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Abstract

Virtual reality immerses individuals in 3D environments where spatial properties are similar to those of real
life. Virtual reality can therefore be effective and relevant in the study of memory processing, especially
when  spatial  properties  are  involved.  We  studied  the  effect  of  a  20-minute  rest  period  on  memory
performance  for  associative  and  relational  learnings.  Eighty-one  participants  were  placed  in  a  virtual
environment in which they learned 24 associations implicating objects and their respective precise location.
As expected, the performance of associative memory was improved by a rest period between study and test
phases. We discuss these results and the benefits of using an immersive virtual environment for such memory
investigation.  In  addition,  elaborating  our  environment  was  highly  informative  and  led  to  several
recommendations that we believe could be useful for researchers who would like to rely on virtual reality for
investigating memory.  

1. Introduction

When human beings evolve in a 3D world, most of their experiences are spatialized. Being able to encode,
store  and  retrieve  the  spatial  properties  of  what  we  experienced  is  important  for  adaptability  to  our
environment and is a key feature of episodic memory. In addition, the integration of the spatial components
of the experience in long-term memory is enhanced by a period of rest and/or sleep (Orban et al., 2006;
Rauchs et al., 2008). However, in a research context, spatialized memory tasks that are presented on 2D
screens can reasonably be considered far removed from typical real-life situations, especially in terms of
spatiality. Virtual reality (VR) allows researchers to present three-dimensional objects in specific positions in
a manner similar to reality while providing the same experimental control as one offered by other digital
technologies (Sauzéon et al., 2012). The presentation of a memory task with a spatial component has been
facilitated by the fact that virtual reality headsets have become more affordable and reliable (Smith, 2019).
The elements we encounter in our daily lives are not memorized in isolation. Indeed, the way in which these
elements are associated and related to each other is decisive for memory performance. Moreover, the sleep (a
full night and a day nap) is posited to benefit on many aspects of cognition and specifically to memory
(Rasch & Born, 2013; Ficca et al., 2010). For instance, Lahl et al. (2008) demonstrated that sleep benefits in
general memory for naps as short as 6 minutes. More specifically, sleep improves performance for both the
associative  and relational  properties  of  memory (Rasch  & Born,  2013).  For  example,  when  the  spatial
properties of an episode are reactivated in the hippocampus, these reactivations are supposed to contribute to
the consolidation of the whole memory (Talamini et al., 2008). This associative and relational improvement
has been studied over periods ranging from twenty minutes of offline delay (delay without rehearsal) to
several  days  with  a  typical  sleep-wake  cycle  (Ellenbogen  et  al.,  2007).  To  our  knowledge,  memory

1



improvement for specifically associative and relational performance has not yet  been demonstrated for a
period of 20-minutes or less using VR design. Our study aims at evaluating the effect of a 20-minute rest
period with a nap, on the memory performance for associated and related items (also referred as object in this
study), using an associative inference task in VR. 

1.1. Memory: Main concepts

Memory relies on how our brain changes in response to experience (episode). Properties of these episodes
are not stored in separate boxes but are associated. For instance, when one eats a lemon, its color, shape, taste
and the context of the situation are directly associated in memory. Additionally, an episode is also integrated
in our memory in relation with experience preexisting in the system. These relations are also referred as
inference as they rely on content similarities inferred by the system. For instance, if a candy packaging
ostensibly shows a lemon on its packaging, it is likely that a relation is form between lemon properties (such
as its sourness) and the candy. In the present study, the term associative memory will refer to the links that
are directly created in memory when different perceptive elements or information are presented at the same
time in our environment. For instance, when an image is presented at a specific location on a screen there is
an association created in memory between the location and the object. The term relational memory will refer
to the links that exist in memory between different elements that were ever directly presented at the same
time but are related by a content similarity. For instance, two objects that were presented in the same location
on a screen at different time are indirectly related in memory through their common location. 
Consideration  for  such  associative  and  relational  processes  can  be  traced  back  to  the  beginning  of
experimental psychology, for instance Baldwin (1893, p. 162) indicated already how the complex network of
interconnected brain cells can support diverse and related memories. Across the last century, consideration
for such associative properties of memory has been sophisticated to consider how associated memory traces
are likely to be related depending on the similarity they share (Eichenbaum, 2004; Hebb, 1949). The recent
memory models, such one of Versace et al. (2014), rely mainly on such associative and relational principles.
The Act-In model proposes two dynamics called activation and integration. During a perceptual experience,
the components  of  the experience being lived propagate  in  memory and activate  previous traces  in  the
memory network according to the similarities they share with these components. The separate components
are then combined into an episodic trace through the progressive integration of newly activated traces with
related pre-existing ones. In this study, the associative properties of memory will refer to how two elements
that share common features (such as the location, component, time, etc.) are linked in memory when they are
experienced by an  individual.  Relational  properties  will  refer  to  the  inference  that  arises  from distinct
associations that share a similar element (in this study, a similar location inside the environment). 
Another example of this type of association and relation in everyday life might be when a person looks for
his or her keys and finds them under the cushions of his or her couch. With this example, a location and an
object  are associated with memory.  The next  time the person loses his or  her keys,  it  is  likely that  the
memory of the couch episode will  be automatically retrieved.  Such association can also help to form a
relational inference. For example, if this person is invited to a friend's house and can again no longer find his
or her keys, he or she could easily infer that they may be hiding under the cushions of that friend’s couch. 
In other words, associative and relational properties of memory allow characteristics associated with specific
situations to be automatically transferred to a new situation that share similarities. These aspects of memory
have  been  investigated  principally  during  the  wake  period.  However,  as  human  consciousness  varies
throughout the day, they were also studied with an interest in sleep (Rasch & Born, 2013). This study is
being conducted as part of these efforts to better understand how memory performance and sleep interact.

1.2. Sleep, nap and Memory performance

How sleep influences memory has been scientifically investigated in different memory processes or systems
for more than a century (for a review, see Rasch & Born, 2013). Sleep has also been found to positively
influence  several  components  of  memory  such  as  procedural  motor  activities  (Walker  et  al.,  2003),



procedural spatial memory (Talamini et al., 2008), semantic integration of nonwords (Tamminen et al., 2013)
and episodic memory (Inostroza & Born, 2013; van der Helm et al., 2011; Wiedemann, 2007). 
In  a  systematic  review,  Chatburn  et  al.  (2014)  indicated  that  sleep  facilitates  the  memory  processing
underlying associative performance in normal adult populations. In a theoretical review based on the Act-In
model, Cherdieu et al. (2018) also indicated how sleep promotes the binding of associated elements leading
to the emergence of new knowledge based on the components that are incorporated. Ellenbogen et al. (2007)
demonstrated specifically how relational  memory develops during offline time delays  (a  period without
further training) using a transitive inference task. Precisely, they tested the effect of a 20-minutes offline
delay and  found  no  significant  effect  on  memory performance.  Additionality,  an  increase  of  relational
memory performance was demonstrated for a 12-hour delay that included sleep compared to a 12-hour delay
that did not included sleep. Finally, a 24-hour delay which included a normal sleep schedule also exhibited
performance enhancement at relational levels. Alger and Payne (2016) developed a version of the associative
inference task and tested the effect of sleep on the memory performance of their participants.  This task
allows  the evaluation of  both associative and relational  properties  of  memory.  Their  study showed that
associative and relational performance can be increased after a 90-minutes sleep opportunity. It is not yet
known whether the associative performance can specifically benefit from a shorter sleep period. 

1.3. Virtual Reality and Memory

To our knowledge, all the studies that have investigated the links between naps and memory performance
with regard to its associative and relational properties have used a computer task that presented on the same
screen, the elements that were to be associated. The use of a computer is widely used and accepted as an
effective way to present multiple items while controlling presentation time, contrast constraints, allowing
randomization of the order of presentation of items, etc. (Naus et al., 2009; Schatz & Browndyke, 2002).
Recently,  VR solutions  have  become  more  affordable,  accessible  and reliable  (Bohil  et  al.,  2011).  The
possibilities offered by these technologies are interesting because the use of a two-dimensional computer
screen can reasonably be considered far removed from what individual  encounters when associating the
events that occur in his or her daily life in a dynamic three-dimensional world.
Concerning the associative and relational properties of memory, Robin and Olsen (2019) have shown that
associative  performance  is  better  when  a  scene  is  proposed.  Additionally,  a  task  that  proposes  an
environment in which the participant can move around is likely to influence oneiric mentation and therefore
improve performance (Wamsley & Stickgold, 2018; Wamsley et al., 2010). The use of VR appears to be a
good strategy for both providing a complex environment or scene and allowing the participant to move freely
in a 3D space.

2. Aims and hypothese

The  present  study  aims  at  evaluating  the  effect  of  a  short  rest  period  on  associative  and  relational
performance on a memory task proposed in virtual reality. We expect that participants in the rest group will
recall more correct associations and relations than participants in the wake group.

3. Methods

3.1. Participants

82 undergraduate students from Picardie Jules Verne University (48 women, 36 men; M = 21.63 years, age
range:  19-26 years)  were enrolled on a voluntary basis in  this  study.  Prior to entering the protocol,  all
participants signed a consent form indicating the main goal of the study, the time required to complete the
study, the possibility of requesting the deletion of their data, the exclusion criteria (no sleep trouble) and the
anonymization of  all  data used in communication.  Participants  were informed that  they should stop the
experiment if they experienced symptoms of cybersickness. Only one participant reported transient dizziness
and stopped the experiment. Using the random distribution, participants had a one-in-three chance of being
in the wake group; the others were included in the rest group. This repartition was chosen to maximise the
chance to have enough participants that slept in the rest group. 



3.2. Material and Measures

The headset used in this study was an HTC Vive displaying 1080x1200 pixel for each eye. This headset
yields a 100° horizontal field of view with a refresh rate of 90 Hz. It was connected to an HP ZBook 17 G3
with an Intel Core i7 (Quad-Core 2.6 GHz / 3.5 GHz Turbo), 8 GB RAM and a NVIDIA Quadro M5000M
graphic card. The environment was developed using Unreal Engine 4 (UE4).

3.2.1. Associative Spatialised Memory Room
During a pre-test, some participants looked surprised when they took off the headset and indicated that this
surprise was probably due to the unexpected difference in size between the real test room and the virtual
environment. As we did not know whether this surprise would affect the study or not, we decided to reduce
this difference by matching the size of the rooms and placing a door in the same place.
In the environment, 12 display stands were disposed in front of the participant, 4 at the left side, 4 at the back
side and 4 at the right side. Each display stand was covered to only show the item when the participants
pressed a button placed on the stand. For each revelation, a luminous mark on the button indicated which
display stand was to be opened. By pressing the button with a standard controller, the participant would hear
a clicking sound. The room was illuminated using an omnidirectional light source placed in the middle of
display stands. A black cross was drawn on the floor to indicate to the participant where he or she needed to
go after each item reveal. During the associative recall, a supplementary display stand was shown in the
center of the room to display the item for which the participant had to indicate the location. A laser pointer
was available and movable by the participant to indicate which stand he or she had previously seen the item
displayed. 

Figure 1: Screen capture of the Associative Spatialised Memory Room.

3.2.2.Items Selection
The items, also referred as object in this study, were selected from 3D models proposed online on the Unreal
engine market and other websites with a CCO or CC BY license. Two pre-test sessions were conducted with
undergraduate students, a PhD student specialising in VR, a professor of neuropsychology, and a research
engineer in order to ensure good readability of the items and environment, to maximise the items uniqueness,



and to avoid phobogenic items. Out of 41 3D models, 25 were selected and another one was randomly
excluded to fit the final 24-items list composed of: Green plant, Computer, Spray can, Sledge, Car, Cactus,
Gift  box,  Rock,  Camera,  Stool,  Ball,  Mushroom,  Hat,  Toilet,  Pumpkin,  Fire  extinguisher,  Violin,  Dice,
Bread, Hammer, Crow, Fish, Saw, Armchair. 
The graphic appearance of the objects was preferably chosen for the realistic and compatibility with an
accurate representation of the object (as opposed to stylized or cartoonish). However, as the models came
from different  authors,  the  graphics  identity were  certainly not  identical  between  the  objects.  A figure
presenting the objects is available on request to the corresponding author of the present article (to ensure the
novelty of the objects in the context of future studies).

3.2.3.Scores composition
Each correct recall  granted the participant 1 point.  Scores for immediate free recall,  delayed free recall,
immediate associative recall and delayed associative recall were integers (min = 0/24, max = 24/24). Score
for relational recall was integer (min = 0/12, max = 12/12).

3.2.4.Subjective Evaluation of Sleep and Actimetry
All participants completed an additional two-part questionnaire (20 minutes after the task and 40 minutes
after  the task).  Participants in the rest  group were asked whether  or not  they had slept,  how long they
estimated their nap and whether or not they had dreamt during this short sleep. All participants in the rest
group  were  tracked  by actimetry using  an  Actiwatch  2  (Rupp  & Balkin,  2011).  Actimetry limited  the
possibility of a Type 1 error (indicating that one is asleep when one is not). Data from 8 of the 55 participants
in the rest  group were not  recorded by the watch because of  a  failure  in  memory management  by the
researcher. However, all participants who reported being asleep were monitored.

3.3. Procedure1

Participants were placed in the virtual environment. For the learning task, each participant was instructed for
each association, to stand on the black cross and identify the display stand with the luminous marker. They
were then requested to go to the display and open it by placing his or her hand on the button. The participant
proceeded in the same way for the next display. Participants performed the recall task while starring at the
back wall. The instruction for free recall test was to indicate aloud which objects were seen in the learning
phase. The instruction for associative recall was to indicate the display stand containing the object using the
laser.  Finally,  the instruction for  relational  recall  test  was to  indicate  aloud which object  had the same
position as the object displayed in front of the participant. During this relational recall, participants were
placed  in  a  circular  room to ensure that  spatial  cues  from the environment  were not  used to  infer  the
relationships. The figure 2 depicts what was asked to the participant during each learning phase. The figure 3
and 4 illustrate the associative recall phase and the relational recall phase. 

1 Twelve people participated in the pre-testing of the protocols. Six undergraduate students were trainees at the research centre. The 

others were all members of our psychology research center.



Figure 2: the steps of the learning phases (identify the display stand, go to the display and open it by placing his

or her hand on the button, observe the object, and go back to the black cross to state the object ‘s name out-lout).

These steps were repeated 12 times for each learning (A-B and B-C). The order was randomised by the software.

The individual in these pictures only serves as a representation of the participant and was not present in the

environment during the learning process. 



Figure 3: during the associative recall the participant saw an object (depicted here using a square) on a display

stand in the middle of the room and he/she could grab a laser pointer to indicate where he/she thought to have

seen the object.

Figure 4: during the relational recall the participant saw an object (depicted hereas a square) on a table inside a

neutral  environment.  He or she had to indicate  out-loud which object  was in  the  same position during the

learning phase.

During the delay at the end of the learning, part of the sample was placed in the rest group in which they
were offered a 20-minute nap window in a quiet room and the other part of the sample was placed in the
wake  group  in  which  they were  asked  to  continue  their  daily  routine  for  20  minutes.  Afterwards,  all
participants were given a 20-minute delay prior to the delayed recall. The procedure is summarised in figure
5.



Figure 5: Course of the protocol for all participants

4.  Results

All statistical significance thresholds were set at p < .05. In this section, we first studied the group effect by 
comparing those who were offered a nap (rest group) to those who were asked to continue their daily routine 
(wake group). We then studied a group effect by comparing only participant in the rest group based on 
whether or not they reported having a nap (verified by actimetry).

4.1. Main results

To compare the two groups (rest  and wake),  we performed two repeated-measures  ANOVAs.  Firstly,  a
repeated-measures ANOVA was performed on free recall score. The condition (rest or wake) was used as a
factor between subjects and type of delay (immediate/delayed) was used as a factor within subjects. There
was a significant effect of delay type (F (2, 80) = 98.99, p < .001), and no significant interaction effect (F (2,
80) = 6.26, p = .015). 
Secondly, another repeated-measures ANOVA was performed on the associative recall score. The condition
(resting or wake) was used as a factor between subjects and type of delay (immediate/delayed) was used as a
factor within subject. There was a significant effect of recognition type (F (2, 80) = 17.31, p < .001), and a
significant interaction effect (F (2, 80) = 9.78, p = .002). 
Additionally,  following  the  method  employed  by  Alger  and  Payne  (2016),  we  computed  delta  scores
(dScore) by subtracting performance of immediate recall to delayed recall for the free and associative recalls.
The t-test comparisons yield similar outcomes of the ANOVAs: dScore for free recall in the rest group (M =
1.35,  SD = 2.59) and in the wake group (M = 2.50,  SD = 3.20) were not significantly different (p = .078,
Cohen’s d = -.41); dScore for associative recall in the rest group (M = 2.41, SD = 1.88) and in the wake group
(M = 1.70, SD= 2.32) were significantly different (p = .002, Cohen’s d = .71). The aforementioned results are
summarised in Figure 6. 
A student t-test comparing the two groups for relational recall score was not significant. 



Figure 6: Performance for the rest and the wake group for the free recall, the associative recall and the relational

recall. 

In the rest group, 27 participants out of 54 reported sleep. All 27 shown actimetry consistent with sleep.
Using a Student's t-test,  we compared participants who slept and those who did not for all  performance
indicators  (immediate  and  delayed  free  recall,  immediate  and  delayed  associative  recall,  and  relational
recall); no comparisons were significant. Using a Spearman correlation analysis,  we assessed if the time
spent sleeping was correlated with performance; no correlation was significant.   We performed again the two
ANOVA (Wake, Rest) while keeping only in the rest group, participant who had not slept (n = 27) for a
comparison and those who had slept  (n =  27)  in  another  comparison.  The significance  outcomes  were
identical as those displayed in figure 1 suggesting that sleep did not influence significantly our result.

5. Discussion

In the present study, we elaborated an associative inference task (Alger & Payne, 2016; Huguet et al., 2019)
that allows the evaluation of associative and relational properties of memory. One of the originalities of this
study was to use the possibilities that offer virtual reality (VR) to form association between an object and a
location in a space room. Another originality was to investigate the effect of a short period of rest and the
possible nap that took place within this period of associative and relational performances. The main results of
the present study concerned the enhancement of associative recall after a nap opportunity which is consistent
with precedent research (Alger & Payne, 2016).
Most of our results are congruent with the state of art  in the literature as,  on the one hand, associative
performances were better for the participants who had a period of rest than for the other participants. In
another  hand,  relational  performances  were  not  different  between  groups  as  previously  observed  by
Ellenbogen et al. (2007) who proposed that relational enhancement may depend on an offline process that
needs more than 20 minutes to be perceptible. Another explanation could be found in the intentionality of
learning. In this study, we did not inform the participant that he or she will be asked to recall related items. In
other words, encoding was intentional for association and incidental in relation. Interestingly, a short sleep
period benefits preferentially on intentionally encoded memory trace over incidentally ones (Drosopoulos et
al., 2005). This limitation is inherent to the associative inference task, and has not, to our knowledge, yet
been addressed in previous investigations. We therefore encourage future studies to modify the associative
inference task to take this limitation into account (e.g. by making the association incidental). It would also be
interesting  to  compare  whether  sleep  modulation  of  relational  performance  differs  according  to  the
intentionality of learning.



One  interesting  and surprising  result  of  this  study is  that  the  benefits  of  the  rest  period  of  associative
performance did not depend on whether or not a nap took place during this period. The result did not also
significantly  differ  for  relational  performance.  Moreover,  memory  performance  was  not  significantly
influenced by the subjective time spent napping. One explanation could be that sleep had no additional effect
on memory and did not alter the process of consolidation. Another explanation could be that the beneficial
effect  of  sleep  was  masked  by the  short  time  window proposed.  One  theory of  sleep-related  memory
improvement is that there is less interference arising from the world during sleep to disrupt memory (see
Talamini et al., 2008). Protection from interference cannot satisfactorily account for the present study result
as free and relational recall were not significantly improved. Therefore, it is reasonable to consider that rest
has a beneficial effect on the associative performance on its own. This proposition is consistent with the
research of Craig et al. (2015) who have shown that individuals who had a rest immediately after learning
spatial  association  in  a  VR  environment  performed  better  in  recalling  certain  specificities  of  these
associations  such  as  temporality.  This  benefit  of  awake  rest  was  also  demonstrated  on  associative
performance itself (Craig et al., 2016). The environment used in the two mentioned studies was larger than
the one used in the present research since it offered a complete segment of a realistic small town. The way in
which a resting period allows the association of elements with a spatial component therefore appears to be
robust. This result is also consistent with the proposition that wakeful rest can be considered as a specific
state of consciousness that actively benefits the consolidation process. To our knowledge and as specified by
the authors of the two studies mentioned above, the benefit of a rest period on associative performance is
mainly studied with an interest in sleep. In contrary, the present study invites to consider the benefit of a rest
period that possibly not contain a nap on the associative properties of memory.

6. Conclusion

We demonstrated that memory for associated items is enhanced by a rest period comparatively to a period of
active wake.  In  perspective,  we propose that  future  studies  test  this  improvement  with an even shorter
duration and assess whether such a rest period could be useful in an academic learning context.
The virtual environment proposed in this study has succeeded in highlighting the consolidation process that
took place during a period of rest on associative properties of memory. Virtual reality offers an unparalleled
opportunity to study memory consolidation for associations containing a spatial component because it places
the individual in a simulation of a credible environment. As such, it allows both an experimental rigour in the
presentation of objects comparable to other computerised tasks (e.g. randomisation, brightness control) while
proposing a three-dimensional environment analogous, in terms of spatiality, to ones in which the individual
evolves in his or her daily life. Virtual reality is already used in research by various disciplines, such as
psychology (e.g., Sauzéon et al., 2012), neuroscience (e.g., Bohil et al., 2011), human-computer interaction
(Coeugnet et al.,  2018) or biology (e.g.  Theart et al.,  2017).  This availability may indicate that  VR has
reached sufficient maturity to be integrated into a broader spectrum of scientific research projects, even if
they are of moderate scale.  
The present study was conducted in the context of a larger project on the use of the virtual environment and
user experience.  Designing and administrating  our environment and protocol were highly informative and
led to several recommendations that we believe could be useful to other researchers. A first recommendation
that  may be obvious has emerged empirically and is intended for cognitive researchers; we believe that
expertise in virtual environments and user experience should be sought before starting the development of
studies that rely on VR. To contextualise this view, we need to indicate that this research is the result of
spontaneous  discussions  that  were  encouraged  by  shared  open  space  that  enables  interactions  among
researchers from different fields or theoretical backgrounds.  Without these discussions, the protocol would
not have taken into account some of the specificity of VR use. More specifically, these interdisciplinary
exchanges led to the establishment of a series of constraints that guided the development of the protocol. For
example, these constraints concerned: maximum duration of the environment, the addition of interaction with
a plausible  effect  on the environment,  the quality of  the headset  to  be used in  terms  of  framerate,  the



avoidance of a flicker of light, the addition of sensory multimodality, freedom of movement and the size and
properties  of  the  room,  etc.  These  constraints  aimed  to  improve  both  interactive  immersion  and  the
coherence of sensory input. A massive amount of research on VR technologies has been conducted in the
past 30 years (Slater, 2018). Researchers interested in using VR for research can rely on studies on presence
(e.g. Slater, 1999), cyber sickness (e.g. Serge and Moss, 2015) and usability of virtual environments (e.g.
Bach & Scapin, 2003). However, clear documentation to guide psychologists and research engineers in the
development of their protocol with more care is, to our knowledge, still necessary. A review specifically
addressing the use of VR when investigating episodic memory have been published since we elaborated this
study, it could possibly complete and extend some of the recommendations we emitted presently (Smith,
2019).
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