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Abstract—Masca is a low-cost, low-power sleep mask for Rapid
Eye Movement (REM) sleep detection outside of the laboratory.
Masca adapts to the human body, detecting eyelid motion using
a comfortable, affordable device for sleep staging and actuation.
Mental activity in REM sleep is crucial for long-term-potentiation
of learning and memory. Tracking and influencing of REM sleep
mentation opens up doors to augmentation of memory and learn-
ing: a future in which the content and consolidation of cognition
in sleep is rendered controllable by wearable electronics. We
show here that Masca offers reliable detection of head and eye
movement, offering a new sleep wearable for interfacing with
the REM dream state. In addition we report on using Masca to
detect and intervene in REM: We show that electrical muscle
stimulation during REM sleep can serve as a new modality for
interfacing with sleep and influencing dream content.

Index Terms—sleep, dream, interface, sensors

I. INTRODUCTION

A. What Sleep States are

We spend 50,000 hours dreaming during our lifetimes, yet
have no reliable way to capture or direct thought during
sleep [1]. Sleep stage detection is the first step to interfacing
with cognition in sleep, yet there exists no comfortable, con-
formable, low cost, low power Rapid Eye Movement (REM)
sleep detection wearables. This means the processes underly-
ing extraction of salience, the dreams mitigating post-traumatic
stress, and the long-lasting neuronal changes after novel learn-
ing lie outside of our control. Capture and direction of REM
sleep content, where dreams are most vivid, is a holy grail
for the augmentation of memory and learning: Dream activity
in REM, specifically, contributes to long-term-potentiation of
learning, memory, and traumas. Sleep neuroscience has shown
augmentation of each of these processes is possible in the
laboratory. Yet tracking of REM, and interfacing with tracked
dreams, has been extremely difficult to translate outside of
laboratory contexts.

REM is one of 4 main types of phasic sleep stages humans
pass through nightly. Rapid Eye Movement (REM) Sleep,
Light Non-Rapid Eye Movement (NREM) Sleep, Deep NREM
Sleep, and Sleep Onset cycle in 90 minute periods throughout
the night, each reliably separable by electroencephalogram
analysis. Throughout the night these cycles offer myriad

cognitive benefits [2]. Post-learning sleep has been shown
to improve memory performance, insight generation, motor
skills, and much more: The building blocks of learning and
creativity are formed in the furnace of sleep [3].

Our nightly descent into sleep creates brain-states demon-
strably tailored for the rehearsal and consolidation of learning
and memory, yet specific sleep stages have distinct benefits
and thus offer distinct opportunities for cognitive enhance-
ments. Audio cues which are tied to an aversive stimulus and
presented during REM sleep, called targeted memory reac-
tivation (TMR), enhance performance on previously learned
skills, whereas cueing during NREM sleep impairs them [4].
For traumatic situations where forgetting is optimal, auditory
cueing of conditioned fear stimuli during NREM but not
REM show selective impairments of fear memory purple2017.
Protocols like TMR illustrate the importance of specific sleep
staging for the directed enhancement or impairment of mem-
ory consolidation.

B. Why we care about Dream Content

The occurrence of NREM or REM sleep alone are not
the whole picture: Recent converging evidence points to the
influential role of sleep thought content, namely dreams,
mediating beneficial outcomes of each sleep stage [5]. Dream
content often plainly reflects recently encoded memory, with
novel learning experiences being a particularly strong driver
of dream content, suggesting a role of dreaming in learning
new information [5].

Recent research suggests a central role of dream content in
post-sleep cognitive outcomes. Fiss et. al (1977) show that
after reading a short story, participants who report dreams
related to the story exhibit superior recall for the text the
following morning [6]. Wamsley et. al (2010) show that
improved performance on a virtual navigation task is strongly
associated with occurrence of task-related dream imagery
during an intervening afternoon nap, yet task-related thoughts
during wakefulness do not similarly improve performance.
This driving role of dream content has been found for creative
insight generation as well as spatial navigation and memory
consolidation [7]. REM dream content has even been shown to



predict remission from Depression and PTSD after traumatic
events [8].

Multiple studies have shown that manipulation of dream
content is feasible, though not entirely reliable or predictable,
through manipulation of sleep environment, pre-sleep, and in-
sleep exposure or delivery of smell, audio or somatosensory
stimulation [9]. If an uncomplicated and effective sleep in-
terface for detection and influence of dreams can be devised,
the cognitive causal role of this sleep mentation can be taken
advantage of [1].

C. Why REM, and how sleep researchers detect it with PSG

With the goal of interfacing with sleep mentation it makes
particular sense to focus on REM sleep, as it has been
classically regarded as the source of apex dreams, those
which are most vivid and can be most reliably recalled [?].
Primarily, any REM sleep interface must be an effective REM
detector. Classically, the detection of sleep stages has been
done via polysomnography (PSG), a combination of activity
sensors including brain (EEG), eye (EOG), muscle (EMG),
heart (ECG), breath and pulse oximetry. Yet PSG is rife
with problems: The amalgam of sensors creates a device
which is cumbersome and prohibitively expensive [?]. And
even with so many concurrent sensors the detection of sleep
stages remains more of an art than a science, as signals often
disagree–REM sleep related changes in heart-rate variability
from predominantly parasympathetic to sympathetic states, for
instance, can occur up to 15 minutes prior to the EEG-defined
onset of REM sleep [10].

Fig. 1. Polysomnography, a common type of sleep study. Polysomnography
is expensive and requires a plethora of sensors resulting in an uncomfortable
sleeping condition.

When sleep scoring clinicians must use personal judgment
to determine sleep states in the face of such contradictions,
unreliability is introduced, and yet automatic sleep scoring
of PSG has proved extremely difficult [11]. Further, PSG
creates an uncomfortable sleeping situation because it is teth-
ered to the laboratory setting and requires extensive adhesion
of sensors to the body. This causes demonstrably different
sleep than that experienced at home and causes confounding
incorporation of thoughts and feelings about sleeping under
surveillance into dream content [12] [13].

D. Why NightCap (Success, clinically relevant signal, accu-
racy, first night effect, but changes sleep)

To overcome the intense labor and capital costs of PSG,
as well as bring sleep neuroscience beyond the disruptive in-
fluence of laboratory observation, an inexpensive home-based
sleep monitoring system is necessary. Two main strategies
have been attempted in the past, namely building portable
PSGs or devices which track solely body movement. The first
has proved far too expensive, and the second far too unreliable
[14]. In the 1990s, Harvard Medical School pioneered the
development of a device which mitigated both difficulties,
called the Nightcap [14]. This headworn device uses eye move-
ment and head movement data gathered from custom, adhesive
piezoelectric sensors stuck to the eyelid of each subject and a
multipolar mercury switch worn on the head. Taken together
these signals can be used to distinguish wake, NREM and
REM sleep. These signals are sensitive to the varied types
of muscular atonia and unique eye movement frequencies
exhibited in specific sleep stages. Binary classification (yes/no)
detection of body and eye movement were fed into a Nightcap
state machine for sleep, automatically classifying sleep stage
based on sensor thresholds each minute.

Nightcap-derived values for sleep latency, REM latency,
wake time, NREM time, and REM time calculated showed no
significant differences from those derived from polysomnogra-
phy ajilore1995. The Nightcap identified sleep states correctly
in 87% of 1-min epochs as compared to PSG, coming quite
close to the 95% interrater reliability seen with PSG analysis.
Further, the Nightcap reduced per-night cost of sleep monitor-
ing by 10x, as it can be used without any supervising personnel
and requires fewer disposable sensors than PSG.

The Nightcap offered a simpler, cheaper sleep staging
tool and opened up opportunities for mobile sleep science
and longitudinal diagnosis of sleep-related symptomatology at
home. It demonstrated sensitivity to clinically relevant changes
in sleep quality, enabling diagnosis outside of the laboratory
with increased ecological validity. Yet it remained limited in
many ways: The device remained wired and required a bulky
amplification circuit, neither of which is ideal for sleeping
settings. The wearable was mounted on the forehead, an
unnatural location for sleepworn devices, making uptake with
high compliance at scale difficult. Crucially, the device relied
on custom, disposable, adhesive piezoelectric sensors which
were stuck to the eyelid of each subject and thresholded for
binary classification of eye movements. Though the Nightcap
was a leap forward for sleep science in its time, the cost
and comfort of such sensors was a major limiting factor in
the uptake of such devices inside and outside the research
laboratory.

E. Our device (First night effect, conformable, cheap)

Our device, Masca, takes on these device design challenges
to modernize the Nightcap and push beyond the limitations of
forehead worn, wired, disposable sensing. Harvard Professor
Robert Stickgold, a leader on the original Nightcap work, has
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