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Abstract. When people select a product, they often face problems that they spend 
too much time to make a choice or tend to pick only popular items. As a solution 
to this problem, we focused on visual characteristics called pop-out, assuming 
that presenting the pop-out can lead to shortening the selection time and a wider 
variety of choice. In this study, we implemented a signage vending machine 
which had a pop-out function and conducted a long-term experiment (half year) 
to investigate the effect of the pop-out method in a real environment. From 2826 
sales, we revealed that the selection time was short when the purchased items 
were popped-out, and a popped-out product was more likely to be selected by 
1.51 times than chance level during the cold-only period that sold cold products 
only. On the other hand, there was no effect of the pop-out during the hot/cold 
mixed period that sold both cold and hot products. 
 
Keywords: Choice behavior, pop-out, visual stimuli, vending machine 

1 Introduction 

In everyday life, people encounter a lot of situations that require them to select some-
thing such as purchasing a drink at a vending machine, pick a lunchbox from a show-
case, placing an order from a menu at a restaurant, and so on. 

At the time of product selection, people often take time to consider which product to 
buy. However, there are several demerits in this behavior. For example, if a customer 
spends too much time to select items in a fast food restaurant, there would be a waiting 
line, the restaurant might get crowded, or other customers would become in a bad mood. 
So, it would be good for the providers if customers select items as fast as possible. In 
addition, spending a long time for selection is often considered to be a waste of time, 
so it is desirable to shorten the selection time. To solve these problems, we considered 
necessary to shorten the selection time by promoting the selection of products. 

We then assumed that making a particular item stand out would be a way to encour-
age the selection of items. However, it is not desirable that only a particular item is 
highly likely to be selected when customers should have a wider variety of choice. For 
example, if people selected a particular product only in the vending machine, the prod-
uct will be sold out, and others who want the item are no longer able to buy it. In 
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addition, it is disadvantageous to the providers since they hope to eliminate the hesita-
tion over the selection as much as possible and encourage diverse selection. 

Thus it is considered to be important to reduce the time required for selection and to 
promote selection with a wider variety. Here, there is a visual characteristic of human 
beings called pop-out. The pop-out is a visual characteristic to perceive the stimulus 
immediately when only one different visual stimuli is present in the same visual stim-
ulation group (Fig. 1). Then, we considered using the pop-out during the selection ac-
tion would lead to shortening the selection time and diverse selection. For example, 
when multiple products are sold in vending machines, by popping out a particular prod-
uct, it becomes easier for the customers to perceive the item immediately. With this, it 
is possible to induce the customers to select the target item and reduce the time for 
selection. 

In this study, we implemented a vending machine with touch display which users 
could buy a drink only by touching its image (Fig. 2) and carried out a long-term inves-
tigation (half year) on whether pop-out leads to shortening the selection time and 
whether the range of selection becomes wider by performing pop-out. In addition, we 
placed the vending machine at our university. Furthermore, we clarified the advantages 
and problems of pop-out based on the results of the experiment. 

 
 

 

 
 
 

Fig. 1.  Example of a pop-out 
 

 
Fig. 2.  The signage type vending machine 

for the experiment 

2 Related Work 

Many kinds of research have been carried out to study pop-out. Maljkovic et al. [1] 
revealed that whether a person anticipates what is popped-out does not affect the target 
of their attention, and that pop-out cannot be ignored consciously. In addition, there are 
many studies that analyzed the target stimulus of pop out, and they found that pop-out 
can be affected by factors such as word group relevance (Diliberto et al. [2]), difference 
in directions (Nothdurft [3]), and whether the target stimulus is a face (Hershler et al. 
[4]). Based on the findings of these studies, Baldassi et al. [5] suggested that pop-out is 
not peculiar to the luminance or color, but may occur due to subjective factors such as 
personal experience or knowledge. Our current study focuses on these characteristics 
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of pop-out introduced above and researches whether pop-out can reduce hesitation and 
time of selection. 
    Nudging is a term in behavioral economics that means a way to induce human be-
havior without restricting options. Specific examples and problems of nudging are sum-
marized in Marteau et al. [6]. It is a nudging to induce selection by presenting pop-out 
before the action of selection, which is carried out in this study. 
    Digital signage is an information medium for transmitting information that displays 
images and characters with a display or projector. One of the examples is the digital 
signage guide interface in buildings or tourist spots, and the vending machine used in 
this study can also be an example. Digital signage has been becoming more and more 
common, and many studies have conducted along with it. For example, Muller et al. 
[7] pointed out a problem that digital signage is likely to be ignored when it shows 
advertising for which the viewers have no interest and proposed solutions for it. Digital 
signage is considered to match the technique introduced in the current study, which 
pops out a particular item because it is possible to control the information to present 
dynamically. 

3 Experiment 

The purpose of this study is to verify the usefulness of pop-out in solving the problems 
in product selection. Then, we implemented a signage type vending machine and in-
vestigated whether or not the pop-out is effective for reducing the selection time and 
promoting more variety of product selection by conducting an experiment using the 
machine. 

Through the experiment, we collected data of the flow from when the research par-
ticipants selected the item that is displayed on the screen of the vending machine to 
when they purchased it. We installed a function to present the effects of pop-out to 
highlight only one of the items in the vending machine at random for every purchase, 

 
 

Fig. 3. An example of the product selection screen in the pop-out condition 
 (bottom center of the product have been popped-out) 
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and we investigated whether the selection behavior can be affected by the presence or 
absence of the pop-out. In addition, the system changes a popped-out product randomly. 
Moreover, we fixed the position of the products during the experiment period except 
when we replaced the products with new ones. 

Firstly, we investigated the selectivity of pop-out. Then, we compared the situations 
with the pop-out presentation (henceforth referred to as pop-out condition) and without 
the pop-out presentation (henceforth referred to as normal condition). Here, we inves-
tigated whether the presence of the pop-out by itself affects the reduction of selection 
time, regardless of whether the popped-out items were selected. In addition, we com-
pared the selection times of when people selected the popped-out product and when 
they did not select it in the pop-out condition. Furthermore, to see if the pop-out influ-
ences the choice of the items, we compared the distributions of the purchased products 
with the pop-out presentation (pop-out condition) and without the pop-out presentation 
(normal condition). 

 In the experimental system, we used the same background color for all the products 
in the normal condition. Here, in the pop-out condition, we changed the background 
color of a product that was randomly selected and applied the pop-out to the product. 
An example of the product selection screen in the pop-out condition (see Fig. 3). In the 
experiment, the background color of the popped-out products was gray (RGB values 
that are specified in 0.0 and 1.0 are 0.9 respectively), and the background color of the 
products without the pop-out was white (RGB values are 1.0 respectively). By making 
only one background color stand out this way, it becomes easy for the target item to 
attract attention, which is expected to increase the product selectivity and shorten the 
selection time. 

We placed the system on the sixth floor of Meiji University. The experimental con-
tributors were an unspecified number of people who stopped by the vending machine 
and were notified about the experiment by a poster on the vending machine telling that 
the experiment was underway. The experimental implementation period was from Au-
gust 29, 2018, to February 28, 2019, which resulted in collecting data of 2826 sales. In 
addition, from August 29, 2018, to 1:00 pm on October 31, 2018, the vending machine 
sold only cold products (henceforth referred to as cold-only period), and the number of 
sales of this period was 1090. Then, we replaced six cold products with hot products at 
1:00 pm on October 31, 2018, and since then both the hot products and cold products 
were sold (henceforth referred to as hot/cold mixed period). The number of sales in this 
period was 1736. 

4 Result 

The total number of sales to be analyzed was 2826, in which the number of sales in the 
pop-out condition was 1384 (526 during the cold-only period, and 858 during the 
hot/cold mixed period) and the number of sales in the normal condition was 1442 items. 

Table 1 shows the number of sales in the pop-out condition and the selectivity of the 
pop-out product in each period. Here, if people selected the products randomly at 
chance level, the number of the sold items with the pop-out will be 15.94 (526/33) 
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during the cold-only period, and 26.00 (858/33) during the hot/cold mixed period. The 
selection ratio of the popped åout products becomes 1.51 in cold-only period and 1.04 
during the hot/cold mixed period. These results suggest that the effect of pop-out was 
seen during cold-only period, but not during the hot/cold mixed period. 
 

Table 1.    The results of sales in the pop-out condition in each period 

 
Fig. 4 shows a comparison between the average selection time of when the customers 

selected the popped-out product and that of when they did not select the popped-out 
product in each period. In this figure, the average selection time of the user who selected 
the popped-out product was shorter than that of those who did not select the popped-
out products. However, there was little difference in selecting time whether the products 
popped-out or not during the hot/cold mixed period. The result suggests that by pre-
senting the pop-out during the cold-only period, it was possible to shorten the selection 
time of the user when they selected the pop-out product. 

Fig. 5 shows a comparison of the average selection time in the pop-out condition and 
the normal condition. From this result, there is no difference in the average selection 
time between in the pop-out condition and the normal condition.  

 
 

 
Fig. 4. Comparison of the average selection time 

between popped-out items and others 

 

 
Fig. 5.  Comparison of the average selection time be-
tween the pop-out condition and the normal condition 

  
The products sold in the vending machine used in this experiment were placed in the 

33 positions (see Fig. 6). The arrangement of the products during the hot/cold mixed 
period and the arrangement was the same during cold-only period. We made a compar-
ison of the distribution of the sold products in the pop-out condition and in the normal 
condition to investigate whether the pop-out changed the distribution. In addition, we 
conducted two different investigations for the cold-only period and hot/cold mixed pe-
riod respectively because of the difference in types of products sold in each period.  

Period The number of sales  The number of sales of 
the popped-out product 

Expected value  
 (Chance Level) Ratio 

cold-only 526 24 15.94 1.51 

hot/cold mixed 858 27 26.00 1.04 
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Fig. 7 shows the distribution of sold products with the pop-out presentation and that 
with no pop-out presentation during the cold-only period, and Fig. 8 shows those dis-
tributions during the hot/cold mixed period. The horizontal axis of these figures repre-
sents the position number of the product shown in Fig. 6, and the vertical axis represents 
the number of sold products. The result shows that, regardless of whether or not there 
is a presentation of the pop-out, the distribution of products was mostly not changed. 
In addition,  the most purchased products were products placed in No. 9 in both condi-
tions with and without the presence of the pop-out. Based on these observations, we 
found that the distributions of sold products were similar in the pop-out condition, and 
the normal condition. 
 

 
Fig. 6. Product placement during the HOT/COLD mixed period in signage vending machine. 

 

 
Fig. 7. Distribution of product sales in the pop-out condi-
tion and the normal condition during the cold-only period 

 
Fig. 8. Distribution of product sales in the pop-out 

condition and the normal condition during the hot/cold 
mixed period 

 
Fig. 9 showed the distribution of the sold products in the pop-out condition in each 

period. The result shows that the products placed in No. 9, which was the most pur-
chased products among all the products, had the biggest number of sales when they 
were with pop-out during the cold-only period. In addition, the products placed in No. 
1 to 3 and No. 5 to 9 had a relatively large number of sales in each condition during the 
cold-only period, and they also tended to be sold well when they were popped-out. 
Moreover, the number of purchase of the products placed in No. 29 to 33 was extremely 
small, but it improved when they were popped-out. Therefore, we found that pop-out 
products were widely purchased during the cold-only period. 
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Fig. 9. Distribution of purchased popped-out products 

5 Analysis 

We found that the selectivity of popped-out products was high during the cold-only 
period. On the other hand, there is no difference in selectivity of the popped-out prod-
ucts during the hot/cold mixed period. The result would be because while cold products 
were displayed with blue text, hot products were displayed with red text (see Fig. 3), 
which resulted in popping out the hot products. In addition, the effect of the pop-out 
was not observed during the hot/cold mixed period because the customers were highly 
likely to know whether they would buy a cold drink or hot drink before starting the 
purchase.  

As for shortening the selection time by pop-out, the average selection time of the 
users who selected the pop-out products was shorter than that of those who did not 
select the pop-out products. Thus, we could say that the pop-out contributed to short-
ening the selection time. On the other hand, there was no significant difference in the 
average selection times in the pop-out condition and the normal condition. This result 
would suggest that the presentation of the pop-out is less likely to cause negative ef-
fects, such as extending the selection time by increasing hesitation and confusion. 

Here, the products placed in No.1 to 3, and No.5 through 9 had a large number of 
ales throughout the entire experiment, and they also held the high number of sales when 
they were popped-out during the cold-only period. From these results, we can say that 
a popped-out product that is originally popular would lead to increasing their sales. On 
the other hand, the products placed in No. 29-33 were observed to have a small number 
of sales throughout the entire experiment, but the number of their sales increased when 
they were popped-out during the cold-only period. The result would suggest a possibil-
ity that the pop-out can increase the sales of unpopular products as well. 

During the hot/cold mixed period, there was a bias in the types of the purchased 
products when the user purchased the popped-out products. For example, the arrange-
ment of the products in which hot items and cold items were mixed. To solve this 
problem, we will re-arrange the positions of cold products and hot products during the 
hot/cold mixed period.  

The current study observed that the number of sales of the products placed on No.1-
9 was high while that of the products placed on No. 29 - 33 was small, and this result 
of the sales can be considered to be due to not only the users’ preferences on the prod-
ucts but also the arrangement of the products (see Fig. 6). It is known that when people 
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search for something, they generally start looking at the upper left, then move to the 
lower right. The result could account for the fact about the sales of the products that the 
products placed in No.1 to 9, which were placed in the upper left of the vending 
machine and therefore are seen at first, recorded a large number of sales. On the other 
hand, the sales of products placed in No.29 to 33, which were placed in the lower right 
of the vending machine and therefore are seen last, had only the small number of sales.  
However, it was also true that the products placed in No. 29 to 33 had been sold in the 
pop-out condition, so it can be said that the pop-out improved the negative effect of the 
position of the products to their sales.  

Based on the observations above, we can say that the pop-out gives positive effect to 
the selection behavior. In addition, seriousness toward the selection was guaranteed in 
this experiment as it was conducted in the real environment in which the participants 
had actually to pay for the products. It is considered that we can apply the method to 
pop out to digital signage in general.  Digital signage for selective actions has been 
widely used now and is suitable for this study, such as improving selection and selecting 
various products. In addition, we believe that the method used in the current study is 
applicable for any types of selective actions by touching the options on the display.  

6 Conclusion 

In this paper, we implemented a system which had a pop-out function and conducted a 
long-term experiment in the real environment. Then, we found that the products were 
more likely to be selected when they were popped-out than when they were not, and 
that the selection time was shorter when the users selected the popped-out products 
during the cold-only period. However, the result also suggested that the effect of the 
pop-out was not valid in the hot/cold mixed period. In addition, we found the possibil-
ities that a wider range of selection would be available by popping out products ran-
domly, and that the selection time can be shortened when users select the popped-out 
product. 

In future work, we will analyze the behavior such as the number of human in front 
of the vending machine, and their gender, and age, and so on. In addition, since this 
research did not consider the possibility of the product package and popout competing, 
we believe that it is necessary to cluster and analyze the elements such as color, font, 
impression, and so on which related to package design. Additionally, since Gutwin et 
al. [8] shows that that popout effects away from a user's central vision are harder to 
notice, we will analyze the relationship between popped-out locations and purchased 
products. By doing this, it will be possible to make recommendations suitable for the 
situations, and the pop-out will be used more effectively.  
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