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Abstract. The purpose of this study is to estimate the emotions that users expe-

rience when they see advertisements displayed by websites. It is possible to pro-

vide users with the products and services they want by displaying web advertise-

ments appropriately. This is a desirable situation for companies, users, and web-

sites. We thought that users would have a physical reaction when they viewed a 

website. We especially focused on change of pupil size. In our experiment, the 

subjects were presented several types of web advertisements.   

The types of web ads presented are: 3 types of ads display methods (banner-ad, 

front-ad, Click-ignore ad), 2 types of advertising images (positive and negative), 

for a total of 6 combinations.  

We found a characteristic response of pupil size by ads types by use of golden 

cross and dead cross analysis. And we show possibility of estimating emotion by 

pupil size. 

Keywords:   Recommendation System, Pupil Size, Web Advertising, Multi-

modal Information, golden-cross 

1 Introduction 

The Internet has been widely used, and 80-90% of Japanese use it on a daily basis [1] . 
As a result, many web sites are published on the Internet, and many of them are pro-
vided by the benefits through the web advertisement. Many Web advertisements are 
posted on major web sites, such as “Google” and “Yahoo! Japan”. These major web-
sites are developing ways to present advertisements that are suitable for users [2]. One 
example is to build a recommender system using BIG-DATA. It uses the user’s ID 
information and web operation history data to present advertisements suitable for the 
user.  



 
 

In this way, the environment of Web advertising is constantly evolving. However, 
according to the “Awareness Survey on Internet Advertising” [3], more than 80% of 
users responded that they “feel that advertising on the Internet is intrusive or annoying.” 
This result shows that the user’s impression of the web advertisement is bad, and it is 
not a good situation for websites, advertisers, and users. Web advertising connects users 
and products, and it is an important medium to promote better consumer behavior. For 
all three parties to get good results, the advertising system needs to serve ads more 
appropriately to the user. 
We aim to build a recommendation system that displays advertisements that are more 

suitable for users. Therefore, we focused on the multimodal information of users while 
browsing a website. Multiple methods of communication, including visual and audi-
tory, are referred to as multimodal information. 

2  Related study on multimodal information 

In recent years, there has been a lot of study purposed at making systems understand 
the emotions of users. There are many studies that use multimodal information of users.  
Kato's study is to develop a conversation system for users who were not experienced 

with ICT devices [4]. This system attempted to recognize facial expressions and estimate 
emotions from the subject's face image. 
Furukawa's study [5] is an attempt to estimate emotions from pupillary responses and 

eye movements. This study is not target to Web advertising. However, the results 
showed that user's multimodal information tends to express the user's emotions. 
Q. Zhao's study [6] purpose to estimate the user's next gaze direction and utilize it for 

recommendation functions. The study limited on the grid user interface of smartphones. 
However, this study is an example of the use of multimodal information for recommen-
dation functions. In this study found that it is possible to estimate the user's next gaze 
even in the limited environment of a "grid-based UI" of a smartphone. The purpose of 
this study is to realize a system that can display recommendations efficiently by utiliz-
ing gaze. 
The study by Simola examines the effect of advertising on reading web content [7]. 

Their study focused line of sight of subjects. In their study examines the effects of 
changing conditions, such as animating Web advertisements and adjusting display time 
intervals, on the line of sight. The subjects' gaze dwell time tended to be longer for 
animated ads than for static ads. Also, there is an effect between the appearance time 
of the advertisement and the movement of the gaze. 
Yamanaka's study [8] proposes a convenient method of evaluating mental stress. An 

experiment was carried out to clarify the relation between changes in pupil diameter 
and autonomic nervous activity by measuring an electrocardiogram and pupil diameter. 
Several relationships between changes in pupil diameter and autonomic nervous activ-
ity were revealed and indicated that measurement of pupil diameter was an effective 
indicator of autonomic nervous activity. 



 

3 Purpose 

Based on related research, we hypothesized that "stimuli received from Web advertise-
ments (hereafter referred to as "advertising stimuli") characterize users' multimodal in-
formation. 
Total of six types of multimodal information were obtained in this experiment. 
- Mouse clicks - Mouse cursor trajectory - Eye gaze - Pupil size - Emotion estimation 

from facial expression images - Posture estimation from body images. 
The reason for targeting this multimodal information is that no medical knowledge or 

skills are required to handle them, and the data can be acquired with readily available 
devices.  
In order to fairly describe the experimental environment, all multimodal information 

acquired in the experiment was enumerated, however this paper focused on "pupil size" 
and "mouse clicks". Other multimodal information is obtained for the co-experiment-
ers. This multimodal information is not discussed in detail in this paper. 
Therefore, the objective of this study was to "find characteristic changes in the mag-

nitude of the tendency when users are exposed to advertising stimuli. If characteristic 
multimodal information can be found in the experimental results, it will be possible to 
estimate the subject's emotions based on these characteristics. 

4 Experiment details and Subjects 

An experiment was conducted to obtain multimodal information about the subject's 
browsing of a Web site. For the experiment, we created our own two-choice quiz web-
site (hereafter referred to as the “experimental website”). 
Subjects were given advertising stimuli while operating the experimental website. The 

details of the experimental website are described in Section 5.1. The types of advertis-
ing stimuli given to the subjects are described in Section 5.2. The details of the system 
for acquiring multimodal information are described in Chapter 6. 
20 subjects (10 males and 10 females, aged 18-24) were asked to participate in this 

experiment. The subjects were told in advance that they would receive additional re-
wards (gift certificates) depending on their quiz performance. We created an environ-
ment in which the subjects could operate the quiz site seriously. 

5 Experimental website and Advertising stimuli 

5.1 Overview of the experimental web system 

The experimental website has the following specifications: (1) to (5). The subjects 
were given advertising stimuli during the actions of (1) to (2). 

(1) Display the question text (see Fig. 1). 
(2) Click on the answer that the subject judges to be correct. 
(3) The experimental quiz system displays the correctness of the quiz (see Fig. 

2). 



 
 

(4) When the subject clicks the "Go to Next Question" button, the experimental 
quiz system returns to (1). 

(5) After about 14 minutes, the experiment is finished. 
 

       
Fig. 1 The question screen                               Fig. 2 The correct answer screen 

 
The total number of questions in the quiz on the experimental website was 738.  The 

questions were randomized, but the same question was not displayed during one exper-
iment. However, when all the questions have been submitted, they will be randomized 
again. The experimental website was built using an AWS（Amazon Web Service）[9]. 
virtual server. The specifications of the virtual server used are shown in Table 1. 

Table. 1 specifications of the virtual server. 

AWS Spec（t2.micro） Detail 

OS Amazon Linux release 2 

Memory 1 GiB 

Storage 8 GiB 

Availability zone us-east-2c 

 
The experimental website was implemented using python (Django framework), html, 

CSS, and JavaScript. In addition, PostgreSQL was installed in the virtual server. In the 
experimental website, the question texts and correctness errors were saved in Post-
greSQL. 

5.2 Types of advertising stimuli and stimulus intensity 

There are a wide variety of factors that interfere with the user's experience with ad 
displays. It is very difficult to investigate all factors. In this study, we investigated 1) 
images of advertisements and 2) methods of displaying advertisements. 

1) Images of advertisements.  
Various images are displayed in web advertisements. First, we decided to roughly in-
vestigate the relationship between the displayed images and multimodal information. 
For this purpose, we prepared two patterns of images that were thought to affect the 
user's pleasantness or unpleasantness. 



 

In this experiment, OSAIS（Open Affective Standardized Image Set）[10]  was used 
as an image that mimics an advertising image. OASIS is an open access online stimulus 
set that contains 900 color images of humans, animals, etc. Every image in OASIS is 
assigned two values: Valence value and Arousal.  In addition, OASIS assigns a positive 
value and a negative value to every image.  First, we selected images for our experiment 
that met the criteria based on two values, Arousal_mean and Valence_SD. The specific 
criterion is that Arousal_mean > 3.66 and Valence_SD <= 1.1. We selected 30 images 
that met the criteria of Arousal_mean and Valence_SD in the order of positive and 
negative values, respectively. However, we did not use those images that were offen-
sive to public order and morals even though they met the criteria. (e.g., dead bodies, 
nudes, wounds, blood, etc.) Examples of positive and negative images, respectively, 
are shown in Fig. 3 and 4. 

1a). Positive images: 30 images.  

 
Fig. 3 Example of Positive Images 

1b). Negative images: 30 images.  

 
Fig. 4 Example of Negative Images 

2) Methods of displaying advertisements.  
In this study, the subjects were presented with three types of advertising stimuli: 2a) 
Banner ads, 2b) Front-page ads, and  2c) Click-ignore ads. 

2a). Banner Ads.  
Displays images like banner advertisements used in popular websites. This advertise-
ment display will not interfere with the user's operation.  An example is shown Fig. 5. 



 
 

    

 
 Fig. 5 Example of Banner Advertisement  

(Left: positive / Right: negative) 

2b). Front-page Ads.  
Front page advertisements are advertisements that are used on some websites. It is a 
display type that interferes with the user's operation of the web contents. An example 
of the advertisement display in this experiment is shown in fig. 6. 

   

 
Fig. 6 Example of Front-page advertisement  

(Left: positive / Right: negative) 

2c). Click-ignore Ads (Click-ignore+ front page advertisement). 
The third is a display pattern like the front-page advertisement, but with different click 
controls. This display pattern ignores the "Close" button in the Front-page advertise-
ment with a certain probability. The specific process is as follows: First, a value be-
tween 1 and 6 is randomly determined when the Front-page advertisement is displayed. 
Then, ignore the click of the "Close" button for the number of times the value is deter-
mined. This means that the subject will have 1 to 6 clicks ignored. This display pattern 
is very disturbing to the user. This pattern will henceforth be referred to as "Click-
ignore Ad". 
Subjects were given a total of 7 different advertising stimuli (2 types of advertisement 

images * 3 display types + no advertisement stimuli) in an unbiased manner. Fig. 7 
illustrates how the advertisement stimulus is given to the test subject. 



 

 
Fig. 7   Time Chart of Advertising Stimulus 

 
The following is an explanation of Fig. 7. 
(1) The first 60 seconds after the subject started the experiment was the interval with-

out advertisement stimuli. This is the interval for the subjects to get used to the 
display and operation of the experimental website. After 60 seconds, the first time 
the question is asked, the experimental website proceeds to (2). 

(2) The experimental website provides advertising stimuli to the subjects. This adver-
tising stimulus is randomly selected from the 7 types of displays already men-
tioned. 

(3) The subject either closes the ad or answers the displayed questions. 
(4) After the operation of (3), the quiz is displayed without advertisement stimulus 

for 15 seconds. When the quiz is displayed for the first time after 15 seconds, the 
system proceeds to (5). 

(5) The subject is again given the advertising stimulus. The advertisement stimulus to 
be given is randomly selected from the remaining display types. 

(6) Repeat (3) through (5) until all 7 types of displays have been completed. 
(7) Repeat (2) through (6) three times. 
(8) After the completion of (7), the quiz will continue until the end of the experiment 

(14 minutes and 15 seconds). We set the experiment time to 14 minutes and 15 
seconds so that all the ads could be displayed. 

 
We also defined a measure of stimulus intensity for the four types of advertising dis-
plays in this experiment. The stimulus intensity was defined as the degree to which the 
advertisement interfered with the subject's operation. The stimulus intensity is shown 
in Table 2.  In this paper, we also focus on the effect of stimulus intensity on multimodal 
information. 
 



 
 

Table 2.  The stimulus intensity of the advertisement 

The stimulus 

intensity 
Display Type Strength Basis 

Weak 

 

↓ 

 

Strong 

No ads displayed Because there are no ads on the screen. 

Banner Ad 
Because the display of advertisements does not in-

terfere with the subject's operation. 

Front-page Ad 
Because advertisements that interfere with the op-

eration of the experimental website are displayed. 

Click-ignore Ad 
Because the process of ignoring the subject's click 

is performed in addition to the display of Front-ad. 

 
In addition, we focused analysis for difference of displayed positive and negative im-
ages. We hypothesized that there may be multimodal information that is featured only 
in positive or negative images. 
In other words, we decided to focus on "stimulus intensity" and "positive/negative 

images" for our analysis. 

6 Multimodal information acquisition system 

The multimodal information of the subject's 6 points is obtained using the devices 
shown in (a)-(e) in Fig .8 and Fig. 9 shows the scene during the experiment. 

       
Fig. 8 Multimodal Information Acquisition System     Fig. 9 Scene during an experiment 

 
Table 3 shows the specifications of the devices used in the multimodal acquisition sys-
tem. As we described in Chapter 3, the devices (c) and (e) were prepared for co-exper-
imenters. 

Table 3.  List of devices used in the experiment 

Device Details 

PC 

CPU Intel	Core	i9-9900X 

GPU NVIDIA	GeForce	RTX	2060	SUPER	 

OS Windows10	Education 

Web Browser Google	Chrome 



 

(a) PC monitor iiyama	ProLite	XUB2792HSU 

(b) Mouse ELECOM	M-BL27UBBK 

(c) Azure Kinect DK - 

(d) Tobii Pro nano [11] - 

(e) Web Camera Logicool	C920n	+	

 
There were no restrictions on the wearing of glasses in the above devices. Therefore, 
the wearing of the glasses was left up to the subject. On the other hand, wearing a thick 
jacket or a mask affects the data to be acquired. Therefore, we asked the subjects par-
ticipating in the experiment not to wear them. 

7 Pupil size analysis method 

7.1 Pretreatment 

We performed preprocessing on the acquired pupil data. The purpose of the prepro-
cessing is as follows: 

- To standardize the scale between subjects 
- To express a rough change rather than a detailed change 
The detail of the preprocessing is as follows:  

Original data (left and right pupil size)  
→ Interpolate missing data with data from the previous time  

     →Resampling process (60hz to 20Hz) 
 → Average left and right eye data 
 → Normalize by 0~1 

There were 20 subjects, but there was one subject for whom eye data could not be 
obtained due to the forelock. Therefore, the number of subjects for analysis was 19. 

7.2 Analysis by moving average 

A moving average of 10 seconds (5 seconds before and after) was calculated for the 
data that had undergone "7.1 Preprocessing". Fig. 10 shows an example of the calcu-
lated moving average data and time trends. The areas with colored backgrounds in the 
figure are the areas where advertising stimuli are provided. 
 

 

Fig.10 An example of moving average data and advertising stimuli 

 
The following trends were common among the 19 subjects 



 
 

- Click-ignore ad has a large value. Ads with a long display time often have a 
large value. 

- When an ad is displayed, pupil size rises and falls after the display, regardless 
of the type of advertising stimulus. This is especially noticeable for click-ignore 
and front-page. 

- There is no feature difference due to the negative/positive influence of the dis-
played image. 

7.3 Analysis by Golden Cross 

The analysis in Chapter 7.2 allowed us to show the features in the moving average of 
pupil size. In addition, we focus on Golden Cross, which is one of the analysis methods 
using moving averages. 
Golden cross is methods used especially when predicting stock price trends. golden is 

calculated using two moving averages of different periods. This is one of the analysis 
methods using moving averages. 
In Chapter 7.2, we used a 10-second moving average (5 seconds before and after). In 

this chapter, we added a 40-second moving average (20 seconds before and after) cal-
culate the two crosses. Results of the calculated crosses are shown in Fig. 11. 
 

 
Fig. 11 Analysis results of the golden cross 

 
Figure 11 shows that the Golden Cross tends to appear under the influence of the dis-
play of advertisements. This can be said from the fact that the frequency of appearance 
of the golden crosses during and after the display of advertisements is different. 
When strong ads are displayed, both or one of the following two tend to occur. 
- Pupil size is enlarged in the long-term moving average 
- A golden cross occurs. 
However, a series of golden crosses indicates areas where pupil fluctuation is small. 
The results of a detailed review of each advertising stimulus are as follows. In click-

ignore ads, the pupil size is often large and there is often a golden cross. Banner ads 



 

tend to have a Golden Cross, although the pupil size is not large. Front-page ads tend 
to be somewhere in between. 
As described above, by using golden cross, we were able to show the characteristics 

of pupil size. The above results suggest that advertising stimuli affect pupil size fluctu-
ations. 

7.4 Analysis by variance value using MACD 

MACD (Moving Average Convergence Divergence) is the difference between two ex-
ponential smooth moving averages, one short term and one long term. MACD is also 
an indicator to examine the movement of stock prices. It was introduced in this study 
to process time series data as well as stock prices. 
We compared the MACD values of the advertising stimulus intervals for each adver-

tising stimulus. We focused on the variance values of MACD. 
The variance values for subject 02, which has been shown so far as an example is 

shown in Fig. 12, and the variance values for all 19 subjects are shown in Fig. 13. 
 

     
 
 
 
 
Fig. 13 shows that the variance value is higher in the order of Click-ignore > Front-
page >No ad ≥ Banner. There was no difference in the positive/negative images as in 
the analysis in Chapter 7.2. Therefore, the variance values were calculated by eliminat-
ing the difference between positive/negative images. As above, the variance values for 
subject 02 and all subjects are shown in Fig. 14 and 15, respectively. 

Fig. 12 Variance value of the inter-

val under analysis for subject 02 
Fig. 13 Variance value of the interval 

to be analyzed for all subjects 



 
 

     
 

 

 

   

Fig. 15 clearly shows that the variance value of CDMA results in Click-ignore > Front-
page >No ad ≈ Banner. In most subjects (16/19), Click-ignore had the highest variance 
value. However, as shown in Fig. 16, there were some subjects who had different size 
relationships. 
The features calculated from the pupil size may be useful indicators for detecting the 

display of strong advertising stimuli. 

8 Conclusion and Interpretation 

8.1 Discussion 

In this study, we asked subjects to operate a web browser and gave them advertising 
stimuli. Multimodal information was obtained and analyzed during the experiment. In 
this paper, we focus especially on the features of pupil size in our analysis. 
The results of the analysis suggested that the advertisement display affected the pupil 

size of the subjects. Due to strong advertising stimuli, the size of the pupil tends to 
increase significantly. 
Furthermore, we used golden cross to express the characteristics. 
Golden Crosses tend to appear due to subjects' responses to advertising displays. 
Golden crosses tend to occur regardless of ad type. This revealed that a golden cross 
was displayed regardless of the complexity of the targeted ad avoidance behavior. 
Especially when click-ignore ads were displayed, large fluctuating golden crosses oc-

curred. 
Therefore, the golden cross appears regardless of the type of ad display, however, it 

can be said that the appearance interval and pupil size at the time of appearance differed 
depending on the advertisement type. 
We calculate the variance values were calculated from the MACD values of all 19 sub-
jects. The results showed that the features by MACD variance values tended to appear 
in the order of Click-ignore > Front-page > No ad ≈ Banner.  

Fig. 14 Variance values for each 

display method for subject 02 
Fig. 15 Variance values by display 

method for all subjects 



 

Analysis by variance values shows a strong tendency for strong stimuli to have larger 
variance values than weak stimuli. However, it is not possible to separate whether this 
difference is due to the influence of the strength of the advertising stimulus or the com-
plexity of the ad avoidance action. 

8.2 Interpretation 

Based on the rationale defined in Table 2, we believe that this feature of variance indi-
cates the size of the perceived "disturbance" during web browser operation. In the fu-
ture, I would like to use this feature to build in a recommendation system. By utilizing 
the feature movement of the pupil size discovered in this paper, it is possible to deter-
mine if the user feels disturbed. 
On the other hand, there were some subjects whose features were not easily visible. It 

is hypothesized that there were subjects who did not feel disturbed by the click-ignore 
advertisement even when it was displayed. Conversely, there were subjects who 
showed the feature movements shown in this paper in Banner ads. The reasons for these 
movements were thought to be largely due to individual differences based on the level 
of experience in PC operation and personality. 
But that's just a hypothesis. In the future, we would like to analyze this hypothesis by 

focusing on multimodal information other than the pupil size feature focused on in this 
paper. 
In addition, two types of images, positive and negative, were prepared for the experi-

ment. As discussed in reference [7], there are many images in web advertising. We would 
like to refine the modeling of the effects of images by investigating various factors 
based on our findings.  
From a medical point of view, it has been reported that the pupil size changes with 

stress, wakefulness, attention, and sleepiness [12]. The results were similar for the ad-
vertising stimuli in this study. We found that the pupil size was clearly changed by the 
web advertisement stimuli. Thus, we believe that the results of this experiment, includ-
ing the medical findings, are generally valid.  

8.3 Future Issues 

Through this study, we found that a feature movement in pupil size appears depending 
on the type of web advertisement displayed. However, the following issues remain to 
be solved. 

Issue 1: Features for positive/negative images have not been found. 
Issue 2: Consideration of a judgment method that includes the individual differences 
indicated in 8.2 
Issue 3: Investigation of automatic decision-making methods using machine learn-
ing, etc. 

  First, for issue 1 and 2, we would like to use the pupil size data to study the calculation 
of features other than those concluded in this paper. Next, we would like to analyze 
multimodal information other than pupil size to show feature movements. 



 
 

As for issue 3, we think it is necessary when building a recommendation system. 
Calculate other features based on the features concluded in this paper. Using these cal-
culated features, we construct a machine learning model. As we continue to analyze the 
data acquired in this experiment, we will find new features of the movements and build 
a more robust machine learning model. 
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