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Abstract. Using a 50-inch 3DTV, we experimentally estimated the relationship 
between TV viewers’ emotional states and selected physiological indices. Our 
experiments show complex emotional states to be significantly correlated with 
these physiological indices, which comprise near-infrared spectroscopy (NIRS), 
representing central nervous system activity, and the low frequency/high fre-
quency ratio (LF/HF), representing sympathetic nervous system activity. These 
are useful indices for evaluating emotional states that include “feeling of in-
volvement.” 
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1 Introduction 

To develop TVs that create a powerful sense of enjoyment and involvement, it is es-
sential to make measurements of user’s emotional states. Current methods of doing 
this depend chiefly on subjective reports by participants, but these evaluations often 
show considerable variation between individuals. Thus, to be able to improve the 
accuracy of these types of evaluations, it is necessary to measure emotional states 
objectively. Previous studies on objective estimations of users’ psychological states 
have utilized physiological indices, including heart rate (HR), electroencephalograms 
(EEGs), and galvanic skin response (GSR)[1]-[3]. However, few previous studies 
have explored the physiological and psychological measurement of emotional states 
with any precision, using various types of video content during TV viewing or the 
relationship between physiological index and complex emotional states. Therefore, in 
a prior study [4], we used both physiological and psychological strategies to objec-
tively estimate emotional states in response to 3DTV video content. Our results indi-
cate that near-infrared spectroscopy (NIRS), representing nervous system activity, can 
provide useful indices for evaluating the emotional states of “stressed—relaxed” and 
“feeling of involvement.” In our prior study [4], ten minutes of content was divided 
into three scenes. The scores obtained in the questionnaire correspond to the average 
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of the physiological data value for each scene. However, the fact that participants’ 
emotional states might show rapid changes within each scene prompted us to carry 
out further investigations to gain more precise insight into the relationship between 
emotional states and physiological indices. We therefore explored experimental and 
statistical analysis methods of estimating emotional state using psychophysiological 
measurements, and attempted to clarify the influence of stereoscopic vision on emo-
tional state during 3DTV viewing. In our physiological evaluation, we used NIRS, 
brain waves, blink rate, heart rate, and a sympathetic nerve activity index; and in the 
psychological evaluation, we employed questionnaires and interviews. 

2 Experiment 

2.1 Methods 

Participants: Twelve adults aged from their 20s to 30s participated in this experi-
ment. 

Measurements: The following items were investigated. 

(1) Psychological state (“like—dislike,” “stressed—relaxed,” “feeling of involve-
ment—bored,” and “comfortable—uncomfortable”), reported on a scale of 3 to –3, 
through questionnaires and interviews. Four psychological items were additionally 
defined by the results of the pilot experimental interviews and those of our prior study 
[4].  In this study, the opposite emotional state to that of “feeling of involvement” 
was defined as “bored.” The emotional state for “feeling of involvement” was defined 
as the feeling on the part of the user that they could watch TV with concentration and 
engagement [5], and that for “bored” was defined as the feeling of not being able to 
watch TV with interest or absorption. 

(2) Near-infrared spectroscopy (NIRS): brain activity based on total hemoglobin or 
oxyhemoglobin, obtained by NIRS (NIRS detectors were placed on the left and right 
sides of the participant’s forehead); 

(3) Heart rate (HR) and heart rate variability (level of sympathetic nerve activity: 
LF/HF defined as the ratio of the low frequency band (LF: 0.04 - 0.15 Hz) to the high 
frequency band (HF: 0.15 - 0.5 Hz) [6][7], calculated employing FFT analysis using 
the R-R interval based on an electrocardiogram); 

(4) Blinking rate obtained by electrooculogram (EOG); 

(5) β/α (Electroencephalogram: EEG; Cz reference); 

(6) Respiration rates were calculated by monitoring a respiratory sensor unit attached 
to the thorax. RR(Respiration rates) was defined as the number of respiration per 
minute obtained by the respiration curve. 

Apparatus 

(1) The display device was a 50-inch plasma TV (PDP) (Panasonic, TH-P50VT33; 
resolution: HD 1920 x 1080, aspect ratio: 16:9, width: 1106 mm, height: 622 mm).  
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(2) The viewing distance was set at 165 cm, the same as that used in previous studies [4]. 

(3) Test room conditions were maintained at a constant level: ambient temperature of 
23 ˚C, relative humidity of 50%, and illumination of 150 lx. Humidity, which affects 
blinking rates, was strictly controlled. Illumination was set at 150 lx to simulate the 
average light level of a Japanese living room based on JIS standardization. 

Procedure: Participants engaged in TV viewing of two kinds of video content (action 
horror and SF fantasy). Each content lasted 10 - 12 minutes. Two minutes’ rest time 
was inserted before the 10 - 12 minute viewing test. Two viewing tests with different 
content were performed continuously. Each content set included two initial minutes of 
dummy video material, followed by five different scenes. To eliminate unstable phy-
siological data, a dummy video was inserted between each scene. The measurement 
items adopted were brain activity obtained by NIRS, HR and LF/HF by ECG, blink-
ing rates by EOG, and β/α by EEG and RR. Physiological indices were monitored 
while the participants underwent the viewing test. The participants gave a subjective 
assessment of their psychological state (“like—dislike,” “stressed—relaxed,” “feeling 
of involvement—bored,” and “comfortable—uncomfortable,” on a score of 3 to –3 
after watching each scene. To eliminate the order effect, the order of viewing content 
was different for each participant. 

2.2 Results and Discussion 

A Pearson product-moment correlation coefficient analysis was performed to analyze 
the statistical relationship among the physiological indices (LF/HF, HR, NIRS, β/α, 
RR, blinking rates) and the participants’ evaluation of their psychological state while 
viewing each type of content. 

Correlation among NIRS, HR, LF/HF, blinking rate, β/α and the participants’ eval-
uation of their psychological state: 

Tables 1 (a) and (b) show the correlation between physiological and psychological 
states for content 1 (action horror). Tables 2 (a) and (b) show the correlation between 
those for content 2 (SF fantasy). S1 - S12 in Table 1 and 2 indicate each participant’s 
identification number. P, N, and NULL indicate the following. P: significant positive 
correlation, N: significant negative correlation, NULL: no significant correlation. The 
level of significance was set at a coefficient of correlation of  > 0.4 or < –0.4. For 
example, “N,” a value on S1’s “comfortable—uncomfortable” axis and “NIRS” col-
umn in Table 1 (a), shows a significant negative correlation between NIRS and this 
participant’s scores for the “comfortable—uncomfortable” psychological state, re-
flecting a general pattern of NIRS being significantly lower in participants who gave 
higher scores for “comfortable.” Tables 3 (a) and (b) show the sum of “like—dislike” 
score points for each scene. 

The results show NIRS values to be lower in participants who gave higher scores 
for “comfortable,” with a significant correlation shown in six of the twelve partici-
pants, shown in Table 1 (a), and to be higher in participants who gave higher scores 
for “feeling of involvement,” with a significant correlation in nine of the twelve par-
ticipants, as shown in Table 1 (a); and to be higher in participants who gave higher 
scores for “stressed,” with a significant correlation in eight of the twelve participants 
in Table 1 (b). However, this was not the case for “like—dislike, NIRS” in Table 1 
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(b). Some participants (S1, S6, S11, S12) gave higher scores for “like” when viewing 
“action horror” and showed a higher NIRS value. Other participants (S2 - S5, S10) 
gave higher scores for “dislike” when viewing “action horror” and showed a higher 
NIRS value.  

The results showed LF/HF values to be higher in participants who gave higher 
scores for “feeling of involvement,” with a significant correlation in seven of the 
twelve participants, as shown in Table 1 (a), and also to be higher in participants who 
gave higher scores for “stressed,” with a significant correlation in seven of the twelve 
participants, as shown in Table 1 (b). However, as with the NIRS results, this was not 
the case for “like—dislike, LF/HF” in Table 1 (b). Some participants (S1, S6, S9, 
S11, S12) gave higher scores for “like” when viewing “action horror” with a higher 
LF/HF. Other participants (S2 - S4, S8, S10) gave higher scores for “dislike” when 
viewing “action horror” and showed a higher LF/HF.  

The results showed NIRS and LF/HF values to be significantly higher in partici-
pants who gave higher scores for “feeling of involvement” or “feeling stressed” when 
viewing action-horror content, irrespective of whether the content preference of the 
participants was clearly “like” or “dislike” (Table 3 (a)). However, the results showed 
NIRS, LF/HF and HR to be significantly higher in participants who gave higher 
scores for “comfortable” if the participant’s content preference was “like,” and NIRS 
and HR were significantly higher in participants who gave higher scores for “uncom-
fortable” when the participants’ content preference was “dislike.” 

On the other hand, for content 2 (SF fantasy) where the content preference of the 
participants was not so clearly separated into “like” or “dislike” (Table 3 (b)), NIRS 
was higher in participants who gave higher scores for “comfortable,” with a signifi-
cant correlation seen in nine of the twelve participants, as shown in Table 2 (a). How-
ever, NIRS values were significantly higher in some participants who gave higher 
scores for “feeling of involvement—bored” (Table 2 (a)), and “stressed—relaxed” 
(Table 2 (b)); and NIRS values were significantly lower in other participants who 
gave higher scores for those emotions. In addition, as with NIRS, LF/HF was signifi-
cantly higher in some participants who gave higher scores for those emotions, and 
LF/HF was significantly lower in other participants who gave higher scores for those 
emotions. 

Figure 1 (a) shows the relationship between the two psychological axes, NIRS and 
LF/HF, when viewing a “liked” scene with any content, and Figure 1 (b) shows the 
relationship between the two psychological axes NIRS and LF/HF when viewing a 
“disliked” scene with any content. When viewing “liked” scenes with any content, the 
psychological evaluations of the experimental participants tended towards “comforta-
ble” and “feeling of involvement.” There was a positive significant relationship be-
tween complex emotional states and NIRS and the autonomic nervous activity level 
estimated by LF/HF. In other words, NIRS and LF/HF were significantly higher in 
participants who gave higher scores for “feeling of involvement” or “comfortable” 
when viewing “liked” scenes. On the other hand, when viewing “disliked” scenes, the 
psychological evaluations of participants tended towards “uncomfortable” and  
 

 



 Evaluating Emotional State during 3DTV Viewing 357 

 

“feeling of involvement.” However, there was a significantly negative correlation 
between  “comfortable—uncomfortable” and NIRS and autonomic nervous activity 
level estimated by HR. NIRS and HR were significantly higher in participants who 
gave higher scores for “uncomfortable,” irrespective of whether the content prefe-
rence of the participants was clearly separated into “like” or “dislike.” However, our 
results showed NIRS and LF/HF to be significantly higher in participants who gave 
higher scores for “comfortable” if the participant’s content preference was “like,” and 
was significantly higher in participants who gave higher scores for “uncomfortable” 
when the participants’ content preference was “dislike.” 

Figure 1(a) and (b) show that participants’ feelings were separated “like” or “dis-
like,” or “comfortable” or “uncomfortable” for the two kinds of content used in this 
study, but most felt a “feeling of involvement” in the content. In the light of the re-
sults of the interviews, it appears that the effect of 3D video tended to increase “feel-
ing of involvement.” Further investigations will be needed to gain a more precise 
picture of the relationship between emotional states and physiological and objective 
psychological measurements. 

Table 1. Correlation between physiological and psychological states for content 1 (action 
horror) 

S1-S12 indicates each participant’s identification number. The signs P, N, and NULL indicate 
the following. P: significant positive correlation, N: significant negative correlation, NULL: no 
significant correlation. The level of significance was set at a coefficient of correlation of > 0.4  
or < -0.4. 
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Table 1. (continued) 

 

 
(b) 

 

Table 2. Correlation between physiological and psychological states for content 1 (SF fantasy) 
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Table 2. (continued) 

 

 
(b) 

Table 3. Sum of “like—dislike” score points for each scene 

 
 (a) for content 1 (action horror) 

 

 
(b) for content 2 (SF fantasy) 
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 (a) The relationship between the two psy-
chological axes, NIRS and LF/HF, in the 
case of viewing “like” scene. 
X-axis (score for feeling of involvement—
bored) 
Y-axis (score for comfortable—
uncomfortable) 

(b) The relationship between the two psy-
chological axes, NIRS and LF/HF, in the 
case of viewing “dislike” scene. 
X-axis (score for feeling of involvement—
bored) 
Y-axis (score for comfortable—
uncomfortable) 

 

Fig. 1. (a) in Figure 1 show the relationship between the two psychological axes in the case of 
viewing “like” scene. And (b) in Figure 1 show the relationship between the two psychological 
axes in the case of viewing “dislike” scene. The X-axis for (a) and (b) in Figure 1 indicates the 
participants’ scores for the “feeling of involvement—bored” psychological state. The Y-axis for 
(a) and (b) in Figure 1 indicates scores for (“comfortable—uncomfortable”). The font size of 
the plot markers () on the graph grid indicates the number of points that were selected by 
participants as their psychological scores. The total number of points for (a) was 52 and that for 
(b) was 34. The scale of font sizes is 1 to 7 points. 

3 Conclusion 

Our results indicated that near-infrared spectroscopy (NIRS) and low frequency/high 
frequency ratio (LF/HF) to be potentially useful indices for evaluating emotional 
states that include “feeling of involvement,” “stressed—relaxed” and “comfortable—
uncomfortable.” Moreover, they indicate the potential for improving accuracy of 
evaluation by combining complex emotional states into a physiological index, and 
that both physiological and psychological approaches can be used to obtain objective 
measurements of emotional states. 

Further investigations will be needed to gain a more precise picture of the relation-
ship between emotional state and physiological and psychological measurements 
when viewing various types of content and with analyzing for each separated group 
by participants’ preference.   
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