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Abstract

In this paper, we take a human-centred view to the defini-
tion of the affective content of films. We investigate the rela-
tionship between users physiological response and multime-
dia features extracted from the movies, from the perspective
of narrative evolution rather than by measuring average
values. We found a certain dynamic correlation between
arousal, derived from measures of Galvanic Skin Resis-
tance during film viewing, and specific multimedia features
in both sound and video domains. Dynamic physiological
measurements were also consistent with post-experiment
self-assessment by the subjects. These findings suggest that
narrative aspects (including staging) are central to the un-
derstanding of video affective content, and that direct map-
ping of video features to emotional models taken from psy-
chology may not capture these phenomena in a straightfor-
ward manner.

1. Introduction

There is a growing interest in the description of affective
content of video [5] for content-based indexing and person-
alization. One of the major challenges for the successful
description of affective video content is to develop frame-
works that could properly relate media content to the users
affective responses.

In this paper, we report research on the understanding of
affective content for videos, which attempts at restoring a
narrative perspective, i.e., one in which emotional reactions
are analysed throughout the dynamic presentation of film,
and are matched to basic video features, without a priori
assumptions about their relationship to audience reactions.

This work pursues two main objectives. Firstly, it aims at
relating users emotional responses, captured through phys-
iological signals, to affective video content, in a way which
would be compatible in the long term with narrative princi-
ples. This approach, which investigates the global cycle of
affective presentation and user response, contrasts with the

978-1-4244-8027-2/10/$26.00 (©2010 IEEE

direct attribution of emotional properties to video features
based on the psychological literature [5]. The key aspect
here is to operate from the perspective of film dynamics,
which is best placed to capture narrative aspects. Another
one is to extend previous work on the direct mapping of af-
fective video feature parameters to emotional models using
real-time physiological measurements.

2. Previous and Related Work

Hanjalic and Xu [6] pioneered the analysis of affective
video content, through an approach based on the direct map-
ping of specific video features onto the Arousal and Plea-
sure dimensions of the Pleasure-arousal-dominance emo-
tional model (PAD) [9]. They described motion intensity,
cut density and sound energy as arousal primitives, defining
an analytic time-dependent (using video frames for the time
dimension) function for arousal aggregating these proper-
ties. This mapping is inspired from previous literature,
but is not validated through physiological measurements,
which would be the method of choice to assess a time-
dependent model. Furthermore, the examples of arousal
mapping given in [5] refer to live sports events (football
matches videos), whose properties may not transfer entirely
to the case of feature films, which have different editing
and whose soundtrack is of a different nature (includes non-
diegetic material, does not include audience reaction).

Xuetal. [19] have also described emotional clustering of
films for different genres, using averaged values of arousal
and valence, deduced from video parameters. One inher-
ent limitation of this clustering approach may have been to
use for the purpose of clustering a categorical description
of target user emotions, with no clear indication that these
would be elicited by the viewing of traditional film genres.
Their system performed better for action and horror films
than for drama or comedy, which they attribute to the promi-
nence of specific features in these genres. This could also
be analysed as a more efficient detection of arousal-related
features, which tends to characterise these two genres, over
valence-related ones, as detected with the defined video fea-
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ture set (e.g., brightness and colour energy as valence fea-
tures).

De Kok [3] has extended some of this work by refining
the modelling of colours, in an attempt to achieve a bet-
ter mapping onto the valence dimension. Kang [7] has de-
scribed the recognition of high-level affective events from
low-level features using HMM, a method also used by Sun
and Yu [16]. Soleymani et al. [15] have studied physiolog-
ical responses to films, exploring a wide range of physio-
logical signals and investigating correlations between users
self reports and the affective dimensions accessible through
physiological measurements. Their study emphasised indi-
vidual differences in affective responses with an in-depth
analysis of the correlation between dimensional variables
and video features for each subject.

From a different perspective, films have been used in
psychological research to induce emotional responses. Rot-
tenberg and Gross [10] point at specific advantages of us-
ing films, such as enabling the study of emotion waveforms
over time, and have shown strong coherence between skin
conductance measures and user experience across a film se-
quence. Finally, Rottenberg et al. [11] provide recommen-
dations on how to produce film clips (in terms of scenes
from typical films, clip duration, etc.). Kreibig et al. [8]
have also found skin conductance measures to be the most
discriminant physiological signals to differentiate between
fear and neutral as well as between sadness and neutral.

2.1. Filmic Emotional Theories

Emerging theories of filmic emotions [17] [13] should
give some insight into the elicitation mechanisms that could
inform the mapping between video features and emotional
models. Tan [17] suggests that emotion is triggered by the
perception of change, but mostly he emphasises the role of
realism of the film environment in the elicitation of emotion.

Smith [14] attempted to relate emotions to the narrative
structure of films. He described filmic emotions as less
character-oriented or goal-oriented, giving a greater promi-
nence to style. Smith sees emotions as preparatory states
to gather information, and, more specifically, argues that
moods generate expectations about particular emotional
cues. The emotional loop according to Smith is made of
multiple (and redundant) mood-inducing cues, which in re-
turn makes the viewer more prone to interpret further cues
according to his/her current mood. Smiths conclusion that
emotional associations provided by music, mise en scene el-
ements, color, sound, and lighting are crucial to filmic emo-
tions, should encourage us in our attempt to relate video
features to physiological responses.

From the above discussion, it would appear that the dy-
namic nature of emotion should better be studied using real-
time responses rather than average values (in favour of that

are also anticipatory emotions, specific narrative effects, the
necessity for emotions to build up, and the existence of
emotional markers scattered throughout the action). Also,
the most commonly used video features (e.g. motion in-
tensity, sound energy) do not differentiate readily between
narrative actions and their presentation. In addition, the
distinction between diegetic and non-diegetic, or between
narrative and presentation, may be less relevant than antici-
pated by appraisal-based models of emotions.

Finally, there are conflicting views on the extent to which
emotional responses to films depend on the individual. So-
leymani et al. [15] have studied individual differences on
the physiological correlates of emotion. Tan [17] notes that,
for traditional cinema, emotional responses are relatively
uniform across different subjects, and Smith [14] notes that
the same type of dependable emotions are generated across
arange of audiences, despite individual variations. We shall
thus not put individual variability at the heart of our exper-
iments, and whenever we carry out measurements we will
consider average values over our test subjects.

3. Experiments

Our experiments measured GSR as an indicator of
arousal. Andreassi [1] relates that changes in both tonic and
phasic measures of skin conductance are correlated with
level of arousal. The skin conductance level (SCL) is the
baseline tonic level at any moment in time, and the phasic
skin conductance responses (SCRs) are momentary fluctua-
tions from this baseline. We expected that a film that is more
arousing should elicit a higher average SCL, and a greater
number of SCRs with a greater magnitude. We also posit
that the dynamic changes in arousal as indicated by GSR
should correlate with features in filmic properties.

Experiments were conducted with 10 participants with a
median age of 29. Data from two subjects was discarded
following equipment dysfunction leading to partial loss of
data, leaving us with data from 8 subjects (this number is
however similar to other studies such as Soleymani et al.
[15]). Subjects viewed a series of four film clips, with in-
tervals of relaxing sound and visuals to calibrate a baseline
SCL for each clip, and to mitigate the effect of the previ-
ous clip when viewing the next. GSR measurements were
collected using a ProComp Infiniti data collection device
with a skin conductance sensor, and recorded using the Bi-
ograph Inifiti" software package. Skin conductance mea-
surements were taken at a rate of 256 samples per second,
and analysed via the smoothed output of the software at 8
samples per second. The sensor electrodes were placed on
the second and third medial phalanges of the non-dominant
hand, as recommended by Venables and Christie [18]. GSR
measurements across participants vary in absolute levels of
skin conductance, so have been normalized using baseline
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Figure 1. Overview of the setup for our experiments: the users galvanic skin response is recorded

during clip viewing.

measurements. The overall setup is described on Figure 1.

Four short clips were used from three feature films: The
Matrix, A Beautiful Mind, and Sweet & Lowdown. These
films were chosen to show contrast in the filmic properties
mentioned above, both in films of different genres, and be-
tween two scenes within the same film (A Beautiful Mind).
The clips were between 1:38 and 2:11 minutes long, with a
period of relaxation between each clip lasting 30 seconds.
This was made up of a middle-grey screen with low-sound
energy, down-tempo music. Clip duration was compatible
with the low-end of the duration range described by Rotten-
berg et al. [11] necessary to induce an emotional response.

In our study, we consider average GSR responses over
the 8 subjects, following the approach described in [11].
Subjects were also asked to give a subjective emotional
evaluation of each film clip as a method of correlating GSR
indications of arousal with subjective feelings of arousal to-
wards each film. Questions were asked using 5-level Lik-
ert scales, and based on a Pleasure-Arousal model of emo-
tion (such as Russells circumplex [12] or the Pleasure and
Arousal dimensions of the PAD model [9]).

Physiological (GSR) responses will be plotted against
video affective content. We consider motion and sound dy-
namics as the low-level video features to be correlated to
the arousal response triggered by film viewing. In order to
extract these video features, we first segment the video into
shots (i.e. a sequence of continuous frames filmed with a
single camera take, see [4] for a complete overview on the
problem of shot detection). Then, we process each shot for
the extraction of the related features, as proposed in [2]. We
also use shot segmentation in the overall display of results
(Figures 2 and 3), to support annotation with specific nar-
rative events. In particular, the motion value is given by a
combination of two elements: one related to the length of

the shot, and the other given by the motion activity of ob-
jects and camera which captures the intuitive notion of ac-
tion through the standard deviation of motion vector mod-
ules. The shorter and more motion intensive the shot, the
higher the value. The audio track is divided according to
the shot subdivision and for each shot the log-energy value
is computed from a 8 kHz single-channel signal. To high-
light the presence of brief and intense events (like thunders,
screams etc), only audio samples whose modulus is above
an adaptive threshold are taken into account. Audio and mo-
tion dynamics are normalised and summed together (with
equal weights) to obtain a unique curve representative of
the multimedia sequence. This curve has been smoothed
with a low-pass filter to handle the persistence of affective
features and it is the base to measure the correlation with
the user arousal response.

4. Discussion

Figures 2 and 3 present the evolution of affective video
features together with the average of normalized GSR re-
sponse for the subjects. By using this physiological mea-
sure and this set of audiovisual features, we have deliber-
ately chosen to explore arousal only. The rationale for that
is that both its physiological correlates and its associated
video features tend to be easier to describe and measure,
from previous literature on the subject [11]. Our approach
of averaging skin conductance signals over the subject sam-
ple and plotting it against time (or frame number) is com-
patible with the experimental setting described by [11], as
is the comparison of the dynamics of the two curves. The
time axis for both curves is segmented according to the var-
ious shots, and includes key narrative events depending on
the film genre (for instance, action scenes in The Matrix).
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Figure 2. Experiment results (l): average normalized GSR for the subject population is plotted over
time against affective video features. Dashed lines delimitate key narrative events. Films used in the
experiment are 'The Matrix’ (left) and "A Beautiful Mind’ (right).

4.1. Event-Based Analysis

The first level of analysis consists in examining the cor-
relation between arousal values as measured by skin con-
ductance and as expected from affective video features.

For the first video (The Matrix - MTX) we observe a
strong correlation in arousal levels throughout the video du-
ration (Figure 2, left). Even more significant is that varia-
tions in arousal are aligned for both user responses and af-
fective video features. This is most visible for the surge at
15s, the subsequent increase between 40 and 60s, and the
decreasing trend after 60s. In terms of correlation with nar-
rative actions, the most significant phenomenon is the joint
increase around 60s corresponding to the agents characters
opening fire on Trinity. However, narrative coherence is ob-
served throughout the experiment, as indicated by the fact
that the patterns of variation as well as the arousal levels
correspond to the specific phases identified, both on a shot
basis and on the identification of narrative actions.

For the second video (A beautiful mind (1) - BM1) little
correlation can be found between arousal levels for users
response and for video features (Figure 2, right). However
this takes place in a context where the overall arousal, based
on video affective features, is rather low.

The third video (A beautiful mind (2) - BM2) shows
moderate levels of arousal in terms of physiological re-
sponse, despite the values of affective video features, for
the first 90s of film viewing (Figure 3, left). In terms of re-
sponse dynamics, a significant correlation can be found in
terms of arousal response in the first 25s and around the key
narrative transition at 95s.

The fourth video (Sweet & Lowdown - S&L) shows a
moderate correlation during the onset, which soon evolves

into a very good alignment between arousal indicators lev-
els (Figure 3, right). Once again the dynamic response is the
most significant, since arousal variations are co-occurrent
to narrative action (at 20s). The different patterns of cor-
relation follow once again the detected cuts, adding to the
argument that narrative aspects may play a central role in
the process.

4.2, Statistical Analysis

Further to the qualitative observations of the compared
dynamics of physiological responses and affective video
features, we have analysed statistical properties of the aver-
age values. In particular, we looked at the subjective scores
of arousal given by the subjects, described in Section 3,
compared to GSR. While the arousal scores were distinct
for each clip, these need to correlate with the GSR mea-
surements to be able to use GSR as a surrogate measure of
arousal. Data were indeed positively correlated in all cases,
as shown in Table 1 through the correlation coefficient (R)
and the coefficient of determination (R?), within a 95% con-
fidence interval (p < 0.05).

Table 1. Correlation of Subjective Arousal
Scores with Mean Normalised GSR.

| || R | R? |p—va£ue|

MTX || 0.77 | 0.60 < 0.05
BM1 || 0.82 | 0.67 < 0.05
BM2 || 0.84 | 0.70 < 0.05
S&L || 0.83 | 0.70 < 0.05
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Figure 3. Experiment Results (ll): films used in this experiment are ’A Beautiful Mind’ (excerpt 2) and

’Sweet & Lowdown’.

The proposed correlation is between normalized GSR val-
ues and arousal score in an individual, and regression has
been done for subject data points separately for each clip.

5. Conclusions

Whilst there have been several reports on the emotion-
eliciting properties of films, and several proposals for af-
fective video description using video features, no empirical
study had attempted to relate the dynamics of users response
to the real-time values of affective video features. In this
study, we have established significant correlation between
users physiological responses and affective video features
for the arousal dimension. Following fundamental work on
emotional responses to film [11], it appears that the affec-
tive dynamics are an essential component which may not
be captured by measures of average values; nor could these
be easily related to narrative aspects. Our results are com-
patible with previous findings, whilst still raising a number
of questions deserving further investigation. Elements to be
investigated will include cut density as well as a confirma-
tion of Smiths hypothesis of emotional cues [13]. Secondly,
it would appear necessary to further explore the various nar-
rative determinants in terms of action and in terms of film-
ing and editing. This could lead to a better understanding
of the respective role of content and presentation in the elic-
itation of affective responses and could have an impact of
various forms of video analysis and annotation.
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