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Abstract
This study is an investigation of the e¡ects of short-term crowding on the invasion of personal space.The analysis
was carried out by means of research designed for automatic teller machine (ATM) users in Ankara.The activity,
withdrawing money from an ATM, requires certain levels of privacy which may vary with the personal characteristics of the individuals. Among these, sex of the user is considered an important factor. Also, situational variables such as density conditions have an e¡ect on interpersonal distance. The survey was carried out through
participant observation and short interviews with the users under two Ð low and high Ð density conditions. It
was found that personal space was invaded more under high density conditions and when the space was perceived
as narrower. However, this did not cause a signi¢cant di¡erence in the privacy requirements of the users as they
mostly preferred a private space under both density conditions. Sex did not appear to be a dominating factor in
this choice although people of opposite sexes tended to keep longer distances between them. The only di¡erence
was the females'approach to males which was more distant than males'approach to females. Utilizing the ¢ndings
of this research, appropriate design solutions for an indoor ATM hall were proposed.
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Introduction
The studies on human±environment relationships include a broad spectrum of variables and situations. A
number of studies focus on intrusion into personal
space (Patterson et al., 1971; Krail & Leventhal, 1976;
Wollman et al., 1994), whereas others deal with people
in intimate relationships or examine the relationship
between unacquainted individuals (Aiello, 1987;
Veitch & Arkkelin, 1995). Some focus on people with
di¡erent personality characteristics (Sommer, 1969),
whereas others deal with people from di¡erent cultural backgrounds (Evans & Howard, 1973; Hayduk, 1983;
Altman & Chemers, 1989; Remland et al., 1995). Most
research related to the study of interpersonal distance preferences has been conducted in public
spaces such as libraries, airports, schools, o¤ces,
and restaurants (Hall, 1966; Sommer, 1969; Hortac°su
et al., 1990; Larner, 1993).
Crowding refers to the psychological state of discomfort and stress associated with the spatial aspects
of the environment (Sears et al., 1988). If the expectations on the use of space are violated by the presence
of others, the feeling of being crowded is induced.

Therefore, emotional distress may arise and some behavioral adjustments aimed at preserving one's personal space may occur.
Environmental psychologists who regard personal
space as a spacing mechanism tend to refer to personal space as interpersonal distance (Hall, 1966). Interpersonal distance informs both participants and
observers about the nature of the participant's relationship to others (Gi¡ord, 1987). However, there are
some factors in£uencing the determination of the distance and orientation preferred by the individuals.
Personal characteristics of the individuals have an
important role on interpersonal distancing. Sex of
the individual and sex of the invader have an e¡ect
on social interaction (Altman & Chemers, 1989). Some
studies reported that males use larger distances than
females (Kuethe, 1962; Evans & Howard, 1973; Fisher
& Byrne, 1975; Gi¡ord, 1982). Females interacting with
females have been found to exhibit smaller personal
space zones than males interacting with males
(Sommer, 1959; Baxter, 1970). However, Becker (1973)
failed to ¢nd support for the sex e¡ect. One possible
reason is that sex di¡erences occur due to the
di¡erences in the socialization of males and females,
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which should vary with the cultural context. Similarly, RÏstemli (1986) explains inconsistent ¢ndings
about sex e¡ects on personal space within the cultural context in which these studies are conducted.
In addition, situational variables have an in£uence
on interpersonal distance. High density usually affects social interaction between individuals. An increase in the number of people or decrease in the
amount of available space (indicating social and spatial density, respectively) leads to high density situations in which individuals may feel uncomfortable.
When social density increases and interpersonal distance between individuals decreases, the feeling of
being crowded increases (Gi¡ord, 1987). The same
amount of resources must be distributed to a higher
number of people, more physical interference is encountered, hence the sense of control and privacy are
reduced. Particularly, when social density is undesirable, social outcomes are generally negative and more
aggression and less cooperation occurs. According to
Horn (1994), crowding leads to a number of social behaviors. People tend to like people less when they feel
crowded than when they do not. Another study conducted by Jain (1987) with two levels of density (low
and high) and two levels of resources (su¤cient and
scarce) indicated that the feeling of crowding is related to high density and scarcity of resources.The results suggest that there is an increase in competition
under conditions of social density and scarce resources. Furthermore, Desor (1972) demonstrated that
the type of activity signi¢cantly a¡ects the degree to
which occupants perceive crowding. As well as this,
lack of control over the environment can cause some
people to feel psychologically distressed. Loo (1977)
hypothesized that negative e¡ects of crowding are
more likely to emerge when people's activities involve
social interaction or when territorial intrusions occur.
Individuals subjected to high density often respond
by withdrawing from social interaction and avoiding
social contact. Social withdrawal is manifested in several ways such as moving away, choosing less personal
topics to talk about, making remarks about leaving
(Sundstrom, 1975), turning away, avoiding eye contact
(Hall, 1966), or increasing interpersonal distance
(Baum & Greenberg, 1975; Baum & Paulus, 1987).
These behaviors that are utilized to protect personal
space under crowded conditions give clues for the empirical survey of this study.
As a starting point, public spaces where people can
wait in a queue were observed in order to search for
the e¡ects of short-term crowding on interpersonal
distance and automatic teller machines (ATMs) were
found appropriate for the purpose of this study. As the
case study was conducted at a single ATM (a ¢xed

space) social density was assumed to be the reason
for the feeling of crowding. The activity allows observation of short-term crowding where two levels of density, low and high, can be studied. Since no research
related to the study of the interrelationship of environment and behavior at ATM spaces has been reported, it was also considered an original site for
analysis. In this study, the e¡ects of short-term crowding were investigated in relation to personal space invasion at an indoor ATM hall. Sex di¡erences and
situational variables such as density conditions were
accepted as the most important factors whereas physical, cultural, demographical, and psychological factors were considered to the extent required by the
main factors.
Method
Subjects
Subjects were chosen through quota sampling
(Marriott, 1990;Vogt, 1993).That is, the number of subjects both in low and high density conditions were
kept equal at the end of the research. The size of the
sample group was 200 with 100 subjects under each
density condition. The subjects waiting alone in the
queue were selected in order to eliminate the possible
interactions among them. To examine the role of sex
di¡erences on interpersonal distance preference, sex
of the subject and sex of the invader were also considered in sampling and so there were four possible combinations: male±male, male±female, female±female
and female±male. All four combinations were observed under conditions of both low and high density.
Setting
In Ankara many banks have ATMs. Yapi Kredi Bank
was chosen because it had the maximum number of indoor ATM branches, so the possibility of choosing an
appropriate setting was higher. The second reason
was that this bank had the ¢rst indoor ATM design
in Ankara. To decide on the speci¢c location, a number of criteria were considered: having a single machine, being located in indoor space, having enough
space in order to be able to make observations, and
being frequently used. According to these criteria,
Sihhiye branch of Yapi Kredi Bank in Necatibey Avenue was chosen (see Fig. 1). It is an indoor space having a single ATM. There is no other branch nearby, so
it was expected to be visited frequently. Finally, the
ATM hall has an adequate area for observation (approximately 16 m2).
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FIGURE 1. Floor plan of the ATM hall.

Procedure
The survey research consists of two parts: participant
observation (Bechtel & Zeisel, 1990) and questionnaire. First, the behavior of the individual who was
using the machine (the ¢rst person in the queue) was
observed.The types of behavior of the ¢rst individual,
for example looking around, looking at the person
standing behind, hiding the ATM screen from others,
and making verbal response to the person standing
behind were indicated on the observation form. The
sex of the people waiting in the queue was also recorded. Along with these, the preferred interpersonal
distances between individuals in the queue were recorded.These distances were divided into three intervals: 15±45, 46±75 and 76±120 cm, which were based on
Hall's (1966) Proxemic Theory and represent intimate
distance±far phase, personal distance±near phase,
and personal distance±far phase, respectively. Observations during the pilot study indicated that the distances utilized by the users were in accordance with
the above phases. They were measured approximately
with the help of the £oor covering which consisted of
30630 cm ceramic tiles.

The second part of this research was conducted
through a questionnaire which was given to the ¢rst
person in the queue, when he/she completed his/her
operation and left the ATM hall. It was made up of
questions about the opinion of subjects on the spatial
aspects of the space, security concerns, opinion about
the presence of others in the ATM hall, degree of importance the individual gives to the sex of the person
standing behind, and demographic characteristics of
the respondents such as age, education, occupation,
and district in which he/she lives.
Density conditions were determined according to
the number of people waiting in the queue at the indoor ATM hall. From two to four individuals was considered low density, whereas ¢ve and over was
considered high density.These levels were decided according to the space limitation of the indoor ATM
hall. As the location of this ATM site is a central workplace, it is expected to be more crowded during weekdays and lunch hours. Therefore, to satisfy high
density conditions, the observations were conducted on weekdays, from 12:00 pm to 2:00 pm. Observations were carried out at weekends, from 12:00 pm
to 2:00 pm for low density. Time sampling was also
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supported by the pilot study including various observations at the site.
Hypotheses
Hypotheses of this study are as follows.
(1) People maintain smaller distances in high density situations compared to low density and they
perceive the space as being narrower.
(2) In high density conditions, subjects get more annoyed with the presence of others standing behind and make some behavioral adjustments
such as hiding the ATM screen and looking at
the person standing behind.
(3) Females, compared to males, give more importance to the sex of the person standing behind
and perceive the space as being narrower than
males.
(4) The preference of an ATM space designed for a
single person depends on density conditions and
the sex of the user. It is preferred in high density
more than low density conditions and by females
more than males.

Results
The demographic features of the respondents were derived from the questionnaire. The group consisted of
495 per cent female and 505 per cent male. Of the
group 50 per cent were graduates of high school, 375
per cent university and the remaining were either primary (1%) or secondary school (115%) graduates; 825
per cent of the respondents had an occupation,
whereas the others (175%) did not. The overall mean
age was 43 years. This information is used only for exhibiting the heterogeneity of the respondent group.
Table 1 presents the number of same sex and di¡erent
sex pairings under both density conditions. A further
quota was applied to obtain these situations. In order
to test the hypotheses, the chi-square test was applied.
For the ¢rst hypothesis, the relation between density conditions and distance preferences was examined. They were not independent (w2 = 6249, df. = 2,
p5 00001). Thus, hypothesis 1 was not rejected by the
analysis. Of the subjects 802 per cent maintained a
distance interval of 15±45 cm when in a high density
situation, whereas the remaining subjects (198%)
maintained this distance interval in low density situations. For the second part of this hypothesis, the
perception of space size was investigated under di¡erent density conditions. This relationship was veri¢ed
by the analysis (w2 = 3055, df. = 2, p5 00001). So, the

TABLE 1
Sex pairings observed under both density conditions
Male±male
Male±female
Female±female
Female±male
Total

High density

Low density

26
25
25
24

24
26
23
27

100

100

perception of space size was not independent of density conditions.
For the second hypothesis, the relation between
density conditions and interpersonal distances between subjects was not independent in cases of the occurrence of behavior types such as looking at the
person standing behind and hiding the ATM screen
from others (w2 = 3629, df. = 2, p5 00001; w2 = 4185,
df. = 2, p5 00001, respectively). For the occurrence
of looking at the person standing behind, most of the
subjects observed under high density conditions had a
smaller interpersonal distance between others
(738%); whereas in low density conditions this ratio
is only 20%. Second, for the occurrence of hiding the
ATM screen, most of the subjects observed under high
density conditions had a smaller interpersonal distance (15±45 cm) between others (62%); whereas under low density conditions, only 152% of the subjects
maintained the same distance interval.
Also, the degree of annoyance with the presence of
others standing behind and density conditions was
not independent (w2 = 1175, df. = 2, p = 00028). In high
density situations 64 per cent of the individuals got
very annoyed with the presence of others standing behind the ATM; whereas 44 per cent of the individuals
in low density situations got very annoyed with the
presence of others.
For the third hypothesis, the importance that an individual gives to the sex of the person standing behind was investigated. It was not independent of sex
(w2 = 683, df. = 2, p = 00328). Among people who
claimed the importance of the sex of the person standing behind, 632 per cent were females. However, the
size perception was independent of sex. Size perception seemed to be a¡ected by density conditions similarly for both sexes as indicated by the ¢rst
hypothesis. All users perceived the space as being narrower in high density situations. The relationship between same sex and di¡erent sex pairings to
interpersonal distance preferences under both density conditions was also investigated. It was found
that same sex pairings under both density conditions
had a smaller interpersonal distance interval between them than di¡erent sex pairings. For di¡erent
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sex pairings, a female's approach to a male was more
distant than a male's approach to a female under both
density conditions (see Table 2).
The relationship between density conditions and
preference for a space designed for a single person
was not veri¢ed. Of the subjects in high density and
low density conditions 74 and 65 per cent, respectively,
preferred an ATM space designed for a single person.
People seem to prefer a more private space regardless
of density conditions. Although the size perception
was in£uenced by density conditions (hypothesis 1),
it did not appear as a dominating factor on the need
for a more private space.
Moreover, the respondent's preference for an ATM
space designed for a single person was tested against
sex and this preference appeared independent of sex.
Despite the greater importance of sex di¡erence for
female respondents, both sexes wanted an ATM space
designed for a single person (723% of males and
667% of females).
Discussion
People manipulate the physical environment and prefer to use various distances for social interaction depending on the people around and the activity taking
place. Personal space is an important aspect of physical space as a part of the human±environment interface (Sommer, 1969). It serves to describe and
communicate the requirements for individual privacy
and the need for freedom of the person from unwanted
intrusion by others (Gi¡ord, 1987). In case of the activity analysed in this study, withdrawing money from an
ATM, people would like to attain certain levels of
privacy. It can be stated that people feel uncomforta-

ble if they are approached at a distance that they
judge as too close. The results of this research supported that under high density conditions people are
more disturbed by the presence of others than in low
density situations. First of all, this is because of the
invasion of their personal space such that they are
not able to attain desired levels of privacy in order to
complete their activities. Second, when social density
increases, interpersonal distance between subjects
decreases and the feeling of being crowded increases.
However, in this study, the preference of an ATM
space designed for a single person indicates that the
achieved privacy is not su¤cient for this activity under both density conditions.
According to the literature, intrusion into personal
space usually leads to withdrawal behaviors (Sommer,
1969). The ¢ndings of this research have clearly supported that the individuals in high density conditions
often respond by increasing withdrawal behaviors.
For this case, these behaviors include hiding the
ATM screen from others and looking at the person
standing behind. These kinds of responses are a function of the proximity of the intruder because the subjects under high density conditions have smaller
interpersonal distance between other people. Some
individuals even made verbal responses to the next
person in the queue at ATM hall.
As well as this, people perceive the space as being
narrower under high density conditions compared to
low density.This is because of the increase in the number of people creating the social density. Although the
results of the research have indicated that females
give more importance to the sex of the person standing behind, this di¡erence did not lead to any signi¢cant di¡erence in their size perception. Additionally,
both male and female subjects prefer an ATM space

TABLE 2
Distance preferences of same sex and di¡erent sex pairings under both density conditions
15±45 cm

46±75 cm

76±120 cm

Frequency

%

Frequency

%

High density
Male±male
Male±female
Female±female
Female±male

22
6
24
13

85
24
96
54

4
19
1
11

15
76
4
46

Low density
Male±male
Male±female
Female±female
Female±male

5
3
5
3

21
12
22
11

15
11
15
15

62
42
65
56

Total

81

91

Frequency

%

4
12
3
9

17
46
13
33

28
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designed for a single person to prevent personal space
invasions and maintain their privacy needs.
As mentioned before, personal characteristics of
the individuals have an important role on interpersonal distancing. Similar to RÏstemli's study (1986), it
has been found that same sex pairings Ð male±male
and female±female Ð have a smaller interpersonal
distance than di¡erent sex pairings under both density conditions. For same sex pairings, males have larger distances than females, whereas for di¡erent sex
pairings, a female's approach to a male is more distant
than a male's approach to a female under both density
conditions.
Similarly, the results of this study, which indicate
that females ¢nd the sex of the person standing behind more important than males, support RÏstemli's (1992, p. 57) ¢ndings. However, this di¡erence
does not a¡ect their spatial preference probably
because of the particular characteristics of the
activity.
In general, it has been observed through the case
study that both female and male subjects utilize
smaller interpersonal distances while waiting in the
queue at the ATM hall under high density conditions
due to the limited space. This may also be because of
the nature of this activity. People would like to
perform their operations in a short period of time. If
the operation of the person who is in front of the machine takes a longer time than expected, the ones
waiting in the queue respond by leaving the ATM
hall or by using smaller interpersonal distances to
invade the personal space of the individual and make
him/her uncomfortable to force the user to ¢nish
the operation immediately. Another function of smaller interpersonal distances might be to prevent
accompanying or leaving people intervening into the
queue.
According to the responses of the subjects, the preference for an ATM space designed for a single person
is mostly shared.Therefore, the space can be designed
for a single person in order to maintain both functional properties and individual needs for privacy.
However, when the space is designed for a single person, the nature of the activity should be taken into
consideration.This activity requires the users to complete their operations in a short period of time. Some
individuals may need help from the person standing
behind, and this makes the activity di¤cult for the
person in a booth. As well as that, some branches have
more than one ATM. In that case, there may be space
restrictions. Still, it is possible to combine both a single-person, booth-like space and the existing open
queue. When the ATM space is not designed for a single person, some adjustments can be proposed for

waiting in a queue to avoid personal space intrusion
and privacy reduction. One alternative can be a mark
on the £oor such as a line or a di¡erent £oor pattern to
de¢ne the personal distance of the user. A second alternative could be the installation of a turnstile to separate the interpersonal distance between the user
and the one just standing behind. In this case, a circulation path could be manipulated in such a way that
when the person completes the operation, he/she can
directly go outside the ATM space. Furthermore, the
orientation of ATM can be arranged so that the ones
waiting in the queue are not able to see the ATM
screen and the operation of the user. Shields at either
sides of ATM screen may be helpful for this purpose.
Finally, the individual who needs privacy can be separated from the others by a partition placed behind to
reduce the probability of personal space invasion and
to help attain desired levels of privacy.
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