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Cognition, endorphins and the literary response to tragedy

‘Aristotle asked the question, most famously. Dante did by inference. It was reiterated by
Neo-Aristotelians throughout the renaissance. It busied Corneille. Freud made a characteristic
stab at it’. Thus George Steiner, reviewing responses to the paradoxical question which pro-
vides the title of A.D. Nuttall’s 1996 book, Why Does Tragedy Give Pleasure?! As a concept,
the interaction of pain and pleasure is simultaneously aesthetic, somatic, and emotional.
Hume, writing in the eighteenth century, foregrounded the link between these three concepts
in his observation that ‘spectators of a well-written tragedy’ are “pleased in proportion that
they are appalled’.? The etymology of his verb ‘appal’ (from Latin pallere into Old French
apalir: to make pale) acknowledges tragedy’s claim on the body. This is a claim understood
by Renaissance dramatists. Hamlet addresses the onstage audience who ‘look pale and trem-
ble at this chance [these accidents] (5.2.334)".2 In A Lover’s Complaint the lover can ‘turn
white and sound [=swoon] at tragic shows’ (307-08). In John Ford’s Caroline tragedy,

Love’s Sacrifice the Duke instructs: ‘let each letter in that tragic sound/Beget a sigh and every
sigh a tear’ (5.3.108-09).% All these lines implicitly define tragedy not by its formal properties
(Hume’s “well-written tragedy’) but by the somatic responses it generates: its power to cause
paleness, tremors, tears. In this essay we want to explore spectators’ responses to tragedy by

looking at the role played by endorphins, chemicals released by the body to fight pain.

The unexpected coupling of ‘tragedy’ with *chemicals’ in the previous sentence reflects

the interdisciplinary composition of the seven-person team that co-authored this essay. Com-



prising three psychologists, two classicists and two English literature specialists, we are in-
terested (from a humanities point of view) in what cognitive science can tell us about ancient
Greek and early modern tragedy and (from a psychology point of view) in how literary texts
can offer a new body of material as case studies for analysis. The link between our disparate
interests is practical: laboratory experiments. The humanities researchers are interested in
whether certain literary terms and responses can be tested or quantified (*ambiguity’, for in-
stance, was the subject of a pilot experiment®) and the psychologists are interested in the eco-
logical validity (that is, the real-world applicability) that audience response to drama pro-

vides.

In the experiment that provides the material for this essay, we tested the extent to which
spectators were pleased/appalled by an emotionally-wrenching film. Although our entry point
was science and our method empirical, this is not an article that advocates a scientific ap-
proach as the solution to humanities questions. Rather, endorphins for us are a way into
thinking about different aspects of audience response that are more and less obviously em-

bodied, and we are as interested in what endorphins do not tell us as in what they do.

We are not the first to investigate the pain-killing effects of tragedy experimentally, alt-
hough earlier researchers found the very notion that such effects could exist surprising. Ex-
periments conducted in the 1990s to test the clinical potential of comedy films in the fight
against chronic pain used tragedy as a control stimulus. Watching comedy provided the ex-
pected improvements in pain tolerance; but tragedy also yielded similar improvements, an

effect that was as unexpected as it was strong.®

Literary scholars have long struggled with the question ‘why do we enjoy tragedy?’’ The
pleasures of comedy are clear, but why we undergo the pain of tragedy remains a conundrum.
The reason we hoped endorphins might illuminate this conundrum lies in their two-way rela-

tionship with pain. Pain stimulates endorphin release; in turn, endorphins suppress pain sen-



sations and induce a sense of feeling good.® Note that endorphins are triggered not only by
pain but also by a range of cultural and social activities such as stroking, dancing, singing,
and laughing (most, but not all of which, involve stresses on the body musculature). Howev-
er, audiences do not typically engage in any of these other endorphin-triggering behaviours
whilst watching tragedy, whereas they do typically experience considerable emotional pain. It
is well-established that psychological pain and physical pain are two sides of the same coin,
even activating the same regions of the brain;® we wanted to test the hypothesis that the men-
tal pain inflicted by watching a tragic film would stimulate the endorphin system in the way
physical pain is known to do. If this hypothesis were shown to be true, endorphins could be

thought to play a role in the counterintuitive ‘pleasure’ of tragedy.

In November 2014, we showed the made-for-TV film Stuart: A Life Backwards (2007) to
audiences of students and non-students (169 in total), at Magdalen College, Oxford.® Using
a physical task (described below) and questionnaires, we measured our subjects’ endorphin
activation, their sense of social cohesion, and various dimensions of their affective and intel-
lectual response to the film. We divided our participants into audiences of different sizes to
account for the possible effects of group size, both on their sense of bonding and on other as-

pects of their response.!

Stuart dramatises — backwards — the true story of Stuart Shorter (Tom Hardy), who
died in his early thirties living homeless in Cambridge. It is narrated by charity worker and
would-be writer Alexander Masters (Benedict Cumberbatch), who becomes Stuart’s biog-
rapher and friend, and whose stable life and level personality contrast with the turmoil and
extreme suffering which destroy Stuart as a mentally-ill violent criminal, an alcoholic, and a
survivor of child abuse. We chose the film for its emotional intensity and its decidedly
downward arc: the film’s opening moments strongly imply that Stuart is dead, and that is in-

deed where the film ends.



But this is equally the story of Alexander, and his journey to be a writer — a journey in
which Stuart is crucial. Although Alexander’s study, in which he first interviews Stuart, has
the visual clichés of a writer’s habitat, including scattered papers and pretentiously-titled
books (Stuart queries the merit of a book titled Mauve: ‘How the fuck do they get away with
that?’12) he has yet to succeed as a writer. Alexander explicitly tells us he has to supplement
his income with shifts at a homeless shelter. This is the modern, middle-class variant on the

Victorian struggling artist.

The plot in which a struggling or unfulfilled artist is enabled by the suffering and demise
of a marginalised figure is a classic tragic trope. Conventionally the doomed muse is female;
Stuart’s innovation is to make the muse-figure male, and the narrative non-erotic. Stuart is
thus identified as tragic twice over, both as the victim of his own biography as an abused,
disabled addict, and by his sacrificial function in Alexander’s narrative of personal growth.
Perhaps nothing encapsulates the tragic nature of the film more urgently than the question
‘What murdered the little boy | was?’, which Stuart asks of Alexander. Alexander’s attempt
to answer this biographical question forces us to adjudicate different modes of tragedy
throughout the film, wondering if this is a tragedy of inevitability or a tragedy of preventable
action (this evaluative interrogation cued the series of questions on attribution in our audience
questionnaire, discussed below). Given that all studies of tragic structures attend to causes,
the film’s backward structure keeps us searching for the originary moment of Stuart’s per-
sonal tragedy. When Alexander asks Stuart to pinpoint the ‘one thing’ that he would change
if he could, he reinforces this critical impulse to identify a single cause, coincidentally giving

his biography of Stuart a narrative neatness.

Although we are invited to identify a single tragic cause, the film offers the audience two
distinct points of entry into its narrative world. One is that of the cerebral observer, Alexan-

der, fastidious and emotionally repressed, experiencing the world vicariously and analytical-



ly, unable to cry until the final moments of the film. The other is that of Stuart, the hedonistic
and physical animal, instinctive and self-destructive, lacking control or restraint, constantly
prey to overwhelming emotions he can barely parse. The split between the two is that be-
tween ‘head’ and ‘gut’; this split, and the different ways in which audience members identi-

fied with Alexander and Stuart, was a major source of investigative interest to us.

Thus, we chose this film for its classical credentials in structure, a film that would pack
the hedonic punch of tragedy to test our hypothesis of endorphins released by mental an-
guish; this would help us establish if the low brought on by witnessing Stuart’s suffering was
compensated for by the high the endorphins offered in return. And we chose this film because
its protagonists’ starkly different personalities and attitudes had the potential to cue audience

identification in measurably divergent ways.*3

Using the standard psychological questionnaire to measure positive and negative affect,
we asked our audiences to rate their emotional states before and then again after watching the
film.1* As expected, average positive affect scores went down and, by twice the margin, neg-
ative affect went up as a result of the experience; and comments audience members made as
they walked out told much the same story. Evidently, Stuart delivered the punch we were

hoping for.

Endorphins cannot be assessed by self-report. Direct testing (requiring PET scans or cer-
ebrospinal fluid samples via lumbar punctures) is invasive, but the effects of endorphins on
pain tolerance make change in pain thresholds a suitable proxy for endorphin activation. We
adopted a wall-sit skiing exercise from a number of earlier studies.® ‘Sitting’ against a wall
without the support of a chair is initially easy, but leads to a painful burning sensation in the
thighs sooner or later, depending on one’s levels of fitness. We asked our participants to hold
the wall-sit position for as long as possible, both before and after watching the film, interpret-

ing the change in time achieved as a proxy for the level of endorphin activation.®



We found that participants were indeed able to hold the position longer afterwards, by a
statistically significant average difference of six seconds — a 13% increase.'’ As we discuss
more fully below, not all our subjects showed a positive change, with some indeed showing a
negative change; for the 73 out of 123 participants (62 per cent) for whom the film did trigger
endorphin release the average increase was 21 seconds — a 25% increase). We also conducted
a control condition of this experiment using 90 minutes of natural history documentaries. The
video content was chosen to encourage a hedonically neutral state in the viewer, to check
whether merely watching content as a group automatically triggered endorphin activation or
increased wall-sit time. It did not.'® Therefore, the pain-killing effects created by Stuart must
have been triggered by the specific content of the film. This evidence, then, gives weight to
our original hypothesis: the tragedy of Stuart does indeed seem to be providing an endorphin

kick for its audience.
[FIGURE 1 HERE]

[FIGURE 1 CAPTION]

This sketch of the role of endorphins in our audiences’ responses is huanced by two other
results. First is the sense of being part of a group. The aim of our experiment was not only to
understand better why we enjoy tragedy, but also why we regularly do so together. The en-
dorphin system is, crucially, not just about pain tolerance and a sense of feeling good: in pri-
mates and humans it is central to social bonding and plays a crucial mediating role in creating
cohesive, affective relationships.® Given these group-bonding effects related to endorphins,
we wondered if the painful, endorphin-releasing experience of tragedy would, in a group set-
ting, also give rise to an enhanced sense of bonding. If so, this could perhaps explain another

aspect of tragedy’s appeal to audiences. Incidentally, other recent research has explored the



related question of how engaging with fictional narratives promotes pro-social feelings such
as empathy; however, such research tends to concern reading, a solitary activity, and so is not

directly transferrable to audience study.?

Again using a standard questionnaire, viewers were asked how connected they felt to
those around them, first before and then after the film.2! Unsurprisingly, on average, their
sense of belonging (social bonding) increased significantly as a result of the shared experi-
ence of watching a tragedy (but not for documentary). More strikingly, within the 62 per cent
of our tragedy audience who showed endorphin activation, the amount of increase in social
bonding was directly correlated to the increase in their pain tolerance. The more endorphin
release they experienced, the more connected to the group they felt; or, the more connected to
the group they felt, the more endorphin release they experienced. (Correlations are inherently
direction-neutral, and do not tell us which element in a relationship is a cause and which is an
effect. However, there is no previous evidence that social bonding, per se, can trigger endor-
phins, whereas there are some indications that endorphins may trigger social bonding, sug-
gesting the latter causative explanation.)?? Such changes in social bonding operated, inci-
dentally, wholly independently from the actual size of the group. Again, in contrast to our
audiences for Stuart, participants who viewed emotionally-neutral content for a similar length
of time reported no increase in social bonding, despite participants in both viewing conditions
reporting similar initial levels of social bonding. Thus, we can be confident that our results

reflect the specific content of Stuart.

The correlation between endorphin release and social bonding says something important
about the psychology of spectating. There is a frequently-articulated intuition that shared
watching lends an important group dimension to seeing a film or play. Our results underline

that intuition with data, and suggest that the endorphin system is involved in this process.



Moreover, our results suggest that this group dimension is experienced more acutely by those

who have a greater endorphin kick.

A second piece of data enables us to fine-tune what we mean when we say people derive
‘pleasure’ from tragedy. We asked our audiences several questions about their enjoyment of
the film, but only one of these turned out to be significantly correlated with the wall-sit test
(pain threshold) data: “Given the opportunity, | would watch this film again’ (rated, like most
of our questions, on a seven-point scale, ranging from “strongly disagree’ to ‘strongly agree’).
The link between people’s desire to repeat the experience of watching Stuart and their endor-
phin release arguably points to the feel-good factor with which endorphins ‘reward’ us. In the
Stuart viewing, the feel-good factor experienced by the audience looks heavily tempered by
the profound suffering the film depicts. This, we presume, is why we found no correlation
between endorphin activation and a more direct enjoyment question, ‘I enjoyed the film very
much’. This is empirically different from Hume’s conjecture of a direct correlation between
spectators’ pain and pleasure: ‘they are pleased in proportion that they are appalled’. The en-
dorphin experience is one our audiences felt worth repeating, but not one they would neces-
sarily label “‘enjoyment’. Although watching Stuart’s suffering is not enjoyable in the same
way as laughing or singing, and in fact creates pain for which the endorphins act as painkiller,
the ‘reward’ of endorphins means that, like thrill-seekers leaving a rollercoaster which has

terrified us, we still want to ‘go round again’.

The corollary of our experiment, therefore, is that the experience that Aristotle termed ca-
tharsis may have an identifiable physiological component (and it is a satisfying coincidence
that one of the major strands of scholarship on the matter of what Aristotle may have meant
when he spoke of ‘purgation/purification’ is itself somatic in emphasis).? The painful expe-

rience of watching tragedy stimulates the endorphin system, which then gives one a sense of



euphoria that mingles with the intense pain to create the paradoxical phenomenon that we

think of as the pleasure of tragedy.

In our study, the endorphin rush did not appear to happen for everybody. This is what one
would expect: individuals have different densities of endorphin receptors, and so respond to
endorphin release differently.?* Individuals also respond differently, of course, to dramatic
works. But it is a reminder, if one were needed, that a focus on endorphins will only capture
limited facets of the psychological effect of tragedy. The idea that a one-factor model, physi-
ological or otherwise, might do justice to the complexity of literary response is extremely du-
bious. In this second part of the article we will therefore discuss some dimensions of our
viewers’ reactions that did not correlate to wall-sit test times, operating with apparent inde-
pendence from the physiological effects we observed, before returning to endorphins in the

third and final section to assess what this might mean.

Perhaps the most striking large-scale pattern in our data is this: while wall-sit test times
correlate to the wish to see the film again, and (for those for whom they went up) to social
bonding, they do not correlate to anything else in our data. This is despite the fact that many
other types of response correlate to one another. Figure 2 represents the ‘central engine’ of
our audiences’ response — a range of affective and experiential factors which are, in our da-

ta, heavily interconnected.
[FIGURE 2 HERE]

[FIGURE 2 CAPTION.]



Our central engine appears to be built up from several interlocking sub-systems, as illus-
trated by the various ‘triangles’ in Figure 2 (for instance, transportation-negative affect-
identification or transportation-positive affect-enjoyment).2® The diagram is simply an over-
view, drawing out the relationships between cognitive phenomena that are operating while
audience members are watching the drama, processes that may be complexly reliant upon
each other. To look at these statistical relationships in more depth, we shall focus in turn on
three areas: social bonding, identification with characters (including a discussion of audience

members’ attribution styles), and finally, transportation.

Social bonding (and group size)

Our participants’ sense of being part of a group, as we saw in part I, went up as a result of
watching the film, in step with endorphin release. What Figure 1 now shows is that the
change in a viewer’s social bonding after watching the film is correlated to various other di-
mensions of their overall experience. The more our viewers felt connected to other viewers,
the more positive they felt and the more they identified with both Alexander and Stuart -- all

three factors rising in tandem with each other.?®

The importance of social bonding confirmed what we expected (though it is useful to see
how this dimension is interwoven with the broader response to the film). What took us by
surprise is that the same does not hold for group size. As mentioned above, we showed the
film to audiences of different sizes, in the expectation that viewers in larger groups would
have an enhanced experience. We found that only social bonding was multiply correlated,
whereas group size was statistically inert: it made no difference to our participants whether
they were almost alone in the auditorium, or part of a crowd. Our conclusion must be that the
decisive factor was the subjective sense of connectedness rather than the objective numbers.
We cannot draw far-reaching conclusions from this about the experience of cinema-going (let

alone theatre-going), yet our data provide some indications that the communality of film

10



watching is something that can and must be generated in the audience’s heads rather than

something that is determined at the box office.?’

Identification and attribution

Using another well-established scale, we asked our participants to rate the way they related to
Alexander and (separately) to Stuart through assessment of five statements, such as ‘While
viewing, | felt like Alexander felt’.?® We thus arrived at a composite score for their emotional
and cognitive perspective-taking, in short their “identification’ with each of the two charac-
ters. Like social bonding, identification is a node in the web of connected responses. The fair-
ly strong correlations with (all) our enjoyment items says something important about the way
we watch a film like Stuart: to paraphrase Hume, we enjoy the film in proportion that we
identify with the characters. As mentioned, correlations cannot reveal the direction of the
flow, but it seems plausible that the causal chain is from identification to enjoyment: the

more appealing, believable and relevant we find the characters the more we enjoy the film.

The connection of identification to emotional state is slightly weaker statistically, but
makes up for that with its interesting complexity. Identification with either character (Stuart
or Alexander) is most strongly linked to negative emotion (‘negative affect’).? It might be
tempting to interpret this as suggesting that negative affect is the *hotline’ to identification —
that your sympathies are most conjured up, your perspective most tightly bonded to a charac-
ter, when s/he is undergoing brutal emotional experiences. In a film in which characters con-
tinually suffer (Stuart’s grandmother’s defining line is the emphatic ‘That boy has suffered’),
strong identification will inescapably be a matter of feeling distressed, upset, scared, nervous
and afraid (the negative half of the standard emotions questionnaire that we used) more than
of feeling excited, enthusiastic, alert, inspired and determined (the positive half). Affect
scores for a romantic comedy, for example, may well look very different, and a comparative

study would help identify the key factors behind such differences. The powerful effect of
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negative emotions certainly rings true for tragedy: the experience of having one’s emotions
pushed to the limits by the suffering on display is one with which every cinema- and theatre-
goer is familiar, and it often comes with the sense of undergoing vicariously a character’s

sufferings.

So far so bleak, but it would be a mistake to ignore the (less strong) relationship between
identification and positive affect.®® Uplifting moments do occur in Stuart, based on the recur-
rent trope of the incongruous protégé who punctures Alexander’s fastidiousness, or the genu-
ine benefits each brings to the other’s life, however temporarily. Stuart and Alexander share
cooking, car journeys, political protests and a weekend away. Each visits the other’s domestic
space, and we see them make each other laugh. The link between spectators’ positive affect
and identification suggests that such moments in the film perform an important function by
making the emotional onslaught bearable, creating breathing spaces, and ultimately pulling
the audience in. Without such ‘crumbs of comfort’ the risk would be that viewers shut them-
selves off in a form of self-protection. The correlations show that viewers who are immune to
these more positive moments enjoy the film less, are less ‘transported’ by it, and — our point

here — identify less with the main characters.3*

Irrespective of genre and irrespective of the balance between upbeat and downbeat ele-
ments in the film, the nature of the causal chain repays some thought. Arguably, the relation-
ship between identification and affect constitutes a symbiosis rather than operating in just one
direction. As we make a character’s perspective our own, we allow ourselves to be affected
by their emotions. Their fate is now ours. But equally, as our emotional state begins to mirror
theirs more closely, we are likely to identify with them more strongly. Identification (we

speculate) generates emotion generates identification generates emotion.

Our understanding of the viewers’ attitude to the characters becomes more fine-grained as

one goes beyond identification and takes into consideration what psychologists term “attribu-
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tion’. Attribution is concerned with how people explain actions and events: to what type of
factor they “attribute’ what happened.®? The standard model, which we followed, distin-
guishes between dispositional explanations — that is, factors originating from within a per-
son themselves, their personality, ability or beliefs — and external explanations; the latter in

turn divide into external situational and external personal explanations.

We asked participants to rate their agreement with different ways of answering a funda-
mental question of the film, which Stuart himself asks of Alexander: what went wrong in
Stuart’s life?, or in Stuart’s own language, ‘What murdered the little boy | was?’. We offered
three accounts of this central tragic question, each representing a different attributional mod-

el, and in essence a different “‘kind’ of tragedy.

(1) “Stuart is responsible for his own situation and behaviour. His own actions, choices
and personal weaknesses — for alcohol, drugs, violence and criminality — got him where
he is’.

(2) “‘No-one is directly responsible for Stuart’s situation and behaviour. It was caused by
factors — his muscular dystrophy, family breakdown, mental illness and homelessness —

that were out of anyone’s control’.

(3) “Stuart’s situation and behaviour were a direct result of him having been abused by
other people — sexual abuse by his brother and in care, bullying by other kids, assault in

prison, and repeatedly being on the receiving end of a brutalising system’.

Of these, Option 1 is a dispositional attribution. Fundamentally, it’s Stuart’s own fault. Op-
tions 2 and 3 by contrast are external explanations, situational and personal, respectively.

They both look beyond Stuart for causes.
[FIGURE 3 HERE]

FIGURE 3 CAPTION]
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A participant’s response to these three options is an expression of his/her mode of attribu-
tion. What makes this exercise meaningful is that it turns out that attributional mode is not
self-contained but relates to our participants’ experience of the film more widely. As Figure 3
shows, two opposed tendencies stand out from the data. The more people blamed Stuart for
his own misfortune (dispositional explanation), the less likely they were to identify with ei-
ther Stuart or Alexander, to be transported, to experience positive emotion (or indeed indicate
any kind of emotional affect), and to recommend the film to friends. By contrast, those re-
spondents who were more inclined to blame others (external personal attribution) were also
more likely to rate highly for identification with Alexander, for negative emotion, for trans-
portation, and for willingness to recommend the movie to a friend. When respondents were
asked whether Stuart’s childhood experiences excuse his adult behaviour, a similar split be-
tween those with a dispositional attribution response or an external personal response came
into play. In short, if you took Stuart’s side, your experience of the film was thoroughly dif-

ferent.

At this point, the now familiar question of the causal direction rears its head. Is it that the
film has failed for you on all these various dimensions, and you have therefore become more
judgmental of Stuart? And that if it is working for you, you have ended up believing that he is
an innocent victim? Or, vice versa, does everything start from your judgement of guilt and
attribution, which in turn affects your enjoyment, your emotions and the way you identify
with the characters? Such questions cannot be answered on our evidence, but what the clus-
ters of correlated and mutually opposed responses point to is the role of individual differ-
ences. A viewer’s personal make-up — instincts, experiences, preferences — comes through
when judging an extreme situation and extreme character such as Stuart’s.®® Subjectivity is a
commonplace of criticism. The significant contribution that an empirical approach can make

is both to justify the commonplace and to show that moral judgment is by no means isolated
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from other responses. Arguably, there is no genre for which this is more true than tragedy,
which so obsessively pushes audiences (and critics) into responding to events that are morally

complex at the same time as being all-consuming emotionally.

Transportation

Finally, we should unpack the term ‘transportation’, which we have used several times. This
is one of a number of terms that employ movement to describe the experience of entering fic-
tional worlds. Lay expressions such as ‘I felt like | was there’, ‘1 was immersed’, ‘I lost my-
self in the story’ (and indeed ‘entering fictional worlds’) all reflect the natural instinct to use
kinetic metaphors to conceptualise deep engagement with fiction. Even so, the challenge of
finding one definitive term remains. Expressions referring to the same basic concept can con-

tradict each other, as is demonstrated by “‘suspension of disbelief” vs. ‘make-believe’.

Our choice of ‘transportation’ (rather than, for instance, ‘immersion’) was driven by the
very considerable body of empirical work that has operated under this heading.®* Even
though the term originates in the humanities,® it was soon adopted by other disciplines, not
least consumer research, as advertisers seized on transportation as one factor that drives the
success of an ad (where success is defined as the viewer’s willingness to buy the product). In
the process, a term that was rather broad and suggestive in the first place became even broad-
er. The standard questionnaire used in transportation research, adopted by us and adapted for
film, asks viewers to rate statements as diverse as ‘While viewing the film, | felt as though |
was right there, in the action’, *The film affected me emotionally’, and *After the film fin-

ished, | found it easy to put it out of my mind’.

The broadness of the transportation measure goes some way towards explaining the per-
vasive role it plays in our data. Figure 2 presents only a subset of the many correlations with

transportation that we found, correlations which were also strong and statistically significant.
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If our audience members rated their experience highly on the transportation scale, they were
also much more likely to enjoy the film, identify with the characters, experience emotions
(both negative and positive), adopt certain attributional explanations over others (as we have
seen), and so forth. There are few measures in our data, in fact, that are not correlated to

transportation.

We share many of the concerns voiced in recent, critical studies of the existing literature
on transportation.® The concept can seem vague and perhaps too broad, coming precariously
close to a catch-all term for engagement with a narrative — of it simply ‘working’ for you.
However, there are reasons not to reject the concept outright. Statistically, the transportation
scale does (for all its connections) behave like an independent scale with internal consistency
and outward discrimination.®” The transportation scale gets at ‘something’, however poorly
defined, fundamental to spectatorship and closely-related to many other aspects of that expe-

rience.

However, there is one prominent measure to which transportation is not related: change in
pain tolerance. In that sense, the transportation measure is emblematic of the larger story of
this section: of the many interconnections between our audiences’ responses, Ssome were ex-
pected, others thought-provoking, but all of them throw the absence of endorphins from the

discussion into relief.

Our discussion must return therefore to endorphins. The question before us in this final sec-
tion is how to account for the fact that endorphins, despite their apparent importance for the
effect of the film on our audience (Part 1), do not form part of the otherwise closely interwo-
ven texture of responses in Figure 1 (Part 11). We offer two contrasting explanations, each of

them plausible as well as productive. Further work will be needed to decide between them.
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The first, most obvious hypothesis is that there are two separate systems. In this hypothe-
sis, endorphins have a crucial role to play, but this role, clearly, is circumscribed. They are
linked to, and may indeed create (in many, though not all, viewers) a sense of togetherness,
and crucially they give an uplift that makes viewers want to repeat the experience despite
having been put through the wringer. And then there is a separate system of interconnected
responses — the more ‘literary’ ones — in which endorphins appear to play no role. It is im-
portant to realise that this is not a matter of viewers using only one or the other system. The
two systems operate in concert rather than in alternation, as individuals can have both an en-
dorphin rush and, for example, identify strongly with the characters — many of them do. It is

just that there appears to be no systematic or causal connection between the two.3®

This hypothesis both fits the data and permits one to speak with some precision about the
role of endorphins. Moreover, one can speculatively make sense of the specific effects that
we found for endorphins in terms of what is known about their effects in general. Since en-
dorphins help determine our experience of pain, well-being, and togetherness, but do not
seem to directly govern more narrowly cognitive functions, it makes sense that we do not
find them to have an impact on responses to individual characters or transportation.®® To
overstate the case, endorphins have a lot to do with how we feel as we sit in the auditorium,
but little to do with how we relate to the story on the screen. The strain from watching a dis-
tressing film activates the endorphin system, but beyond that endorphins regulate our sense of
well-being in the real world (and, hence, the relationships we have with those with whom we

share the experience), not the nature of the individual’s engagement with the fictional world.

In an alternative (but not mutually exclusive) hypothesis, there may indeed be connec-
tions between cognitive response and endorphin effects, albeit too modest to be picked up
properly in our study. We certainly found some indications that the two-systems model may

be too stark. When one reintroduces the split (as in part I) of our participants into those (62
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per cent) whose wall-sit times increased and those (38 per cent) whose times decreased, and
compares the correlations one finds within each of the two sub-groups, something intriguing
emerges with respect to identification. For the group who had no endorphin increase, identifi-
cation with Alexander was much more heavily correlated to other, especially experience-
related, factors than for the group who did experience endorphin increase. By contrast, for
audience members who had an increase in wall-sit test time, identification with Stuart was
correlated more widely than for those who didn’t.%° In roundabout terms, this suggests that
Stuart was more strongly keyed into the viewing experience of those who showed endorphin
effects, while Alexander ‘mattered’ more for those who didn’t. Since Stuart is the more im-
pulsive and volatile character of the two, it is tempting to posit an endorphin-related distinc-
tion in our volunteers between ‘head’ and ‘gut’ people — between the cerebral, disembodied
Alexanders of the world, and the instinctive, visceral Stuarts — and this might credibly be
related to their endorphin response. There isn’t enough here to tie endorphins conclusively to

our viewers’ broader literary response, but there is too much to dismiss it as mere noise.

The possibility that endorphins play a larger role than our data suggest is supported by
consideration of the broad proxy measure we employed to measure endorphin levels. Like
previous studies, we have treated the wall-sit test as determined solely by a physiological fac-
tor — endorphins. However, there may also be cognitive and emotional factors at play. Hold-
ing a painful position is a matter not just of physiology but also of willpower, and it is per-
fectly possible that Stuart affected people’s ability or determination to push themselves to the
limit in a physical exercise. This can go in two directions: a net increase in pain tolerance be-
cause of overall endorphin release, or a net decrease in pain tolerance because of film-
induced negative mood, and consequent sapping of motivation.** In fact, any increase would
suggest that the film had a stronger endorphin effect than the wall-sit times at first suggest,

because the overall endorphin effect was still present even after this putative lowering of
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willpower. It is possible therefore that all participants experienced an endorphin effect, but
that for a subset it was masked by the negative willpower effect. Although the wall-sit test is
obviously noisy (i.e. imprecise), this does not invalidate it: the statistical tests compensate for

this to the best of science’s ability.

The situatedness we have discussed encompasses different levels of embodiment. Simply put,
the first is a base system of endorphin reaction. The second is complexly cognitive, encom-
passing items as diverse as factual recall and emotional identification with characters. The
third is social, both within the auditorium (social bonding) and in the attributional decisions

the viewer makes about the social world of the film.

The traditional approach to tragedy, for very good reasons, looks at the formal properties
of the text. Byron’s canonical, if now clichéd, observation that ‘All tragedies are finished by
a death’ (Don Juan Ill1, 9, 1) is one of the simplest (and, from the viewpoint of Greek tragedy,
hugely over-simplified) approaches to tragic structure. But the frequency with which recent
criticism poses the question ‘Can tragedy still be written?” indicates that much more than
dramaturgy is at stake.*? We are not the first to look instead at audiences of tragedy: Ray-
mond Williams argued as early as 1966 that tragedy should be defined by its identifiable ef-
fect on people.*® Our central engine attempts to map those effects. The obvious question is
whether this central engine is generalizable beyond Stuart. It may be that the map documents
how viewers experience and interpret this specific tragedy and its operations, but we suspect
that some of the engine’s affective and interpretative elements are indeed applicable else-
where. Endorphins, as we have argued, are certainly not the only ingredient in audience re-

sponse to tragedy. But, as mentioned in Part I, studies of how comedy releases endorphins
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also indicated — unexpectedly — tragedy’s similar effect: by extending that work, we have

provided here a case study for endorphins in tragedy.

The traditional approach to tragedy, again for very good reasons, also tends to talk about
spectators collectively: the “audience’. Our methodology revealed, perhaps unsurprisingly,
variations in audience somatic and affective response: the ‘audience’ is Hydra-headed. Earli-
er in this article we suggested that Stuart forces us to consider what kind of tragedy it is. Our
audiences’ attributional responses indicated that that question was only answerable on an in-
dividual level. Taking Stuart’s side, for example, turned the film into a tragedy of circum-
stance, and had correlations with other key aspects of the individual viewer experience. As
has been clear throughout, endorphins have one important function to play (delivering the
compensatory opioid high for the pain of suffering) but are not related to other interpretative

responses.

Unsurprisingly, endogenous morphine has not been part of the critical armoury from Ar-
istotle onwards — endorphins were only discovered in 1974.4 But the vocabulary of critics,
ancient and modern, instinctively situates reaction to tragedy in the body as well as the mind,
and the history of theatre audiences memorialises extreme bodily responses. An ancient biog-
raphy of Aeschylus claims that children fainted and women suffered miscarriages when see-
ing the Furies in Eumenides; ‘trustworthy reports’ offer a surprising parallel in Hamburg in
1776, detailing how audience members swooned and women miscarried at a performance of
Othello (the play was subsequently rewritten to provide a happy ending).*® Writing a com-
mendatory poem in the Beaumont and Fletcher First Folio, “T. Palmer’ recalls how theatre
spectators were so involved in the dramatic fiction that they intervened in the action: “how
often did | know / When the spectators ran to save the blow’.*® These are not just headline-
grabbing anomalies — they are the somatic continuum on which all spectators of tragedy ex-

ist.
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