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Summary 
 

Emotional arousal can cause an enhancement in memory encoding. This happens 

through a sympathetic activation that causes a release of noradrenaline in the amygdala 

which sends projections to other parts of the brain. By doing so it is able to enhance 

memory encoding and rise the levels of Arc, a protein that plays a role in Long Term 

Potentiation and brain plasticity. 

The aim of this project is to investigate if theater is able to trigger an emotional arousal 

on the audience and on the cast of the show and, by doing so, have an effect on memory. 

The preliminary results indicate that theater causes a perceived arousal on the audience. 

Furthermore, it suggests that it may cause an enhancement of the memory on both 

audience members and participants, who have designed and created the show. Further 

experiments are proposed in order to obtain negative controls, physically study the 

arousal and to repeat the previous experiments with a larger sample to ensure and better 

understand these promising results.   
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Introduction 
 

Memory 

Emotionally significant experiences, both good and bad, tend to be well remembered. 

Trauma, highly compelling experiences, and important moments in our live stay forever 

in our memories. The situation surrounding them, both prior and post these experiences, 

also tend to have a higher memory consolidation [1]–[3].  

In response to stressful or emotional stimulations there is a sympathetic activation, which 

causes a release of different hormones and neurotransmitters by the adrenal gland, such 

as epinephrine and glucocorticoids, that can modulate the memory response [4]–[6]. This 

acts upon the basolateral complex of the amygdala (BLA) which is essential for 

integrating modulatory influences on memory consolidation [7]. Using positron emission 

tomography (PET), it has been observed that there is an activation, an increase of 

cerebral glucose metabolism, in the right amygdala during encoding. Furthermore, when 

performing an experiment, the degree of this activation seems to correlate to the amount 

of emotional memory recollection three weeks after encoding [4]. These findings provide 

strong evidence that the amygdala is involved in modulating long-term memory storage 

[4]. It has been seen that injections of both epinephrine and glucocorticoids in mice after 

different kinds of training exercises, enhance long-term retention while antagonists of 

those impairs memory consolidation [8]–[10][10].  

Glucocorticoids have a lipophilic profile so they can cross the blood-brain barrier, bind to 

their receptors in the BLA and enhance memory encryption by acting upon the 

noradrenaline (NA) pathway [9], [11]. Since epinephrine cannot cross the blood-brain 

barrier, it acts through activation of peripheral β-adrenoceptors in the vagal afferents. 

These end up causing a release of NA in other brain structures such as the amygdala 

[5]. Therefore, even though both hormones play a role in this process, it is through the 

pathway and action of NA that they will do so.  

In the case of NA, the specific interaction is made through the binding with the β-

receptors in the BLA, which results into an activation of cyclic AMP-dependent protein 

kinase pathway [12]. Furthermore, α1-adrenoreceptors act indirectly by influencing the 

cAMP formation [12]. In previous studies in mice and rats, it has been shown that 

infusions of NA into the BLA after training on specific tasks enhance the consolidation of 

that memory. However, when they were given β-adrenoceptor antagonists (propranolol) 
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this consolidation was impaired, since NA was not able to bind to its receptor [13]. This 

is consistent with evidence that shows that not only β-blockers impair the effect of 

emotional arousal on memory but also amygdala lesions do so [4]. The GABA pathway 

also plays a role, and it has been seen that when administering bicuculline, a GABAergic 

receptor antagonist, there is an improvement on the memory, while normally GABAergic 

receptors agonists impair memory consolidation [14]. Endocannabinoids, retrograde 

messenger molecules, also act in this pathway, by binding to the CB1 endocannabinoid 

receptor, highly present in the BLA, in the presynaptic neuron, and enhancing the release 

of NA by decreasing GABA’s [15].  

This effect of the emotional arousal unto memory consolidation is induced by amygdala 

projections to different brain structures such as the neocortex, hippocampus, caudate 

nucleus and others [3]. Previous studies have shown, through fMRI imaging, that this 

emotional arousal influence in memory consolidation heavily involves both the amygdala 

and the hippocampus [16]. The relationship between both structures is of high 

importance during memory encoding, and it has been seen that there is a reduced 

functional connectivity between them in older adults with age-related memory 

impairment [3]. The effect of these projections to the hippocampus seems to cause an 

increase of Arc protein in this structure [17]. Said protein is involved in the regulation of 

actin cytoskeletal dynamics of long-term potential (LTP), homeostatic plasticity and in 

long-term depression (LTD). Therefore, Arc protein plays an important role in the 

consolidation of memory, optimizing information storage in the nervous system through 

changes in neuronal activity patterns and synaptic plasticity [18]. Furthermore, the BLA 

activation through emotional arousal would facilitate synaptic plasticity in other brain 

structures due to to the release of Arc protein [19].  

 

Theater 

It is well known that creating art provides with advantages such as pleasure and self-

motivation, social support and others [20]. However, its effect on the mind of the 

audience and the participants, is still starting to be researched. Specifically with theater, 

previous literature argues that the process of acting necessitates an intent to be 

someone else and adapt to a new situation. This process has an effect on the brain [21].  

It has been shown that performing arts can cause an arousal state in our body, which 

can end up causing a behavioral or cognitive change, that can, in some occasions, be 

transferred to everyday tasks [22]. Some studies have even started to suggest that 

theater could be used as a tool to promote healthy ageing. Noice et al. did an experiment 
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that consisted of enrolling people between ages 60 and 86 into a four-week theater 

program [23]. After that, the participants showed a state of greater cognitive and 

psychological well-being than that of the control group, with improvements still retained 

four months later [23]. Other studies implementing a similar approach indicated the 

effects were driven by memory processes supporting the encoding and retrieval for 

episodic events [24]. Knowing that episodic memory is vulnerable to aging and related 

neurodegenerative disease, the authors argue that it could be used as a cognitive 

intervention to prevent age cognitive decline [24].  

A further literature gap exists in research that considers the effect of attending theater 

performances on the audience. Very few studies have been performed with this target, 

however, the small amount of published literature is promising. For instance, Rajan et al. 

showed that those that go to the theater regularly (10 times a year) experience cognitive 

decay at rates 23 to 31% slower that those that never do [25]. Even though there seemed 

to be a correlation, more evidence needs to be brought to see if it is significant and if 

there is a causal effect [25].   

The underlaying mechanism by which these changes in the brain, both for audience 

members and participants, are forged, is still unknown.  
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Hypothesis and objectives 
 

Our hypothesis is that theater is able to affect brain’s plasticity through an emotional 

arousal, and that this may have an impact in memory processes. In order to test these 

hypothesis, two different objectives have to be achieved:  

i) To determine that theater exerts emotional arousal and, 

ii) To assess whether this arousal has an impact on memory.  

 

Theater causes emotional arousal 

With the aim to test whether theater can have an impact on memory encoding, the first 

step is to ensure that it causes emotional arousal. By doing so, it would cause a 

sympathetic activation, which can be studied by checking different physiological 

parameters such as the α-amylase levels [26], galvanic skin conductance and heartbeat 

[27].  

There is a high variety of types of theater shows so, as a result, we do not expect all of 

them to produce the same intensity of arousal on the audience. This may depend on the 

level of proximity to the audience, the type of show, and its originality. Furthermore, we 

do not expect to see the same response for both the audience and the participants that 

have created the show. The latter have been part of an intensive two-week creative 

process, so we expect them to have a higher arousal. 

 

Theater’s effect on memory 

If being in a show or seeing one causes emotional arousal, we expect it to influence our 

brain. It has been previously seen that theater can have a positive impact in cognition 

and the well-being of an individual [23]. In this project we would like to study the specific 

effect on memory, since we would expect there to be an enhancement of the memory 

encoding after this arousal.  

When analyzing the effect on the audience’s memory, we would like to take into account 

when the encoding was done. Since previous studies have seen that arousal has an 

effect on memory encoding for both pre and post moments in addition to when the 

arousal is triggered, we hypothesize that if there is an effect it will be seen equally pre, 

during and post the arousal [1]–[3].  
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Furthermore, we would like to assess if there is a memory enhancement on the 

participants during the creative process, and if it depends on the specific role played.  

In the long run, we would like to see in the case that there is an effect on memory, 

whether there is a direct relationship between the different arousal levels that the theater 

show causes. Furthermore, it would be interesting to see if this effect of theater in the 

human brain can end up causing an increase of Arc protein and, at the end, brain 

plasticity. If that is the case and theater can improve cognitive behavior, then it could be 

used as a healthy ageing technique.  
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Preliminary results 
 

Experiment 1: Audience 

Testing the subjective arousal during the show and its effect on memory  

A survey was used as a tool to assess the subjective feeling of arousal an audience 

member experienced at a given moment. The audience (n=126) filled the survey prior to 

and after the show. The results show a statistical significance of the arousal level (t(125) 

= 5.29, p<0.0001)  (Figure 1A). That is, the audience perceived themselves to have 

higher arousal levels after the show. This result demonstrates that this show caused a 

subjective arousal on the audience.  

Two more questions were given after the show, asking for the perception of their 

“emotional” level and the “impact” that the show had on them. Both answers had an 

average of 4.9 points out of a maximum of 6 (Figure 1B). However, the importance of 

this value cannot be established since we do not know the basal level at which the 

subjects perceive themselves. This part of the survey was specifically designed to 

ascertain if different shows have a different subjective effect on audience members, and 

to determine if there is a relation to the effect on the memory. If the survey is implemented 

in different shows, we will be able to understand the significance of these values by 

comparing the different results.  

In future experiments we would like to complement the assessment of arousal with 

physiological recordings, since these results suggest that there is an activation of the 

sympathetic system.  

  

To investigate whether seeing a show had an effect on memory, we designed a task that 

consisted of showing a list of words before, during and after the show, and again after 

one week to check if they were remembered (n=50) (see Material and Methods section).  

The percentage of correct answers (hit percentage) is slightly higher than 60%, so there 

is a statistical significance (t(49) = 9.2, p<0.0001) when compared to what we would 

expect by chance, that is, 50% (Figure 2A). These results indicate that the audience 

achieved better results on the memory test by watching the show, than if they answered 

randomly, by chance. Nevertheless, a negative control still needs to be performed and 

the experiment is proposed to be repeated to confirm these preliminary results. Further 



9 
 

analysis was done to ascertain when the effect took place and if differences would be 

seen for different variables.  

To begin with, there does not seem to be a difference between the words encoded pre, 

during, or post show (Figure 2B), which would support the fact that emotional arousal 

has an effect in the moment but also prospectively and retrospectively [1]–[3]. Words 

related to the show were not only better remembered but they even show a statistically 

significant lower hit percentage when compared to random words (t(49 = 2.5, p=0.016) 

(Figure 2C). This does not concur with what we would expect, since this result states 

that words related to the show are less remembered. It would be interesting to continue 

this research to better understand this result.  

When taking a closer look at the relationship between the performance on the test and 

the age of the audience, there does not seem to be a linear relationship, since the slope 

calculated includes the value 0. Therefore, if theater does influence the memory of the 

audience, it does not differ between ages, at least within this age range (Figure 2D).  

 

Experiment 2. Participants 

Assessing the effect of taking part of a creative process of a show on memory 

The effect on the memory of the participants (n=26) who created and participated in the 

show, was evaluated with a task that consisted of showing images to them and on the 

next day asking them to identify the same pictures. The team was divided into two 

groups, those that were under similar conditions as people with neurodegenerative 

disorders (divided into facioscapulohumeral muscular dystrophy, FSH, and amyotrophic 

lateral sclerosis, ALS), and those that were the “caregivers”, who had to take care, on a 

one-to-one basis, of the “sick” participants. The memory test was placed in a very specific 

period of time in order to also take into account the variable “sick” or “caregiver” (see 

Materials and Methods section). 

When looking at the average performance, it is around 60%, which shows a statistically 

significant difference to what we would expect by chance (t(26) = 7.26, p<0.0001) 

(Figure 3A). Once again, even though this would suggest that doing theater enhances 

the participant’s memory, a negative control needs to be added to better understand the 

results.  

The results were broken apart between the two groups, “sick” and “caregivers”. There is 

no statistical significance difference between both groups, but a trend can be observed, 

suggesting that those that were in a more stressful situation by imitating and living like 
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they had a neurodegenerative disease, had an enhancement in their memory encoding 

(Figure 3B). Though this needs to be replicated with a larger sample, it suggests that 

depending on the role that is taken throughout the creative process, the effect on the 

brain can vary. Another comparison was made in order to see if a difference was 

observed between the two simulated conditions, FSH or ALS, inside the “sick” group.  

No difference is observed, which indicates that if an effect is actually seen, it is 

independent of the simulated sickness condition (Figure 3b).  

We also examined if behavioral performance was modulated by the age of the 

participants sample in the audience. A linear fit was made but it showed no significance, 

since the Confidence Interval of 95% included a slope of 0. So, the effect does not differ 

depending on the age or, at least, it does not do so inside this age range (Figure 3d).  
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Materials and methods 
 

Previous experiments 

All these experiments were carried out in collaboration with “ÈpicaLab Foundation” 

(https://epicalab.com/), which is an association created by La Fura dels Baus (a 

recognized international theater company) with the aim of learning and researching by 

sharing knowledge and experience. They explore a new way of research through their 

theater shows and their creation process by bridging science and arts.  

The experiments were designed and applied on a show designed by 27 people: 17 

women and 10 men. They had different backgrounds: 21 came from an artistic 

background and 6 from a technological/scientific one. The participants aged between 17 

and 44 years old. The show focused on illnesses, specifically on cancer and 

neurodegenerative diseases. The creative process consisted of two intensive weeks 

where the participants learned the basics and designed and created their own show, 

using theater skills as well as technological and handcrafting skills. On days two and 

three of the process, the participants were divided into two groups, the “sick” and 

“caregivers”. They were encouraged to choose the one that they were less familiar with 

and that would be a bigger challenge for them. The “sick” group had to spend 24 hours 

in the state of someone who had either facioscapulohumeral muscular dystrophy (FSH) 

or amyotrophic lateral sclerosis (ALS). Material was provided such as prothesis or 

mittens in order to mimic the physical experience of the illness as realistically as possible. 

The group was divided into couples, each made of one person who was “sick” and one 

“caregiver”. The latter had to take care of the former during the 24-hour period. This 

experiment was done with the Guttmann Institute and the Catalan Foundation of ALS 

Miquel Valls, who provided the material and carried out their own experiments.  

The show was presented twice across two consecutive days with an audience of ~85 

people each day.  ÈpicaLab owns its own mobile application named Kalliope that is used 

by the audience during the show.  

The role of theater on the memory was studied by carrying out experiments on the 

audience and on the participants.  

 

 

 

https://epicalab.com/
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Experiment 1: Audience 

Testing the subjective arousal of the audience during the show and its effect on memory  

In order to test the arousal level, a survey was given. Before and after the show the 

spectators were asked, through Google Forms, how active they felt on a scale from 1 to 

6, 1 being sleepy and 6 being very active. After the show, they were asked the same 

question as well as two new ones. The first one was their “emotional” level, 1 for neutral 

and 6 for shaken. The second one was the “impact” of the show, 1 for indifferent and 6 

for very moved. This was done in order to measure the arousal of the public through a 

subjective way. The sample of participants that engaged in the experiment was of 166 

people, nearly everyone in the audience.  

The memory experiment done with the audience used Kalliope. This app showed 

different words during three specific temporal moments in the show: right before the 

show started, in the middle the show and right after the show. The spectators were told 

to look at their screens with attention. Each time slot consisted of one set of 28 words 

and they were flashed in the screen for 2.5 seconds each. Out of the 28 words, five 5 

were words vaguely related to the show. The other words were chosen randomly from 

previous published studies [28]–[30]. 

After one week, an email was sent to everyone that attended the show asking them to 

answer a questionnaire. It included a list of 48 words, 24 of which were randomly selected 

from the encoding process (ensuring four random words and four words related to the 

show per time slot) and 24 which were new. The order of the word list was 

randomized. The spectators had to answer for every word whether they thought it was 

an old or new one. Note that the first and last two words per list were directly discarded 

to avoid noise, since they tend to be better remembered [30]. Although 166 people saw 

the show, the final sample included only 51 people who responded the questionnaire.  

The data was analyzed using Matlab, Prism and Excel. Statistical analysis was based 

on Student t-test. 

 

Experiment 2. Participants 

Assessing the effect of taking part of a creative process of a show on the memory 

The experiment carried out on the participants, the actors, was done on the third day of 

the creative process. The encoding part of the memory experiment was performed after 

living for 15 hours with their condition (“sick” or “caregivers”).  
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The participants were shown 120 random images, each image was on the screen for 

three seconds and between pictures there was a black screen for half a second. After 

every 40 pictures, there was a 10 second break, for a total of two pauses. The images 

were taken from the previous published studies [31]. The next day they were shown the 

same 120 images and 60 new ones in a random order and they were asked to write 

down for each one if they thought they were new (not previously seen) or old images 

(seen the day before). The images were shown again for three seconds with a 0.5 

second break between pictures. Every 45 pictures there was a 10 second break. The 

sample was of 28 people, 7 people experienced the symptoms of FSH and 7 of ALS the 

14 left were “caregivers”. 

The data was analyzed using Matlab, Prism and Excel. Statistical analysis was based 

on Student t-test and ANOVA. 

 

Proposal 

Our proposal, in order to pursue this line of research, consists of two parts: the 

complementation of the old results in order to better analyze and understand; and new 

experiments or repetition of old ones.  

 

Negative controls 

Firstly, negative controls need to be made for both memory groups. In the audience 

group, to maintain as many variables controlled as possible, a group of 51 people will be 

invited to see the installations of Èpica Foundation. The volunteers will be showed 

around and will take a passive role, walking through the different areas and listening to 

the guide. Since the initial results showed no correlation with age, there will not be a 

specific filter. However, the participants will have to be inside the range of 20 to 60 years 

old. They will do the same memory test; before the guided tour they will be shown the 

same words on their phones, and again during the tour and after. After one week, an 

email will be sent with the same survey. Furthermore, the arousal test will be also 

performed likewise, in order to check if the arousal observed is due to the show or to 

doing an activity in general.  

The negative control for the experiment done on the participants during the creative 

process, will consist of 28 people. They will be invited in the ÈpicaLab installations to go 

through the same encoding process be shown the exact same images during the same 
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period of time. After 24 hours, they will be asked to go back and answer the same test 

(whether the shown images are new or old). 

 

New experiments 

The main goal of these new experiments is to get replicate previous experiments with a 

larger sample of participants and to incorporate new parameters to assess and better 

understand the effect of theater on the brain. 

The idea will be to continue working with ÈpicaLab, since they have the means to 

reproduce these experiments and this way there are not as many new variables. During 

their new show, the following experiments will take place: 

 

Experiment 3. Audience 

Replicate the effects on arousal and memory on the audience 

In order to check the arousal, different physical tests will take place. A small sample of 

30 people will be invited to the show and asked to wear a type of bracelet that measures 

the heartbeat and the galvanic skin conductance. Furthermore, they will be asked to give 

a sample of saliva before and after the show in order to check their α-amylase levels, 

which have been shown to relate to the level of stress [32]. Their subjective arousal level 

will still be measured with the same survey.  

The preliminary results indicated that there was a statistically significant difference of the 

percentage of hits when compared to a 50% chance. The goal is to replicate the 

experiment with a larger sample to confirm these results. We believe that only 1/3 of the 

audience members answered the final questionnaire because of the length of it, so the 

amount of words presented and evaluated will be reduced. Furthermore, this might allow 

us to achieve a higher hit rate, and differentiate the effect caused from the noise. 

Therefore, the number of words presented per phase will be of 20 instead of 28 and there 

will still be three different slots (pre, while and post show). Words related to the show will 

still be included, but this time there will be only four words. In the final survey there will 

be 36 words, 18 of them previously encoded and the other new words. We believe that 

lowering the number of words both during the encoding phase and in the questionnaire, 

together with more insistent emails, will make more people answer the questionnaire. 

Negative controls will be performed following the same structure as the one proposed in 

the “negative controls” section. 
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Experiment 4. Participants 

Replicate the effects on arousal and memory on actress and actors of the show 

The arousal of the participants will also be studied. It will be done at two different times: 

the first during the third day of the creative process (middle of the first week), and the 

second during the presentation of the show. We will repeat the same experiment, 

showing the participants different images, while taking into account the different role of 

the participant. Negative controls will be performed following the same structure as the 

ones proposed in the “negative controls” section. 

 

In the long run, and depending on the results of the proposed experiments, it would be 

interesting to repeat them in other theaters to establish whether this effect is 

characteristic to the types of shows done in ÈpicaLab, or if it is a general characteristic 

of theater.  
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Potential difficulties expected when the project is 

developed 
 

The main difficulty that we have already experienced when doing this initial part of the 

project is the COVID-19 pandemic. Some replications of the experiments could have 

been developed if not for these conditions. Furthermore, we believe it might be a 

potential difficulty in the future since it brings up many uncertainties and it makes it hard 

to establish when exactly we will be able to carry out the experiments. It is unknown if 

the quarantine and the extreme circumstances will act upon people’s memory or general 

mental health, and if that may interfere with future results. 

There are other potential hurdles that we may encounter. For instance, it will be hard to 

extrapolate the effects of the theater in general from the specific effects of the ÈpicaLab 

show. Furthermore, working with people is subject to significant variability, so we will 

need a large sample in the replications to account for interpersonal differences. Each 

show revolves around a different theme and the creative process can slightly change, so 

it will be a challenge to ensure that as many variables as possible stay the same.  

For the proposed experiments, novel methods will be performed, and we need to learn 

how to work with the new material. That is, we need to be familiarized with the techniques 

and analysis of α-amylase, as well as when working with the different parameters for 

objectively measuring the arousal level (heartbeat and galvanic skin conductance). 

Regarding these parameters, the correct basal level needs to be measured or there will 

be an incorrect recording of the arousal level.   
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Figures 
 

Figure 1. Perceived arousal and reaction of the audience before and after the 

show 

  

Figure 1. (A) Subjective evaluation of the level of arousal, in a 1 to 6 scale, of the 

audience before (pre) and after (post) the show. (B) Representation of the average 

response of the audience to the “emotional” and “impact” level that they were 

experiencing after the show, in a 1 to 6 scale.  

 

Mean with error bars, SD, * P < 0.05 

A) B) 
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Figure 2. Memory performance of the audience. 

 

 

  

Figure 2. Analysis of the results obtained in the 

memory experiment on the audience. (A) Column 

graph with the average obtained, the horizontal line 

is stated at a 50% value. (B) Percentage of hits 

between the words shown before (pre), during 

(while) and after the show (post). (C) Comparison of 

the percentage of hits between the words related to 

the show (show) or unrelated (random). (D) Scatter 

plot of the age of the audience against their results 

with a line fit in it.  

 

Mean with error bars, SD, * P < 0.05 

A) B) 

D) 

C) 
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Figure 3. Memory performance of participants during the creative process. 

 

 

 

 

 

 

 

 

 

 

 

 

A) B) C) 

D) 
Figure 3. Analysis of the results obtained in the memory 

experiment on the participants. (A) Visualization of the 

average hit percentage and a line that represent the 

expected by chance (50%). (B) Columns chart comparing 

the percentage of hits between “sick” group and the 

“caregivers”. (C) Comparing the two types of “sick” 

groups: facioscapulohumeral muscular dystrophy (FSH) 

and amyotrophic lateral sclerosis (ALS). (D) Scatter plot 

of the age of the participants against their results with a 

line fit in it.  

 

Mean with error bars, SD, * P < 0.05 


