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a b s t r a c t
We tested whether dreams can anticipate a stressful exam and how failure/success in
dreams affect next-day performance. We collected information on students’ dreams during
the night preceding the medical school entrance exam. Demographic, academic, sleep and
dream characteristics were compared to the students’ grades on the exam. Of the 719
respondents to the questionnaire (of 2324 total students), 60.4% dreamt of the exam during
the night preceding it. Problems with the exam appeared in 78% of dreams and primarily
involved being late and forgetting answers. Reporting a dream about the exam on the preexam night was associated with better performance on the exam (p = .01). The frequency of
dreams concerning the exam during the ﬁrst term predicted proportionally higher performance on the exam (R = 0.1, p = .01). These results suggest that the negative anticipation of
a stressful event in dreams is common and that this episodic simulation provides a cognitive gain.
Ó 2014 Elsevier Inc. All rights reserved.

1. Introduction
The functions of dreaming have been a matter of debate for a century (review in Nir & Tononi, 2010). In addition to the
psychoanalytic hypothesis (dreams preserve sleep and fulﬁll unconscious wishes) (Freud, 1900), the protoconsciousness theory (dreams might serve a creative function by providing a virtual reality model (Hobson, 2009) that allows brain changes
after learning), and the neurocognitive theory (dreams have no function per se but coherence and meaning, which is often
conﬂated with function (Domhoff, 2003), the Threat Simulation Theory has recently emerged. This novel evolutionary
hypothesis suggests that one of the biological functions of dreaming is the simulation of threatening events and the repetitive rehearsal of threat perception and threat avoidance responses (Revonsuo, 2000). This simulation in an almost-real experiential world would train the brain to perceive dangers and rapidly face them within the safe condition of sleeping (Valli &
Revonsuo, 2009). Evidence supports this view. In the ﬁrst normative study of 1000 home dream reports from college students, approximately 80% of the emotions expressed in dreams were negative (and only 20% were positive). Misfortune
in dreams was seven times more frequent than good fortune, and aggression was the most frequent type of social interaction
(Hall & Van de Castle, 1966). Dreams contain more frequent and more severe threats than waking life does. Two-thirds of
⇑ Corresponding author. Address: Hôpital Pitié-Salpêtrière, 47-83 boulevard de l’Hôpital, 75651 Paris cedex 13, France. Fax: +33 142 16 77 00.
E-mail address: isabelle.arnulf@psl.aphp.fr (I. Arnulf).
http://dx.doi.org/10.1016/j.concog.2014.06.010
1053-8100/Ó 2014 Elsevier Inc. All rights reserved.

I. Arnulf et al. / Consciousness and Cognition 29 (2014) 36–47

37

everyday home dream reports contain at least one threatening element (Revonsuo & Valli, 2000). In these dreams, threats are
realistic and primarily threaten the Dream Self who tends to behave in a relevant defensive manner in response to them
(Revonsuo & Valli, 2000). Similarly, 75% of the dreams and nightmares of post-partum mothers involve anxiety about an
infant who is lost, injured, or in danger (Nielsen & Paquette, 2009). Dreams associated with parasomnias simulate different
types of threats (and ﬂight-or-ﬁght responses), including natural disasters and misfortunes during sleepwalking and sleep
terrors (Oudiette et al., 2009), and human and animal aggression during REM sleep behavior disorder (Uguccioni,
Golmard, et al., 2013; Uguccioni, Pallanca, et al., 2013). The dream threats of patients with parasomnias reﬂect real problems
that have previously occurred in the patient’s life (or that have been observed in the media) or that are newly developed
(Mwenge, Brion, Uguccioni, & Arnulf, 2013; Uguccioni, Golmard, et al., 2013; Uguccioni, Pallanca, et al., 2013). The issue
of whether threats in dreams reﬂect some anticipated stressful event has rarely been examined. Interestingly, 34% of pregnant women dream of their future infant, who is in peril in 58% of these dreams (Nielsen & Paquette, 2009). These negative
dreams may simply reﬂect waking concerns about the future (e.g., ‘‘Will I be able to protect my future child?’’), but they may
also train the future mother to better protect her baby when she experiences danger. In this study, we aimed to clarify
whether people tend to dream of an expected stressful event in the future and whether dreams that simulate an event in
advance (mostly as a threat) are linked to the increased possibility of better performance when the event is realized. For this
purpose, we tested whether students dreamt about an entrance exam to medical school and whether dreaming about the
entrance exam led to a higher success rate on the exam. We chose to analyze dream content with the Dream Threat Scale
(Revonsuo & Valli, 2000), which identiﬁes and describes all types of threatening events in dreams, and to correlate the
dreams’ characteristics with the grade later obtained on the exam.
2. Methods
2.1. Subjects
During 2012–2013, 2324 students were registered at Pierre and Marie Curie University (Paris, France) in the ﬁrst-year
section common to the medical school, dental school, pharmacy school and midwifery school. To enter the ﬁrst year, the students had passed the exit examination from high school (which is passed by 37% of a generation). The students began the
course on October 1, 2012. The general characteristics of the students were provided by the university administration and
coded with the university’s student number. The characteristics included age, sex, country of citizenship (France, European
Union outside of France, non-European Union), type of general high school section (scientiﬁc, economics, literature), honors
obtained in the exit examination, ﬁrst-year vs. repeater status, students with grants, and professions of the parents. Because
a survey was used, responses to the questionnaire were considered consent for the study with regard to French research law,
which was sufﬁcient to waive the requirement for written consent from the participants and agreement from the ethics committee. The students sat for an exam twice during the ﬁrst year of university (December 17, 2012 and May 2013). The
responses were short written reports and multiple-choice answers reported on a form with boxes.
2.2. Results of the entrance exam
The individual results were obtained from the university via anonymous student numbers 3 months after the entrance
exam. The individual grade, from 0 (worst) to 20 (best), was deﬁned as the main study outcome. The exam was competitive,
with a numerus clausus. Passing the entrance exam has a major career effect. After the two exam sessions, students ranked 1–
313 can enter the medical school, students ranked up to 430 can enter the pharmacy school, students ranked up to 460 can
enter the midwifery school, and students ranked up to 499 can enter the dental school.
2.3. Questionnaire
On December 17, 2012 at 6 PM, the students received an e-mail containing a request from the university to complete a
short (2–8 min long) Google survey regarding the entrance exam. This message was repeated on the following two days, and
the survey was closed on December 19, 2012 at midnight. The questionnaire contained 16 questions (Table 1), including 3
questions regarding the general sleep and dream habits and anxiety levels of the participants, 7 questions on sleep time and
quality and the content of dreams during the night preceding the test (the night between December 16 and 17), and 3 questions on the dream content of nights other than the one preceding the exam. There was a free, unlimited written answer for
questions 9 and 12 on dream reports.
2.4. Analysis of dream reports
The written dream reports were corrected for spelling mistakes and analyzed by two independent scorers trained by a
psychologist on how to use the dream scales. Discordant scores were adjudicated by consensus after discussion. The general
description of the dream materials included coding for length as total word count (Antrobus, 1983), complexity (Orlinsky,
1962) and bizarreness (Revonsuo & Salmivalli, 1995) (to determine whether the dreams obtained with this method would
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Table 1
Questionnaire sent to the students the evening following the exam.

be as bizarre as dreams obtained with regular dream diaries, and for further comparisons with other samples). To test the
main study hypothesis, the dream content was coded using the Dream Threat Scale (Revonsuo & Valli, 2000). The threats in
the dreams were categorized by their Nature (e.g., failing, being chased), Target (e.g., self, an important character), Severity
(from minor to life-threatening), Ability to react, Active participation, and Nature of the self-reaction (e.g., possible, reasonable). This scale was developed with a sample of students who provided dreams with a minimum length of 37 words
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(Revonsuo & Valli, 2000). Because the length of dreams may inﬂuence the relative frequencies of these various items, we
compared the bizarre and threatening elements in short (less than 50 words) vs. long (50 or more words) dreams reports.
In addition, we collected the most common themes based on the time agenda of the exam related to ‘Preparing for the exam’,
‘Being ill’, ‘Awakening for the exam’, ‘Having all items prepared for the exam’, ‘Being delayed arriving at the exam’, ‘Locating
the exam room’, ‘Experiencing the exam room as bizarre’, ‘Having everything be all right’, ‘Problems with the questions during the exam’, ‘Strange aspects of the questions’, ‘Problems answering (form)’, ‘Problems answering content’, ‘Minimal time
to answer the questions’, ‘Being accused of cheating’, ‘The result was a failure’, or ‘The result was a success’. The scales were
applied to Question 9 (dreams during the night preceding the exam).
2.5. Statistical analysis
The descriptive statistics used means ± standard deviation for quantitative variables and percentages for qualitative ones.
Comparisons between groups of students (responders vs. non-responders) and short vs. long dreams were performed using
chi-square tests for qualitative variables and Student’s t-tests for quantitative variables. The determinants of the individual
mean grade (result of the competition) were assessed using two steps: a univariate analysis was performed using Spearman’s correlations for continuous or ordinal variables, and Student’s t-tests or ANOVAs were performed for qualitative variables with two or more than two values, respectively; and a multivariate linear regression using a backward variable
selection method, which initially included all variables with a p-value lower than 0.10 in the univariate analysis and ultimately retained all variables with a p-value lower than .05. We chose to perform the selection method in multivariate analyses because the multivariate p-value (the ﬁnal one) is impossible to predict from the univariate one (the p-value of the ﬁrst
step). All tests were two-sided, and computations were performed using SAS version 9 (SAS Institute Inc., Cary, NC, USA).
3. Results
3.1. Sample characteristics
Of the 2324 students, 719 (30.9% response rate) answered the survey within the speciﬁed time frame (Fig. 1). These participants were younger, were more likely to be women and ﬁrst-year students, and performed better on the high school exit
examination and entrance exam than non-responders (Table 2). The participants’ usual sleep duration followed a U curve,
with 1.1% students sleeping less than 5 h/night, 6.1% between 5 and 6 h, 23.3% between 6 and 7 h, 44.8% between 7 and
8 h, 21.2% between 8 and 9 h and 3.4% more than 9 h. There was a signiﬁcant shift toward lower sleep time during the night
preceding the exam, with 0.8% of individuals sleeping 5 h less than usual, 5.6% sleeping 4 h less, 14.4% sleeping 3 h less, 23%
sleeping 2 h less, 27.6% sleeping 1 h less, 21.3% sleeping the same amount, 5.7% sleeping 1 h more and 1.5% sleeping 2 h more
(p < .0001) in a chi-square test with 5 degrees of freedom. As the mean, the students slept 1.4 h less than usual. Most (58.3%)
students considered this night bad, very bad or awful. The students scored a mean anxiety level of 5 ± 2.3 in general, which
increased to 7.2 ± 2.3 when evaluating their anxiety about the exam (p < .0001) with a high correlation (R = 0.52; p < .0001)
between the two levels of anxiety. Most (53.6%) students remembered their dreams very often (9.3%), often (14.9%) or quite
often (29.3%). The other students dreamt very rarely (13.6%) and rarely (32.8%).

Fig. 1. A ﬂow chart of the students and respondents to the survey.
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Table 2
The demographic, social and academic characteristics of respondents and non-respondents among students in the ﬁrst university year of health studies.

a

All students

Respondents

Non-respondents

No.
Sex, % women
Age, y
French citizen, %

2324
64.5
18.9 ± 2.6
93.1

719
68a
18.7 ± 2.1a
94.3

1605
62.9
19 ± 2.4
92.6

Profession of the parents, %
Senior managers
Employees
Business owners
Intermediary classes
Blue collars
Grant, %

52.5
13.9
8.8
8.2
6.4
37.4

54.8
13.7
9.2
8.6
5.3
31.1

51.1
14
8.6
8
6.9
28.5

Academic performances
First-year students, %
Scientiﬁc high school, %

67.2
95.6

71.6a
98.2

65.2
94.4

Honors at high school exit examination (Baccalauréat), %
Distinction (mention Très Bien)
Magna Cum Laude (mention Bien)
Cum Laude (mention Assez Bien)
Pass mark (sans mention)
Grade on ﬁrst-term test, 0–20
Eligible for medical school, %

15.4
30.8
29.7
24.1
7.48 ± 3.1
13.5

21.6a
34.6a
27.5a
16.3a
7.95 ± 3.1a
18.6a

12.7
29.1
30.7
27.5
7.25 ± 3
11.1

p < .05 for the difference between responders and non-responders.

Table 3
Answers to closed questions on dreams in the questionnaire.
Questions

% (n of responders)

Dreams during the night before the exam
Question 6. Prominent emotion in dream, n = 313 responders
Agreeable
Disagreeable
Neutral

17 (53)
41.5 (130)
41.5 (130)

Question 7. Dreams about the exam, n = 624 responders
Yes
No or no dream

27.4 (171)
72.6 (453)

Question 8. Problem performing in the exam or it was easy, n = 678 responders
There was a problem
It was easy
Unconcerned by the question
Dreams during the ﬁrst term

21.2 (144)
14.3 (97)
64.5 (437)

Question 10. Did you ever dream about the exam, n = 696 responders
Never
Sometimes
Quite often
Often
Very often

26.6 (185)
46.7 (325)
13.8 (96)
9.2 (64)
3.7 (26)

Question 11. What was the content of these dreams, n = 630 responders (multiple choice)
Your success
A delay
Impossibility of understanding the subject
Others

28.1
25.4
30.9
53.8

(177)
(160)
(195)
(339)

3.2. The general characteristics of dreams before the entrance exam
Three hundred and eight (44.1%) students had a dream the night before the exam (Fig. 1); 120 did not remember the content of this dream (blank dream), and 188 provided a written report (Table 3). The topic of the dream was the exam for 91%
of the students (171/188 remembered dreams). A problem with the exam appeared in 59.8% (144/241) of the dreams
(Table 3). As expected, the long (greater than or equal to 25 words) dreams were longer and more complex, with more elements than short dreams. They contained more frequent bizarre elements with more incongruous and distorted elements,
whereas the exotic, discontinuous, vague and impossible elements were as frequent as in short dreams. The 188 dream
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Table 4
Content analysis of the dreams reported during the night before the exam.

a

Scores at content analysis scales

All dreams

Short dreams

Long dreams

Pa

Total word count per dream
Complexity score at Orlinsky scale, n dreams
0. No dream
1. Blank dream
2. A vision of a single brief scene
3. Several disconnected thoughts, scenes, or actions
4. Short but coherent dream
5. Dream sequence involving 2 discernible stages, or a cause plus consequence
6. Long, detailed dream sequence involving 3 or 4 discernible stages of development
7. Extremely long and detailed dream sequence of 5 or more stages

28 ± 39

12 ± 6

55 ± 54

.0001
<.0001

203
120
93
27
56
8
1
3

NA
NA
87
18
17
0
0
0

NA
NA
6
9
39
8
1
3

Bizarreness in dreams scale
Elements, n per dream
Bizarre, % of elements
Incongruous, % of elements
Distorted
Exotic
Impossible
Vague, % of elements
Discontinuous, % of elements

6±6
17.5
9.4
3.8
4.5
1.1
3.3
4.3

3±2
14.9
7.6
1.9
4.6
1
3
3.5

11 ± 8
21.7
12.4
6.9
4.3
1.3
3.7
5.5

.0001
.03
.04
.001
NS
NS
NS
NS

Dream threat scale
Number of dreams with a threatening element (% of dreams)

102 (57.8)

53 (47.7)

49 (75.4)

NS

Nature of the threatening event, % of dreams with a threat
Failures
Aggression and violence
Accidents and misfortunes
Escape and pursuit
Disease, illness

74.8
11.6
5.8
3.9
3.9

77.4
15.1
3.8
1.9
1.9

71.4
8.2
8.2
6.1
6.1

NS
NS
NS
NS
Ns

Target of the threat
Self or close relatives or friends
Resources or other characters

96.1
3.9

98.1

93.9

NS

Severity of the threat
Minor
Physically severe
Life threatening
Socially severe

90.2
4.8
3.9
1

90.4
3.8
5.8
1.9

91.8
6.1
2
0

NS
NS
NS
NS

Participation in the dream itself
Dream self-reaction
Reaction cannot be scored
Reaction possible and reasonable
Reaction physically possible but inefﬁcacious
Realistic nature of the threat
Realistic but improbable nature of the threat
Realistic with one unrealistic element
Unrealistic nature of the threat

33.3
84.3
12.7
2.9
57.8
27.4
9.8
4.9

32.7
94.2
7.7
0
75
23.1
1.9
1.9

34.7
73.5
18.4
6.1
40.8
32.7
18.4
8.2

NS
.01
NS
NS
.0004
NS
.02
NS

p for a difference between short and long dreams; NS: non-signiﬁcant differences.

reports contained 27 ± 39 words (range: 1–397), with one dream per student. The reported frequency of dreaming (Question
1) predicted more complex (R = 0.27, p < .0001) and longer dreams (R = 0.77, p < .0001) the night before the exam. The complex, bizarre and threatening aspects of the dreams are indicated in Table 4.
3.3. The content analysis of threat within the dreams during the night before the exam
The most prominent nature of the threats was failure, which was observed in 75% of the students’ dreams (e.g., ‘‘I was
ranked 2,300th’’). The threatening elements were as frequent in short and long dreams, with similar natures and targets
of threats and similar reaction to the threat (although the reaction was less frequently evaluable in short dreams), but
the threat was more realistic in shorter dreams than in longer dreams. Among the 188 dream reports, 60.4% concerned
the exam, 9.6% concerned the lessons, and 30% were unrelated to the exam or lessons. There were 119 dream reports directly
linked to the exam. Most of these 119 dreams (78%) included a problem performing on the exam. The most frequent topics
included problems answering questions and being late for the exam. The thematic and relative frequencies of these dreams
are shown in Fig. 2, with examples of dreams in the various categories below.
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Fig. 2. The type and frequency of dreams about the exam experienced by the students during the night preceding the exam (dark bars) and during the ﬁrst
term (white bars) from top to bottom in order of the day’s agenda.

Examples 1–2 (Lessons, preparation of the exam). ‘‘I dreamt of the heart anatomy, which was totally wrong, with names of nonexistent arteries and elements. Then, everything turned around me as when one has a fever’’. ‘‘I was at home, and everything
around me were related to my lessons. There were chemical formulae written on unstable furniture, anatomy lessons written on my
shower curtains’’.
An example 3 (Illness). ‘‘I woke up in the morning with stomach pain and began to study. However, as the pain increased, I went
to the emergency room. I learned that I suffered from appendicitis and needed to have surgery on the following day because I had
eaten food this morning. So I had to have surgery the very morning of the exam’’.
Example 4 (Waking up). ‘‘I woke up peacefully at 10 AM. Suddenly, I panicked and realized that it was all over and I had failed the
exam’’.
Example 5 (Requested items). ‘‘It was the morning of the exam. Before leaving, I prepared my bag, but my glasses and train pass
broke into hundreds of pieces. I started to panic because I could not imagine how to take the train without the pass or how to read
the exam questions without glasses’’.
Example 6 (Transportation). ‘‘I boarded the train traveling in the right direction but did not realize that it changed direction and
did not arrive at Villepinte on time’’.
Example 7 (Location). ‘‘I arrived in the exam room and looked for my place. The room was divided into different spaces with various colors and atmospheres. Each section corresponded to a block of numbers. Mine was 1941. At the end of my section, there was
a number 1940 but no 1941. I panicked, ran from section to section, asking the supervisors, who gave me wrong information or did
not help, seeming indifferent’’.
Example 8 (Absence of problems). ‘‘I dreamt of every task that should be performed in order: what time I should wake up, what to
prepare in my bag and eat for breakfast, how to leave my hotel room and then how to establish a peaceful mindset for passing the
exam’’.
Example 9 (Subjects). ‘‘I received the subjects of the 4 sessions, but 5 pages were systematically missing’’.
Examples 10–12 (Answering). ‘‘I had no paper for writing. I asked for a piece of paper and someone instead gave me some bread
and said that I should write inside the bread, which everybody was doing and found normal and easy except me’’. ‘‘I shifted the
numbers of my answers on the form. As I realized my mistake 5 min before the end of the session, I could not copy the right answers
to a new form, and I received a grade of 0/20’’. ‘‘The physics and chemistry formulae were impossible to solve’’.
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Examples 13–14 (Results: failure/success). ‘‘I took the exam and made many mistakes. Then, I had to explain to my parents that I
failed and had to choose another orientation for my studies’’. ‘‘I received a t-shirt with ‘Best student’ written on it as a gift’’.
3.4. The characteristics of dreams about the entrance exam during the ﬁrst term
In addition to the night before the exam, 511 (73.4%) students had previously dreamt about the exam (Table 3). The students provided 233 examples of a dream they had about the exam. When using the categories as above, there were problems
in 87.5% of the dreams about the exam. The most frequent themes were problems leading to a late arrival in 67 (28.7%)
dreams because the dreamer was lost in space or time (17.6%, e.g., ‘‘I had arrived on time for the ﬁrst test, then before the beginning of the second test I realized that I had forgotten my calculator, so I went back home to pick it up and arrived at the end of the
second test, having missed it’’; ‘‘I was obliged to go to the exam by plane. The ﬂight was canceled, so I was obliged to go there in a
camper on a sinuous mountain road during the night while watching the clock, which showed that the exam had started’’). The
second most frequent themes were problems answering the questions (21.9%, forgetting nearly everything, unable to read
the questions or ﬁnding the questions incomprehensible, e.g., ‘‘I had a blank during my copywriting. It was impossible to
remember a single thing! The stress was so intense that when I woke up, I doubled my effort to rehearse my lessons’’) and passing

Table 5
Determinants of the grades at the exam (univariate analysis).
Bimodal factors

Male sex
Granted students
Scientiﬁc high school
Repeaters
Having a dream, pre-exam night
Exam in the dream, pre-exam night
Easy competition, pre-exam night
Being late, pre-exam night
Difﬁculty answering, pre-exam night
Threat: failure, pre-exam night
Dreams of the exam, ﬁrst term
Dreams of success, ﬁrst term

Grade at the exam
Present

Absent

7.6 ± 3.3
6.5 ± 3.1
7.4 ± 3.1
9.6 ± 2.6
8.3 ± 3.1
8.5 ± 3.1
7.9 ± 3
7.4 ± 2.9
8 ± 3.2
7.8 ± 4.2
8.2 ± 3.1
8.2 ± 3.1

7.2 ± 3.1
7.7 ± 3.2
5.2 ± 3.7
6.2 ± 2.9
7.8 ± 3
7.8 ± 3
8.2 ± 3.2
8.9 + 3.1
8.7 ± 3.1
8.6 ± 3.1
7.5 ± 2.9
7.9 ± 3.1

Multimodal factors

T value

P

2.57
7.51
5.8
28.9
2.09
2.48
0.63
1.97
0.95
0.46
2.47
0.85

.009
<.0001
<.0001
<.0001
.04
.01
.53
.06
.35
.62
.01
0.40

F value

P

Citizenship

French: 7.4 ± 3
European: 6.2 ± 2.8
Non-European: 6.6 ± 3

10.2

<.0001

Parents’ profession

Senior managers: 8.7 ± 3
Business owners: 7.3 ± 2.9
Middle classes: 7.2 ± 2.9
Retired: 6.6 ± 2.8
Employees: 6.6 ± 3
Blue collars: 5.9 ± 3.1
Unemployed: 5.8 ± 3

22.17

<.0001

Honors on the high school exit examination

Distinction: 10 ± 2.7
Magna Cum Laude: 8.2 ± 2.7
Cum Laude: 6.9 ± 2.8
Pass mark 4.9 ± 2.6

202

<.0001

Emotion in the dream before the exam

Agreeable: 8.2 ± 2.7
Disagreeable: 8.2 ± 3
Neutral: 8.3 ± 3.3

0.02

.98

Continuous measures

Correlation coefﬁcient

P

Age
General anxiety
Anxiety about the exam
Sleep loss
Sleep quality
Dream length, pre-exam night
Dream complexity, pre-exam night
Bizarre elements in dream, pre-exam night
Frequency of exam dreams, ﬁrst term
Dream recall frequency, ﬁrst term

0.14
0.06
0.01
0.06
0.02
0.04
0.01
0.03
0.1
0.09
U shaped relationship
2
R = 0.024

<.0001
.91
.13
.12
.62
.57
.87
.72
.01
.01

Usual sleep time

.0002
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the exam (21.6%, e.g., ‘‘I was so excellent and well ranked, I understood everything’’). Several students had dreams of both failure
and success. Twenty-two students mentioned ‘‘useful dreams’’; they dreamt of ignoring a particular item of the program,
woke up suddenly and checked and studied the item (e.g., ‘‘I asked myself some questions about the lessons and could not ﬁnd
the answers. I woke up suddenly and checked in the book, as if my brain had indicated my weak points to me’’; ‘‘In my dream, I
asked myself: what is the nerve driving the short thumb ﬂexor muscle? I could not ﬁnd its name and woke up with a beating heart. I
could not fall back asleep until I checked the right answer’’).
3.5. The effects of anxiety and of inexperience
There was a weak but signiﬁcant association between a higher general level of anxiety and female sex (women had a
mean anxiety level of 5.4 ± 2.2 vs. 4.1 ± 2.3 in men, p < .001), shorter usual sleep duration (R = 0.08, p = .02), worse sleep
quality before the exam (R = 0.07, p = .04), more frequent dreams with difﬁculties the night before the exam (the level of anxiety was 5.2 ± 2.3 in students dreaming of problems vs. 4.4 ± 2.2 in students dreaming that the exam was easy, p = .03) and
more frequent dreams regarding the exam during the ﬁrst term (R = 0.08, p = .04). Anxiety was not associated with any other
dream (presence during the night before the exam, length, complexity, bizarreness, threatening aspect, other difﬁculties, failure), sleep or academic characteristics.
Among the ﬁrst-year students, 204 had dreams the night preceding the exam, of whom 39 did not remember the exact
dream and 165 furnished a dream report. The dream was about the exam in 108/165 (65%) of cases, with problems in the
competition occurring in 99 (91.7%) of these dreams. During the ﬁrst term, dreams about the exam conditions (time, place,
questions, results) were as frequent in ﬁrst-year students as in those who took the test the preceding year.
3.6. Determinants of the exam results
In the univariate analysis, several demographic and academic characteristics of the 2324 students predicted a higher
grade on the test, including male sex, older age, French citizenship, being non-granted, parents’ profession (senior managers
and intellectual professions followed by business owners, middle classes and then employees), repeating the year, attending
a scientiﬁc high school, receiving honors at the exit examination and having responded to the questionnaire (Table 5). In the
multivariate analysis, the same factors remained signiﬁcant, except for French citizenship, parents’ profession and questionnaire response.
Among the 719 responders, the grade at the exam followed a U-shaped curve in function of the usual sleep time: the 8
students sleeping less than 5 h/night (grade: 4.8 ± 1.6) and those 24 sleeping more than 9 h/night (grade 7.1 ± 3.2) had lower
grades than the 43 students sleeping 5–6 h (7 ± 3.4), the 164 students sleeping 6–7 h (7.9 ± 3.2), the 315 students sleeping 7–
8 h (8.2 ± 3) and the 149 sleeping 8–9 h (8.2 ± 2.9). The sleep duration, quality and amount of sleep loss before the exam had
no inﬂuence on the results, nor did the level of anxiety, either in general or for the exam. The 308 students who remembered
a dream during the night preceding the exam had a better average grade than the 390 who did not dream, and this grade was
higher if they dreamt about the exam (Table 5). The other characteristics of these dreams had no inﬂuence on the grade, such
as whether the emotion in the dream was agreeable, disagreeable or neutral, whether the exam in the dream was problematic (n = 144) or easy (n = 97), or the level of complexity, length, bizarreness, or threat. Similarly, none of the exam problem
categories (forgetting one’s items, difﬁculties answering the questions, dreaming of failure [n = 6] or success [n = 2]) had any

Fig. 3. The association between the frequency of dreams about the exam during the ﬁrst term and performance (grade, from 0 to 20) at the exam
(Spearman’s correlation R = 0.1, p = .01).
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Table 6
Model predicting the grade at the exam (mixed model, stepwise and backward method).
Effect

Estimate

Standard error

Intercept
Male sex
Grant
Repeater
Honor at high school leaving examination
Distinction
Magna Cum Laude
Cum Laude
Pass mark
Dreams about the exam during the night before it

10.63
0.86
0.61
3.13

0.29
0.19
0.19
0.19

0
0.76
3.38
5.07
0.48

0.98
0.25
0.30
0.20

P
<.0001
.0015
<.0001
<.0001

.014

The R2 for the global model was 0.52 and the root mean square error was 2.14.

inﬂuence on the mean grade, with the exception of being late, which tended to be associated with a worse grade (7.4 ± 2.9;
n = 19) than the absence of such a dream (8.9 ± 3.1; n = 70, p = .06).
The 511 students who dreamt about the exam during the ﬁrst term had better grades than the 185 students who did not,
and the grade was proportional to the frequency of dreams about the exam (Fig. 3 and Table 5). By contrast, the usual frequency of dream reports (Question 1) correlated negatively with the grade. The 177 individuals who had previously dreamt
of success did not have higher grades or more real success than the 519 students who never dreamt of being successful or
those who dreamt of being late or having another type of problem. Notably, the ﬁve best students in the exam dreamt of
being delayed on the train bringing them to the exam, not waking on time on the morning of the exam, forgetting to complete one of the questions, checking the boxes with an erasable paper pen, their histology course, making a counter-performance or running out of time to complete the test.
When all measures modifying the mean grade with a p lower than 0.1 were included in the stepwise and backward
model, the ﬁnal model predicting a higher mean grade at the exam included sex, the absence of a grant, being a repeater,
having received honors on the high school exit examination and having dreamt about the exam during the night before
(Table 6). No other question regarding dreams had any predictive effect for the grade at the exam.
4. Discussion
Almost all responders among students in their ﬁrst year of medical school dreamt about the exam the night before the
exam and had poorer sleep than usual. More than one-half of these dreams contained some form of threat, primarily of failure. Most (78%) dream scenarios included problems, mainly arriving late and having serious difﬁculties answering the questions. During the ﬁrst term, 74% of students had similar negative dreams about the exam, which were mildly associated with
higher general levels of anxiety. Reporting a dream before the exam and having dreamt about the exam during the pre-exam
night and during the ﬁrst term predicted a higher success at the exam, regardless of the negative, emotional, threatening or
bizarre aspects of the dream.
The high frequency of dreams including exam failure is reminiscent of the high frequency of ‘‘infant in peril’’ dreams
reported by young mothers (Nielsen & Paquette, 2009). This cognitive, primarily negative anticipation somehow supports
the Threat Simulation Theory (Revonsuo, 2000). The situations experienced in dreams by our students were not life threatening but were more classical failure threats. It is important to note that the Threat Simulation Theory does not include only
immediately vital threats but includes all events that would potentially endanger future reproductive success at the time of
our ancestors, including injury or death of close genetic relatives, social isolation or rejection by group members, and the loss
of valuable material resources (Revonsuo & Valli, 2008). Although not mutually exclusive with the Threat Simulation Theory,
the results support the idea that dreams reﬂect our daily worries, as described by the continuity hypothesis (a hypothesis
ﬁrst mentioned in (Bell & Hall, 1971). Thus, dreams may not only incorporate personal elements of waking reality, but
may also embody simulations that dramatize conceptions and concerns (Domhoff, 2011). In support of this view, the more
anxious students had more frequent dreams with difﬁculties during the night before the exam, poorer and shorter sleep and
more frequent dreams regarding the exam during the ﬁrst term. However, anxiety did not inﬂuence the result of the exam.
Distressing anticipatory dreams did not attenuate with time after the exam because they occurred with the same high
(87.5%) frequency in ﬁrst-year students and in repeaters. Stressful conditions inﬂuenced the dream content, as emphasized
by studies focused on nightmares. Stress as a factor, rather than a trait, increased the frequency of nightmares (Schredl,
2003). Up to 15% of German athletes have distressing dreams before competitions and games (Erlacher, Ehrlenspiel, &
Schredl, 2011), a percentage that is much lower than the 78% of medical students who experienced distressing dreams before
the entrance exam. Notably, 89% of distressing dreams in athletes were of athletic failures, followed by physical problems in
37% and logistic problems, such as arriving late, in 18%. In our study, the dream content was exam speciﬁc and mirrored the
students’ daytime concerns. Other similarly stressful events may be studied from the perspective of anticipatory dreams,

46

I. Arnulf et al. / Consciousness and Cognition 29 (2014) 36–47

including the dreams of surgeons before a major surgery or actors before opening night. It is notable that none of these
dreams were premonitory, which refutes a popular belief about dreams.
In contrast, dreaming about the exam optimized performance the next day. This optimization was not speciﬁcally related
to the problems experienced in the dreams, and the same student could have both successful and unsuccessful dreams during the ﬁrst term. As stated by some students, the immediate beneﬁt of dreaming was the drive to address weaknesses in
knowledge after awakening, which certainly provided an advantage. Additionally, the contrast between the horrible situations experienced in dreams (appendicitis, lateness, impossibility of competing) and the more casual reality (good health,
appropriate timing and tools) the next morning may desensitize the students to anxiety, which can be reassuring and beneﬁcial for competition. However, one may consider that these dream aspects had a limited inﬂuence on next-day performance compared to the major inﬂuence of previous academic achievements in these ‘‘level A’’ students and to the
previous training of repeaters.
Because distressing dreams about the exam were extremely frequent in the respondents to this study, we hypothesized
that these dreams might serve some function. Notably, the dreams did not only replay previous stressful events; the ﬁrstyear students who had not yet participated in the exam reported the same distressing dreams. In their dreams, they arrived
late for the exam, could not understand the questions, marked answers to the wrong questions and failed or passed despite
never having been exposed to such conditions. Rather, these dreams seemed to anticipate the main problems that they could
experience in the exam. This anticipation in dreams is fascinating, but one may consider that anticipation is a general function of the waking brain. An important function of human cognition is to think prospectively about potential future events to
prepare ﬂexible responses to novel situations (Schacter, Addis, & Buckner, 2007, 2008). Thus, the sleeping brain may not only
reiterate past experiences but also activate information related to impending future events. The primarily negative tone of
these anticipatory dreams is consistent with the higher prevalence of negative vs. positive dreams in several large students
populations (Domhoff & Schneider, 2008; Hall & Van de Castle, 1966). Negative anticipation may serve to optimize daytime
performance, as in how a chess player imagines all possible moves, particularly the moves leading to a loss, before selecting
and playing the better move. Together, the dream reports appear to serve as a checklist of all possible situations, some with
higher probabilities (such as arriving late because the suburb train is delayed or on strike, which is a highly possible occurrence in Paris, forgetting one’s documents, or answering the wrong question on a long multiple-choice test) and others with
completely improbable events colored by the bizarre aspects of REM sleep dreams (e.g., taking a plane or camper to arrive at
the exam or transforming the test into a video game). In these instances, the brain appears to mix unrelated events to create
a new scenario. Many dreams contained episodic simulation of the various procedures and questions, as if the brain of the
sleeper was playing the game in advance in the order of the agenda.
This study had some limitations. The sample differed from the entire student group; the responders were younger, were
more likely to be women and ﬁrst-year students and performed better on the high school examination and entrance exam
than non-responders. Furthermore, women are classically more participative in research studies. However, the sample was
large enough to include all types of performers. The collection of dreams was retrospective and may have been biased by
memory effects. However, the similarities in the percentages and natures of the problems in dreams collected the day after
they were experienced and dreams experienced during a full term and collected days and months after they were experienced is striking. The exam was so important for the students’ careers that dreams about it might have been more easily
remembered and their frequency might have been overestimated. However, this result applies to both negative and positive
dreams. Distressing dreams may lead to waking up more frequently than positive dreams; consequently, they might be more
encoded. A continuous collection of dreams with several scheduled awakenings (for example, performed using the Nightcap
home system) would be useful to reduce this bias (Fosse, Stickgold, & Hobson, 2001) but is hardly feasible in students with
high stress levels who must sleep before an exam. Note that the students’ dreams before the exam contained 17.5% bizarre
elements, which is similar to the 17% bizarreness that we found in the home diaries of normal controls in our town (LeuSemenescu et al., 2013). This percentage is closer to the percentage of bizarreness within dreams based on REM (19%) than
on non-REM (7–10%) sleep awakenings (Oudiette et al., 2012), suggesting that the students mostly remembered REM sleep
dreams. It is interesting to observe how real lessons and a predictable exam were transformed within sleep mentations into
bizarre elements including furniture covered with anatomy lessons and chemical formulae in a student’s ﬂat, the need to
take a plane to the exam room, the exam being a video game or the need to write the exam on bread.
In conclusion, dreams about the exam were frequent the day before and several days and months prior to the exam, even
among students who had not yet experienced the exam. Although the dreams primarily represented problems and failure,
these contextual, anticipatory dreams predicted better performance on the exam. These results suggest that this cognitive
episodic simulation in dreams is common.
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