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Novelty Before or After Word
Learning Does Not Affect
Subsequent Memory Performance

Davina Biel* and Nico Bunzeck*

Institute of Psychology I, University of Liibeck, Libeck, Germany

In humans, exposure to novel images and exploration of novel virtual environments before
the encoding of words improved subsequent memory performance. Animal studies
revealed similar effects of novelty, both before and after learning, and could show that
hippocampus-dependent dopaminergic neuromodulation plays an important role. Here,
we further investigated the effects of novelty on long-term memory in humans using a
novel paradigm employing short sequences of nature movies presented either before or
at two time points after learning of unrelated words. Since novelty processing is associated
with a release of dopamine into the hippocampus, we hypothesized that novelty exposure
primarily affects hippocampus-dependent memory (i.€., recollection) but not hippocampus-
independent memory (i.e., familiarity). We tested 182 healthy human subjects in three
experiments including a word-learning task followed by a 1-day delayed recognition task.
Importantly, participants were exposed to novel (NOV) or familiar movies (FAM) at three
time points: (experiment 1) directly after encoding of the word list, (experiment 2) 15 min
after encoding, (experiment 3) 15 min prior to encoding. As expected, novel movies were
perceived as more interesting and led to better mood. During word recognition, reaction
times were faster for remember as compared to familiarity responses in all three
experiments, but this effect was not modulated by novelty. In contrast to our main
hypothesis, there was no effect of novelty — before or after encoding — on subsequent
word recognition, including recollection and familiarity scores. Therefore, an exposure to
novel movies without an active task does not affect hippocampus-dependent and
hippocampus-independent long-term recognition memory for words in humans.

Keywords: novelty, memory enhancement, recognition memory, recollection, familiarity

INTRODUCTION

A few recent studies in humans have shown that the exposure to novelty before a learning
phase improves subsequent memory (Fenker et al, 2008; Ballarini et al., 2013; Schomaker
et al., 2014). For instance, the presentation of novel images before a word-learning task enhanced
free recall and recollection-based memory (Fenker et al, 2008); recall rates of words could
be enhanced through an active exploration of a novel virtual environment before the learning
phase (Schomaker et al., 2014); and already familiar scene images were subsequently better
recognized when they were presented in the context of novel images as compared to a context
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with very familiar images (Bunzeck and Diizel, 2006). These
observations in humans largely fit to animal studies, which
also show that long-term memory is not only promoted through
novelty exploration before - but also after — learning (Moncada
and Viola, 2007; Wang et al., 2010). To our knowledge, however,
such a positive effect of novelty after learning has not been
reported in humans yet.

The processing of novel information recruits the dopaminergic
mesolimbic system. Specifically, the hippocampal-VTA loop
model suggests that the medial temporal lobe (including the
hippocampus and surrounding cortex) detects novelty by
comparing incoming with predicted information (Lisman and
Grace, 2005; Lisman et al., 2011). The resulting neural novelty
signal is then send to the dopamine (DA) neurons in the
substantia nigra/ventral tegmental area (SN/VTA) via a
polysynaptic path, including the subiculum, nucleus accumbens,
and ventral pallidum. In turn, DA neurons back-project to
the hippocampus, where DA is involved in several forms of
learning. For instance, the late phase of hippocampal long-term
potentiation (LTP) is DA dependent (O’Carroll and Morris,
2004; Granado et al, 2008), and injections of DA agonists
into the hippocampus improve memory processes in rats
(Packard and White, 1991). The role of the SN/VTA, hippocampus
and also DA in novelty processing has been underlined in
functional imaging studies in humans (Chowdhury et al., 2012;
Bunzeck et al, 2014), and therefore, the hippocampal-VTA
model helps to explain the beneficial effects of novelty on
long-term memory. More direct evidence comes from Wang
et al. who could show in rats that novelty exploration after
spatial encoding improves long-term place-memory (i.e., at a
behavioral level), and this effect was blocked by D1/D5 receptor
antagonists (Wang et al., 2010).

Recent studies have shown that novelty also activates the
noradrenergic system, which co-releases noradrenaline and DA
into the hippocampus. Therefore, hippocampal DA has two
sources (McNamara and Dupret, 2017; Duszkiewicz et al.,
2019), and novelty-dependent activation of the noradrenergic
locus coeruleus also drives hippocampus-dependent learning
(Kempadoo et al., 2016) and consolidation of everyday memory
(Takeuchi et al., 2016) via dopaminergic neuromodulation.

Recognition memory in humans is often investigated using
the remember/know paradigm (Tulving, 1985). It assumes that
recognition can be associated with specific details or associations
of the encoding episode (i.e., recollection), or in the absence
of such recollective experience (i.e., familiarity). Further support
for such a dual process (Yonelinas et al., 1996, 2010) comes
from functional imaging studies, suggesting that different regions
of the medial temporal lobe are involved in recognition memory
processes depending on task demands and type of information
(Diana et al., 2007). In particular, while the hippocampus and
posterior parahippocampal gyrus are closely associated with
recollection, the anterior parahippocampal gyrus is more
associated with familiarity (Diana et al, 2007). Therefore, the
hippocampus appears to be more critical for recollection but
not for familiarity (Yonelinas et al., 2010). Furthermore, reaction
times (RTs) for items that are associated with recollection are
typically faster as compared to familiarity, which further indicates

different processes (Dewhurst et al., 2006; Rotello and Zeng,
2008; Gimbel and Brewer, 2011). Together, the remember/know
paradigm provides a good tool to differentiate hippocampus-
dependent from hippocampus-independent memory performance.

In animal studies, the effects of novelty on learning are
typically investigated by using an active exploration of a new
vs. familiar environment (Li et al., 2003; Davis et al., 2004;
Moncada and Viola, 2007; Wang et al., 2010). Studies in humans,
however, often used static images (Fenker et al., 2008) or virtual
environments (Schomaker et al., 2014) before a word-learning
task or static images in the context of learning (Bunzeck and
Diizel, 2006). In the case of Schomaker et al. (2014) and
Fenker et al. (2008), the novelty presentation was 5 min long,
which was based on prior observations in animals suggesting
that a 5 min novelty exploration is sufficient to facilitate LTP
(Li et al,, 2003); in the case of Bunzeck and Diizel (2006),
however, several repeating learning contexts with novel and
familiar items were approx. 6 min long, suggesting that a
limitation of 5 min might not necessarily be justified. Indeed,
in a study with rats, the animals stayed in the novel environment
for about 15 min, which led to a reinforcement of early- to
late-LTP (Straube et al., 2003). And, finally, long-term memory
in school children could be promoted by a 20-min novel science
lesson 1 h before or after story reading (Ballarini et al., 2013).
This latter finding also demonstrates that the beneficial effects
of novelty have practical implications, and therefore, a thorough
understanding of the underlying processes is important.

In this study, we investigated (1) whether other forms of
novelty stimulation drive word-learning and (2) whether a
critical time-window exists in humans (as seen in animal
studies). Therefore, we employed a novel paradigm including
the presentation of short (13 min) nature movies (1) shortly
after, (2) 15 min after, and (3) before encoding of a word
list, and tested long-term memory for these unrelated words
after a 1-day delay (based on the assumption that DA affects
late LTP and therefore long-term memory; Wittmann et al.,
2007; Lisman et al., 2011). We expected a positive effect of
novelty before and after word-learning that is particularly
pronounced for hippocampus-dependent recollection. Moreover,
we expected faster RTs for recollection as compared to familiarity,
which might be further modulated by novelty (i.e., even faster
recollection when a word was learned before or after novelty
presentation). Finally, we expected novel movies to be more
interesting than repeatedly presented familiar ones and a
positive effect of novel movies on mental states (ie., the
novel movies lead to higher attentional states, including
wakefulness, compared to familiar movies). The latter hypotheses
are based on previous studies, showing high novelty preferences
in particular for natural scenes as compared to faces or
geometric figures (Park et al., 2010).

MATERIALS AND METHODS

Participants
In total, 192 healthy, right-handed, German-speaking participants
were recruited for three experiments. Five participants
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were excluded because their behavioral performance (including
hit rates and RTs) was more than 3 standard deviations (SD)
above the mean, one subject did not return on day 2, and
four were excluded for technical reasons or other
problems. Finally, 182 participants were randomly assigned into
three experimental groups (NOV) and three control groups
(FAM). In experiment 1, 61 participants were tested (NOV = 32
participants, FAM = 29 participants; mean age = 23.07 + 3.62
years, 44 women); in experiment 2, 60 participants (NOV = 31
participants, FAM = 29 participants; mean age = 22.32 + 3.07
years, 51 women) were tested; and in experiment 3, 61 participants
(NOV = 30, FAM = 31; mean age 22.69 * 3.27 years, 51
women) were tested (Table 1). All subjects were recruited
through the database of the University of Liibeck (Greiner,
2015) and signed a written informed consent. For compensation,
participants received either credits points (psychology students
only) or 10 € per hour (ie., in total between 10 and 15 €).
The study was approved by the local ethics committee of the
University of Liibeck, Germany, and in accordance with the
Declaration of Helsinki.

Procedure

The experiments took place on 2 consecutive days. On day
1, participants performed an encoding task in which they
classified words into living vs. non-living by button presses.
In total, 50 living and 50 non-living German nouns were
randomly presented on a white computer screen (13 inches)
in black letters (Arial, 30 point) for 1.5 s followed by a fixation
point (also 1.5 s; Figure 1B). Participants were asked to respond
as quickly and as accurately as possible. In case of an omission
or incorrect response, a corresponding feedback appeared on
the screen (i.e., “too slow” or “incorrect response”). This encoding
phase took approx. 5 min.

In all three experiments, a 13-min movie phase (Figure 1A)
preceded or followed the encoding task. Here, participants were
instructed to carefully watch 10 s nature movie sequences (no
other task was required during the movie presentation), separated
by a 3 s white fixation point on a black screen.

The movies depicted different nature settings from five
regions including Africa, America, Asia, Europe, and Oceania.
In order to avoid a drop of attention - which could occur

TABLE 1 | Demographics.

Experiment 1

Experiment 2 Experiment 3

Directly after encoding

15 min after encoding

15 min prior to encoding

Groups NOV FAM NOV FAM NOV FAM

Age 23.31 (+3.74) 22.79 (+3.53) 23.45 (+3.49) 21.10 (+1.95) 22.83 (+3.25) 22.55 (+3.34)
Sex Q 3 Q 3 Q 3 Q ) Q 3 Q )
n 22 10 22 7 24 7 27 2 25 5 26 5

A Movie presentation

B Encoding task (living or non-living judgments)

"o«

. Parrot . Drum . Van
155 > 153 > 158 15% = 1.5:5 > 1.5 >
C Recognition task (remember, know, new or unsure judgments)
. Newspaper o Parrot o Clock
2s * 2% i 28 28 2 25 3 2s "

FIGURE 1 | Experimental design. (A) In all three experiments, subjects watched either novel (NOV group) or five repeating (FAM group) movie clips for 13 min.
The movies were presented directly after (experiment 1), 15 min after (experiment 2) or 15 min prior to (experiment 3) encoding. (B) During encoding, participants
classified nouns into “living” vs. “non-living” by button presses. (C) On the second day, all 100 words from the encoding phase were presented intermixed with 100
new words, and participants classified them into “remember”, “know”, “new,” or “unsure.”
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using only one longer movie sequence - movies were randomly
presented with a duration of 10 s each. The sequences did
not show any humans. In addition, scenes with strong emotional
content were avoided to prevent high arousal (e.g., hunting
predators). There was no relationship in terms of content
between movies and words.

For the NOV groups, 60 novel sequences were presented,
while the FAM groups watched three different movies, which
were repeated 20 times. Since only three movies were shown
to the FAM groups, a separate familiarization phase was
not implemented.

For the three experiments, the novelty phase was implemented
at different time points: directly after encoding (experiment 1),
15 min after encoding (experiment 2), and 15 min prior to
encoding (experiment 3). During the 15-min break, participants
were instructed to quietly wait on their seats. Directly after
watching the movies, participants were instructed to rate the
previously presented movies on an interval scale reaching from
very uninteresting to very interesting. Further, shortly before
and after the exposure to the movies, participants filled out
a multidimensional mental state questionnaire (Mehrdimensionale
Befindlichkeitsfragebogen, MDBF) covering: good mood/bad
mood, wakefulness/tiredness, and calmness/restlessness.

On the second day of the experiment, participants performed
a modified version of the remember/know recognition memory
paradigm (Tulving, 1985). Here, the 100 words from the
encoding task were intermixed with 100 new words (50 living
and 50 non-living words) and randomly presented at the center
of a screen. Participants were instructed to categorize these
200 words into “remember” (ie., remembering something
specific about reading the word at encoding), “know” (recognizing
the word without any recollective experience), “new;” or “unsure”
(Figure 1C) via button presses. Participants had 4 s in total
for making a judgment (i.e., 2-s word presentation followed
by a fixation point for 2 s).

Following previous studies (e.g., Fenker et al, 2008),
participants were not tested on the novel movie sequences,
and therefore, they were not informed about a possible relation
between the movies and the word-related memory task. All
words were taken from a pool of words and randomly assigned
to experimental conditions. Thus, there was no preselection
or assignment of words to certain groups or conditions.

The experiment was programmed with Psychophysics Toolbox
3.0.10 (Brainard, 1997) and Matlab (R2014b version) software.

Since the movie rating scale and the MDBF were not
implemented from the beginning of the study, in experiment 1
only 55 out of 61 participants filled out the rating scale. From
these, the first 37 participants completed the scale on day 2
instead day 1, after finishing the recognition task. In experiments 2
and 3, all participants rated the movies directly after presentation.
For the MDBE 105 out of 182 participants completed the
questionnaire: 24 out of 61 participants in experiment 1, 23
out of 60 in experiment 2 and 58 out of 61 in experiment 3.

Statistical Analysis
For the encoding task, hit rates (HRs) were analyzed as the
proportion of correct answers (relative to all possible

correct answers). For the subsequent recognition task, corrected
hit rates (cHRs) of remember (cHR-remember) and know
(cHR-know) answers were defined as follows:

correct hits
cHR = -

- possible correct hits  possible false alarms

false alarms

Moreover, RTs were analyzed for the encoding and recognition
task. Here, within each subject, RTs of 2 SD above and below
the subject’s mean were excluded, and the remaining trials
were averaged for subsequent between-subjects analyses.

To ensure that groups did not differ at baseline, HR and
RT for day 1 (encoding task) were investigated using two-way
ANOVAs (3 x 2) with the between-subject factors time point
of movie presentation (experiment 1: directly after encoding
vs. experiment 2: 15 min after encoding vs. experiment 3:
15 min prior to encoding), and novelty (NOV vs. FAM). The
effects of novelty on memory performance for day 2 (recognition
task) were investigated using a three-way mixed-design ANOVA
(3 x 2 x 2) with the between-subject factors time point
(experiments 1, 2, and 3, as above), novelty (NOV vs. FAM),
and the within-subject factor memory (cHR-remember vs.
cHR-know or RT-remember vs. RT-know).

The relationship between novelty and movie rating was
analyzed using a two-way ANOVA (3 x 2). Further, a3 x 2 x 3
MANOVA with the between-subject factors time point and
novelty and the within-subject factor inner state (good mood/
bad mood vs. wakefulness/tiredness vs. calmness/restlessness) was
conducted for the mental state questionnaire. Finally, post hoc
t-tests were used when applicable with a Bonferroni adjusted
alpha level of p = 0.025 (0.05/2). All statistical analyses were
performed using IBM SPSS Version 24.

RESULTS

On average, participants discriminated living vs. non-living
nouns with a mean HR of 096 * 0.02 (minimum 0.9,
maximum 1; range 0-1). The mean RT was 884 + 105 ms.
A 3 x 2 ANOVA with the factors time point and novelty on
HRs and RTs revealed no main effects and no interactions
[HRs: novelty: F(1,176) = 0.692, p = 0.406, partial 7> = 0.004;
time point: F(2,176) = 1.664, p = 0.192, partial > = 0.019;
novelty x time point: F(2,176) = 0.349, p = 0.706, partial
n* = 0.004; RTs: novelty: F(1,176) = 2.373, p = 0.125,
partial #* = 0.013; time point: F(2,176) = 0.348, p = 0.706,
partial #* = 0.004; novelty x time point: F(2,176) = 0.587,
p = 0.557, partial #* = 0.007].

For the recognition memory task, a 3 x 2 x 2 ANOVA
on cHR-remember and cHR-know revealed no main effects
[memory: F(1,176) = 0.295, p = 0.587, partial > = 0.002; time
point: F(2,176) = 0.216, p = 0.806, partial #* = 0.002; novelty:
F(1,176) = 0.510, p = 0.476, partial #* = 0.003] and no
interactions [memory x time point: F(2,176) = 1.972, p = 0.142,
partial #* = 0.022; memory x novelty: F(1,176) = 0.258, p = 0.612,
partial #* = 0.001; memory X time point X novelty:
F(2,176) = 0.348, p = 0.706, partial 7* = 0.004].
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Subsequently, two separate 3 x 2 ANOVAs were conducted
for both, cHR-remember and cHR-know. Again, no significant
main effects or interactions could be observed for cHR-remember
[time point: F(2,176) = 0.990, p = 0.374, partial #* = 0.011;
novelty: F(1,176) = 0.790, p = 0.375, partial #* = 0.004; novelty x
time point: F(2,176) = 0.092, p = 0.912, partial #* = 0.001]
or cHR-know [time point: F(2,176) = 1.736, p = 0.179, partial
n* = 0.019; novelty: F(1,176) = 0.000, p = 0.986, partial #* = 0.000;
novelty x time point: F(2,176) = 0.429, p = 0.652, partial
n* = 0.005]. Figure 2 depicts cHR-remember and cHR-know
for all three experiments and groups.

A 3 x 2 x 2 ANOVA on RTs (during recognition) showed
a main effect of memory [F(1,174) = 127.61, p < 0.001, n* = 0.42],
but no other main effects [time point: F(2,174) = 0.102, p = 0.903,
partial #* = 0.001; novelty: F(1,174) = 0.078, p = 0.781, partial
1> = 0.00]. Post hoc analysis revealed significantly faster “remember”
responses in contrast to “know” responses (Figure 3). There
was no significant interaction between novelty and time point

[F(1,174) = 0.097, p = 0.755, partial #* = 0.001; F(2,174) = 0.780,
p = 0.460, 1> = 0.009]. Finally, a memory x time point x novelty
interaction also did not reach significance [F(2,174) = 0.228,
p = 0.796, partial > = 0.003].

A 3 x 2 ANOVA on movie ratings revealed a main effect
of novelty [F(1,170) = 36.59, p < 0.001, partial #* = 0.177). Post
hoc analysis showed that novel movie clips were rated more
positive as compared to the familiar movie clips (Figure 4).
The novelty x time point interaction was not significant
[F(2,170) = 2.699, p = 0.07, partial 7* = 0.031].

A 3 x 2 x 3 MANOVA on ratings of mental states (MDBF)
showed main effects of calmness/restlessness [F(1,99) = 24.536,
p < 0.001, partial #* = 0.199] and wakefulness/tiredness
[F(1,99) = 42.041, p < 0.001, partial #* = 0.298; Figures 5A,B].
Post hoc paired t-tests revealed that in both, the NOV and
the FAM group, scores of wakefulness decreased and calmness
increased from pre- to post-inner state assessment [NOV:
t(52) = 3.587, p = 0.001; #52) = -5571, p < 0.001;

Experiment 1:
Exposure directly
after encoding

0,2 0,2
0,15 0,15
g 2
T o1 S 01
0,05 0,05
0 0
NOV FAM

m cHR remember ®cHR know

the mean (SEM).

Experiment 2:
Exposure 15 min
after encoding

0,15
o
T
« 0,1
0,05
0
NOov FAM

m cHR remember B cHR know

Experiment 3:
Exposure 15 min
prior to encoding

NOV FAM

mcHR remember ®cHR know

FIGURE 2 | Recognition memory performance. Corrected hit rate (cHR) for remember and know for all three experiments. Error bars indicate +1 standard error of

1800

1650

1500

ms

1350

1200
directly after encoding

15 min after encoding

H RT remember

Reaction times

15 min prior to encoding

H RT know

FIGURE 3 | Results for RTs at retrieval. Overall, reaction times (RTs) were faster for “remember” than “know” responses (main effect), but there was no significant
effect of novelty. For display purposes, groups were combined. Error bars indicate +1 SEM.
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80

60

%

o

directly after encoding

33.52%). Error bars reflect £+1 SEM.

Movie rating

40
| ' ' I
0

15 min after encoding

ENOV mFAM

FIGURE 4 | Main effect of movie rating. Participants of the NOV group (mean 52.51%) rated movies more positive than participants in the FAM group (mean

15 min prior to encoding

A Wakefulness vs. tiredness B

16 20
5 14 5 18
2 2
S 1n S 16

10 14

8 12

e FAM NoV
Hpre MWpost

Calmness vs. restlessness C

Hpre Mpost

FIGURE 5 | Mental state ratings after movie presentation. (A) Main effect for wakefulness vs. tiredness. Higher values represent wakefulness, lower values
tiredness. (B) Main effect for caimness vs. restlessness. Higher values represent calmness, lower values restlessness. (C) Interaction between good mood vs. bad
mood and group. Higher values represent good mood, lower values bad mood. Increase of good mood in the NOV group, no change in the FAM group.

Good mood vs. bad mood

16
. -
12

FAM NOV FAM

Scores

Mpre Mpost

FAM: t(51) = 6.05, p < 0.001; #(51) = —2.674, p = 0.01]. Finally,
a statistically significant interaction was observed between
novelty x good mood/bad mood [F(1,99) = 6.773, p = 0.011,
partial 1> = 0.064; Figure 5C]. Post hoc analysis (paired t-tests)
for the NOV and FAM group separately — each averaged across
experiments — showed that good mood ratings of the NOV
group increased [#(52) = —4.072, p < 0.001], while good mood
ratings of the FAM group did not change [#(51) = 0.865,
p = 0.391].

DISCUSSION

We investigated whether the exposure to novel nature movies
before or after encoding of a word list can improve subsequent
long-term memory performance. Although novel (in contrast
to repeated) movies were rated as more interesting and had
a more positive effect on mental states, they did not improve
long-term memory in any of our three experiments. Specifically,
novel movies right after, 15 min after or before encoding did
not affect familiarity- or recollection-based recognition memory
scores. Our findings suggest that an exposure to novelty without
an active task is not sufficient in order to promote subsequent

long-term memory. In the following, we will discuss several
explanations of our null finding, and conclude that a sense
of agency with the novel material appears to be necessary in
order to induce a positive effect on learning.

On the basis of previous work, we hypothesized that novelty
promotes subsequent long-term memory since it activates the
mesolimbic and noradrenergic system leading to DA release
into the hippocampus (Lisman and Grace, 2005; Lisman et al.,
2011; Duszkiewicz et al., 2019). Therefore, a rather physiological
explanation for our null finding is that the employed stimulus
material (video sequences) simply did not lead to the cascade
of mesolimbic and noradrenergic activity and subsequent DA
releases. While there is sufficient evidence that novel scene
images activate the SN/VTA, striatum, and hippocampus
(Bunzeck and Duzel, 2006; Zaehle et al., 2013; Bunzeck et al.,
2014; Herweg et al, 2018), it remains unclear whether the
same is true for novel nature movie sequences. Indeed, several
forms of novelty have been dissociated previously, further
indicating conceptual differences. Specifically, item novelty,
contextual novelty and spatial novelty might differ from surprise
and contextual deviance in terms of underlying processes and
associated cognition. An elegant overview of these and related
concepts can be found in Schomaker and Meeter (2015).
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Along the same lines, novelty can be interpreted in absolute
and relative terms, in the sense that expectations about upcoming
information drive novelty processing. For instance, within the
medial temporal lobe, novelty signals adaptively scale according
to expected contextual probabilities of new and familiar events
(Bunzeck et al., 2010). In other words, when cues predict a
familiar but contextually novel item with equal probability,
the familiar item leads to similar neural activity as compared
to a novel item (in another context). Therefore, continuously
presented familiar and novel movie sequences may have led
to similar mesolimbic neural activity due to its adaptive
properties, and the repetitive and predictive character of our
paradigm. On the other hand, novel movies were, on a subjective
level, rated as more interesting than familiar ones (Figure 4),
and this was paralleled by a more positive mental state.
Specifically, novel movies induced a better mood as compared
to familiar ones. Although this was expected, and is in line
with previous findings (Park et al., 2010), there was no apparent
effect on subsequent or prior word-learning, which might relate
to the relatively small effects of novelty on mood (Figure 5C).
Together, despite a positive subjective effect (interest and mood),
it appears possible that the presented novel movie sequences
did not lead to neural activity within the mesolimbic system.
This hypothesis, however, can only be supported by future
studies using fMRI or other appropriate techniques.

A more likely explanation for our null finding of novelty
on memory relates to differences in task requirements. In
contrast to our experiment, subjects in other studies were
actively engaged with the novel material. For instance, in
Fenker et al. (2008), subjects had to make an indoor/outdoor
discrimination on scene images, which, in the case of novel
images, enhanced recollection and free recall of subsequently
learned words. In Schomaker et al. (2014), humans actively
explored a novel virtual environment, which also enhanced
free recall of a subsequently learned word list. In children,
the active and attentive participation in a novel science class
before or after reading a story improved subsequent memory
(Ballarini et al., 2013). Such active engagement with the
novel stimulus material is comparable to animal studies, in
which rodents are allowed to actively and freely explore a
novel (vs. familiar) environment; this promotes hippocampal
LTP and also drives learning and memory (Li et al., 2003;
Ballarini et al., 2009; Wang et al., 2010). Further support
and possible explanations of a close link between active
behavior and learning comes from human studies. They
indicate that a sense of agency, for instance through active
choices during learning, promotes subsequent declarative
long-term memory, and this effect was related to striatal
and hippocampal activity as revealed by fMRI (Murty et al.,
2015). Therefore, another parsimonious explanation for our
null finding is that a stronger sense of agency, possibly
associated with the engagement of memory related brain
regions, is necessary in order to induce a positive effect of
novelty on long-term memory. This hypothesis should
be further investigated and has potentially important
implications for possible interventions, which would need
to include an active novelty manipulation.

A third possible explanation for our null finding relates to
the length and onset of the novelty experience. Regarding the
length, at least one animal study suggests that a 5-min novelty
exploration is most efficient to induce LTP (Li et al, 2003);
therefore, in subsequent human studies, novelty was presented
for 5 min (Fenker et al., 2008; Schomaker et al., 2014). However,
in the aforementioned study by Ballarini et al. (2013), a novel
science class before learning was 20 min long; and in a study
with human adults, a positive effect of novelty on learning
has been shown with several repeating learning contexts that
were approx. 6 min long (Bunzeck and Diizel, 2006). Finally,
a 15-min stay in a novel environment led to a reinforcement
of early- to late-LTP in rats (Straube et al., 2003) further
suggesting that a limitation of 5 min might not necessarily
be justified. In any case, our 13-min novelty presentation did
not promote learning, which leaves the optimal length unclear.

In terms of onset, evidence suggests that a close proximity
between novelty and the learning task is important. For instance,
a weak high-frequency conditioning stimulation only induced
LTP when rats explore a novel environment 5 min before,
but not 1 day before stimulation (Li et al., 2003). In humans,
a novel science lesson only promoted learning when it was
experienced 1 h before or after, but not 4 h before or after
reading a story (Ballarini et al, 2013). In our study, novelty
experience and learning were close in time, but there was no
positive effect on memory. Together with the systematic variation
(novelty before and after learning), this suggests that other
factors (sense of agency in particular) may more likely explain
our null finding.

In our study, recognition memory was tested 1 day after
encoding. This delay was based on previous work with a time
window of 24 h between encoding and recollection due to
the effect of DA on the late phase of LTP (Wittmann et al,,
2007; Lisman et al, 2011). However, previous studies also
revealed memory improvements by novelty after a short delay
(Bunzeck and Diizel, 2006; Schomaker et al., 2014), which
leaves it open whether novel movies have an effect on learning
right after encoding.

Previous novelty studies differ in the way how memory is
being tested. Here, we used a remember/know paradigm in
order to differentiate the potential effects of novelty on
hippocampus related recollection vs. rhinal cortex-related
familiarity. While Schomaker et al. (2014) have wused
hippocampus-dependent free recall and found a positive effect
of novelty on learning, Fenker et al. (2008) could show that
free recall and recollection was improved by novelty. Therefore,
it appears unlikely that free recall would have revealed a positive
effect in our study. However, future studies might include other,
more hippocampus-dependent recall and learning tasks, such
as spatial navigation, to further pinpoint the exact conditions
under which novelty promotes memory.

As expected, RTs were shorter for “remember” as compared
to “know” responses (Figure 3). This is in line with previous
studies showing that RTs for items that are associated with
recollective experiences are typically faster as compared to
those without recollective experience (Dewhurst et al., 2006;
Rotello and Zeng, 2008; Gimbel and Brewer, 2011). While, at the
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first glance, this may not be compatible with dual-process
models, suggesting that familiarity is a more rapid process
than recollection (Jacoby, 1991; Yonelinas, 2002), the slower
RTs for “know” responses might reflect difficulties in old
judgments without the retrieval of contextual details (Henson
et al., 1999); this also fits to the notion of “remember” responses
having an all-or-none quality, while “know” responses require
a post-retrieval processing to determine their familiarity
(Dewhurst and Conway, 1994; Dewhurst et al., 2006). In any
case, our findings do not provide evidence that novelty exposure
impacts on either form of recognition memory. This has been
expected for “remember” responses in particular, given its closer
link to the hippocampus (Diana et al.,, 2007), which receives
dopaminergic innervations (Lisman and Grace, 2005). However,
our finding must be interpreted with the limitations and possible
explanations mentioned above; therefore, they do not rule out
that novelty does selectively impact on “remember” responses,
for instance, when an active task on the novel material
is employed.

Together, novel movie sequences were perceived as more
interesting and led to better mood as compared to familiar
movies. However, novelty exposure before or after learning a
word list did not promote recollection- or familiarity-based
recognition memory. This is incompatible with previous studies
in humans and animals, which could show a positive effect
of novelty exposure on LTP and long-term memory. Our
findings suggest that a simple exposure to novelty is not
sufficient to promote learning; instead, an active task with the
novel stimulus material appears important. This hypothesis has
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