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Abstract e.g. Shanahan 2006; Ziemke et al. 2005) of the functionality
In the present paper, we present an argument and an initial of simulations and their neural Su_bs”at?-
model connecting research into the functional role of dreams ~ However, current accounts of simulation do no address the
yin silon s il siteush et questionof the ohyogenaicrgi a w simitors e
siGn?SIrélti%ns is not considered in detail. Simiiarly, regearch into \{elop in the Ch'ld,' Hess"?"," (2002).emp_haS|zed that simula-
the functional role of dreams tends to focus on adults, with less  tion theory explains cognitive functions in terms of phydeg
regard to the dreams of young children. netically older brain functions, i.e., functions that exed to
Here, we suggest that a functional role of dreams in infants allow mammals to eat, move and reproduce. Thus, it might
oL o) oo mey b h nceptonf e S be possible o clam that prt o the exlanaion can e o
explanation for functions of both the phenomenological expe- l0aded to the explanation of the evolution and development o
Ejien_ce olfe(éreiﬁming ?ﬁewergcz;i ;Jitnhero ?fnp:r%tgﬂzfs brﬁydﬁicot:;/ity perception and action processes themselves. Howeveg whil
aIlIJ)r/I,ni? :xpligitlgg%videspan aCCOL?nt for the devélopment of SOmMe ofthe bas.K.: neural substrate for developing S|mmi§,tlo
simulations in"early childhood, hypothesising that an initial  Such as the ability of the cerebellum to learn sensorimotor
function of dreams is the inception and development of sim-  contingenciesdf. Svensson et al., 2009), might have an evo-
ulations. lutionary origin, it is quite clear that simulations havette
Keywords: Simulation Hypothesis; Dream functions; Cogni-  |earnt during the life-time of an individual. Not only does
tive Development . .
the world change at various time scales, our body grows and
I ntroduction clha(nge§ iq un|e>:'pecttﬁd Watys, Whigh rTe,:[gns ;[hat i?rg;;}mod-
. . els (or, in simulation theory terms, simulations) mus u
Where do simulations come from? plastic €.g.Wolpert et aI.,y2001). There is thus a necessity
With its roots dating at least as far back as the British empir for an explanation of what guides the initial formation oéth
cists, the simulation hypothesis (Hesslow, 2002) (noté¢ thapredictive associations between motor and sensory areas of
this is somewhat different from simulation theories (ST) inthe brain, resulting in simulations that are independetthef
research on other mindsf. Carruthers & Smith, 1996) ex- current environment. Although some accounts of simulation
plains features of cognition associated with having anrinnehave touched upon on ie(g.Gallese, 2003; Grush, 1995), a
world in terms of reactivations of bodily states (Svenssoncoherent account of the origin of simulation is largely miss
2007). That is, the adult brain has the capacity to - throughing. In the present paper, we argue that such an account can
anticipatory and associative mechanisms - recreate the sarpe given by considering the function of dreams in infants and
neural context as during previous interactions with the enyoung children.
vironment in sensory-, motor-, and somatosensory areas of |t should perhaps be pointed out that the origin of simula-
the brain. In simpler terms, cognition is explained as cou+ions is not the same question as that of the origin of repre-
pled chains of simulated actionsg( redeployment of motor  sentations, which has been extensively discussed in degnit
brain areas; see Anderson, 2007a,b), and simulated percegrience ¢.g.Bickhard & Terveen, 1995). The account of how
tions (.e. redeployment of sensory and somatosensory braigimulations develop in humans that we seek to establish does
areas). Thus, an essential aspect of the simulation hysp'ethe not for examp|e entail exp|aining intentiona"ty and rey@B-
is the ability to predictively associate a particular aetwith  tational content which an account of the emergence of rep-
its consequences in different circumstances and the témmea resentation would include. However, this does not preclude
of previous multimodal states. that it can contribute to the understanding of how intergion

Evidence has been provided for simulated actions and pektates develop (cf. Brinck & &denfors, 1999).
ceptions in several different areasg. motor imagery €.9.

Jeannerod, 1994), visual imagery (Kosslyn & ThompsonVhat isthefunction of dreamsin early life?

2000), bodily imagery€.g.Gibbs & Berg, 2002), action un- There is no certainly lack of theories regarding the funetio
derstanding (Rizzolatti, 2005), and languageg(Glenberg  ality of dreams. A popular current example is the theory that
& Kaschak, 2002). For a recent review see Barsalou (2008dreams are used to simulate threats (Revonsuo, 2000). This
Furthermore, there are a number of theoretiead).(Barsa- Threat Simulation Theory (TST) is interesting especially a
lou, 1999, 2008; Grush, 2004; Hesslow, 2002) and compuit is one of the few that attempts to identify an explicit func
tational models (for a review see Marques & Holland, 2009 tion of the phenomenology of dreaming including the narra-
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tive nature of dreams. This is in contrast to several theorieof the nervous system, especially higher cortical areashwh
that identify functions of, for instance REM sleep withodta “may be useful in assisting neuronal differentiation, ratu
dressing the phenomenal levels of dreams or even the narreation, and myelinization” (Roffwarg et al., 1966, p. 616)
tive organisation. A popular idea in this line of reasoniag i of these areas. Thus, the ontogentic hypothesis focuses on
that dreams are involved in memory processiagy( Hob-  the neurophysiological aspects of brainstem inducedaadrti
son 1994 or Crick & Mitchison 1983, 1995). A related the- and muscle spindle activity, rather than a possible funatio
ory proposes that dreams are a series of events (influencelde conscious experiential aspect. Of interest to our Hypot
by the dreamer’s past) within a model of the world in which esis, the motor activity initiated by the brain stem, visibk
the dreamer actively participates (Foulkes, 1985). Howeve twitches during REM sleep (Blumberg, 2010), is able to as-
as Revonsuo (2000) points out, there still is no function tosist in the formation of sensory anticipatiores. Blumberg,
the narrative beyond “producing novel and unigue mnemoni@010). Thus, the spontaneous production of motor activity
configurations”. A different approach theorises that dream during REM sleep, might be play a role in triggering the for-
may allow us to deal with emotional conceresgy.Hartmann,  mation of simulations, in particular, simulated sensatiand
1998). perceptions. It might possibly also explain why simulated a
For a more complete discussion of these theories briefl§ions play a crucial role in simulationsf( e.g.Cotterill, 1996,
mentioned above, see for instance Revonsuo (2000). In th&001; Hesslow, 2002).
context of the present paper, however, the critical insight ~ Specifically, we therefore argue in this paper that dreams
that most, if not all, of these theories aim to identify a func and simulations form a bootstrapping process in which
tional role that is relevant fadultlife. Pre-adulthood dreams dreams help creating and refining simulations which are then
are typically only cited to support the theories; Revonsuoused within dreams to generate narrative content. We show
(2000) for instance cites evidence that children’s dreagas f that this hypothesis is both consistent with available evi-
ture more dangerous animals than adults in favour of higlence and compatible with theories related to the functions
threat simulation theory while Valli et al. (2005) lists dras ~ of dreams in adults as well as the position taken by Domhoff
of traumatised children as additional support for the sarae t (2001).

ory. _ _ _
Domhoff (2001) summarises several relevant studies Therole of drgamsm theinception of
(Foulkes, 1982, 1999; Foulkes et al., 1990) to illustrateva f simulations

key features of children’s dream. Most importantly, dreamsryq e gre interesting parallels between the insights frem r
of children appear to be different from those of adults 'mhasearch into dreams and the simulation hypothesis. For in-

they exhibit a different frequency and cognitive structure — gyance actions in dreams are thought to be neurophysiolog-
til the child reaches an age of around 9-11 years old. Furthefcally similar to real actions except for not being executed

Domhoff (2001) notes that dream reports from children be'(Revonsuo, 2000). In the language of the simulation hypoth-
low the age of around 11-13 years differ from adult dreamggis 4ctions in dreams are therefore simulated actions. Fu
reports in length and content. Specifically, dreams of YOUNGharmore, Hobson (1999, as described by Revonsuo 2000, p.
children under the age of 5 appear to be “bland”, featuringegg), argued that *
mainly static imagery. Between 5 and 8 years old, dreamgy reated with the help of the efferent copying mechanism,
do contain interactive characters but the narrative doés NQuhich sends copies of all cortical motor commands to the
appear well developed. Overall, Domhoff (2001) concludes;gigory system. The brain thus receives internally gesubrat
that *visual imagination may develop gradually and may be 8n¢ormation about issued motor commands and computes the
necessary cognitive prerequisite for dreaming”. expected consequences of those commands. The sensory sys-

It is therefore clear that one cannot compare dreams ofem is not informed that these commands were not in actual
adults with dreams of children since the latter tend to beact carried out by the muscles, and therefore the illusion o
much less sophisticated. This makes it unlikely that theomovement comes about”. Again, these insights are highly rel
ries such as Revonsuo's TST (Revonsuo, 2000) apply to chilevant to the simulation hypothesis as the use of effereri¢ésop
dren’s dreams. On the other hand, even though the pher more encompassing input from motor areas to sensory ar-
nomenological aspects of dreams my appear impoverished as has also been proposed as a possible neural substrate for
children when compared to adult's dreams, there is no reasagstablishing simulations generally (Cotterill, 2001; blew,
to believe that they may not serve a function. 2002).

In the remainder of this paper, we outline the hypothesis One can thus argue that the simulation hypothesis is rel-
that dreams in young children may in fact play a crucial roleevant for theories about the functions of dreams in gen-
in the inception and refinement of simulations. This is moti-eral since it provides the necessary mechanisms for creat-
vated in part by the ontogenetic hypothesis (Blumberg, 2010ing dream narratives based on internal models of the world.
Roffwarg et al., 1966) of the function of children’s dreams, Note that this is actually independent of the specific theory
namely that the large amount of REM sleep at the beginningne subscribes to, whether it is TST (Revonsuo, 2000) or for
of life can be explained by a need for endogenous stimulatiomstance Foulkes’ view (Foulkes, 1985) since most impyicit
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assume the presence of such a mechanism. However, as ar- Dreams
gued earlier, it is not likely that simulations are formedl (a .
least beyond a rudimentary proto-simulation) as a resultof - — — — — — — - - » Formation >

[ — ~

an evolutionary process. This implies that simulationstmus | T
be formed (or significantly refined) during the lifetime oéth i |
. . . . Sensorimotor
human. Further, according to simulation theory, these simu ™ experience \
lations are important to cognition and should thereforenfor Py
at the earliest opportunity. ~Finetuning > *""

. . 'y
Additionally, the phenomenological content of dreams can |

in general have further useful consequences for simulation |

processes employed when awalkeg( solve problems).
Firstly, dreams are somewhat more unconstrained than other - o
thought processes,g. dream imagery is often more bizarre
than wake thoughts, self-reflection is absent in dreams, and
dreams lack orientational stability (Hobson et al., 2000).
Thus, dreaming allows the emergence of paths of simulated
actions and perceptions that would not, by some mechanism,
have been thought of while awake. Secondly, dreams might
be useful for creating longer and more stable simulations as
they contain several organising aspects. Dreams integra’;qgure 1: Schematic of the hypothesised relation between
several different dream elements into a coherent story, indreams and simulations. Dashed lines indicate functions
tensified emotions are experienced which also seem to guidgiat diminish in importance as the child ages whereas thick
the narratives during dreams, and instinctual programb sugjines indicate functions that increase. In very young itgan
as fight-flight mechanisms are also used to guide the dreamg_-enacting of experienced sensorimotor perceptionsiwith
(Hobson et al., 2000). There is thus a reason to believe thafreams shape internal simulations of the world the infant is
simulations can benefit from the phenomenological experitiying in. Based on these simulations, the infant or young
ence of dreams and thus, that dreams may help in form thesild will generate predictions which are then validatedlevh
simulations. We suggest that this process begins in earljwake, leading to a fine-tuning of the simulation. As the
childhood. child grows older, the “Formation” mechanism ceases to play
Even though children’s dreams are described as “impovan important role (although it may be used if radically new
erished” (Domhoff, 2001) compared to those of adults, in-perceptions are encountered) and dreams simply use gxistin
fants spend around 14 hours per day sleeping, compared gmulations (with their content formed through other cegni
8-9 hours for 16-year olds (Iglowstein et al., 2003). Furthe tive mechanisms). Simultaneously, the accuracy of the sim-
about half of that is spent in REM sleep, dropping to 30% toulations increases as the child grows older, leading both to
40% (but approaching adult levels in quality) in infantséige a decrease of required fine-tuning and an increased usage
between 1 month to 1 year (Finn Davis et al., 2004). Althoughof predictions in other cognitive functions, such as postu-
itis hard to know whether or not any phenomenological expelated for instance by the Threat Simulation Theory (Revon-
rience is associated with these sleeping patterns in mfarg ~ suo, 2000). See text for a more thorough description.
do know, as discussed previously that this is the case ingyoun
children (Domhoff, 2001). Here we suggest, as outlined be-
fore, that the relationship between dreams and simulaéions  jnq o aformationof simulations. This is the inception phase.
tually go both ways: while in older children and adults, Sim- gjnce this takes place in young infants, it is hard to know
ulgtions are primgrily used to_ form the ngrratives of dreams,yhat the phenomenological experience of this phase is; it
this dependency is reversed in young children where dreamg therefore somewhat of an assumption that it exists (rathe
are used to form and refine the simulations. Figure 1 illuSypan the inception of simulations being a subconscious pro-
trates our model of this process. The critical_ notion here i%ess). However, it seems likely that it is initially compdse
the e>.<|sterllce of .two separate loops: one WhICh uses dreamd$ 5 more or less direct repetition of the impressions of re-
to refine simulations and a second loop which uses dreamgsnt sensorimotor experiences. Once a simulation has been
(and therefore simulations) to support other cognitivei-abi formed, dreams begin to use it at which stage the phenomeno-
ties. The hypothesis is that the first loop is dominant ififtia |ngical experience begins to increase in complexity, iditig
and gradually declines in importance as the second 100p b§ne generation of event sequences that were not directl-exp
gins to dominate, marking a transition from functional ele yienced but are rathgredictionsof what is possible. These
of dreams in children to roles relevant to adults. predictions can then be tested by the child while it is awake,
In infants and young childrersensorimotor experiences leading to avalidation mechanism which in turn is used to
are thus hypothesised to be re-enacted within dreams, leafinetune the existing simulations. Within our model, thisgo

Higher-level
Cognition

Y
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is the dominant one during infancy and early childhood. Itaccuracy and complexity of simulations have advanced suffi-
is clear that simulations that depend on sensorimotor experciently. This is at least indirectly supported by the faatth
ences can only be accurate to the extent of the infants abilstudies that do show evidence for the threat simulation the-
ties, which are themselves continuously developing thineug ories relies on data from children aged on average about 12
out childhood. The first decade of life is therefore likehb®  years, at which age dreams are already adult-like in theirco
spent considerably refining the simulations. It is wortimpoi  plexity and narrative (Domhoff, 2001).

ing out that other models based on simulated actions and per- Third, it predicts that internal simulations are definedvaea
ceptions propose similar mechanisms. For instance, Gruslly by the experiences in early childhood. Although this may
(2004), in his emulation theory of representation, progase be hard to verify, the abundance of bodily metaphors in lan-
model based on Kalman filters (in control theory) in which guage (Lakoff & Johonson, 1999) might be a possible conse-
the predictions produced by simulations (or emulationssn h quence thereof.

terms), are also used to update the emulations themselves by

comparing them with the corresponding actual input. Discussion

At the same tc'jme_’ howr?ver, as 5|mulzt|o_ns l?jegm t0 be aCfy the present paper, we presented a model that addresses
curate, the predictions they generate during dreams can k?§sues in two separate fields. Within the context of simula-

used in othehr aspects hiﬁher-le\;]el cognition _Wz do‘|nt;j lion theories, it provides a coherent account of simulation
attempt to characterise these other aspects in detail sut t might originate and form during early childhood, an aspect

would for instance include a function of dreams as postdlate,[hat has not been given much attention previously, although

by Revonsuo’s TST (Revonsuo, 2000). In other words, 3% has been touched upon by soneeg(Gallese, 2003 Grush,

the need for_ fine-tuning is re_d_uced, the fqnctio_n of drea_tms a§995). Within the context of research into the functiontro
support to higher-level cognitive mechanisms increasb& T ¢ jreams, we argued that the traditional focus is on adult

creates a second loop where higher-level cognition defi®S t y.0ms and that theories pertaining to the role of dreams in
narratives of dreams, which increases in complexity assiMu.piidren are still missing. Our model thus provides a hypoth

!at:jons_mcre?se Irl] comﬁ_llztﬁnejs. W|th(;n our model, thuplo esis as to what such a function might be by tying into the
is dominant from late childhood onwards. development of simulations.

The model leads to a number of predictions. First of all, |tis worth pointing out that, since the model addresses the
it DTEdiCtS that the Comp|EXity of the dreams and the narrarple of dreams at an age not norma“y covered by other the-
tion increases over time as the internal simulations becomgries of the function of dreams, the present hypothesistis no
more and more complete. Additionally, dreams will reflect actually at odds with those except with the idea that dreams
developmental stages of the brain and body. Since the confas opposed to the activity the brain goes through during a
plexity and content of simulations is defined by by what andream) serve no functior(g.Flanagan, 1995); indeed, since
individual can currently experience, they are intrindicied  our model hypothesises that simulations are fine-tunectdbase
to the overall physiological development of the body. Thus,on predictions generated in dreams, the phenomenological
as brain and body develop and higher-level cognitive funcexperience plays an important role. Threat Simulation The-
tions emerge, more complex simulations are also made pogry (Revonsuo, 2000) for instance, as already argued,fspeci
sible. These novel aspects of the simulations will need to bﬁ:a”y requires a form of internal simulation in order to be
fine-tuned as postulated by our model, predicting that durin effective. Additionally, since simulations and the resgjtin-
development, the dream contents will reflect newly gainedernal models of the world can be seen as a form of memory
cognitive or bodily abilities. This is at least partly costeint  (of the functioning of the world), the same mechanisms that
with the development of cognitive abilities in children a@od  \ere used in early life to create these simulations can be use
what extent those abilities involve more Complex simulatio later on to consolidate or process memories during dreams,
For example, at the age of 6-12 months infants are al#egto a5 hypothesised for instance by Hobson (1994) or Crick &
separate goal from means (Frith & Frith, 2003) and recognizgyitchison (1983, 1995), even if this function of dreaming is
goal-directed actions (Csibra, 2003), in which brief sigaul not related to the phenomenological experience. Our model
tions of actions may play a role (Gallese, 2003). Itis notlunt thys also offers a way of unifying separate theories by jkovi
around the age of 5 or 6, however, that more complex simuing mechanisms that allow a natural distinction between (1)
lations have developed. For example, at the age of 5 the chilginctions at a phenomenological level, in which the naveati
starts to be able to more fully grasp how others behave angf the dream has an explicit role in supporting cognition and
think (Frith & Frith, 2003), which would involve longer and (2) functions that may be subconscious and relying on mech-
more extensive simulated chains of perceptions and actiongnjsms that were involved in the construction of simulation
Overall, t.his isin agr(_eementwith the description of clelds Our hypothesis and the resulting model are developmen-
dreams listed by for instance Domhoff (2001). tal in the sense that the function of the model evolves over

Second, it predicts that any functionality of dreams relate time by shifting the focus from one loop to the other, which
to supporting higher-level cognitior,g.to simulate and pre- results in a shift from using dreams primarily as a way of re-
pare for threats Revonsuo (2000) does not appear until thining simulation to using dreams (and the underlying simu-
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lations) primarily as a way to generate predictions thattean tulated by simulation theory (Hesslow, 2002). We have out-
used in other aspects of cognition (in the same sense that, ftined an evolving model that describes the changing rela-
instance, TST (Revonsuo, 2000) sees dreams as functionatjons between dreams and simulations and we have illudtrate
This approach resulted in the explanation of both phenomendhat the hypothesis is compatible with current knowledge of
logical and other functions of dreams discussed in the predreams. The hypothesis lead to a number of predictions,
vious paragraph, which highlights that taking developrakent which need to be explored more fully in further work.
aspects into consideration is important in general. Byist
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