on the binomial test (P < 0.05).
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Fig. 2. Timeline of the experiment. Both inductions (sadness and happiness)
followed the same timeline. The entire procedure lasted approximately 1
hour depending on the pace of the individual participant. The numbers
shown represent the approximate time (in minutes) relative to the end of
the film clips. TO, T1, T2, and T3 signify the four emotion measurements. The
critical emotion measure for determining whether the emotional experience
persisted beyond memory is the T2 emotion measure.

r = 0.85]. Verbal recognition was slightly above the corrected sig-
nificance threshold [t(4) = 2.8, P = 0.0258, r = 0.81]. All of these
contrasts had large effect sizes, as indicated by the Pearson r values.
Because the memory test revealed, as predicted, that the
amnesic patients’ recollection of the sad films was impaired, the
critical question then becomes whether the patients’ sadness would
be comparably suspended or would persist beyond the time of the
memory test. The results clearly show that the amnesic patients
remained sad even though they had little to no memory for the film
clips. In fact, when compared with the normal comparison par-
ticipants (whose memory for the film clips was intact), the patients’
sadness and affect change persisted at a higher level of intensity
and for a longer period of time (Figs. 3 B and C). Moreover, this
effect was robust, occurring in all of the amnesic patients, espe-
cially patients Am1 and Am2 (who had among the most impaired
memory scores). Due to the statistical limitations inherent when
working with small sample sizes combined with the high amount
of variability in each participant’s emotion ratings, we decided to
present each participant’s individual emotion ratings in Fig. 4.
Notably, every single amnesic patient reported experiencing
increased levels of sadness that persisted even in the context of
severely impaired declarative memory for the sad film clips.

Happiness Induction. Four of the amnesic patients underwent a
happiness induction using highly amusing film clips. The happi-
ness induction was effective at inducing the appropriate changes
in emotion. Two raters (blind to all details about this study)

A Free recall of sad film clips B

viewed videotapes of the amnesic patients watching the amusing
film clips and found that they displayed changes in facial affect
consistent with the experience of happiness (31), including broad
open-mouthed smiles, raising of the cheeks, wrinkles around the
eyes, and intense laughter. Immediately following the end of the
film clips, all participants reported increases in their level of
happiness and amusement (Figs. 5 B and C).

The subsequent memory test revealed that the amnesic patients
retained little or no factual memory for the amusing film clips (Fig.
5A). Each amnesic patient’s raw memory scores are presented in
Table 1. Three of the amnesic patients recalled five or fewer details
about the amusing film clips, including one patient (Am2) who was
unable to recollect anything about the films. Patient AmS was the
only amnesic who appeared to retain more than a minimal amount
of information about the film clips (incidentally, he also showed
the smallest increase in happiness postinduction). On the verbal
recognition test, patient Am3 performed at chance level, and on
the picture recognition test, two of the patients failed to perform
significantly above chance level, including one patient (Am4) who
performed at chance level. By sharp contrast, all normal com-
parison participants scored at ceiling (i.e., 100% correct) on both
recognition tests. They also recalled many factual details about the
films, and on average, over eight times as many details as the
amnesic patients. One-tailed dependent ¢ tests were computed
between the two groups and a Bonferroni-corrected threshold was
set at 0.0167. A significant between-group difference was found on
the free recall test [#(3) = 14.5, P = 0.0004, r = 0.99]. Verbal
recognition [#(3) = 1.3, P = 0.1392, r = 0.60] and picture recog-
nition [#(3) = 2.6, P = 0.0398, r = 0.83] were above the corrected
significance threshold and were likely underpowered given the
small size of the sample. Nevertheless, all of the contrasts had large
effect sizes, as indicated by the Pearson r values.

Because the memory test revealed that the amnesic patient’s
recollection of the amusing films was impaired, the critical ques-
tion then becomes whether the patient’s experience of happiness
would be comparably suspended or would persist beyond the time
of the memory test. The results demonstrate that the amnesic
patients continued to experience elevated levels of happiness and
amusement beyond the memory test. When compared with the
normal comparison participants (whose memory for the film clips
was intact), the patients’ happiness and amusement had a similar
level of intensity and followed a similar time course and trajectory
(Figs. 5 B and C). Each participant’s individual emotion ratings are
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Fig. 3. Recollection of film clips and postfilm emotion ratings following the sadness induction. (A) Total number of factual details recalled by each severe amnesic
patient (Am1-Amb5) along with the group mean for the normal comparison participants. (B) Average level of sadness reported by each group on a modified visual analog
scale ranging from 0 (no emotion) to 100 (extreme emotion). Each score represents the change from baseline. All error bars represent the standard error of the mean. (C)
Average negative and positive affect composite scores for each group. Each score represents the change from baseline using the percent of maximum possible (POMP).

Feinstein et al.

PNAS Early Edition | 3 of 6

PSYCHOLOGICAL AND

NEUROSCIENCE

COGNITIVE SCIENCES



. Severe Amnesics
& Normal Comparisons

A Sadness ratings

=
=]

3 8 8

8 8

.
=1

w
S

Change from baseline sadness

Am1  NC1 Am2 NC2 Am3 NC3 | Amd NC4 = Am5 NCS

Fig. 4.

B Total affect composite

Change from baseline (POMP)

Each participant’s emotion ratings following the sadness induction for (A) level of sadness (VAS) and (B) total affect composite score. Each severe
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POMP units. T1 is after induction, T2 is after memory, and T3 is the final rating.

presented in Fig. S1 (as before, formal statistical tests are not
practical here because of the small sample size and large variability
in emotion ratings). Notably, all amnesic patients reported expe-
riencing elevated levels of happiness and amusement that persisted
despite severely impaired memory for the amusing film clips.

Discussion

The results of this investigation reveal a striking dissociation
between the sustained experience of emotion in the face of
impaired declarative memory for that emotion’s origin. Moreover,
the dissociation was found for both happiness and sadness, sup-
porting the conclusion that feelings of different valence can persist
independent of explicit memory for the inducing event. It is
important to emphasize that it would be difficult (if not impossible)
to obtain a dissociation of this magnitude without the benefit of
studying patients who have severe amnesia. For healthy individuals
with normal memory, such a dissociation might even seem
implausible, especially when considering situations that elicit
intense states of emotion (such as traumatic events, the death of a
loved one, being diagnosed with cancer, going through a divorce,
the birth of a child, or winning a lottery). It is quite remarkable to
imagine that someone can completely forget about the triggering
event and still experience an intense state of emotion. Yet, the
results of this study reveal that amnesic patients with damage cir-
cumscribed to their hippocampus are capable of experiencing
emotions well after their memories for the emotion-inducing
events have faded away. Patient Am1 provides a salient example of
this phenomenon. While watching the sad film clips, she exhibited
extreme facial displays of sadness, including tearful crying that
lasted for several minutes. Shortly after the induction was over,
Aml was unable to recall even a single detail about the preceding
film clips and her recognition performance was at chance level.
Yet, her sadness lingered for over 30 minutes, lasting much longer
than any other participant, including normal comparison partic-
ipants with fully intact memory for the film clips. Thus, patient
Am1 demonstrates a complete dissociation between emotion and
memory and, even beyond that, a sustained feeling of sadness that
persisted at an abnormally high level.

An intriguing question that arises from this work concerns the
specific signal(s) that amnesic patients are using to determine their
emotional state. There are many possibilities, ranging from emo-
tional signals arising from the body, to nonverbal emotional images
resonating in the mind, all of the way to emotion-congruent thoughts.
Another possibility is that patients are using whatever remaining
knowledge they have regarding the film clips to guide their emotion
ratings. This latter possibility might be plausible for some patients,
such as patient Am5, who had somewhat higher levels of recall and
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recognition (albeit still well below normal). For other patients,
however, it appears much less likely that any residual memory for
the film clips is influencing their emotional state. The most com-
pelling example is patient Am1, who appeared to have essentially
no memory trace for the film clips to rely on when filling out the
postmemory emotion measures. Other patients had slightly more
memory. For example, patient Am3 remembered seeing a movie
with “Meryl Streep”. Her normal comparison, on the other hand,
remembered seeing the specific scene in Sophie’s Choice where
Meryl Streep’s daughter is ripped away from her by a Nazi soldier and
sent to die. Despite the profound differences between the recol-
lections of these two individuals, both reported experiencing a similar
magnitude of sadness. This argues against the likelihood that
declarative memory is playing a prominent role in guiding the
amnesic patients’ subjective assessment of how they feel. It will be
important for future work to try and decipher the precise mechanism
by which amnesic patients are determining their emotional state.

Several of the amnesic patients, despite their impoverished
memory for the film clips, showed a slow decay of sadness, some-
times even slower than the normal comparison participants. In fact,
some of the patients were still experiencing high levels of sadness and
negative affect during a time when all such emotion had dissipated in
the comparisons. Such a finding was most evident in patients Am1
and Am2 (Fig. 4). After the experiment was over, Am2 provided
some insightful comments upon debriefing. She claimed that in
everyday life, she frequently experiences different emotions and has
no idea of what caused them. Without a clear understanding of the
emotion’s source, Am2 reports feeling compelled to search for a
cause. Interestingly, she claims to only feel this urge while experi-
encing negative emotions, not positive ones. In her words, “It’s not so
much with the happy or the good feelings. You just kind of accept
them. You don’t worry about why. It’s more for what I would call
negative feelings. . . like when I'm feeling really sad, then I have to
find out why. [Experimenter: “And do these sorts of feelings stay
even though you don’t know why?”] Yeah... and they don’t go
away.” Thus, one potential explanation for the sluggish decay of
sadness evident in some of the amnesic patients is that without a
clear understanding of why they are feeling sad, the emotion persists
(32). On the other hand, the amnesics’ experience of happiness
appears to decay at a relatively normal rate (Figs. 5 B and C).
Altogether, these findings suggest that remembering the origin of an
emotional state may help expedite the recovery of negative emotions
while having less of an effect on the recovery of positive emotions,
an asymmetry that may have some adaptive value.

The results of this study have direct implications for how society
treats individuals with memory disorders (such as patients with
Alzheimer’s disease), as events that have long been forgotten

Feinstein et al.
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could continue to induce suffering or well-being. For example, a
simple visit or telephone call from family members might have a
lingering positive influence on a patient’s affective state even
though the patient may quickly forget the visit or phone call.
Likewise, a funny joke might boost a patient’s level of happiness
long after the punch line is forgotten. On the other hand, routine
neglect from staff at nursing homes may leave the patient feeling
sad, frustrated, and lonely (even though the patient can’t
remember why). As the number of individuals suffering from
Alzheimer’s disease and other forms of dementia reaches epi-
demic proportions, it will be imperative for society to follow a
scientifically-informed standard of care for patients with memory
impairments. Here we provide clear evidence showing that the
reasons for treating amnesic patients with respect and dignity go
beyond simple human morals.

Finally, the findings in our amnesic patients could be taken to
suggest that the brain is organized in such a way that the feeling
of emotion can persist without any explicit memory for its cause
(33-35). Such a conclusion runs counter to the popular notion that
by simply erasing our painful memories we can also erase the
psychological suffering; a concept vividly illustrated in the movie
Eternal Sunshine of a Spotless Mind. As scientific advances take us
ever closer to the possibility of selectively removing painful
memories, we must tread cautiously. To be certain, there are a host
of contentious legal and ethical issues surrounding the debate on
selective memory erasure, especially with regard to treating vic-
tims of trauma (36). The results of our study further complicate the
debate by highlighting the possibility that erasing negative mem-
ories may have the paradoxical effect of actually prolonging
(rather than alleviating) feelings of distress. Indeed, it appears that
the experience of emotion can operate largely independently from
memory, even though the two processes are often perceived as
being fused together within our stream of consciousness.

Methods

Participants. All participants gave their informed written consent before
participating in the study. The University of lowa Institutional Review Board
approved all study procedures. Each amnesic patient was matched pairwise
with a healthy, nonbrain-damaged comparison participant based on sex, age,
and education. The average age of the severe amnesic patients was 46.8 years
(range 25-59) and the average education was 13.2 years (range 12-16). The
average age of the normal comparisons was 47.8 years (range 27-60) and
the average education was 13.2 years (range 12-16).

Feinstein et al.

Amnesic participants were selected from the lowa Patient Registry in the
Division of Behavioral Neurology and Cognitive Neuroscience at the University
oflowa. Onaverage, thesevereamnesic patientshad a33-pointspread between
general intelligence and memory (range 25-45), a 40% reduction in hippo-
campal volume (range 28-47%), and no significant reduction in amygdala
volume (Table 1). Reductions in hippocampal volume in the range of 40%
typically signify a complete loss of hippocampal neurons (37). All volumetric
comparisons were made to a normative dataset of 87 healthy participants,
controlling for both age and sex. Further details on the volumetric MRl analyses
in these patients have been previously published (38).

Emotion Induction Procedure. Each emotion induction entailed watching aseries
of eight film clips aimed at inducing either sadness (Table S3) or happiness (Table
S4). The sad films all portrayed themes of loss and death, whereas the happy
films were all aimed at being highly amusing and humorous. All participants
first completed the sadness induction, and then returned to the laboratory at a
later date to complete the happiness induction. Before viewing the film clips,
participants were blinded to the specific valence of the films they would be
watching. Many of the film clips were chosen from sets of previously validated
films shown to be highly effective at inducing emotion across a large sample of
healthy participants (39-42). We purposefully selected films that have a short
duration (average clip duration approximately 2 min) to mitigate any problems
arising from the amnesic patients forgetting what is happening during each
scene. During each induction, participants viewed the film clips, one at a time,
with a brief rest period (10-20 seconds) between each film. In total, the sadness
induction lasted approximately 19 min and the happiness induction lasted
approximately 17 min. A copy of the sadness and happiness inductions can be
obtained for research purposes by contacting the first author (J.S.F.).

Memory Test. A detailed memory test for the film clips was administered 5-10
min following the end of each induction. On average, the memory testing
commenced approximately 6 min after the end of the last film clip. The
memory test was comprised of three different sections: free recall, verbal
recognition, and picture recognition (S/ Text).

Emotion Measurement. Each participant’s “state” emotional experience was
measured at four different time points (Fig. 2). At each time point, participants
are asked to rate how they feel “right now, at the present moment” on a
number of different scales and questionnaires. There were three modified
visual analog scales (VAS), on which participants rated their current level of
sadness, happiness, and amusement using a 100-point scale going from “no
emotion” to “extreme emotion.” There was an 11-point bipolar valence scale
where participants rated how they currently feel from “bad/unpleasant” to
“good/pleasant.” Participants also completed the Positive and Negative Affect
Schedule (PANAS) using the “at the present moment” instructions (43). The
PANAS consists of two 10-item scales used to extract measures of positive affect
and negative affect. Eleven additional items were added from the PANAS-X
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(44) to compute the specific affect scales of joviality and sadness. All PANAS
items were rated on a five-point Likert-type scale.

At each measurement time point, eight summary scores were computed:
sadness (VAS), happiness (VAS), amusement (VAS), valence, negative affect,
positive affect, joviality, andsadness (PANAS-X). Each of these summary scoreswas
converted into a percent of maximum possible (POMP) score (standardized units
representing the “percent of maximum possible” for each scale, ranging from 0—
100%) (45). To assess for changes in emotional experience induced by the film
clips, POMP difference scores were computed by comparing all postinduction
ratings with baseline ratings, for each participant. Composite scores representing
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global changes in negative affect, positive affect, total affect, and happiness
were calculated based on each participant’'s POMP difference scores (S/ Text).
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