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Recent neuroscientific studies of dreaming, specifically those in relation to waking sen-
sory–motor impairments, but also more generally, betray a faulty understanding of the sort
of process that dreaming is. They adhere to the belief that dreaming is a bottom-up phe-
nomenon, whose form and content is dictated by sensory–motor brain stem activity, rather
than a top-down process initiated and controlled by higher-level cognitive systems. But
empirical data strongly support the latter alternative, and refute the conceptualization
and interpretation of recent studies of dreaming in sensory–motor impairment in particu-
lar and of recent dream neuroscience in general.

� 2014 Elsevier Inc. All rights reserved.
1. Introduction

In cognitive psychology, a distinction is made between information-processing systems that are ‘‘top-down’’, i.e. largely
self-contained and not dependent on information from other systems or sources, and those that are ‘‘bottom-up’’, i.e., largely
dependent on information from outside sources. On the face of it, it would seem that the dreaming system must be a top-
down information processor. We have proposed (Domhoff, 2001; Foulkes, 1999) that this system involves the reprocessing
of a somewhat dissociated network of memories and knowledge in the form of a conscious and generally plausible dream
narrative, and that, once in motion, the dream system ‘‘does its own thing’’, without constraint from outside factors.

Hobson (1988, 2002), however, has proposed an influential theory of dreaming in which both its form and content are a
function of sensory–motor information transmitted from the brain stem to interpretive areas in the cerebral cortex. He inter-
preted spike-wave activity running from the brain stem to the cortex as imparting information that became the raw material
of dreaming. Since this bioelectric activity is observed only immediately preceding and during REM sleep and since he
believed REM sleep was the only occasion for dreaming, he therefore gave the brain stem a critical role in dream formation.
A theory of this sort faces enormous theoretical and empirical objections. Theoretically, information transmission from the
hindbrain has not been and cannot be observed. The imposition of informational language on physical–chemical processes in
the brain stem can only be conjectured, but never proven (McGinn, 2013).

Empirically, results from many studies of experimental stimuli applied during REM sleep (Domhoff, 2003) show that such
stimuli very rarely achieve any kind of representation in dream narratives, and that, when they do, the narrative seems to
determine the fate of the stimulus, rather than the stimulus determining the fate of the narrative. These observations
strongly suggest the primacy of imagination in dreaming, unconstrained by extra-systemic stimuli. At this level, moreover,
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information processing can directly be observed. One can compare evident mnemonic inputs to dreaming (the specific mem-
ories and general knowledge that seem to have had a role in dream formation) with their appearance or reflection in the
ensuing dream narrative.

It may be wondered if the top-down model of dreaming is consistent with the bursts of brain stem activity preceding and
accompanying the cortical arousal of REM sleep. The answer is yes, because these impulses simply activate and maintain a
state of arousal permitting the dream system to operate on its own terms. We also note that dreaming has been shown to
occur in all non-REM stages of sleep as well as in relaxed wakefulness (Domhoff, 2011), although special patterns of brain
stem activation have been observed in none of these other states.

Evidence for a top-down construal of dreaming now goes well beyond the data cited above on the effects of external stim-
uli on dream content. Converging evidence, evaluated by neuroscientists Nir and Tononi (2010), found support for a top-
down model, in specific contrast to Hobson’s bottom-up model. They state ‘‘that dreaming may be closely related to imag-
ination, where brain activity presumably flows in a ‘top-down’ manner (p. 97)’’. But this is neither the historical nor the cur-
rent understanding of dreaming in neuroscience. Particularly before the discovery of REM sleep by Aserinsky and Kleitman
(1953) and Aserinsky (1996), the sleep stage from which involved dream sequences most often are reported, it generally was
thought that dreams had their sources in bodily or external stimuli occurring haphazardly during sleep. More recently, Hob-
son’s indefatigable promotion of his own bottom-up model seems to have carried the day.

We stress the importance of identifying the type of information-processing system that dreaming is since that knowledge,
in turn, must constrain any plausible neurophysiological model of dreaming. If you don’t understand what kind of process
dreaming is, psychologically, obviously you won’t be successful in explicating it neurophysiologically. As cases in point, we
note two recent studies of dreams in relation to sensory–motor impairments (Saurat, Agbakou, Attigui, Golmard, & Arnulf,
2011; Voss, Tuin, Schermelleh-Engel, & Hobson, 2011). As long-time dream researchers, we feel that these studies are defi-
cient in conceptualization and interpretation because their authors do not understand the sort of process that dreaming is.

2. An analysis of two bottom-up articles

Bottom-up or top-down? This choice is certain to affect the motivations and interpretations of empirical research on
dreaming and sensory–motor impairment. If you believe in the primacy of lower-level sensory–motor systems in dream gen-
eration, you would expect that their impairment would have clear and direct effects on the incidence and content of dream-
ing. If, however, you believe in the primacy of higher-level cognitive systems in dream generation, you would not expect
such effects.

The two studies we critique in this section found that sensory–motor impairment did not affect dreaming in general or in
the modality that is impaired. Specifically, Saurat et al. (2011) found that persons with congenital and acquired paraplegia
had dreams of walking as often as did controls and that there was no correlation between dreams of walking and the dura-
tion of paraplegia. Voss et al. (2011) found that the dreams of congenitally paraplegic and deaf-mute persons were not
greatly different from those of controls in either sensory or motor representations. Our first reaction on hearing these results
is that they add still more evidence for the top-down theory and against the bottom-up theory.

But the authors seem to cling to a bottom-up view, in one case, in spite of evident surprise at the results, which Saurat
et al. (2011, p. 1430) find ‘‘remarkable.’’ They do make the reasonable surmise that knowing that sensory–motor events hap-
pen in the world (through observation, conversation, etc.) is sufficient to support their appearance in dreams, although they
nonetheless gratuitously add neural mechanisms to support their bottom-up view (‘‘cerebral walking programs,’’ ‘‘mirror
neurons’’). Voss et al. (2011, p. 686) find their results quite ‘‘comfortable’’ within a bottom-up framework through the gra-
tuitous introduction of a hypothetical construct of ‘‘protoconsciousness.’’ Protoconsciousness is said to develop in REM sleep
and to provide ‘‘a virtual reality model of the world that is of functional use to the development and maintenance of waking
consciousness,’’ according to the Voss et al. co-author who originated the concept (Hobson, 2009, p. 803). Again, couldn’t we
just say that simply knowing about sensory and motor activities is a sufficient condition of their dream portrayal?

3. The theoretical importance of blind dreamers

But there remain puzzles in impairment dreams. How, for example, can someone who has never seen know how to rep-
resent that modality in dreams, as claimed in a recent and controversial article by Bertolo et al. (2003)? Partly, the answer
surely lies in other forms of non-visual imagery that preserve spatial and metric information, without any reliance on the
visual system’s information as to hue or brightness (Kerr & Domhoff, 2004). Because these spatial images have some simi-
larities with visual images, they can, in part, be described in visual terms. In communicating with a visual community, it is
probably easier to say that one ‘‘saw’’ something than that one merely ‘‘felt’’ or ‘‘sensed’’ it. It is also known that congenitally
blind people use ‘‘saw’’ metaphorically based on the widely understood conceptual metaphor that ‘‘knowing’’ or ‘‘experienc-
ing’’ is ‘‘seeing’’ (Hurovitz, Dunn, Domhoff, & Fiss, 1999). And even in the dreams of sighted people, probing after awakenings
in sleep laboratories often establishes that the dreamer didn’t actually ‘‘hear’’ a conversation, but just knew that it had taken
place.

Interestingly, both Saurat et al. (2011) and Voss et al. (2011) cite the Bertolo et al. (2003) article without acknowledging
the empirically based rebuttal by Kerr and Domhoff (2004), seemingly to leave it an open question as to whether visual
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imaging depends on some prior visual perceptual experience. But there is substantial evidence, going back to Jastrow (1900),
for the proposition that there is a ‘‘critical period’’ (roughly ages 5–7), before which adventitious loss of sight does not, and
after which it does, prefigure a lifetime of dreaming in visual imagery (Hurovitz et al., 1999, for a review). It is striking that
the onset of such autonomous visual imagery; conscious episodic recollection and autobiographical memory (Tulving, 2005);
and, yes, narrative dreaming itself (Foulkes, 1999), coincide with one another in the well-known age 5-to-7 shift in cognitive
development. All of these findings provide further strong evidence in favor of a top-down view of dreaming.

4. Continuity or discontinuity?

Voss et al. (2011) raise the issue of whether there is ‘‘continuity’’ or ‘‘discontinuity’’ between waking and dreaming. Here
again, the construal of key terms is critical. From their bottom-up perspective, Voss et al. (2011) see the form of the dream as
chaotic by waking standards, but seem to believe that the content of dream reports is more familiar to waking life. But a key
question here is how ‘‘waking’’ is defined. In a top-down model, continuity is conceived in terms of comparisons of waking
and dreaming ideation, not of dreaming with waking behavior or perception. The sources of dreams are not sought in waking
behaviors or perceptions, but in their inner cognitive representations, if and as they exist. Framed this way, the question of
continuity–discontinuity is not so simply resolved as it may seem to be on the basis of an outside observer’s account of what
the dreamer has done and seen in the world.

One implication of the bottom-up model is that dreams must be viewed as ‘‘denials’’ of one’s current sensory or motor
status when they neither represent nor reflect that status (Brugger, 2008). But the majority of impaired dreamers have long
ago adapted to that status. Their waking thoughts are not consumed by it. Their dreams may betray healthy adaptation, not
pathology. And, consider a person adventitiously blinded after age 7 who continues visual dreaming, and even has visual
images of people she had never seen as a sighted person (Kerr, Foulkes, & Schmidt, 1982). We think this finding shows that
dreams make use of the ability to generate mental imagery, which, after a certain point in development, is independent, both
in form and in specific content, of current perceptual experience.

In considering the continuity–discontinuity issue, it also is necessary to raise questions about the manner of dream col-
lection. At the threshold of the REM dream era, a review of dream studies, which generally used less-than-optimal dream-
reporting conditions, revealed a relatively chaotic situation (Ramsey, 1953). Few if any questions about dreaming had been
resolved, and just about any opinion on any issue might find some apparent support. Subsequent to the use of REM awak-
enings in sleep-laboratory studies, this situation improved markedly (Foulkes, 1996). With crisply made arousals and imme-
diate recalling and reporting of dream narratives, many of the confounds of earlier research (e.g., biased dream samples, long
delays between supposed dream occurrence and the report of the dream) could be circumvented. (Incidentally, neither of the
two studies being commented on here used the laboratory-awakening method.)

Laboratory studies revealed that systematic sampling of dreams showed them to be far more mundane in content (e.g.,
Snyder, 1970) and better organized narratives (e.g., Foulkes & Schmidt, 1983) than the dream stereotypes of popular imag-
ination. On both counts, Hobson (1988, 2002) adopted a model of the dream that follows the popular stereotype of dreams
rather the systematic results of laboratory research.

The current situation in dream neurophysiology is nicely reflected in the form in which Saurat et al. (2011, p. 1425) pose
their discussion of continuity–discontinuity: either day residues create dreams (much in the same fashion in which it once
was imagined that bodily or external stimuli did) or dreaming ‘‘reactivates archaic, innate networks’’ in the sensory–motor
areas of the brain stem (as proposed by Hobson). Either way, it’s bottom-up.

5. An alternative conclusion

But there is an alternative to the models proposed by Saurat et al. (2011) and Voss et al. (2011). It is supported by empir-
ical evidence that has accumulated over the past 60 years. Dreaming is the top-down product of high-level cognitive sys-
tems, which Domhoff (2001, 2011) and Nir and Tononi (2010) call a ‘‘neurocognitive’’ model. According to this model,
which combines what is known from laboratory dream studies with neuroimaging studies of the brain during both day-
dreaming and dreaming, it seems likely that dreaming occurs whenever there is (1) an intact neural substrate that can sup-
port the cognitive process of dreaming, a qualification that allows for the impact of lesions on the functioning of this
substrate; (2) an adequate level of cortical activation, which is provided by subcortical ascending pathways; (3) an occlusion
of external stimuli; (4) a fully mature cognitive imagination system, a necessity that is indicated by the relative lack of
dreaming in preschoolers and its relative paucity until ages 8–9; and (5) the loss of conscious self-control. From a cognitive
point of view, dreaming is the form that consciousness takes under these five conditions (Domhoff, 2011; Foulkes, 1999).

We believe that it would be both appropriate and fruitful for dream neuroscience to accept this possibility. It provides a
focused agenda for future research by neuroscientists and cognitive psychologists who seek to encompass dreaming within
their evolving theoretical models.
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