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Abstract. Technologies to ensure information transfer security are being 
developed, but risks remain when people enter highly confidential information 
like personal data into systems in public areas. To provide complete security, 
we need both communication security and physical security. Accordingly, we 
conducted a fundamental study of environments designed for secure handling of 
personal information in public spaces. We studied people’s personal space 
when they are using a PC in a public work environment. First, we conducted an 
experiment to evaluate the degree of reassurance a user feels while inputting 
personal information into a PC in a public work environment. Using the results, 
we grouped the degrees of reassurance into four levels of "personal space in 
communicating information", each for a different type of information. That is, 
different types of information had different safe sizes. This confirms results 
from our previous research.  
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1   Introduction 

The spread of personal computers and the explosive growth of the Internet now make 
it possible for users to communicate a wide variety of information regardless of 
location or time of day. But this also means that even information of a highly 
confidential nature can be accessed and processed anywhere and anytime. As a result, 
even highly confidential information can potentially be communicated at any time and 
in any place. There are, of course, risks in such communication, as the user’s personal 
information could be leaked or seen by outside parties. Of course, services requiring 
confidential information are equipped with robust security systems such as 
encryption, digital certification, and authentication technologies such as IC cards and 
biometric authentication, so we can say that these services are secure to use as far as 
their functions are concerned. But what about the environments in which these 
services are used? For example, have you ever found yourself worrying about people 
catching a glimpse of a display visible from a busy sidewalk? In practice, it cannot be 
said that highly confidential information such as personal details can be 
communicated securely in public work environments that are open to anybody. 



96 S. Iizuka, Y. Goto, and K. Ogawa 

Guidelines for designing work environments have previously been presented 
from a human physiology perspective in the fields of architecture and human-
factors engineering (Grandjean, 1989; Maruzen, 2001). Many of these guidelines, 
however, are based on the physiological characteristics of human beings, and there 
has been no research that takes the information handled in such an environment or 
feelings of reassurance into account. In short, these guidelines by themselves 
cannot determine what work environment is best for providing users with a sense 
of reassurance. There is a need for guidelines and methods that can be applied to 
the design of public work environments in which users can comfortably 
communicate personal information. Therefore, we are researching and developing 
network architectures where IT equipment can be used in many different places 
and have initiated a study of “secure space design technology” based on the need 
for physical spaces where people can use these services securely (Iizuka, 2004a; 
Goto, 2004). 

The field of human-computer interaction analysis, moreover, has so far dealt only 
with interaction between people and computers and between people and people. 
However, as mentioned above, the popularization of ubiquitous services is expected 
to make computing all the more active in public spaces. There is therefore a need for 
research that also focuses on interaction among three parties, that is, user, computer, 
and another person. Our research focuses on analyzing such three-party interaction. 
This paper aims to extract knowledge from this analysis as a design aid toward work 
environments that enable users to communicate personal information with reassurance 
in a public space. 

Since many random people come and go in a public space, users come into random 
contact with many strangers. To develop an environment where users can 
communicate information with reassurance, design that considers suitable contact 
between users and others is required. We paid attention to a stranger’s "position and 
distance" which greatly affect a user's feeling of reassurance and conducted an 
experiment to measure the user's feeling of reassurance when position and distance 
were changing. We then created levels of personal space for every information 
classification based on those results and tried to create a visual image of each one. 

2   Personal Space 

It is thought that the concept of “personal space” originates with “spacing” (leaving 
space between individuals) of ethology. “Personal space” was studied by Sommer as 
one index of people's space behavior and was defined as "a domain of a certain size 
demarcated by an invisible boundary line" which surrounds an individual and into 
which others may not come (Sommer, 1959). This personal space has the character of 
affecting individuals actions, regulating the relations between people. People are 
generally comfortable when their personal space is maintained and uncomfortable 
when other people invade it (Shibuya, 1985). Furthermore, personal space is elastic 
and is rarely fixed. Elasticity is also seen in relation to inanimate objects (IT  
 



 A Study of Personal Space in Communicating Information 97 

equipment). Harada explained people’s 
displeasure at to use of a cellular phone 
by another person based on the concept of 
personal space (Harada, 1997). People 
who are sharing physical space with a 
person talking on a cellular phone feel 
that the personal space of the person 
talking on the cellular phone has spread. 
Therefore, people feel a sense of 
incongruity, that the personal space of a 
person talking on a cellular phone has 
suddenly expanded, and think that the 
talker’s space cannot be entered. This 
causes displeasure. That is, IT equipment 
and communication of information have 
the effect of expanding one person’s 
personal space and contracting another’s.  

When information is communicated in 
a public space, it is usually done in the 
presence of strangers. In communicating 
information in such a situation, the 
environment inevitably affects feelings of 
reassurance about a person’s personal 
space in relation to others.  

3   Experiment 

We set up an experiment in which a “user” inputs different levels of personal 
information in the presence of a “stranger”. We varied the distance between the user 
and the stranger and asked users about feelings of reassurance in different situations. 
Specifically, we set up work environments where an information terminal (PC) was 
used in an indoor space and measured a user’s feelings of reassurance as affected by 
the presence of a stranger. The outline and results of the experiment follow. In the 
experiment, a “user” communicates information and a “stranger” walks or stands 
around on or inside the perimeter of the user’s personal space. 

(1) Experimental parameters 
As mentioned above, the position of a stranger in relation to the user is a factor in 
feelings of reassurance about work environments in a public space. Here, we set up a 
user's hypothesized personal space perimeter, positioned a stranger at different points 
on it, and measured the user's feeling of reassurance for every position. We used 
direction and distance as the parameters for the stranger’s position and defined them 
as follows.  

• Direction 
• front 

Fig. 1. Personal Space 
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• diagonally in front 
• side 
• diagonally in back 
• back 

• Distance 
• 1 m 
• 2 m 

The ten points at which the stranger was positioned during the trials (five direction 
times’ two distance points) are shown in Figure 2. 

 

Fig. 2. Experimental set-up 

We measured feelings of reassurance for four kinds of information a user might 
communicate. These four information classifications are based on four information 
criteria that affect a user’s feelings of reassurance when communicating information 
in a public space and were obtained by our previous research (Iizuka, 2005). 

• Person-specific and money-related information 
• Name, address, credit card number 

• One’s present circumstances and history-related information 
• Occupation, birthplace, education 
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• Preferences and behavior-related information 
• Hobbies, current destination, favorite stores 

• Work-related information 
• Employer name (office), address, phone number, and 

mailing address 

(2) Method 
In our experiment, the user was alone, and there was always one other person (the 
stranger). The four sorts of information mentioned above were presented to the user 
by displaying them on a PC screen. For each type of information the user was told, 
“While you are handling this information, there is a stranger nearby” and asked, 
“How do you feel?”. The four sorts of information were presented in random order 
and the participant acting as the stranger was positioned at the different evaluation 
points in a random order. Users answered on a seven-point scale that included the 
following choices: “very uneasy”, “uneasy”, “somewhat uneasy”, “neither uneasy nor 
at ease”, “somewhat at ease”, “at ease”, and “very much at ease”. 

(3) Participants 
The participants were 10 males and 10 females in their 20’s, 30’s, 40’s and 50’s. Each 
participant rated their feelings of reassurance for all types of information with the 
stranger at all evaluation points. The goal of this research is to study public space 
work environments. Though such places are usually frequented by males and females, 
the participant acting as the stranger was always a male of average height for a 
Japanese man (172 cm) (Maruzen, 2003). In addition, the participant acting as the 
stranger and the 20 participants playing the role of the user were trained for the 
experiment separately. 

4   Expression of Personal Information Space 

Personal space is created either when a person being approached gauges the distance 
of an approaching person and judges a suitable distance (stop distance or approach 
distance) or when a person approaching another person gauges distance between 
himself and someone he’s approaching and judges a suitable distance (approached 
distance). This distance is expressed as a domain (boundary line), as shown in 
Figure 1. However, there are degrees (levels) of reassurance that people feel about 
personal space. Since we measured these degrees (levels) in this experiment, we tried 
to determine a personal information space by the expression of which degrees (levels) 
of reassurance felt by the user can be visualized. We now explain how we determined 
the different spaces for different levels of reassurance by Figure 3.  

1. Each evaluation point was mapped on the x-y plane in 3-dimensional space (the 
user's position is used as the starting point).  

2. The responses of the 20 users are averaged for every evaluation point and every 
type of information. 

3. The average values of the 10 evaluation points were set as the height (value in the 
direction of the z-axis) for each evaluation point (Figure 3 ①).  
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4. Lines were interpolated for each 
direction 

5. Each line is extended until the 
average reported feeling of 
reassurance equals three on the 
seven-point scale (z=3). 

6. This process is repeated for all lines 
(Figure 3 ②) 

7. 3-dimensional curved surface is 
generated by interpolating among all 
lines Figure 3 ③). 

8. The 3-dimensional curved surface is 
projected on XY plane. 

Thus the personal information space 
determined for each type of 
information is shown in Figure 4.The 
following things can be understood 
from this figure. 

• The sizes of these personal spaces 
show the same tendency as reported 
in our previous results (Iizuka, 
2005; Iizuka, 2006) for information 
type. 

• Users reported no great differences 
in feelings of reassurance based on 
information classification when the 
stranger was in front of them.  

• Users reported differences in 
feelings of reassurance based on 
information classification when the 
stranger was in back of them. These 
feelings were also dependent on the 
stranger’s distance.  

It should be noted that that gender differences influence personal space. Users’ 
responses when asked about the stranger’s gender were mostly consistent. A user’s 
personal space is usually larger when a stranger is male than when the stranger is 
female (Akande, A. 1997; Ahmed, S. M. S., 1979; Beck, S. J., & Ollendick, T. H., 
1976; Bell, P. A., Kline, L. M., & Barnard, W.A., 1988; Hewitt, J., & Henley, R., 
1987; Pedersen, D. M. & Heaston, A. B., 1972; Sanders, J.,1976). In the public space 
studied in this research, strangers may be male, but they may also be female.  

In Figure 5, these male and female personal spaces are halved and the halves 
placed opposite each other, creating contrasting spaces in which it is easy to see  
the gender differences. 

Fig. 3. Procedure for Setting Personal inform-
ation Space 
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Fig. 4. Personal Space for Communicating Information 

As in the previous table, a female user’s personal space when a stranger is directly 
or diagonally in front is larger than a male user’s personal space in similar 
circumstances. In contrast, male users tend to have larger personal spaces in back of 
them. However, considering; how small our sample was; that the personal information 
space was determined by a linear interpolation process, and; that personal space might 
become a little larger, we cannot say for sure whether the male-and-female difference 
was significant. However, we were able to check a possibility that the tendency out of 
which such a difference comes among male and female would come out. In future 
work we plan to test a larger group of people, increase the number of points of 
evaluation, and try to determine a more exact personal information space.  
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Table 1. Differences in Personal Space with Male and Female Strangers 

Informatio
n type 

Evaluation 
point 

Total Female Male Difference 

1 0.70 0.20 1.20 1.00 
2 0.20 -0.10 0.50 0.60 
3 -0.25 -0.40 -0.10 0.30 
4 -0.80 -0.90 -0.70 0.20 
5 -1.15 -1.70 -0.60 0.90 
6 2.05 1.80 2.30 0.50 
7 1.95 1.70 2.20 0.50 
8 1.40 0.90 1.90 1.00 
9 0.70 0.70 0.70 0.00 

Preferences
- and 

behavior 

10 -0.05 0.10 -0.20 -0.30 
1 -0.20 -0.90 0.50 1.40 
2 -0.55 -0.90 -0.20 0.70 
3 -0.95 -1.20 -0.70 0.50 
4 -1.80 -2.10 -1.50 0.60 
5 -2.00 -2.40 -1.60 0.80 
6 1.90 1.50 2.30 0.80 
7 1.50 1.20 1.80 0.60 
8 0.90 0.30 1.50 1.20 
9 0.05 -0.10 0.20 0.30 

Present 
circumstan

ces and 
history 

10 -0.90 -1.00 -0.80 0.20 
1 -1.30 -2.10 -0.50 1.60 
2 -1.40 -1.60 -1.20 0.40 
3 -2.10 -2.40 -1.80 0.60 
4 -2.65 -2.80 -2.50 0.30 
5 -2.60 -2.70 -2.50 0.20 
6 1.40 0.80 2.00 1.20 
7 0.75 0.40 1.10 0.70 
8 -0.15 -0.40 0.10 0.70 
9 -1.00 -0.80 -1.20 -0.40 

Person-
specific 

and money 

10 -1.75 -1.60 -1.90 -0.30 
1 -0.95 -1.70 -0.20 1.50 
2 -1.25 -1.70 -0.80 0.90 
3 -1.65 -2.10 -1.20 0.90 
4 -2.05 -2.20 -1.90 0.30 
5 -2.20 -2.40 -2.00 0.40 
6 1.55 0.90 2.20 1.30 
7 1.05 0.70 1.40 0.70 
8 0.20 -0.20 0.60 0.80 
9 -0.60 -0.50 -0.70 -0.20 

Work 

10 -1.30 -1.20 -1.40 -0.20 
Difference: (male average) – (female average)   
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Fig. 5. Comparison of Male and Female Personal Information Space 

5   Conclusion 

In this paper, paying attention to a stranger’s position and distance, which are 
considered to greatly affect a user's feelings of reassurance, we conducted an 
experiment measuring a user’s feelings of reassurance as position and distance of a 
stranger changed. Using the results, we expressed a user's degree of reassurance as a 
personal information space. 

In this experiment, by visualizing relations between feelings of reassurance and 
position and distance of a stranger (personal space when information is being 
communicated), we can intuitively understand how personal space is affected by these 
factors. We also think that this information can be used in the design of actual work 
environments. To make these findings on personal space more credible, we plan to 
increase the size of our sample, and conduct an experiment in a real-world 
environment. We also want to develop a structure that automatically visualizes 
personal information space.  

Furthermore, we used only one stranger in this experiment, but in actual public 
spaces there are often two or more strangers within a user’s personal space. Research 
on the size of personal space, when there are two or more strangers around has been 
done (Knowles, ES, Kreuser, B., Haas, S., Hyde, M., & Schuchart, GE, 1976). 
Therefore, in our research on public spaces, it will be necessary to study personal 
space when two or more strangers are within the user’s personal space.  
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