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A commentary on

Integrating events across levels of con-
sciousness
by Henke K, Reber TP and Duss SB.
Front. Behav. Neurosci (2013) 7:68. doi:
10.3389/fnbeh.2013.00068

According to general learning theory two
major forms of learning can be observed
across species. These universal forms of
learning are classical and operant con-
ditioning (Tarpy, 1997). Although both
forms of conditioning can occur in the
absence of awareness of the contingencies
between CS (conditioned stimulus) and
UCS (unconditioned stimulus) (or action –
consequence contingencies) (Huston and
Oitzl, 1989; Clark and Squire, 1998), close
temporal proximity between a CS and
a UCS is required to form an associa-
tion. In other words, long-term association
between a CS and a UCS (or an operant
and its consequence) requires two distinct
events to occur simultaneously or with little
delay (in the range of ms) between them.

Now let us consider the following ques-
tion: Can two events be associated or inte-
grated into a linked mnemonic representa-
tion even if they happen at different times
(with a delay of more than 1 min between
the two events) and if one of these events
is not detected consciously? The conven-
tional answer would be “certainly not.”
However, the research article “Integrating
events across levels of consciousness” by
Henke et al. (2013) demonstrates that this
is indeed possible by showing that two
temporally distant events that have plainly
generated memories both conscious and
unconscious were integrated mentally into
a linked mnemonic representation.

In Henke et al.’s (2013) study par-
ticipants sequentially viewed various

unrelated word-pairs such as “tree desk.”
Half of these pairs shared one member, for
example “tree desk” and “desk fish” to pro-
mote event integration. The experimental
procedure varied the delay between the
presentations of the two word-pairs with a
shared member in a way that would pre-
clude simple forms of latent learning due to
classical conditioning. Moreover, one word
pair was presented subliminally (invisible)
while the other word pair was presented
supraliminally (visible). Nevertheless par-
ticipants integrated the two word-pairs
(events) into a linked mnemonic represen-
tation by judging the word pair that shared
one member as semantically closer than the
word-pairs that did not shared a member.
This judgment of semantic relatedness was
evident even if the two word-pairs were
temporally distant, i.e., presented at dif-
ferent times. Henke et al. (2013) conclude
that this finding suggests that: “connec-
tions between mental representations or
between nodes in the semantic network,
which have been co-activated in the same
encoding context, acquire a greater link-
age strength leading to the impression of
stronger conceptual relatedness.”

This interpretation has important
implications for the question of how
we generate our knowledge and concepts
about the world. Much of that knowl-
edge results from integrating memories for
specific events or experiences into seman-
tic concepts (Squire and Zola, 1998). For
example, our concept of a “restaurant visit”
consists of a sequence or chain of events
and actions one must perform within a
particular setting to qualify it as a “restau-
rant visit.” These single sequences have
been distilled from the integrated mem-
ories of many events that happened at
different times and that can be roughly
classified as “restaurant visits,” including

visits, e.g., to fast food and sushi restau-
rants. However, the mechanisms underly-
ing this type of concept formation are still
unknown. Given that no explicit inten-
tion exists to form a concept or to inte-
grate similar events that happened at dif-
ferent times into a semantic concept, this
process must be initiated unconsciously
possibly due to a hidden concept formation
algorithm that detects similarities between
events that happened at different times and
places.

The findings show that conscious and
unconscious memories for events that hap-
pened at different times can join together
into a mnemonic representation. The work
by Henke et al. (2013) further suggest that
people possess learning capabilities that do
not fall under the categories of declara-
tive and non-declarative memory systems
(Squire, 2004). These new findings imply
that people might have at least one quali-
tatively different learning mechanism that
cannot be classified within this categori-
cal dichotomy. The results by Henke et al.
reveal a learning process not dependent on
consciousness (declarative memory) and
that violates the principle that a close spa-
tial and temporal contiguity is essential
for classical conditioning (non-declarative
memory).

In future studies, it would be worth to
determine the maximum temporal delay
between supra- and subliminally presented
word-pairs, that would still allow an associ-
ation between those word-pairs, that share
a member, but have been presented at
different times. Another interesting ques-
tion to ask would be to test whether
the maximum temporal delay could be
extended by using shared member words
that have an emotional valence or would
induce an emotional arousal. If it turns out
that the delay between the presentation of
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word-pairs can be extended to several min-
utes or even up to hours, such a finding
would indicate that the association formed
is not exclusively due to a priming phe-
nomenon as it has been suggested by the
authors.

An interesting direction for future stud-
ies would be the examination of neurobi-
ological underpinnings of this unique type
of learning. These studies could broaden
our knowledge on the fascinating interplay
between our conscious and unconscious
memories and mental lives.

The findings by Henke et al. might
also have implications for the concept
of episodic memory that is thought to
be part of the declarative memory sys-
tem. Episodic memories are extremely
vivid and detailed memories for specific
events and their spatial–temporal context
(Dere et al., 2010; Pause et al., 2013). We
have postulated that episodic memories
are generated without an explicit inten-
tion to do so (automatically or uncon-
sciously) through a learning mechanism
that resembles classical conditioning trig-
gered by events that are emotionally arous-
ing. Furthermore, we have postulated that
the temporal context of an event is con-
structed by relating or associating the event
to episodic memories (so-called “anchor
events”) that have been generated earlier
and to episodic memories that will be gen-
erated in the future. In this way, the tem-
poral context of an event is reconstructed
and stored as temporal order informa-
tion, e.g., event B happened after event A

but prior to event C (Dere et al., 2004,
2008, 2010; Pause et al., 2013; Zlomuz-
ica et al., 2014). The findings by Henke
et al. seem to support our concept of
episodic memory formation by showing
that the strict distinction between declar-
ative and non-declarative memories might
not account for all forms of learning and
memory, including episodic memories and
that an association between temporally dis-
tant events in terms of temporal order
relationships can indeed be formed auto-
matically/unconsciously.

REFERENCES
Clark, R. E., and Squire, L. R. (1998). Classical

conditioning and brain systems: the role of aware-
ness. Science 280, 77–81. doi:10.1126/science.280.
5360.77

Dere, E., De Souza Silva, M. A., and Huston, J.
P. (2004). Higher order memories for objects
encountered in different spatio-temporal contexts
in mice: evidence for episodic memory. Rev. Neu-
rosci. 15, 231–240. doi:10.1515/REVNEURO.2004.
15.4.231

Dere, E., Pause, B. M., and Pietrowsky, R. (2010).
Emotion and episodic memory in neuropsychi-
atric disorders. Behav. Brain Res. 215, 162–171.
doi:10.1016/j.bbr.2010.03.017

Dere, E., Zlomuzica, A., Huston, J. P., Kart-Teke,
E., and De Souza Silva, M. A. (2008). “Animal
episodic memory,”in Handbook of Episodic Memory
Research, eds E. Dere, A. Easton, L. Nadel, and J. P.
Huston (Amsterdam: Elsevier Science Publishers),
155–184.

Henke, K., Reber, T. P., and Duss, S. B. (2013).
Integrating events across levels of consciousness.
Front. Behav. Neurosci. 7:68. doi:10.3389/fnbeh.
2013.00068

Huston, J. P., and Oitzl, M. S. (1989). The relationship
between reinforcement and memory: parallels in

the rewarding and mnemonic effects of the neu-
ropeptide substance P. Neurosci. Biobehav. Rev. 13,
171–180. doi:10.1016/S0149-7634(89)80027-2

Pause, B. M., Zlomuzica, A., Kinugawa, K., Mariani, J.,
Pietrowsky, R., and Dere, E. (2013). Perspectives on
episodic-like and episodic memory. Front. Behav.
Neurosci. 7:33. doi:10.3389/fnbeh.2013.00033

Squire, L. R. (2004). Memory systems of the brain:
a brief history and current perspective. Neurobiol.
Learn. Mem. 82, 171–177. doi:10.1016/j.nlm.2004.
06.005

Squire, L. R., and Zola, S. M. (1998). Episodic mem-
ory, semantic memory, and amnesia. Hippocampus
8, 205–211. doi:10.1002/(SICI)1098-1063(1998)8:
3<205::AID-HIPO3>3.3.CO;2-8

Tarpy, R. M. (1997). Contemporary Learning Theory
and Research. New York: McGraw-Hill Inc.

Zlomuzica, A., Dere, D., Machulska, A., Adolph, D.,
Dere, E., and Margraf, J. (2014). Episodic mem-
ories in anxiety disorders: clinical implications.
Front. Behav. Neurosci. 8:131. doi:10.3389/fnbeh.
2014.00131

Conflict of Interest Statement: The authors declare
that the research was conducted in the absence of any
commercial or financial relationships that could be
construed as a potential conflict of interest.

Received: 14 April 2014; accepted: 24 April 2014; pub-
lished online: 08 May 2014.
Citation: Dere E and Zlomuzica A (2014) Far beyond
declarative and non-declarative memories. Front. Behav.
Neurosci. 8:173. doi: 10.3389/fnbeh.2014.00173
This article was submitted to the journal Frontiers in
Behavioral Neuroscience.
Copyright © 2014 Dere and Zlomuzica. This is an open-
access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, dis-
tribution or reproduction in other forums is permitted,
provided the original author(s) or licensor are credited
and that the original publication in this journal is cited,
in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Behavioral Neuroscience www.frontiersin.org May 2014 | Volume 8 | Article 173 | 2

http://dx.doi.org/10.1126/science.280.5360.77
http://dx.doi.org/10.1126/science.280.5360.77
http://dx.doi.org/10.1515/REVNEURO.2004.15.4.231
http://dx.doi.org/10.1515/REVNEURO.2004.15.4.231
http://dx.doi.org/10.1016/j.bbr.2010.03.017
http://dx.doi.org/10.3389/fnbeh.2013.00068
http://dx.doi.org/10.3389/fnbeh.2013.00068
http://dx.doi.org/10.1016/S0149-7634(89)80027-2
http://dx.doi.org/10.3389/fnbeh.2013.00033
http://dx.doi.org/10.1016/j.nlm.2004.06.005
http://dx.doi.org/10.1016/j.nlm.2004.06.005
http://dx.doi.org/10.1002/(SICI)1098-1063(1998)8:3<205::AID-HIPO3>3.3.CO;2-8
http://dx.doi.org/10.1002/(SICI)1098-1063(1998)8:3<205::AID-HIPO3>3.3.CO;2-8
http://dx.doi.org/10.3389/fnbeh.2014.00131
http://dx.doi.org/10.3389/fnbeh.2014.00131
http://dx.doi.org/10.3389/fnbeh.2014.00173
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://www.frontiersin.org/Behavioral_Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Behavioral_Neuroscience/archive

	Far beyond declarative and non-declarative memories
	References


