
Integrated Data Analysis for the Quantification of 
Emotional Responses During Video Observation 

 

Pierluigi Reali, Sergio Cerutti, Anna Maria Bianchi 
Dept. of Electronic, Informatics, Bioengineering 

Politecnico di Milano 

Debora Bettiga, Lucio Lamberti 
Dept. of Management, Economics, Industrial Engineering 

Politecnico di Milano

Alessandra Mazzola, Margherita Pillan 
Dept. of Design 

Politecnico di Milano 
 
 

Abstract— The use of questionnaires at the end of a specific 
task only evaluates what is expressed by the conscious mind and, 
therefore, cannot give a complete representation of the 
individual’s emotional state. By adding data from physiological 
measures, such as cerebral activity, skin conductance, heart rate 
and gaze position, more accurate information about cognitive 
engagement and emotional responses to a given task could be 
provided. This study aims to evaluate participants’ emotional 
(arousal, valence) and cognitive (memorization effort, attention, 
pleasantness) responses toward two videos, through the 
integration of above cited measures. Our findings show that the 
two tested videos produce two different unconscious reactions 
(one video causes a significantly higher increase in heart rate and 
the other one requires higher memorization effort), while 
producing similar conscious responses (no statistically significant 
differences were found by analyzing questionnaires’ answers). 
Further, eye tracking device provided a way to investigate 
reasons behind these differences. The results show that the 
integration of self-reported and biological measures with eye 
tracking data could effectively help to understand emotional and 
cognitive responses during video observation. 

Keywords— electroencephalogram; heart rate variability; skin 
conductance; eye tracking 

I.  INTRODUCTION 

Previous studies have shown that what is expressed by the 
conscious mind - through interviews, questionnaires, focus 
groups - is not a complete representation of the individual’s 
emotional state [1]. Collecting data about physiological 
individual responses, such as cerebral activity, cutaneous 
impedance and heart rate, and integrating them with data 
related to individual’s gaze position and self-reported measures 
could provide more interesting and accurate information about 
cognitive engagement and emotional responses, during the 
execution of a specific task. 

Specifically, this study aims to evaluate participants’ 
emotional and cognitive responses toward two videos, 
characterized by a common main theme, by employing 
physiological, self-reported and eye-tracking measures. Both 
the videos were presented in two versions: static, that does not 
allow any user interaction, and interactive, that allows the user 

to interact with the video through buttons displaying additional 
content, activating music etc. 

The laboratory experiments were conducted at PHEEL 
(Physiology Emotion Experience Laboratory), the 
biomarketing laboratory of Politecnico di Milano, Italy. 

II. METHODS 

A. Experimental Design 
Fourteen healthy volunteers (7 males and 7 females) were 

recruited for the study. The sample size is in line with prior 
experiments adopting biometric measures [2][5]. All volunteers 
were welcomed and briefly explained what the experimental 
protocol would have consisted of and were told they could 
withdraw from the experiment at any time. Subjects were 
instructed that after video watching they will be asked to 
complete a questionnaire to record their evaluation. This 
procedure, according to prior research [3], serves to prime 
respondents to engage into stimuli evaluation. Informed 
consent was obtained from each of them before the experiment 
began; after that, participants were asked to comfortably sit on 
a reclining chair, while all the necessary sensors were being 
placed on their skin. During the experiment, subjects were 
seated in front of a PC monitor used for stimuli delivery. To 
assure the absence of any kind of social influence or 
disturbance, the experiment was performed on one subject at a 
time. Particular attention was paid during each phase in order 
to make the experience as pleasant as possible and to avoid 
possible variations of participants’ anxious state during the 
experiment. 

Each subject was asked to watch two videos, one static and 
the other one interactive. The static one had an approximate 
duration of 15 seconds, the interactive one had similar duration 
but provided the possibility to look for additional content. 
Subjects were instructed to freely explore the website page and 
to click on the “play” button whenever they like, making the 
video clip to start. A neutral image was shown for two minutes 
before the first video, in order to make participants relaxing 
and create a baseline reference for each acquired signal. At the 
end of the second video clip, all the sensors were removed and  
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Fig. 1. Time course of the experimental protocol. 

participants were taken to another room and asked to complete 
a questionnaire. A timeline of the experiment is shown in     
Fig. 1. 

By measuring the difference between activity and baseline 
states instead of absolute quantities, it is possible to compare 
responses obtained by different subjects to the same stimuli [4]. 
This aspect makes the acquired responses unrelated to the 
initial state of each participant, consequently reducing inter-
subjects’ variability. 

B. Videos for stimulation 
Two different videos were evaluated, both administered in 

a static and an interactive version. The videos were 
characterized by a common main theme and were presented to 
participants in random order to avoid sequence-related effects 
on study’s results. All the video sequences which had been 
considered in the study are reported in Tab.1. 

TABLE I.  APPLIED VIDEO SEQUENCES 

1° video 2° video Num. of Subjects 
V1 Static V2 Interactive 4 
V2 Static V1 Interactive 4 
V1 Interactive V2 Static 3 
V2 Interactive V1 Static 3 

 

C. Biological Measures 
In the present study, the following biological signals were 

recorded and analyzed. 

Electroencephalography (EEG) was acquired by means of a 
portable 64-channels system (SD LTM Express and System 
Plus Evolution software, Micromed, Italy). To facilitate and 
speed-up electrodes positioning, a 64 electrodes pre-cabled cap 
was used. In total, 27 electrodes uniformly distributed on the 
scalp were used and each electrode was filled with a water-
based gel to enhance conductivity between each electrode and 
participants’ scalp. The EEG activity was collected at a 
sampling rate of 256 Hz and the impedance level was kept 
below 5 kΩ. EEG traces were automatically segmented to 
separate EEG activity recorded during the baseline period from 
the one acquired during the observation of the videos. The pre-
processing done on recorded EEG comprised band pass 
filtering (high pass = 1 Hz; low pass = 35 Hz) and the 
execution of Independent Component Analysis (ICA) to detect 
and remove components related to eye and muscular artifacts. 
The original EEG signal was referred to a specific electrode 

placed on the pre-cabled cap, between CPz and Pz; this signal 
has been transformed by means of the Common Average 
Reference (CAR), in order to calculate Memorization Index 
(MI), Attention Index (AI) and Pleasantness Index (PI) as 
suggested in the literature [2] [5]. Individual Alpha Frequency 
(IAF) for each subject was calculated [6] and, then, EEG traces 
were band pass filtered to obtain three different signals, each 
one containing different contributions to the total EEG 
spectrum. The three frequency bands were chosen according to 
the literature [2] and, specifically, they were: 

• Theta, which ranges between IAF–6Hz and IAF–4Hz; 

• Lower alpha, between IAF–4Hz and IAF; 

• Upper alpha, between IAF and IAF+2Hz. 

Theta band pass filtered channels AF3, F3 were used for 
the calculation of MI; lower alpha frequency band was 
considered for channels Fpz, AF3, F3, AF4, F4, Fz to compute 
AI; finally, upper alpha band pass filtered channels F3, AF3, 
F4, AF4 were used to compute PI [2]. These three indices are 
obtained by computing Global Field Power (GFP) [7] between 
listed signals. 

The average of each index was calculated during baseline 
acquisition and subtracted to the mean value computed during 
the videos. All the values obtained in this way were 
standardized from 0 (minimum value obtained from all the 
subjects) to 1 (maximum) [8], with the aim of making readily 
understandable which one of the observed videos caught more 
attention (AI), required greater memorization efforts (MI) or 
showed to be more pleasant for the spectators (PI). 

Electrocardiography (ECG) and Skin Conductance (SC) 
were both acquired through ProComp Infiniti system and 
Biograph Infiniti software (Thought Technology Ltd., Canada). 
The first signal was recorded at a sampling rate of 2048 Hz, 
which is more than enough to obtain a reasonably accurate 
representation of QRS complexes [9], while the second one 
was collected with a sampling rate of 256 Hz. By analyzing 
these two signals it is possible to monitor autonomic nervous 
system activity and assess the emotional state of the 
participants [10]. In particular, heart rate variability (HRV) 
signal (temporal distance between consecutive R peaks) was 
extracted from ECG through recognition of R peaks, which 
was performed by means of Pan-Tompkins’ method [11]; heart 
rate (HR) was then calculated by computing the reciprocal of 
each R-R interval. Mean HR and SC were evaluated, 
separately, during baseline and videos and, in order to obtain 
the average percent increase of HR and SC during video 
watching, the following ratio (1) was applied to both measures: 

 Mean Perc.Incr. = 100 · (μvideo – μbaseline) / μbaseline (1) 

where μbaseline and μvideo stand for average value of HR and SC 
during baseline acquisition and video observation, respectively. 

Frequency-domain (i.e. based on the estimation of power 
spectral density (PSD)) measures were not considered, due to 
videos’ short duration. In fact, the number of heartbeats 
occurred during each video playback is not large enough for 
accurate PSD computing [9]. 



D. Eye tracking 
A wearable eye tracking device (SensoMotoric Instruments 

Eye Tracking Glasses, Germany) was used to obtain 
participants’ gaze position during video watching. Eye tracking 
devices provide information about visual exploration strategies, 
mental workflows, and cognitive processes [12] [13]. 

We explored the scanpath (the two-dimensional movement 
composed of alternating saccades and fixations [14]) of each 
subject, by analysing saccades and fixations during the subject 
visual exploration. Saccades are fast movements of the eyes 
that rapidly shift the gaze from one position to another. 
Fixation is the time between two successive saccades and it 
represents the period of time during which visual information 
can be acquired. We quantitatively analyzed the path of eye 
movements in terms of: 

• identification and analysis of specific areas (number of 
fixations, average time, glance time); 

• exploration sequence. 

E. Self-reported Measures 
Self-reported emotional responses of arousal, pleasure, and 

involvement were collected through the mean of a 
questionnaire, using validated scales after video watching. 
According to prior research ([15], [16]) we used the scale 
developed by Mehrabian & Russell (1974) [17] to measure 
arousal–quietness dichotomy. The arousal scale items used, 
listed in random order, were “excited-calm”, “stimulated-
relaxed”, “aroused-unaroused”, “sluggish-frenzied”, “dull-
jittery” and “sleepy-wide awake”. Also pleasure was measured 
with Mehrabian & Russell (1974) scale. The specific questions 
for pleasure were five semantic differential items, randomly 
presented: “happy–unhappy,” “pleased–annoyed”, “satisfied–
unsatisfied, “melancholic-contented”, “despairing-hopeful” and 
“bored-relaxed”. 

III. RESULTS 

In the present paragraph will be illustrated the results 
obtained in the experiment described above. 

A. Self-reported Measures 
Tab. 2 and Tab. 3 show descriptive statistics about self-

reported data of arousal, pleasure and involvement. 

To detect if the stimuli generated significantly different 
emotional and cognitive reactions in participants, we 
performed One-Way Analysis of Variance tests. In a first 
analysis, we explored if the static and the interactive video 
generated different reactions. Results show that there are no 
significant differences in the arousal, pleasure and involvement 
between static and interactive video versions. A further 
analysis explored if differences exists between the two videos 
(V1 and V2), resulting in no significant differences in terms of 
participants’ emotional reactions. 

TABLE II.  SELF-REPORTED STATISTICS PER VIDEO CONTENT 

VIDEO CONTENT involvement arousal pleasure 

V1 
Mean 5.00 4.57 4.42 

St.dev. 1.32 1.14 0.653 

V2 
Mean 5.29 4.15 4.82 

St.dev 0.932 1.15 0.681 

 

TABLE III.  SELF-REPORTED STATISTICS PER VIDEO TYPOLOGY 

VIDEO TYPOLOGY involvement arousal pleasure 

Static 
Mean 5.40 4.43 4.74 

St.dev. 0.962 1.07 0.653 

Interactive
Mean 4.88 4.30 4.50 

St.dev 1.26 1.25 0.722 

 

 

B. Biological Measures 
Fig.2 and Fig.3 summarize for all the participants the 

results obtained through the analysis of EEG, ECG and SC 
signals. 

 

Fig. 2. Average value and mean standard error of Memorization Index (MI), 
Attention Index (AI) and Pleasantness Index (PI), reported for each showed 
video. 



Fig. 3. Average value and mean standard error of the percent increase of HR 
and SC, during the observation of each video. 

 

EEG related variables (baseline-subtracted and 
standardized values of MI, AI and PI) provide information 
about central nervous system activity, giving a measure of the 
cognitive engagement required by the administered task, while 
the percent increase of SC and HR during video observation 
provide details about autonomic nervous system activation, 
quantifying participants’ emotional state in terms of arousal 
and valence, respectively [4]. Specifically, an increment of SC 
during video watching reflects sympathetic arousal increase, 
while an increment of HR is mediated by para-sympathetic 
balance and reflects more positive valence (i.e. pleasant 
attitude toward the video) [18] [19]. 

To analyze statistically significant differences between the 
four considered groups (i.e. V1 Static, V1 Interactive, V2 
Static, V2 Interactive) One-Way Analysis of Variance tests 
were performed. No statistically significant differences 
emerged from the analysis but, as could be seen from Fig.2, AI 
seems to have a growing pattern from the first video to the last 
one, while PI shows a decreasing pattern moving in the same 
direction. From Fig.3 a general increase of HR and SC emerges 
during video watching compared to the baseline, which may 
indicate that, in general, subjects have found all the videos 
pleasant and somewhat engaging. 

Tab. 4 and Tab. 5 show descriptive statistics about 
biological measures, re-organized by video content and 
typology. 

To detect statistically significant differences between the 
two considered video clips, One-Way Analysis of Variance 
tests were performed. First, we explored possible differences 
between static and interactive videos. Results show that there 
are no significant differences for cognitive nor for emotional 
biological variables. 

TABLE IV.  BIOLOGICAL MEASURES STATISTICS PER VIDEO CONTENT 

VIDEO CONTENT HR SC MI AI PI 

V1 
Mean 8.47 a 21.18 0.121 a 0.182 0.180 

St.dev. 5.23 20.83 0.072 0.172 0.205 

V2 
Mean 15.63 30.20 0.063 0.122 0.231 

St.dev 10.59 26.89 0.040 0.090 0.200 

a. Mean values in V1 and V2 are statistically different (p<0.05) 

TABLE V.  BIOLOGICAL MEASURES STATISTICS PER VIDEO TIPOLOGY 

VIDEO TYPOLOGY HR SC MI AI PI 

Static 
Mean 12.12 25.94 0.094 0.163 0.187 

St.dev. 8.90 26.61 0.060 0.133 0.166 

Dynamic
Mean 11.98 25.44 0.090 0.141 0.224 

St.dev 9.37 22.20 0.071 0.148 0.234 

 

A further analysis explored if differences exist between the 
two video contents (V1 and V2). HR and MI show statistically 
significant differences between the two videos. In detail, 
percent increase of HR was higher during V2 observation and 
MI value was higher during V1 observation. 

C. Eye tracking 
Participants’ gaze analysis brought to the following 

considerations. 

• For all the participants, the exploration concentrates in 
the middle part of the screen, where the animation is 
played. 

• All the participants showed low attention at the 
interactive areas and low tendency to click the control 
keys. 

• Dynamic version of video V1 are ambiguous and the 
observed subjects did not understand its functionalities 
(e.g. they don’t get that the on/off icon activate and 
disable audio). 

 

IV. DISCUSSION 

In the present context of analysis, self-reported measures 
and biological variables seem to lead to two different 
conclusions. In fact, while Memorization Index and Heart Rate 
suggest statistically significant differences between the two 
videos content in terms of cognitive engagement and emotional 
reaction, participants’ answers to the questionnaire indicate that 
the two videos produced similar involvement, arousal and 
pleasure sensation. These different results seem to suggest that, 
for the two videos, conscious evaluation after video 
observation (assessed through self-reported measures) and 
unconscious emotional reactions (revealed through biological 
measurements) do not match. Disagreement between these two 
kinds of measure has already been reported in the recent 
literature and could be due to people’s incapacity or 
unwillingness to fully explain their preferences through 
questionnaires or interviews [20] [21] [22]. 



Specifically, increased Heart Rate reveals that video V2 is 
perceived to be more pleasant than the other one [18], while 
Memorization Index shows higher memorization effort during 
the observation of video V1. These results are in line with prior 
researches, which show that people could also be interested in 
unpleasant things [23] because attention is attracted by stimuli 
that are motivationally relevant, independently of their judged 
valence [24]; also the qualitative relation between Pleasantness 
Index and Attention Index highlighted in the previous section 
(the first index increasing while the second one decreasing 
through the four tested groups) supports this consideration. 

Eye tracking evaluation integrates self-reported and 
biological results, showing that participants’ concentration was 
more attracted by the two video clips than by the interaction 
opportunities offered through interactive videos. This result 
seems to be confirmed by the absence of statistically significant 
differences between the two video typologies, both for 
biological variables and self-reported measures.  

However, the quite small sample size considered in the 
present study brings to high variability in the biological 
measures. Therefore, further studies with an increased sample 
size are required in order to achieve less measure variability 
and validate our findings. 
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