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Abstract: Ubiquitous utilization of video surveillance systems is supposed to promote safety, yet
whether these systems improve the residents’ perception of safety is unknown. Moreover, the factors
that affect the perception of safety are also unclear. We seek to fill these knowledge gaps via a
survey-based study, which aims at evaluating the impact of video surveillance systems on perceived
safety from crimes and accidents and on behavioral preferences, as well as the attitudes towards such
systems. A total of 1080 residents in Beijing, China are validly surveyed, and the surveys returned
are exploited for univariate analysis and regression analysis. The analysis results indicate that female
respondents are more accustomed to adopt video surveillance systems, as they feel safer and more
comfortable with the existence of surveillance systems. Higher levels of education, greater length
of residency, and richer knowledge of surveillance systems tend to increase the perception of safety,
while age and monthly income act negatively. The effects of these factors should be considered during
the implementation of video surveillance systems and recommendations are given to facilitate the
adoption of such systems.

Keywords: video surveillance system; perception of safety; survey; univariate analysis; regression
analysis

1. Introduction

Presently, video surveillance systems are ubiquitously implemented in both public and private
environments, including airports, stations, highways, subways, parking lots, plazas, stores, shopping
malls, offices, schools, universities, and homes. The primary driver to implement video surveillance
systems is the increasing concern of safety [1-3]. To this end, these systems are endowed with
corresponding functionalities, such as object tracking [4,5], face recognition [6-8], personal profiling [9],
behavioral analysis [10,11], and accident analysis [1]. Video surveillance systems have become an
indispensable part of modern safety management of public and private sectors and the installation
of these systems shows no sign of stopping. It is of critical importance to examine whether video
surveillance systems affect residents’ perceptions of safety, as the answer to this question is vital for
understanding the purposefulness and sustainability of such systems. However, only a few scholars
discussed this issue and most of them focused on detailed segments, such as the perception of safety
in schools [12,13] or on the road [14,15].
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On the other hand, the extensive applications of video surveillance systems arise privacy
concerns, particularly in the context of smart cities where surveillance is pervasive [16-19]. Aside
from technical measures and legal regulations that secure privacy [20], personal acceptance and
support for surveillance is recognized as another important dimension that affects the adoption of any
surveillance [21] or infrastructure [22]. In addition, behavioral preferences are also worth investigating
during implementation of video surveillance systems, as they can serve as a necessary supplement to
the attitudes towards these systems. Yet, to the best of our knowledge, there is little knowledge about
the factors and preferences that are related to the adoption of video surveillance systems.

To address the aforementioned knowledge gaps, here we conducted a survey-based study
to investigate the impact of video surveillance systems on the perception of safety, as well as the
factors that are related to personal acceptance and support of such systems. A questionnaire was
developed based on reviewing the literature, with the objective of acquiring the perceived safety that
is associated with video surveillance systems, including behavioral preferences and attitudes, from a
wide spectrum of residents in Beijing, the capital city of China. Beijing is amongst the first cities to
implement a nationwide video surveillance project, namely “Skynet”, which was launched in early
2005 [23]. By 2015, the coverage of the monitoring system was 100% [23]. With a total population
of 21.71 million [24] and a sophisticated network of video surveillance systems, Beijing presents an
ideal location for this study. Based on the validly returned questionnaires, we conducted univariate
analysis to identify the influences of personal characteristics, including gender, age, education, income,
occupation, residence, experience, and knowledge, on the perceived safety, which is measured by a
series of questions based on Likert scales. Furthermore, we extracted two factors from the answers
using principle component analysis and performed a regression analysis to examine the influential
personal characteristics on the two factors.

In summary, this work has two major contributions. First, we surveyed the perceived safety of
video surveillance systems from a wide range of respondents in a city with sophisticated surveillance
infrastructure. For the purpose of facilitating the sustainable development of video surveillance
systems, it is highly desirable to obtain the perception of safety of these systems from a broader selection
of respondents, but this information is always in short supply. The extant literature primarily evaluates
the impacts of surveillance cameras on the perceived safety of students [12,13] or drivers [14,15].
Second, we paid specific attention to examining the effects of personal characteristics in the adoption
of video surveillance systems. Specifically, attitudes and preferences have been included in the survey,
offering a better understanding of the influential factors that affect personal acceptance and support of
video surveillance. Based on the results, we provided recommendations on education and location of
video surveillance systems, with the objective of promoting the perceived safety and acceptance of
such systems.

The remainder of this paper is organized as follows. A review of the related literature is presented
in Section 2. Section 3 illustrates the design of questionnaire and the procedure of the analysis. Section 4
presents the results of the survey and analysis. Section 5 discusses the shortcomings of this work and
offers recommendations for practitioners. Section 6 concludes this study and gives potential directions
of future research.

2. Related Works

Only a few researchers have considered the perceived safety of video surveillance systems,
some of them concerned about the perceived safety of video surveillance systems in schools. Brown
surveyed a selection of 230 high school students, but his results were not conclusive on whether
the video surveillance cameras increase safety [12]. Based on a national-scale survey of students
from middle and high schools, Johnson et al. found that outside cameras promote the perceived
safety, while inside cameras tend to increase psychological stress [13]. The works of Brown [12] and
Johnson et al. [13] show that female students’ perceptions of the safety of video surveillance cameras
were less than those of male students.
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Another cluster of relevant literature examines the perceptions and attitudes towards video
surveillance systems in traffic systems. Porter and Berry surveyed 880 licensed drivers in the United
States and found that cameras were not generally preferable [14]. On the basis of 261 survey responses,
Higgins et al. pointed out that drivers generally want fewer surveillance cameras [15]. However,
the official statistics and self-reports confirm that the installation of such equipment has indeed
significantly reduced the occurrences of road accidents [25,26] and other misconducts, such as
running red lights [27,28]. The divergence between behaviors and attitudes can be attributed to
the psychological pressure that is imposed by the presence of video surveillance systems.

Aside from imposing stress, video surveillance systems can alter decisions and subsequent behaviors
through some psychological effects. For example, van Bommel et al. showed that the presence of video
surveillance systems, a webcam in the case, affects helping behaviors [29]. A camera can reverse the
so-called “bystander effect”, which originally refers to a phenomenon that individuals are less likely
to help others when other people are present [30]. Van Bommel et al. found that the reverse of
“bystander effect” can be attributed to increased self-awareness, which is likely to be triggered by the
presence of the surveillance camera [29]. This observation is associated with the term of situation
awareness, which usually makes people more cautious [31]. On the other hand, self-awareness and
caution lead to self-regulation [32], probably resulting in less misconducts and misbehaviors, as well as
better public security and social well-being. Therefore, the psychological effects, in particular, caution
that is stimulated by self-awareness or situation awareness, could also affect the adoption of video
surveillance systems.

In sum, the extant literature on the perceptions and attitudes towards video surveillance systems
only surveys certain groups, such as students and drivers. With ever-increasing applications of video
surveillance systems, a broader range of respondents are highly desirable for examining how these
systems affect the perceived safety, preferences, and attitudes of residents. This would provide a more
comprehensive view on peoples’ perceptions regarding the adoption of video surveillance systems,
from which insights and recommendations can be provided to ensure the sustainable development of
such systems.

3. Methods

3.1. Questionnaire Design

Based on the above literature review, we here included a series of demographic features, namely,
gender, age, level of education, monthly income (in RMB), occupation, and length of residence in
Beijing. The first five personal characteristics are frequently used in survey-based studies on large-scale
population, for example, disposal behaviors of waste electric and electronic equipment [33,34],
drivers’ self-reported red-light running [14], and determinants that affect the adoption of wind power
generators [35] or the generation of household food wastes [36]. The last attribute was proposed
based on the assumption that the knowledge and acceptance of video surveillance systems would be
positively correlated with the duration of time being in a city with sophisticated surveillance systems,
in this case, Beijing, the capital city of China.

Furthermore, we employed the following set of three questions to acquire the respondent’s
knowledge about video surveillance systems: (a) “Whether they contact video surveillance systems
in life?”, (b) “whether they handle video surveillance system in work?”, and (c) “do you have
knowledge about the structure and operation of any surveillance systems?”. This was due to the
fact that knowledge plays an important role in the adoption of technologies, particularly those of
high controversy, such as nuclear energy [37], hydrogen storage [38], and human papillomavirus
vaccination [39]. In our subsequent regression analysis, we exploited the answers to these questions as
control variables.

Taking the insights from previous studies on video surveillance systems [12,13], the literature on
public lights [22], and the reviewed psychological studies [29,31,32], we developed nine survey
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questions to obtain the perceived safety and preferences and attitudes towards such systems,
including Q10—crime reduction by video surveillance systems (perceived safety), Ql1—accident
reduction by video surveillance systems (perceived safety), Q12—the quantity of video surveillance
systems is sufficient (attitudes), Q13—preference for housings with surveillance systems (preferences),
Ql4—preference for routes with surveillance systems (preferences), Q15—the presence of video
surveillance systems makes people cautious (attitudes), Q16—video surveillance systems impose
pressure (attitudes), Q17—active video surveillance systems enhance the above effects (attitudes),
Q18—the diminishment or absence of video surveillance systems threat the public security (perceived
safety). Moreover, we parameterized the questionnaire, as shown in Table 1. The higher values of
the questions of perceived safety and preferences and the lower values of the questions of attitudes
indicate the respondents are positive towards adopting video surveillance systems. The complete
form of the questionnaire consists of the three sections, namely, demographic information of the
respondent, knowledge about video surveillance systems, and perceptions and attitudes towards
video surveillance systems, see Table Al. The questions of the third section uses Likert scaling, one of
the most widely used psychometric scales in survey-based research [40,41], in particular, the surveys
on perceptions and attitudes towards surveillance systems, see [13,15,21].

Table 1. Descriptive variables from the questionnaire.

Section Variable (Notation) Description (Question) Values (Options for Selection, Dummies)
sex Gender “1” for male, and “0” for female
ace Ace “1” for below 20, “2” for 20 to 35, ”3” for 35 to 50, “4” for 50
8 s to 65, “5” for over 65

“1” if the respondent only finished high school or below, “2”
edu Level of education for technical degree or bachelor degree, and “3” for master

degree or above

“1” for below 3500 RMB, “2” for 3500 to 10,000 RMB per
Demographic inc Monthly income, in RMB month, “3” for 10,001 to 20,000 RMB per month, and “4” for
above 20,000 RMB
“1” if the respondent works as a civil servant, “2” if the
respondent works in another public sector, “3” if the
respondent is self-employed, “4” if the respondent works for
a private firm, and “5” otherwise
“1” if the respondent only lives in Beijing for less than one
year Length of residence in Beijing year, “2” for one to five years, “3” for five to ten years, and

“4” for over ten years

job Occupation

Whether contact video surveillance
system in life?
Whether handle video surveillance

cil “1” for the answer of “yes”, “0” for “no”

Knowledge ciw system in work? 1” for the answer of “yes”, “0” for “no
Do you have knowledge about the
kno structure and operation of any “1” for the answer of “yes”, “0” for “no”

surveillance systems?

“1” for strongly disagree (SD), “2” for disagree (D), “3” for

Video surveillance systems can reduce neither disagree nor agree (NN), “4” for agree (A), and “5”

cri .
crimes

for strongly agree (SA)
acc Vldgo surveillance systems can reduce “1” for SD, “2” for D, “3” for NN, “4” for A, and “5” for SA
accidents
eno Current quantity surveillance cameras .y ¢ 5y wp» for D, “3” for NN, “4” for A, and “5” for SA
are enough

Residence with video surveillance
systems are safer
. Choose routes with video surveillance ,,, i inn i en
Perception cho 1” for SD, “2” for D, “3” for NN, “4” for A, and “5” for SA
systems would be more preferable
The presence of video surveillance
cau systems makes people behave more “1” for SD, “2” for D, “3” for NN, “4” for A, and “5” for SA
cautious
Video surveillance systems bring

“1” for SD, “2” for D, “3” for NN, “4” for A, and “5” for SA

pre “1” for SD, “2” for D, “3” for NN, “4” for A, and “5” for SA
pressure on people
Moving surveillance cameras enhance

enh above perceptions, i.e., caution and “1” for SD, “2” for D, “3” for NN, “4” for A, and “5” for SA

pressure
Less or no video surveillance systems

) ) “1” for SD, “2” for D, “3” for NN, “4” for A, and “5” for SA
would worsen public security

wor

The questionnaires were distributed online and the period was from 24 June 2018 to 31 October
2018. Compared to conventional offline surveying methods, online distribution of questionnaires is
thought to be of a broader coverage, with high speed and high efficiency [42]. Besides, the results of
online surveys are comparable to those of offline surveys, particularly in surveying personal attitudes
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and preferences [43,44]. The questionnaire was published through WJX (www.wjx.cn), a survey
app based on WeChat, which is one of the most popular social networking platforms in the world,
with over 1000 M monthly active users [45]. The Internet Protocol (IP) addresses of the respondents
were recorded, to exclude undesirable responses from the IP addresses outside Beijing and duplicate
responses from the same IP addresses. We also acquired the time spent on filling the questionnaire
and any questionnaires that were filled within 18 s were excluded, since this does not conform to the
average reading habits of human beings [46].

3.2. Univariate Analysis

We examined the impacts of each of the six personal characteristics on the answers to the nine
questions using univariate analysis, or so-called one-way analysis of variance (ANOVA), and the
statistical significance of the impacts were also acquired.

3.3. Regression Analysis

In this work, we employed a regression analysis to identify the effects of personal characteristics
in a combined manner. In this regression analysis, we first employed principal component analysis
(PCA) to extract common factors, in this case, principal components (PCs), from the answers to
the questions of perceptions and attitudes towards video surveillance systems, that is, the nine
questions. The calculation procedure of PCA is the same as the previous studies on identifying
the influential components in composites [47,48], a classical PCA method [49]. An orthogonal
transformation was performed to convert the original data, in this case, the answers, into a new
set of uncorrelated variables, PCs, so that the first few PCs retain most of the variation present in all
of the data set. The PCs with the most significant exploratory power were exploited as dependent
variables, the socio-economic attributes were used as independent variables, and the information of
knowledge about video surveillance systems were used as control variables.

Prior to the regression analysis, we performed a Kaiser-Meyer-Olkin (KMO) test [50] and Bartlett’s
Test of Sphericity [51] to verify whether the data acquired from the returned questionnaires was suitable
for factor analysis. In addition, we also calculated the anti-image correlation matrix of the responses to
the questions of the third section and the Measure of Sample Adequacy (MSA) of each Likert scaling
was obtained.

4. Results

4.1. Descriptive Statistics of Survey Results

The total number of validly returned questionnaires was 1080 and the average completion time
was 140.5 s. The demographic information of the respondents is shown in Figure 1. Among the 1080
effective questionnaires returned, there is a bias in the sample toward 20-35 y old (49.9%), technical
or bachelor degree (51.1%), medium income (3500-10,000 RMB per month) (39.6%) respondents who
work in other professions (36.8%), and have lived in Beijing for over ten years (39.7%). We reviewed
the correlations within the demographic composition using Pearson correlation coefficient (PCC),
a statistical metric which measures the strength and direction of a linear relationship between two
random variables (Rodgers and Nicewander, 1988). According to the results of PCC analysis, only
pairs of demographic variables, age and income, age and occupation, and income and occupation,
show some moderate correlations over 0.5, while no other link can be observed elsewhere; similar to
the survey results of waste disposal behaviors [34]. This indicates that there is no noticeable bias in
the samples.
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Figure 1. Socioeconomic characteristics of the respondents: (a) gender, (b) age, (c) level of education,
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The respondents’ knowledge on video surveillance systems is summarized in Figure 2. Although
most of the respondents reported that they have contacted surveillance systems in daily life, fewer
people have handled the systems or possess the sophisticated knowledge of such systems.

The descriptive statistics of the answers to the questions of perceptions and attitudes towards
video surveillance systems are shown in Table 2. In general, the respondents agree that the presence of
video surveillance systems can reduce crimes (Q10) and accidents (Q11), as well as promote perceived
safety (Q13). Specifically, the respondents are in favor of routes with video surveillance systems (Q13),
and the high scores and the low standard deviation imply the strong preference. The respondents are
generally neutral about the claim that the video surveillance systems would impose psychological
pressure on people. A detailed review on the effects of socio-economic characteristics is presented in

the next subsection.

=Yes =No mYes =No =Yes =No

(a) Q7 (cil) (b) Q8 (ciw) () Q9 (kno)

Figure 2. The respondents’ knowledge on video surveillance systems: (a) whether they contact video
surveillance systems in life (Q7), (b) whether they handle video surveillance systems in work (Q8), and
(c) do they have knowledge about the structure and operation of video surveillance systems (Q9).

Table 2. Descriptive statistics of the answers to the questions of perceptions and attitudes towards
video surveillance systems.

Question Observations (Obs.) Mean Standard Deviation (Std.)

Q10 (cri) 1080 429 0.926
Q11 (acc) 1080 408 1.048
Q12 (eno) 1080 3.31 1.228
Q13 (saf) 1080 416 1.074
Q14 (cho) 1080 444 0.857
Q15 (cau) 1080 3.75 1.223
Q16 (pre) 1080 3.05 1.384
Q17 (enh) 1080 3.84 1.208
Q18 (wor) 1080 3.98 1.094

4.2. Results of Univariate Analysis

4.2.1. Effects of Gender

The effects of gender on the answers to the questions of perceptions and attitudes towards video
surveillance systems are shown in Figure 3. As shown in Figure 3, different from the findings of
Brown [12] and Johnson et al. [13], the female respondents’ perceptions of safety of video surveillance
cameras are higher than those of the male respondents, particularly in terms of crime reduction (Q10).
Compared to the self-reports of the male respondents, the female respondents prefer housings (Q13)
and routes (Q14) with video surveillance cameras and feel more comfortable under the presence of such
systems, that is, there is less perceived pressure (Q16) and they do not become more cautious (Q17).
Moreover, the female respondents are more likely to agree that the existence of video surveillance
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cameras is vital to public security (Q18). In sum, the survey results indicate that female residents
exhibit a higher perceived safety, acceptance, and support for video surveillance cameras and the
differences between males and females are quite significant.

Q10 (cri) Q11 (acc) Q12 (eno)
4.27 4.15 3.40
_ 3.35
4.25 4.10
3.30
4.23 4.05 325
4.21 4.00 3.20
1 0 1 0 1 0
(a) Results of Q10 (cri) * (b) Results of Q11 (acc) (c) Results of Q12 (eno)
Q13 (saf) Q14 (cho) Q15 (cau)
4.40 4.60 3.78
430 450 3.76
420 \
10 4.40 3.74
4.00 4.30 3.72
1 0 1 0 1 0
(d) Results of Q13 (saf) *** (e) Results of Q14 (cho) ** (f) Results of Q15 (cau)
Q16 (pre) Q17 (enh) Q18 (wor)
3.40 4.00 4.10
3.20 3.90 4.00
3.00 3.80 3.90
2.80 3.70 3.80
1 0 1 0 1 0
(g) Results of Q16 (pre) *** (h) Results of Q17 (enh) ** (i) Results of Q18 (wor) **

Figure 3. The effects of gender on the outcomes of (a) Q10, (b) Q11, (c) Q12, (d) Q13, (e) Q14, (f) Q15,
(g) Q16, (h) Q17, and (i) Q18. Note: *, **, and *** denote significance at 5%, 1%, and 0.1% levels,
respectively. Note that different scales of y-axis are used in the plots, therefore the trend slopes are
non-comparable; the figures only demonstrate the directions (increasing/decreasing) associated with
the attributes.

4.2.2. Effects of Age

The effects of age on the answers to the questions of perceptions and attitudes towards video
surveillance systems are shown in Figure 4. Figure 4 shows that, compared to the young and
middle-aged respondents, the elder respondents perceive less safety in terms of crime reduction
(Q10) and feel that there are sufficient video surveillance systems (Q12). The elder respondents
also show less preference towards housings (Q13) and routes (Q14) with video surveillance systems,
probably because they are more stressed with the presence of such systems (Q16) than the young and
middle-aged respondents. In sum, the survey results show that senior residents might not be very
supportive and adoptive to video surveillance systems.
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Q10 (eri) Q11 (acc) Q12 (eno)
4.60 4.20 3.60
4.40 4.10 3.40
4.20 4.00
3.2
4.00 3.90 20
3.80 3.80 3.00
1 2 3 4 5 1 2 3 4 5 1 2 3 1 5
(a) Results of Q10 (cri) *** (b) Results of Q11 (acc) (c) Results of Q12 (eno) *
Q13 (saf) Q14 (cho) Q15 (cau)
4.40 4.60 3.90
2
£20 4.40 3.70
4.00
3.80 4.20 3.50
» I
3.60 4.00 3.30
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
(d) Results of Q13 (saf) *** (e) Results of Q14 (cho) ** (f) Results of Q15 (cau)
Q16 (pre) Q17 (enh) Q18 (wor)
4.00 4.00 4.20
3.50 3.80 4.00
3.60
3.00 3.40 3.80
2.50 3.20 3.60
1 2 3 1 5 1 2 3 4 5 1 2 3 4 5
(8) Results of Q16 (pre) *** (h) Results of Q17 (enh) (i) Results of Q18 (wor)

Figure 4. The effects of age on the outcomes of (a) Q10, (b) Q11, (c) Q12, (d) Q13, (e) Q14, (f) Q15,
(g) Q16, (h) Q17, and (i) Q18. Note: *, **, and *** denote significance at 5%, 1%, and 0.1% levels,
respectively. Note that different scales of y-axis are used in the plots, therefore the trend slopes are
non-comparable; the figures only demonstrate the directions (increasing/decreasing) associated with
the attributes.

4.2.3. Effects of Education

The effects of education on the answers to the questions of perceptions and attitudes towards
video surveillance systems are shown in Figure 5. The highly educated respondents’ perceptions
of the safety of video surveillance systems are higher than those of the less educated respondents,
specifically in terms of crime reduction (Q10). Additionally, the highly educated respondents feel less
stressed with the presence of surveillance systems (Q16). Yet, with higher levels of education received,
the respondents (Q18) are less likely to strongly agree that the reduction of video surveillance systems
could worsen public security (Q18).
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Q10 (eri) Q11 (acc) Q12 (eno)
4.50 4.15 3.35
4.40
4.10
4.30 3.30
120 4.05
4.10 4.00 3.25
1 2 3 1 2 3 1 2 3
(a) Results of Q10 (cri) ** (b) Results of Q11 (acc) (c) Results of Q12 (eno)
Q13 (saf) Q14 (cho) Q15 (cau)
4.25 4.60 3.90
4.20 4.50 3.80
4.15 4.40 3.70
4.10 4.30 3.60
1 2 3 1 2 3 1 2 3
(d) Results of Q13 (saf) (e) Results of Q14 (cho) (f) Results of Q15 (cau)
Q16 (pre) Q17 (enh) Q18 (wor)
3.30 3.90 4.20
3.10 3.85 =l
4.00
" N
2.90 3.80 3.90
270 3.75 3.80
1 2 3 1 2 3 1 2 3
(8) Results of Q16 (pre) *** (h) Results of Q17 (enh) (i) Results of Q18 (wor) *

Figure 5. The effects of education on the outcomes of (a) Q10, (b) Q11, (c) Q12, (d) Q13, (e) Q14, (f) Q15,
(g) Q16, (h) Q17, and (i) Q18. Note: *, **, and *** denote significance at 5%, 1%, and 0.1% levels,
respectively. Note that different scales of y-axis are used in the plots, therefore the trend slopes are
non-comparable; the figures only demonstrate the directions (increasing/decreasing) associated with
the attributes.

4.2.4. Effects of Income

The effects of income on the answers to the questions of perceptions and attitudes towards
video surveillance systems are shown in Figure 6. In general, as shown in Figure 6, the respondents’
perceived safety of crime reduction (Q10) and preferences of residences (Q13) and roads (Q14) with
surveillance systems decreases with their increasing level of monthly incomes, while their likelihood
of believing video surveillance is sufficient (Q12) and perceived psychological pressure (Q16 and Q17)
is increased. This implies that the high-income respondents general show a negative attitude towards
video surveillance systems. However, the group of respondents with the highest income level tend to
be more positive towards video surveillance systems, when compared to the attitude of the previous
group, that is, the respondents with an income of 10,001 to 20,000 RMB per month.
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Q10 (eri)
4.60

1 2 3

ESS

(a) Results of Q10 (cri) ***

Q13 (saf)

3.80
1 2 3 e

(d) Results of Q13 (saf) ***

Q16 (pre)

93]
W
(=)

1 2 3 4

(g) Results of Q16 (pre) **

Q11 (acc)

4.00

3.90
1 2 3

=

(b) Results of Q11 (acc)

Q14 (cho)

1 2 3

E=N

(e) Results of Q14 (cho) ***

Q17 (enh)
4.00

-
S

—
(38}

(h) Results of Q17 (enh) *

Q12 (eno)

—
[SS]
w
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(c) Results of Q12 (eno) **

Q15 (cau)
3.90
3.80
3.70
3.60
1 2 3 4
(f) Results of Q15 (cau)
Q18 (wor)
4.20
4.10
4.00
3.90
3.80
1 2 3 4
(i) Results of Q18 (wor)
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Figure 6. The effects of monthly income on the outcomes of (a) Q10, (b) Q11, (c) Q12, (d) Q13, (e) Q14,
(f) Q15, (g) Q16, (h) Q17, and (i) Q18. Note: *, **, and *** denote significance at 5%, 1%, and 0.1% levels,
respectively. Note that different scales of y-axis are used in the plots, therefore the trend slopes are

non-comparable; the figures only demonstrate the directions (increasing/decreasing) associated with

the attributes.

4.2.5. Effects of Occupation

The effects of occupation on the answers to the questions of perceptions and attitudes towards
video surveillance systems are shown in Figure 7. Surprisingly, as shown in Figure 7, the respondents

from governments and private enterprises are more negative about video surveillance systems, as they
perceive the least level of safety in terms of crime reduction (Q10), are more likely to believe the current
quantity of surveillance systems is sufficient (Q12), show less preferences to housings (Q13) and roads
(Q14) with surveillance systems, and are more distressed with the presence of video surveillance
systems (Q16). The respondents of other sectors are the most positive about video surveillance
systems, confirmed by the highest perceived safety of reducing crimes (Q10), the highest preferences
to residences (Q13) and roads (Q14) with surveillance systems, and the least self-reported pressure
imposed by such systems (Q16 and Q17). The self-employed respondents firmly believe that the public
security would be worsened provided that there are less surveillance systems (Q18).
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Q10 (cri) Q11 (ace) Q12 (eno)
4.60 4.20 3.00
4.40 4.10 2.80
4.20 4.00 2.60
4.00 3.90 2.40
1 2 3 4 5 1 2 3 - 5 1 2 3 4 5
(a) Results of Q10 (cri) *** (b) Results of Q11 (acc) (c) Results of Q12 (eno) ***
Q13 (saf) Q14 (cho) Q15 (cau)
4.40 4.80 4.00
4.20 160 3.90
4.40
4.00 420 3.80
3.80 4.00 3.70
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
(d) Results of Q13 (saf) *** (e) Results of Q14 (cho) *** (f) Results of Q15 (cau)
Q16 (pre) Q17 (enh) Q18 (wor)
4.00 4.30 4.40
3.50 =10 4.20
3.90
3.00 370 4.00
duf
2.50 3.50 3.80
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
(g) Results of Q16 (pre) *** (h) Results of Q17 (enh) *** (i) Results of Q18 (wor) *

Figure 7. The effects of occupation on the outcomes of (a) Q10, (b) Q11, (c) Q12, (d) Q13, (e) Q14,
(f) Q15, (g) Q16, (h) Q17, and (i) Q18. Note: *, **, and *** denote significance at 5%, 1%, and 0.1% levels,
respectively. Note that different scales of y-axis are used in the plots, therefore the trend slopes are
non-comparable; the figures only demonstrate the directions (increasing/decreasing) associated with
the attributes.

4.2.6. Effects of Residence

The effects of residence on the answers to the questions of perceptions and attitudes towards video
surveillance systems are shown in Figure 8. From Figure 8, the longer length of residence in the studied
city, Beijing, could clearly facilitate the adoption of video surveillance systems. The respondents who
lived in Beijing for over ten years exhibit the greatest perceived safety in terms of crime reduction
(Q10), the highest preferences to residences (Q13) and roads (Q14) with surveillance systems, and
feel the least pressure with the presence of video surveillance systems (Q16). Moreover, this group of
respondents also less likely to strongly agree that the current surveillance systems are sufficient (Q12).
Clearly, longer residence promotes the personal acceptance and support of video surveillance.
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13 of 21
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(c) Results of Q12 (eno) *

Q15 (cau)
3.85
3.80
3.75
3.70
3.65
1 2 3 4
(f) Results of Q15 (cau)
Q18 (wor)
4.10
4.00
3.90
3.80
1 2 3 4

(i) Results of Q18 (wor)

Figure 8. The effects of residence on the outcomes of (a) Q10, (b) Q11, (c) Q12, (d) Q13, (e) Q14, (f) Q15,
(g) Q16, (h) Q17, and (i) Q18. Note: *, **, and *** denote significance at 5%, 1%, and 0.1% levels,
respectively. Note that different scales of y-axis are used in the plots, therefore the trend slopes are

non-comparable; the figures only demonstrate the directions (increasing/decreasing) associated with

the attributes.

4.3. Results of Regression Analysis

Based on the original survey data, the KMO result is 0.807 and Bartlett’s p = 0.000 < 0.05, indicating
that univariate analysis is applicable for the data. The anti-image correlation matrix of the survey
responses is shown in Table 3, in which all the MSA values are greater than 0.7, confirming that the
data is applicable for factor analysis.

Based on PCA calculation, the first two PCs are taken, because they explain over most of variation
(over 80%). The correlations between the selected PCs and the answers to the questions of perceptions
and attitudes towards video surveillance systems are shown as the following equations:
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Fy = 0.244cri + 0.266acc + 0.047eno + 0.340saf + 0.197cho + 0.115cau — 0.231pre — 0.007enh + 0.241wor (1)

@

where Fi and F; denote the first and the second extracted PC, respectively. Furthermore, we reduce
the PCs to ensure that each and every of the parameterized questions of perceptions and attitudes
towards video surveillance systems is only loaded on one PC, the one with higher coefficient is kept,
shown as follows:

Fy = —0.057cri + 0.003acc — 0.264eno — 0.092saf — 0.033cho + 0.240cau + 0.538pre + 0.27%nh + 0.030wor

®)
(4)

where F1” and F,” denote the first and the second reduced PC, respectively. With this particular process,
the reduced PCs are endowed with actual meanings as follows: The first PC represents the perceived
safety and behavioral preferences of the respondents and the second one denotes the attitudes of the
respondents towards video surveillance systems. Consistent with the design of the questionnaire (see
Section 3.1), the higher value of the 1st PC and the lower value of the 2nd PC would imply the favor
towards video surveillance systems. Before employing personal characteristics in regression analysis,
the PCCs between demographic features, knowledge about video surveillance systems, and the two
reduced PCs are calculated using the classical procedure [52]. The PCC values are shown in Table 4,
in which the linkages of the other pairs of the parameters are presented with their significance.

F1" =0.244cri + 0.266acc + 0.340saf + 0.197cho + 0.241wor
Fy" = —0.264¢en0 + 0.240cau + 0.538pre + 0.27%enh

Table 3. Anti-image correlation matrix of the survey data.

cri acc eno saf cho cau pre enh wor
cri 0.796 * —0.353 0.065 —0.304 —0.343 —0.003 0.078 0.001 —0.021
acc —0.353 0.849 * 0.056 —0.046 —0.014 —0.043 —0.119 0.043 —0.121
eno 0.065 0.056 0.809 * —0.003 0.020 0.073 0.305 0.004 —0.013
saf —0.304 —0.046 —0.003 0.848 * —0.272 —0.104 0.127 —0.018 —0.142
cho —0.343 —0.014 0.020 —0.272 0.838* —0.143 0.087 —0.044 —0.208
cau —0.003 —0.043 0.073 —0.104 —0.143 0.850 * —0.299 —0.237 —0.103
pre 0.078 —-0.119 0.305 0.127 0.087 —0.299 0.683 * —0.324 —0.048
enh 0.001 0.043 0.004 —0.018 —0.044 —0.237 —0.324 0.808 * —0.163
wor —0.021 —0.121 —0.013 —0.142 —0.208 —0.103 —0.048 —0.163 0.899 *
Note: * MSA- Measure of Sample Adequacy.
Table 4. Pearson correlation matrix of the attributes and the factors.
sex age edu inc job year cil ciw kno Fy’ Fy’

sex 1 —0015 —0093% 0¥ 0.061 * 0.150 *** 0.040 0.135 *** 0.151 ** 0.048 —0.111 *

age 1 —0.174* 0181  —0240*  0.191** —0.018  —0207%* 0219 ** 0015 0.106 ***
edu 1 0.149**  —0.028 0.002 —0.044 0.212 %+ 0.110 ** —0.005  —0.096*

inc 1 —0.293 ** 0.028 —0.068*  —0.183**  —0.246%*  —0.080* 0.055

job 1 —0.111**  —0.018 0.160 *** 0.166 *** 0.006 —0.101 **
year 1 —0.077*  0.184%* 0120 0.124**  —0.084*

cil 1 0.000 0.022 —0.010 0.029
ciw 1 —0421% 0115  —0.105**
kno 1 —0.085*  —0.132*%

Fy’ 1 0.511 ***

Fy 1

Note: *, **, and *** denote significance at 5%, 1%, and 0.1% levels, respectively.
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From Table 4, at the significance of 1% level, F1’ is significantly correlated to inc, year, ciw, kno and
Fy’, and F,’ is significantly correlated to sex, age, edu, job, year, ciw, kno and F;’. Therefore, the regression
models are constructed as follows:

F1" =ay1 + ayp-inc + ayz-year + ayy-ciw + ajs-kno 5)

Fy' =ap1 + app-sex + ayz-age + aps-edu + aps-job + axg-year + ayy-ciw + apg-kno 6)

where both the reduced PCs are dependent variables, a;j are coefficients, the personal characteristics
are employed as independent variables, and the self-reported knowledge about video surveillance
systems are used as control variables.

The regression results are shown in Table 5. In general, the results of the regression analysis are
consistent with the results of the univariate analysis, as the influential factors, such as gender and
length of residence, affect the perceived safety, preferences, and attitudes towards video surveillance
systems. As shown in Table 5, the perceived safety and behavioral preferences of the respondents (F1")
are negatively correlated to the level of monthly income, while the values are positively correlated
to the length of residence in Beijing. Additionally, the experience with video surveillance systems
in life also positively affects the perceived safety and behavioral preferences. Amongst the three
parameters, the most significant factor is the length of residence, indicating that, from Table 5
at the 1% significance level, the attitudes of the respondents towards video surveillance systems
(Fy’) are significantly correlated to gender, level of education, and length of residence. The female
respondents, highly-educated respondents, and long-term residents of Beijing are more accustomed to
the presence of video surveillance systems. At the 5% significance level, growing in age imparts more
psychological stress on the respondents, making the aged people feel uneasy about surveillance, while
the self-reported knowledge about such systems (knowing the structure and operation of surveillance
systems) tends to comfort the respondents.

Table 5. Results of the parameters in Model (1) and Model (2).

Model (1)
Variable Coefficient  Stand Error T-statistic Pr.
Constant 11.557 0.376 30.766 0.000 ***
inc —0.153 0.075 —2.039 0.042 *
year 0.215 0.060 3.576 0.000 ***
ciw 0.355 0.166 2.133 0.033 *
kno 0.117 0.150 0.779 0.436
Model (2)
Variable Coefficient  Stand Error T-statistic Pr.
Constant 3.758 0.249 15.098 0.000 ***
sex -0.187 0.064 —2.907 0.004 **
age 0.090 0.041 2.186 0.029 *
edu —0.128 0.047 —2.739 0.006 **
job —0.065 0.026 —2.507 0.012*
year —0.080 0.030 —2.660 0.008 **
ciw —0.007 0.082 —0.082 0.935
kno —0.148 0.072 —2.059 0.040 *

Note: *, *, and *** denote significance at 5%, 1%, and 0.1% levels, respectively.
5. Discussion

5.1. Shortcomings

We acknowledge that the major limitation of the current contribution lies in the scope of research.
The study focuses on only surveying the residents in Beijing to understand the impacts of video
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surveillance systems the perceptions of safety and behavioral preferences, as well as to acquire the
attitudes towards such systems. Although Beijing is a city of sophisticated surveillance systems [23]
and a highly populated city, the survey data is not representative for a large-scale population. Therefore,
the results are not universally applicable to every other city in the world. However, to survey a broader
range of population, more desirable residents from different cities in different countries across the
globe, poses an extremely difficult challenge. Additionally, considering the fact that heterogenous
video surveillance systems are implemented in different cities and countries, the creditability of such a
large-scale survey could be highly questionable.

5.2. Implications

Despite the above limitation, several recommendations are provided to ensure the sustainability
of video surveillance systems, on the basis the results and analysis that are presented in the
previous section.

First, video surveillance systems should be implemented in the housings and regions with more
potential supporters of such systems, such as females, young people, educated residents, low income
earners, and long-term citizens. From the above results, these groups show higher acceptance and
support to surveillance and, most likely, these people may lay more emphasis on security than other
groups of residents.

Second, it is important to popularize the knowledge regarding the structure and operation of
surveillance systems, because this piece of knowledge would ease the psychological tension that is
possibly imposed by the presence of surveillance systems, as shown in Table 5, i.e., the results of the
regression analysis.

Due to the rapid expansion of higher education in China [53] and its positive impacts on
urbanization [54], Chinese residents’ acceptance and support of surveillance are expected to increase in
the foreseeable future. Yet, technical measures and legal regulations that aim at privacy protection [20] are
still in need of attention and efforts.

6. Conclusions

In this study, we investigated the factors that influence the perception of safety, behavior
preferences, and attitudes towards video surveillance systems, based on a questionnaire-based
survey on residents in Beijing, China. Univariate analysis and regression analysis were employed to
analyze the 1080 validly returned surveys. We observed that gender, level of education, and length of
residence significantly affect the perceived safety of surveillance systems, as female, educated, and
long-term residents tend to strongly agree that surveillance systems promote public security. Moreover,
these groups of respondents also prefer housings and routes with video surveillance systems and are
more accustomed to the systems. However, the elder respondents are more distressed with the presence
of video surveillance systems and thereby they perceive less safety for the younger population. Based
on the results, we offer several recommendations, such as selective implementation and knowledge
popularization to facilitate the adoption and sustainability of such systems.

The potential future research can be carried out in the three following directions. First, a large-scale
survey is highly desirable to test the findings of this study, as this work is solely based on the residents
in Beijing. Second, field investigation can be included to verify the behavioral preferences of urban
residents, as the divergence between behaviors and attitudes requires more attention and detailed
explanation. Third, it is valuable to investigate how the personal characteristics affect behaviors, since
the self-reported behavioral preferences might not be sufficiently convincing.
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Nomenclature

Abbreviations

A Agree

ANOVA Analysis of variance

D Disagree

KMO Kaiser-Meyer-Olkin

IP Internet Protocol

MSA Measure of Sample Adequacy

NBS National Bureau of Statistics of China

NN Neither disagree nor agree

Obs Observations

PC Principal component

PCA Principal component analysis

PCC Pearson correlation coefficient

SA Strongly agree

SD Strongly disagree

Std Standard deviation

Symbols

ajj Coefficient

acc Video surveillance systems can reduce accidents

age Age

cau Video surveillance systems make people behave more cautious

cho Choose routes with video surveillance systems would be more preferable

cil Whether the respondent contact video surveillance systems in life

ciw Whether the respondent handle video surveillance systems in work

cri Video surveillance systems can reduce crimes

edu Level of education

enh Moving surveillance cameras enhance above perceptions, i.e., caution and pressure

eno Current quantity surveillance cameras are enough

F; Initial principal component

F/ Reduced principal component

inc Monthly income, in RMB

fno Whether the respondent possess some knowledge about the structure and operation of
video surveillance systems

job Occupation

pre Video surveillance systems bring pressure on people

saf Residence with video surveillance systems are safer

sex Gender

wor Less or no video surveillance systems would worsen public security

year Time of residence in Beijing

Subscripts

i Counter

j Counter
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Table A1. The complete form of the questionnaire.

Section

Question

Options

Demographic
information of
respondent

Q1. Gender

(a) Male
(b) Female

Q2. Age

(a) <20
(b) 20~35
(c) 35~50
(d) 50~65
(e) >65

Q3. Level of education

(a) High school or below
(b) Technical or bachelor degree
(c) Master degree or above

Q4. Monthly income

(a) <3,500 RMB
(b) 3,500~10,000 RMB
(c) 10,001~20,000 RMB
(d) 20,000 RMB

Q5. Occupation

(a) Works as a civil servant
(b) Works in public sector
(c) Self-employed

(d) Works for private firm
(e) Other

Q6. Time of residence in Beijing

(a) <1 year

(b) 1~5 years
(c) 5~10 years
(d) >10 years

Knowledge about
surveillance cameras

Q7. Whether contact video surveillance systems in life?

(a) Yes
(b) No

Q8. Whether handle video surveillance systems in work?

(a) Yes
(b) No

Q9. Do you have knowledge about the structure and
operation of video surveillance systems?

(a) Yes
(b) No

Perceptions and attitudes

towards surveillance
cameras

Q10. Video surveillance systems can reduce crimes

(a) Disagree

(b) Partly disagree
(c) Staying neutral
(d) Partly agree
(e) Agree

Q11. Video surveillance systems can reduce accidents

(a) Disagree

(b) Partly disagree
(c) Staying neutral
(d) Partly agree
(e) Agree

Q12. Current quantity surveillance cameras are enough

(a) Disagree

(b) Partly disagree
(c) Staying neutral
(d) Partly agree
(e) Agree

Q13. Residence with video surveillance systems are safer

(a) Disagree

(b) Partly disagree
(c) Staying neutral
(d) Partly agree
(e) Agree

Q14. Choose routes with video surveillance systems would
be more preferable

(a) Disagree

(b) Partly disagree
(c) Staying neutral
(d) Partly agree
(e) Agree
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Table A1l. Cont.

Section Question Options

(a) Disagree

(b) Partly disagree
(c) Staying neutral
(d) Partly agree
(e) Agree

Q15. Video surveillance systems make people behave more
cautious

(a) Disagree

(b) Partly disagree
Q16. Video surveillance systems bring pressure on people (c) Staying neutral

(d) Partly agree

(e) Agree

(a) Disagree

(b) Partly disagree
(c) Staying neutral
(d) Partly agree
(e) Agree

Q17. Moving surveillance cameras enhance above
perceptions

(a) Disagree

(b) Partly disagree
(c) Staying neutral
(d) Partly agree
(e) Agree

Q18. Less or no video surveillance systems would worsen
public security
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