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Continuity Between Waking and
Dreaming: A Proposal for a
Mathematical Model
Michael Schredl, Ph.D.

The so-called continuity hypothesis of dreaming states that waking experiences are
reflected in dreams. The formulation of the continuity hypothesis is very broad and vague,
however, so that it seems necessary to investigate factors which might affect the
incorporation rate of waking-life experiences. A review of the different research
paradigms, e. g. assessing temporal references of dream elements, studying the effects of
the pre-sleep situation on dreams, will be presented. Various methodological issues which
limit the generalizability of the findings in this area will also be addressed. After this
overview, several factors such as (a) the time interval between waking-life experience and
dream occurrence, (b) emotional involvement, (c) the type of waking-life experience, (d)
personality traits and (e) the time of the night (time interval between sleep onset and
dream onset) for which empirical data indicates an influence on incorporation rates of
waking-life experiences will be listed. A mathematical model is proposed which should
enable researchers to identify influencing factors and their interactions making a more
precise formulation of the continuity hypothesis possible. (Sleep and Hypnosis
2003;5(1):26-39)
Key words: continuity hypothesis, dream content, dreaming, laboratory references,
mathematical model

INTRODUCTION

lready in 1900, Freud (1) reported that day
residues (recent waking-life experiences)
are common in dreams. This observation and
subsequent empirical studies (overviews: 2-5)
have led to the so-called continuity hypothesis
of dreaming which states that waking
experiences are reflected in dreams; in other
words: dreaming is in continuity with waking
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life. This hypothesis has to be differentiated
from the compensation hypothesis (themes
which are neglected in waking life will be found
frequently within dreams) and the "random"
hypothesis (dream content is random).
The continuity hypothesis in the above
formulation is very broad and vague, so that it
seems necessary to investigate factors which
might affect the incorporation rate of wakinglife experiences. A review of the different
research paradigms, e. g. assessing temporal
references of dream elements, studying the
effects of the pre-sleep situation on dreams, will
be presented below. Various methodological
issues which limit the generalizability of the
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findings in this area will be addressed.
Following this overview, several factors such
as (a) the time interval between waking-life
experience and dream occurrence, (b)
emotional involvement, (c) the type of wakinglife experience, (d) personality traits and (e) the
time of the night (time interval between sleep
onset and dream onset) for which empirical
data indicates an influence on incorporation
rates of waking-life experiences will be
enumerated. These considerations implicate the
proposal of a mathematical model which allows
precise predictions and is thus open to
empirical testing. Such processes of developing
a concrete models can be found for the topic of
dream generation (6,7) and the explanation of
the specific formal characteristics of dreaming
such as bizarreness (8). In contrast to these
models, the present article delineates a model
for the thematic continuity between waking life
and dreaming.
EFFECT OF DAYTIME EXPERIENCES ON
DREAM CONTENT
In order to test the effect of daytime
experiences on dream content, several different
methodological approaches have been chosen
(see Table 1). The common procedures and
major findings of these paradigms will be
outlined. Each paradigm possesses specific
advantages and disadvantages which are
important to the interpretation of the findings
in a larger context. Factors such as erroneous
recall processes or additional measuring of
waking-life thoughts etc. may limit the
significance of a study regarding the
relationship between waking life and dreaming.

Assessing the temporal references of dream
elements
In this section, studies are presented in which
the temporal references of distinct dream elements
to the waking life of the dreamer were investigated.
For this, the dreamer was asked to go through the
dream report and try to recall whether or not and
when an element, e.g., a person, an object, a
setting, has occurred in her/his waking life. Almost
all studies utilized self-ratings as the measurement
technique since ratings by external judges can
hardly be performed (9). Several authors (10-14)
analyzed their own dreams. Although it is not
possible to generalize such findings, these studies
provide the first interesting insights regarding the
temporal references of dream elements. The
proportion of elements which were related to the
previous day varies from 35% (13) to 46 % (11).
Solely, Hartmann (12) reported a larger proportion
(94%).
The most detailed study regarding temporal
references of dream elements were carried out by
Strauch and Meier (3). Fifty dreams stemming
from REM awakenings of five subjects included
80 key role characters, 39 extras (persons playing
a minor role in the dream), 74 settings and 298
objects. The ability to relate these elements to
waking life varied considerably: 25.6% (extras),
30.9% (objects) and 76.3% (key role characters).
The participants were able to find for 76.3% of
the key role characters correspondences to their
waking life, e. g. they thought about this person
or have encountered her/him. Strauch and Meier
(3) not only asked about the last occurrence in
waking life but also when the dream element has
appeared in waking thought. For the subclasses
persons, settings and objects, Strauch and Meier
(3) obtained the following distribution (Table 2).

Table 1. Effect of daytime experiences on dream content
Research paradigms
•
•
•
•
•

Assessing temporal references of dream elements
“Dream-lag” effect
Effect of the pre-sleep situation
Effect of life events
Laboratory references in dreams
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Table 2. Temporal references of dream elements
Time intervals

Persons

Settings

Objects

Previous day
Last week
Last year
Over one year

67.6 %
19.7 %
7.0 %
5.6 %

42.9
31.4
14.3
11.4

52.2 %
21.7 %
20.7 %
5.4 %

%
%
%
%
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Verdone (15) and Roussy et al. (16) have
pointed out that dreams of late REM periods of
the night included more elements of the distant
past than dreams of early REM periods. Within
an information processing framework, it can be
postulated that first the actual waking-life
experiences are processed and then connections
to older material takes place. Botman and
Crovitz (17) have investigated the time function
of the temporal references and have found an
exponential model with very good fit. It is a
kind of forgetting function known in classical
memory theory, the events are occur less often
the longer they date back.
Although it seems that this approach can be
handled very easily, the findings have to be
interpreted with caution. Several methodological
issues which are listed in the following limit the
generalizability of the studies. First, the problem
of matching arises. i.e., when can a relationship
between dream element and a waking-life
experience be coded. If, for example, the mother
appears in the dream but differs from the real
mother, this may not be a reference to the
mother of the dreamer. Like this, waking-life
elements can occur in more or less transformed
form and, thus, are difficult to match. Of similar
complexity is the problem of multiple
correspondences of dream elements; i.e., a
person has dreamed of his/her brother; this may
be a reference to a recent telephone conversation
or reflect childhood memories. Epstein (14) has
solved this problem by considering only new
events such as the acquaintance of a previous
unknown person. This issue is still much more
complicated if not only the occurrence in waking
life is coded but also the occurrence in wakinglife thinking. It may be possible that memories of
a recent holiday which were going through one’s
mind are incorporated into the dream or the
previously experienced real impressions. In this
case, the issue of multiple correspondences
cannot be handled adequately. The model of the
exponential decrease of time references over time
(17) may be an artifact since the method of
measuring temporal references requires the
28

memory capacity of the dreamer in order to
match dream elements to waking-life
experiences. If one has forgotten something
(forgetting functions are also exponential), it is
not possible to find a correspondence and an
exponential curve for the temporal references
will thus result. Many times more difficult is the
recollection of one’s waking thoughts: who can
report what she/he has been thinking yesterday,
let alone recount the thoughts that occurred last
week. This emphasizes the limits of this
approach.
Schredl, Kleinferchner and Gell (18) stressed
another factor which might affect the
correspondence between dream elements and
waking-life experiences. They have shown that
persons with thin boundaries incorporate
waking-life problems more often than persons
with thick boundaries. The time period between
occurrence in waking life and occurrence in the
dream may be modulated by personality factors.
Interestingly, Hartmann (12) who developed the
concept of "thin vs. thick boundaries" reported
the highest incorporation rate (94%) of events of
the previous day. It must be concluded that this
approach is valuable for exploratory studies, but
the interpretation of the findings is very
complicated due to the methodological
problems.
`Dream lag` effect
The "dream lag" effect designates the
possibility that events are not incorporated
immediately into the dream but play a role after
a distinct period of time (19). In contrast to the
approach measuring time references of dream
elements, these authors started from a daytime
experience and coded the subsequent dreams for
the frequency of incorporations of this specific
experience. In two studies, Nielsen and Powell
(19) have demonstrated that at first a decrease of
the incorporation frequency of a specific event
(self-selected significant event, e.g., a quarrel
with the partner) decreases to the fifth day as
expected but there was a marked peak on the
Sleep and Hypnosis, 5:1, 2003
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sixth day following the event which was even
larger than on the day after. A replication study
(20) over a two-week period also found peaks of
the incorporation rate 6 and 12 days after the
significant experiences, but the highest rates
were measured on the first day. Another study
(21) revealed that a film (ceremonial slaughter of
water buffalo) was processed very differently
from participant to participant. Whereas one
group hardly ever dreamed of the film contents,
the other group exhibited an U-shaped pattern
with significantly higher scores on Nights 1, 6,
and 7 than on Night 4. This finding may be
interpreted in terms of different personality traits
of the participants (see preceding section). This
peak after about 6 days was labeled by Nielsen
and Powell (19,20) a "dream lag" effect.
However, two methodological issues have to be
taken into consideration. The cited studies
utilized dream diaries, i.e., the participants
mainly recorded the last dreams of the night.
Verdone (15) and Roussy et al. (16) have shown
that the last dreams of the night tend to
incorporate elements with longer time intervals
between waking-life experience and dream
correspondence than dreams of the first part of
the night and, thus, the hypothesis that it is not
a real dream lag effect but a reflection of the time
which the waking-life events need to "work
through" from the first to the last REM period, is
plausible. A recollection of all REM dreams of a
night can not be realized without severely
disturbing the natural sleep rhythm, and this
procedure strongly affects dream content (see
section below on laboratory references in
dreams).
The occurrence of the specific event in
daytime thinking was not taken into account in
the studies by Nielsen and Powell (19,20) and
might explain the increases in the incorporation
rates on Night 6 and 7 (e.g., thinking about the
end of the study). The statement of Nielsen and
Powell (20) that the "dream lag" effect might be
event-specific is congruent with the findings of
Strauch and Meier (3) that the time references
are different for different kinds of dream
Sleep and Hypnosis, 5:1, 2003

elements (e. g. persons, objects etc.). A study of
Jouvet (13) is interesting within this context. He
observed his dreams on journeys and found that
he did not dream of his new surroundings for the
first 6 days. These longer latencies are also
comparable to the longer time periods for time
references of dream settings reported by Meier
and Strauch (3). Despite the different approach
(observing the dreams after the waking-life event
vs. retrospective assessment of time references),
the findings regarding the "dream lag" effect also
have to be interpreted with caution.
Experimental manipulation of the pre-sleep
situation
In order to assess the effect of the pre-sleep
situation, films, relaxation instructions,
suggestions etc. were used for experimental
manipulation and the dreams subsequently
obtained were compared to dreams of control
nights. Cartwright et al. (22) have presented a
film with erotic content to their male
participants and have shown that persons,
background and actions of the film were
incorporated into the dreams of the subsequent
nights. Direct incorporations (e. g., bed,
breasts, penis) were rare but dreams after the
film presentation more often included phallic
symbols (e. g. gun, knife) and vagina symbols
(e. g., tunnel, box) than baseline dreams. A film
with aversive content (circumcision rituals) also
did not yield direct incorporations but the
emotional tone of the dreams was markedly
more negative (23). This was replicated by
Lauer et al. (24) but negative dream emotions
were only found for dreams of the first REM
period. Foulkes and Rechtschaffen (25), De
Koninck and Koulack (26) and de Jong and
Visser (27) did not find any increased negative
emotions following the viewing of an aversive
film. Only 9 out of 179 dreams of the Foulkes
and Rechtschaffen study included elements of
the pre-sleep film. Lauer et al. (24) have shown
that the stress film yielded more incorporations
(56%) than the neutral film (11%). In a study of
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children aged 6 to 14, Foulkes et al. (28) were
unable to demonstrate a substantial effect of a
violent film in contrast to a neutral film on
dream content. However, in a field study using
eight- to ten-year-old children, Viemerö and
Paajanen (29) have shown that TV watching
behavior was related to dream content.
Children who often watched violent series often
have more negatively toned dreams.
De Koninck and Brunette (30) presented
female participants who reported a strong
dislike of snakes (criteria for participation) two
suggestions with two situations and two
animals. The first was positively toned: calm,
beautiful and sunny day and the animal is
observed in a relaxed state. The second was
negatively toned: bad weather, panic stricken
state, and the animal is near the feet. A snake or
a squirrel was used as the animal. The animals
of the suggestion did not appear in the
subsequent dreams. Also, the snake vs. squirrel
manipulation did not affect dream content in a
sense that the snake condition yielded dreams
with more intense anxiety. The overall
emotional tone of the suggestion, however,
showed the expected influence independent of
the specific content. The unpleasant suggestion
resulted in more negative dream emotions and
the pleasant one more positive dream emotions.
This manipulation was even more effective than
exposure to a real snake prior to bedtime (30).
In another study (31) stress was induced by
giving a negative feedback about the
performance of an intelligence test which was
taken by the participants. Indeed, dreams of
failure, inadequate behavior and injury were
reported. Cohen (32) induced stress by
announcing that the students should
participate in an electroshock experiment the
next day. They heard faked punishments from
an adjacent room during the conversation with
the experimenter. This group showed hostility
more often in their dreams than the control
group (73.4% vs. 43.7%, p < .04). Intense
physical exercise (but TV watching, record
listening and/or magazine reading was
30

permitted) did not result in direct
incorporations into the dreams of the following
night (33). A replication study (34) even
revealed a slight decrease in sports related
dream themes and an increase in sexual
content. Similarly, intensive mental work (IQ
tests, teaching films over a period of six hours)
was reflected in only one out of 100 dreams and
was followed by dreams with less thinking but
more interaction and a tense mood (33).
Regarding these two studies, it must be said
that the inner world of the participants was not
included in the analyses, e.g., TV film content,
appraisal/anxiety regarding IQ testing, etc.
Depending on the kind of thoughts the
participants had, this might explain the lack of
continuity between waking and dreaming.
Simple sentences presented prior to sleep onset
have often been incorporated into the
subsequent dreams (35).
An interesting experiment was carried out by
Baekeland, Resch and Katz (36) in which they
asked their participants to associate freely (with
speaking out loud) in a relaxed state half an hour
prior to bedtime and found that especially the
REM dreams from the first part of the night
included many elements of the pre-sleep
material. The "field independence" personality
dimension had a moderating effect on the
incorporation rate during the night. The field
independence dimension reflects the person’s
capacity to overcome the influence of a
surrounding field or separate an item from its
context in perceptual test situations (36). For
field independent participants, the incorporation
rate was stable over the night, whereas a decrease
was present for field dependent participants. In a
similar study, the language used (German vs.
English) within the pre-sleep procedure of free
associating had the corresponding effect on the
language in the dreams for bilingual persons (37).
Dream incubation, as it is known, dates back
to the traditions of ancient Greece (Asklepios
cult; e.g., 38). Prior to sleep, the person
formulates a wish to dream about something
particular, e.g., of the solution to an actual
Sleep and Hypnosis, 5:1, 2003
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problem, something creative or hints for
healing physical illnesses. Foulkes and Griffin
(39) and Griffin and Foulkes (40), however,
were not able to demonstrate that the
participants were able to dream about
something on which they had deliberately
concentrated in the pre-sleep situation. Similar,
the task to dream about a specific personality
trait was not successful (3). If participants were
asked to visualize an actual personal problem in
the evening, 40% of the subsequent dreams
included references to this problem, whereas in
the control condition without visualization only
20% of the dreams were related to the problem
(3). In another study (41) the discrepancy
between a self-description and the ideal self of
the participants was elicited in a pretest. Prior
to sleep onset, participants were asked to say
over and over a sentence about their high
discrepancy trait, e.g., I wish I were not so
hostile. For the analyses, two control conditions
were introduced: another discrepant trait which
was not rehearsed prior to sleep and a neutral
trait of this person. Fifteen of the 17
participants had some evidence of the target
trait but 9 or 11 of 17 participants had dreams
with references to the traits used as the two
control conditions respectively. The additional
task to dream about what one would like to be
did not function at all. If a participant dreamed
of the selected trait, most often the actual state
of this trait was reflected in the dream.
If one summarizes the research findings of
studies designed for experimental manipulation
of the pre-sleep situation, it is apparent that the
direct effect on dream content is quite small. At
most, unspecific effects, e. g., more negative
dream emotions can be detected. Tasks which
were related to the actual waking life are more
promising (3). A problem mentioned above is
the dismissal of the inner world of the
participant. The studies investigating the effect
of pre-sleep thought on dream content clearly
indicate that there is an influence of waking
thoughts on dreams and it thus seems very
important to elicit actual thinking (e. g., after
Sleep and Hypnosis, 5:1, 2003

viewing a stress film). The possibility of the
moderating effect of personality traits in the
relationship between waking-life experience
and dreaming which was already addressed in
previous sections has to be taken into
consideration.
Effect of life events
The findings presented in the previous section
stimulated Breger, Hunter and Lane (42) to
investigate "real" stress (intense psychotherapy
and forthcoming surgery). Additional studies
regarding the influence of stressful life events, e.
g. divorce, sexual abuse, violence, will be
reviewed briefly in this section.
The studies of Breger, Hunter and Lane (42)
have shown that real stressors have a marked
effect on subsequent dreams. All 29 dreams
elicited after a session of intensive psychotherapy
in which the dreamer was the focus showed
references to the session topics. In addition, the
dreams were characterized by more negative
interactions. In the second study, they
investigated the dreams of 5 persons awaiting
major surgery (e. g. vascular surgery of the leg,
vagotomy and gastric resection of an ulcerated
stomach, removal of gall bladder). The following
dream example of a 34-year-old male who was
anxious about the forthcoming stomach surgery
may illuminate how the subjective stress before
the operation is incorporated into the dream.
“Dream example: I was in the hospital still and
there was an older patient that would go with me. We
would go to where my car is locked up in the parking
lot ... and this location wasn’t at the hospital, it was
around where I grew up as a kid, and this one guy
was chained to a bed where we kept our car and I
was almost afraid to get into the car because I was
afraid maybe this guy might catch hold of me or
something ... no, the car was chained not the patient,
it seemed like I had to undo the chain before I could
get the car ... yeah, that was it. The patient was in
bed and I guess he couldn’t get up because he did
grab ahold of me almost like it was a dog on a leash
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he was trying to get ahold of ... (42); pp. 132-133)”
Overall, the dreams before the surgery were
characterized more often by references to body
parts and more hostility, and the hospital
setting was more often present (42).
The research of Rosalind Cartwright (43,44)
investigated the effect of divorce on women.
Subsequent to divorce, women tend to
experience-as expected-more negatively toned
dreams than the control group of married women
(45). Women suffering from depression showed
inadequate coping behavior and unwanted roles
in their dreams (46). After one year, the dream
differences diminished almost completely and
this may be interpreted as signs of successful
coping with the negative life event (44). Similarly,
divorce of the parents affects the dreams of the
children (47). Children ranging from 10 to 13
years of age whose parents divorced within the
last year do not have predominantly negative
dreams in general but their dreams were
characterized by inadequate coping behavior. As
reported above for women, children whose
parents were divorced longer for more than one
year did not show marked dream differences with
those of children from intact families.
Another life event which was often studied is
pregnancy. The dreams of pregnant women
reflect worries regarding birth, the health of the
child, conflicts with the father of the child but
also positive emotions about motherhood (48).
Similarly, dreams of expectant fathers
incorporate the forthcoming event and the
related emotions (49). Abortions also affect
dream life and yielded in some women to very
negatively toned dreams, e.g., explosion of a
hearth or the experience of a stillbirth (50,51).
Traumata play a special role in the research
on the effects of life events on dreams (4).
Trauma is defined as an extremely terrible
event-most often beyond the person’s capability
to process-such as sexual abuse, war
experiences, natural disasters etc. These types
of events can cause a posttraumatic stress
disorder (PTSD) whose main features are
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depression,
flashbacks
and
recurrent
nightmares (52). But also traumata which are
not followed by full-blown PTSD still affect
dreams to a marked extend. Women after
sexual assault, for example, reported frequent
(25% of those queried) or occasional (50%)
nightmares which are related to the traumatic
experience (53). Many studies have investigated
the effect of childhood sexual abuse on mental
health in adulthood (54-57). The findings
clearly indicate that even after a long time
period following the terrible experiences,
nightmares were experienced more often than
in comparable control groups. For therapists,
the study of DeDonato, Belicki and Cuddy (58)
is of interest since the authors have
demonstrated that sexual abuse in childhood
can be detected above chance by analyzing
nightmare content. Sexual themes, the
dreamer’s own death or burglars are
characteristic for nightmare of persons who had
a history of childhood sexual abuse. Similarly,
Sinnott (59) who analyzed 372 diary dreams of
93 women ranging from 45 to 55 years was able
to demonstrate differences. Women who were
abused sexually in their childhood tended to
dream more often about self-aggression,
sexuality against will, and the dreams were
overall more negatively toned. These themes do
not dominate dream life after such a long time
after trauma but they were still detectable. The
occasional reports of dreams from children after
sexual abuse clearly indicate that the victim
suffers increasingly from nightmares, so that
nightmares may be a hint of traumata (60,61).
The effect of a kidnapping of a group of 25
school-aged children aged 5 to 14 was studied
very intensively by Lenore Terr (62-64). The
children were kept 27 hours and were
subsequently able to free themselves from the
buried truck-trailer. The children developed
subsequently anxieties about cars, darkness etc.
afterwards and were very pessimistic in their
evaluation of their future. The effects on sleep
were the following: Directly after the event,
night terrors were present in 13 children and
Sleep and Hypnosis, 5:1, 2003
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the experienced nightmares were exact
reenactments of the trauma. Over the course of
time, the nightmare content changed, their
frequency decreased but dream anxiety was as
intense as in the beginning. Overall, 24 of the
25 investigated children suffered from night
terrors and/or nightmares following the trauma.
After four to five years after the kidnapping, the
children still were afflicted by the trauma (64).
The author pointed out that a large number of
children (N=14) have reported dreams about
their own death. Terr (64) interpreted this as
consequence of the complete helplessness
against the armed kidnappers. In a control
group (N=25), eight children also dreamt about
their own death (65). In six cases, Terr was able
to detect a trauma (severe accident of the father,
very severe illness, experience of an earthquake
which results in injury of the own body, direct
experience of a dying grandfather). Similarly,
other traumata such as a natural disaster (66),
war experiences (67) and severe burnings by
accidents (68) can cause nightmares in
children. War experiences (e.g., World War II)
are followed many years later by an increased
number of negatively-toned dreams (69,70).
Studies investigating the effect of positive life
events on dreams have not yet been published;
however, several research projects have focused
on the effect of psychotherapy on patients’
dreams. Within a larger sample (N=64), Maultsby
and Gram (71) have demonstrated that the
therapy had positive effects on dreaming.
However, Melstrom and Cartwright (72) studied
the effect of therapy on REM dreams obtained in
the laboratory and were unable to find differences
between the dreams of clients (N=4) who had
successfully finished therapy and the dreams of
unsuccessfully treated patients (N=6). On one
hand, this negative finding might be explained by
the selection procedure; only persons with low
motivation for psychotherapy were included since
the major aim of the study was to test whether
REM awakenings have a positive effect on therapy
motivation (73). All clients, however, had dreams
with more expressions of emotions and
Sleep and Hypnosis, 5:1, 2003

involvement than at the beginning of their
psychotherapy (72). Similarly, in 13 persons the
training in a relaxation technique (progressive
muscle relaxation) or regular meditations yielded
less aggression and more good fortune in their
dreams (74). In a single case study over a period
of 5- years (N=754 dreams), Corriere et al. (75)
showed that therapy whose major purpose was to
express feelings more freely are paralleled by
corresponding changes in dream content. Corriere
et al. (76) have replicated this finding for a sample
of 10 participants. Fischer (77) has compared 120
dreams of four patients who underwent a
Freudian psychoanalysis to 120 dreams of four
patients treated by Jungian therapists. The dreams
of the Freudian analysis and were indeed
characterized more often by "Freudian" contents:
aggression, sexuality, arguments and intense
emotions. Jungian dreams, on the other hand,
were often mythic and comprised a lot of elements
which dated back to childhood. Even the dreams
of Freud (N=28) and Jung (N=31) which were
published by both analysts, are different in similar
ways (78).
To summarize, major life events and
especially severe traumata strongly affects dream
content; an effect which can be detected even
decades after the occurrence of the trauma.
Laboratory references in dreams
Findings about dreams which are affected by
the experimental setting (sleep laboratory)
provide answers to two questions. First,
measuring the amount of the incorporation of
laboratory elements into dreams is a paradigm
for studying the effect of waking-life experiences
on dreams. Second, this reflects also a
methodological issue since the incorporation of
the experimental setting represents a bias which
may limit the generalizability of the findings
based on laboratory dreams (for a detailed
discussion see 5)
In Table 3, several selected studies utilizing
the REM-awakening technique are depicted.
Essentially, two kinds of measures are
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Table 3. References in dreams obtained by REM awakenings
Study
Roussy et al. [79]
Baekeland [80]
Hall [81]
Cartwright et al. [22]
Hauri [33]
Corsi-Cabrera et al. [82]
Fukuma [83]
Piccione et al. [84]
Dement, Kahn & Roffwarg [85]
Domhoff & Kamiya [86]
Strauch & Meier [3]
Whitman et al. [87[

Dreams
Direct
(N = ) references
64
81
559
179
164
70
378
754
695
163
112
111

6.2 %
7.4 %
14.2 %
16.8 %
17.6 %
20.0 %
21.0 %
--21.9 %
30.0 %
--32.0 %

Dir. + indir.
references
--32.2 %
----------34.0 %
37.3 %
--51.8 %
68.0 %

distinguished: direct references and indirect
references. Direct references are dream elements
which are directly related to the experimental
setting such as laboratory surroundings,
electrodes, EEG machine, and/or experimenter.
For coding indirect references, the categories are
broader, e.g., the occurrence of laboratories in
general, elements related to sleep or dreaming or
participating in an experiment.
The percentage of dreams with direct
laboratory references varies from 6.2% to
32.0%; the weighted mean for all studies
amounted to 19.4% (N=2464 dreams). If
indirect references were also measured, the
incorporation rate nearly doubles (weighted
mean for all studies: 38.4%; N=1753 dreams).
These percentages reflect the number of dreams
which included at least one laboratory reference.
Hall (81) estimated the number of dreams
which were strongly influenced by the
experimental situation as amounting to 6.2%,
whereas Strauch and Meier (3) reported that up
to 16.1% of the laboratory dreams were strongly
affected. Domhoff and Kamiya (86 analyzed 219
REM dreams elicited in the laboratory regarding
the occurrence of different aspects of the
experimental setting: 20.1% referred to the
experimental situation, 11.4% to the
experimenter, 5.9% to the laboratory, 1.8% to
the EEG machine, and 4.1% to the electrodes.
Since both the variability of the incorporation
rate between studies (Table 3) as well as the
differences between participants (e.g., 2.5% to
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41%; Hall [81] or 0 % to 44 %; Dement, Kahn &
Roffwarg [85]) is very large, it will be worthwhile
to look for possible influencing factors. A
marked difference was reported by Whitman,
Kramer and Baldridge (88) who carried out REM
awakenings with patients and their
psychotherapists. Whereas the incorporation
rate of the laboratory setting amounted to 6.9%
(N=29 dreams) for the patients, the rate for the
therapists’ dreams (N=28) was much higher
(53.6%). Similarly, Hall (81) reported a higher
incorporation rate for the participating
psychologists (20.5%) than for the student
sample (10.6%), and Fukuma (83) found that
psychiatrists (N=14) incorporated the
experimental setting more often into their
dreams than students (N=20). Fukuma (83)
interpreted his finding as reflecting more interest
and more knowledge about sleep and dreaming.
Another explanation might be the closeness of
the relationship between participant and
experimenter because the psychiatrists were
colleagues of the author and, therefore, closer
related than the students who were investigated.
If one takes a close look at the figures shown
in Table 3, it is striking that the highest
incorporation rates (direct references) were
reported in the earlier studies. Indeed, Whitman
et al. (87), Domhoff and Kamiya (86) and
Strauch (89) pointed out that some subjects
reported fears regarding the laboratory
procedure (EEG machine, electrodes etc.). One
participant dreamed that "... a machine had been
connected to her ears and mouth, and was
squirting water into her ([86], p. 526)".
Although the example provided by Strauch and
Meier (3) also reflect worries (see above), it can
be hypothesized that worries about sleep
recording technique play a minor role in recently
performed sleep studies since common
knowledge regarding sleep and dream research
has increased considerably over the last decades.
Another factor which has not been studied
systematically is the duration of other
procedures (e.g., pre-sleep film, blood
sampling, cognitive tests) also carried out in the
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laboratory setting. Schredl et al. (90) found that
33.3% of N=44 dream reports obtained by REM
awakenings of sleep apnea patients included at
least one direct laboratory reference. In
comparison with more recent studies (79), the
percentage is elevated. This finding might be
explained by the more extensive recording
technique (including measures of nasal and oral
airflow, chest and abdomen movement, blood
oxygen saturation) and possible worries
associated with their sleep complaints and
daytime sleepiness. Baekeland (80) reported
that the incorporation of laboratory references
into dreams was related to a "field dependence"
personality trait. Dreams of low and high field
dependent participants included laboratory
references more often than those of field
intermediate participants. Whereas it seems
plausible that field dependent persons
incorporate the laboratory setting, it remained
unclear why the same pattern was found for
field independent persons.
The review of the major studies investigating
laboratory references in dreams indicates that
the experimental setting strongly affects dream
content. Since the incorporation rates are higher
than those for experimental manipulation of the
pre-sleep situation, it can be assumed that
participation in a laboratory experiment is "real"
stress since the incorporation of waking-life
stressors is comparable (42). The observed
influencing factors (therapists vs. patients,
psychologists/ psychiatrists vs. students, early
vs. recent studies) support the hypothesis that
the person’s involvement modulates the
incorporation rate.
FACTORS
WHICH
AFFECT
THE
CONTINUITY BETWEEN WAKING LIFE
AND DREAMING
The following factors which might affect the
continuity between waking life and dreaming
and are thus of importance for a mathematical
model, can be extracted from the literature
review presented in this article (see Table 4).
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Table 4. Factors which affect the continuity between waking
life and dreaming
Factors
•
•
•
•
•

Exponential decrease with time
Emotional involvement
Type of waking-life experience
Personality traits
Time of the night (time interval between sleep onset and
dream onset

Many studies (3,17) have shown an
exponential decrease of the incorporation rate
of waking-life experiences into dreams with
elapsed time between experience and dream.
Although the model of Botman and Crovitz
(17) is plausible, the assumption of exponential
decrease with time should be treated as a
hypothesis which must be tested empirically
with different approaches (for limitations of
Botman & Crovitz’s study, see above).
The difference between experimental stress
and "real" stress (42), the influencing factors
regarding laboratory references in dreams (5)
and trauma research (64) indicate that
emotional
involvement
affects
the
incorporation rate. Especially, the findings of
Strauch and Meier (3) suggest that different
types of waking-life experiences, e.g., meeting a
person or viewing a landscape, are incorporated
with different probabilities. It may be the case
that some part of the variance is explained by
the different emotional involvement in these
waking-life experiences, but it seems necessary
to investigate this factor systematically and it
was, therefore, added to the model.
Hartmann (91) has hypothesized that highly
focused cognitive activities such as reading,
writing, calculating and typing occur less often
in dreams than other activities such as talking
with friends, walking, or sexuality since the
state of the brain during dreaming (cholinergic
activation; cf. [92]) is not well suited for such
activities in comparison with the waking state
(aminergic activation). Three studies (91,93,94)
have now shown that these activities (reading,
working with a computer) occur less frequently
in dreams than activities such as talking with
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friends etc. These results also indicate that the
type of activity (focused thinking activity) may
be of importance for the continuity between
waking life and dreaming.
The time of the night or the time interval
between sleep onset and dream onset has
affected the incorporation rate of waking-life
experiences in two studies (15,16). Dreams of
the second part of the night comprise more
elements of the distant past. Dreams of the first
part of the night incorporate mostly recent
daytime experiences (24,95), whereas dreams at
the end of the night also include elements which
occurred throughout the person’s past.
The last factor which has been studied rarely
is the interaction between personality traits and
incorporation of waking-life experiences. It
seems plausible that personality dimensions
such as field dependence (36,80) or thin
boundaries (18) moderate the magnitude of
continuity between waking and dreaming.
PROPOSAL FOR A MATHEMATICAL MODEL
Figure 1 presents a mathematical equation
for a model which seems to be appropriate for
further empirical testing. The multiplying factor
includes the effects of emotional involvement
(EI), type of the waking-life experience (TYPE)
and the interaction between personality traits
and incorporation rates (PERS). The
relationships between these factors will be
determined by future studies. The slope of the
exponential function may be moderated by the
time interval between sleep onset and dream
onset (time of the night; TN).
In order to evaluate the proposed model
empirically, the following issues should be taken
into consideration. First, the definitions for
matches between waking-life experiences and
dream elements have to be precise and explicit as
possible (the difference between direct and
indirect laboratory references) since slight
alterations may have strong effects on the
incorporation rates. As demonstrated by the
studies investigating laboratory references in
36

Incorporation rate = a (EI, TYPE, PERS) * e

–b(TN)*t

+ Constant

a (EI, TYPE, PERS) multiplying factor which is a function of
emotional involvement (EI), type of the
waking-life experience (TYPE) and the
interaction between experience and
personality traits (PERS)
b (TN)

Slope of the exponential function which is
itself a function of the time interval
between sleep onset and dream onset (TN)

t

Time interval between waking-life
experience and occurrence of the dream
incorporation

Figure 1. Mathematical model for the continuity between
waking life and dreaming

dreams, it is possible to include indirect
references in a model (assuming appropriate
control conditions for the empirical tests), e. g. it
is possible to test the mechanisms of
psychoanalytic dreamwork (1) empirically (22).
Within this context, the problem of multiple
correspondences has to be taken into account,
i.e., a dream element can be related to several
waking-life experiences. For simplification,
Epstein (14) suggested studying new events. A
methodological problem which cannot be
handled easily is to elicit waking-life thoughts
since the measurement method (writing down,
telling an interviewer) likely influences the
contents to be measured. But the measurement
of waking thoughts is essential for the evaluation
of the continuity between waking and dreaming.
For example, waking-life thoughts may account
for the occurrence of traumatic experiences in
dreams years after the trauma, e. g. during a
psychotherapeutic treatment. The paradigm of
assessing temporal references of dream elements
is not appropriate for testing the model since
retrospective recall of waking-life events and
especially of waking-life thoughts is subject to
similar exponential functions (17).
To summarize, the proposed mathematical
model of the continuity between waking life and
dreaming should enable researchers to identify
influencing factors and, thus, a more precise
formulation of the continuity hypothesis will be
possible. However, one has to keep in mind that it
is not possible to measure all factors which affect
Sleep and Hypnosis, 5:1, 2003
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the continuity between waking and dreaming
simultaneously and, thus, error variance is large.
Nevertheless, it can be hypothesized that the
model will demonstrate higher heuristic value

than simply testing for non-zero correlations
between waking and dreaming (for a lucid
discussion of problems associated with null
hypothesis testing see Meehl (96, 97).
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