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Abstract: Expanding transport systems for life convenience and preserving the natural environment
are essential but conflicting human activities. The operational expansion after the opening of a
new terminal building at Hanoi Noi Bai International Airport was followed by changes in aircraft
noise exposure. A series of socio-acoustic surveys were conducted around the airport, revealing
different levels of noise annoyance responses in the surveyed sites. To clarify this discrepancy and to
explore people’s true feelings, the Picture-Frustration test was conducted to assess attitudes toward
the airport, aircraft noise, living environment, and awareness of environmental protection in the
communities around the airport. A total of 321 responses were obtained. The results showed a
significant variation in attitudes toward the airport and natural environment among residents in
different areas. Urban residents preferred natural environment more than those living in rural and
mixed sites, who desired harmony between nature and life convenience. Residents in rural sites
raised more complaints about aircraft noise effects on sleep than those in the other sites. Factors
of occupations and gardening activities did not affect residents’ attitudes toward the airport. The
attitudes of the participants varied depending on the exposure noise levels. It was suggested that
using multiple questioning methods is necessary to certify the true opinions and aspirations of people
living in the project area and ensure sustainable development.

Keywords: aircraft noise; noise policy; Picture-Frustration Test; annoyance; environmental attitude

1. Introduction

People in modern societies now face various frustrating situations due to urbanization.
The natural environment is being replaced by artificial facilities such as airports for satisfy-
ing human needs. Development projects have brought convenience to human life, but have
had negative impacts on the natural environment and decreased opportunities for people
to enjoy nature. There is a limited amount of research on how people react or adapt to the
intervention events, particularly the modification of the natural environment to promote
life convenience [1,2]. It is necessary to understand the residents’ potential attitude and
acceptability toward the environment to establish a sustainable development policy. It is
also essential to understand what factors influence the attitude to the environment and
the contexts in which people develop their values and react to their living environment.
However, relatively few studies have focused on this topic [3].

Questionnaire surveys are capable of obtaining information from large samples of the
population for the purpose of assessing community responses. However, it is difficult for
participants to assess their own opinions when they have poor recall of a circumstance that
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they are asked to evaluate. Therefore, in questionnaire surveys, open-ended questions are
added to explore qualitative, in-depth aspects of a specific topic and provide participants
with a chance to respond in detail [4]. The Rosenzweig Picture-Frustration test, which we
call the P-F test in the following, is known as a tool to explore an individual’s real feelings
toward frustrating situations using cartoons [5–7] and takes an advantage of open-ended
questions and allows participants to imagine their circumstances.

The P-F test is usually considered a semi-projective technique and involves an exami-
nee responding verbally to a semi-ambiguous picture scenario [8]. The test form consists of
24 comic strip pictures that portray a situation that might induce frustration to assess how
the examinee responds to frustration and frustrating situations. The test assumes that the
way that the examinee responds to each frustrating situation depicts how they behave in
the face of frustration. Since the first publication on the technique, it has been consistently
stated that the P-F test intends to measure not the types of personality but the types of
reaction, assuming that each individual has access to a variety of such types or patterns of
reaction [7]. Rosenzweig’s test has been continued to be widely used in behavioral and
psychological studies until recently. The test was applied to explore the mediational role of
frustration tolerance in the relationship between personality traits and two different sub-
stance addiction treatments [9]. An adapted version of Rosenzweig’s test was developed
to assess the hostile thoughts elicited by frustrating interpersonal situations in forensic
psychiatric patients with a conduct disorder or an antisocial personality disorder [10]. P-F
test has been used effectively to study effects of noise from neighbors in Japan [11,12].

In the P-F test, the reactions to the pictures have to be written down. Therefore, it is
expected to reveal respondents’ real thought content more directly than if respondents
have to rate their response on a verbal or numeric scale used in the questionnaire surveys.
The result of a study on the P-F test conducted in Japan suggests that people are strongly
aware of the importance of the natural environment and expect life convenience to be
compatible with environmental protection [13,14]. In this study, a set of cartoons for the P-F
test were developed as a new means to examine the environmental attitudes of residents
living near an airport concerning their desires and preferences of life convenience and
environmental protection. These will help us attain effective noise-abatement programs
that not only focus on decreasing noise emission, but also seek solutions to enhance the
coexistence of an airport and local communities.

A new terminal building at the Hanoi Noi Bai International Airport (NBIA) in Vietnam
was completed and opened in December 2014 with plans to increase the airport capacity to
cope with the growing demand for aircraft movements. The P-F test and a questionnaire
survey, which we will refer to as the questionnaire, were conducted after the opening of the
new terminal building in September 2015, in order to investigate people’s attitudes toward
the airport, aircraft noise, their living environment, and their awareness of environmental
protection of their communities, as well as to clarify a variety of public opinions related to
the NBIA. Note that a preliminary P-F test was conducted with Hanoi residents in March
2014 [15]. This preparatory study, which was conducted to examine whether the P-F test
method is feasible for noise research in Vietnam, used the same cartoons as those in the
survey conducted in Japan in 2010 [13], to make a cross-cultural comparison.

The P-F test was originally developed to disclose patterns of responses to daily stress
and assess how the test participants respond to annoying and frustrating situations: The
test participants are requested to observe cartoons that show scenes depicting moderately
frustrating situations and are asked to write what the frustrated person in the cartoons
would probably say or how they would react in such situations. In this study, the test
is based on the assumptions that the individual participants can relate to the frustrated
characters depicted in the picture and then project their own reactions through their
response. By conducting the questionnaire right after finishing the P-F test on the same test
subject, this study was expected to explore whether the participants responded differently
to the same issue.
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The situation depicted in the original P-F test includes two categories of frustration:
“ego blocking,” in which an obstacle is evident, and “superego blocking,” in which one
person makes an accusation against another. However, all situations depicted in the
cartoons of this P-F test are considered to fall into the first category of “ego blocking”
because this study aims to assess participants’ responses to aircraft noise and the impact of
airport operations. The specific study objectives are:

(1) to understand the opinion of people living around the NBIA concerning their aware-
ness of the environment and noise, impacts of aircraft noise and airport operations,
life convenience, and attitudes concerning environmental protection,

(2) to assess the participant evaluation response differences between the P-F test and
questionnaire.

This study also aims to accumulate data on the consciousness of life convenience and
the natural environment in Vietnam and assess a method for evaluating differences in
consciousness of environmental protection among countries.

2. Materials and Methods
2.1. Survey Sites and Test Participants

Test participants were residents living in 13 survey sites around NBIA, as shown in
Figure 1. Sites A1–A6 were below the typical aircraft arrival route, Sites A7–A11 were
below the typical aircraft departure route, and Sites A12 and A13 had minimal aircraft
noise exposure since they were located northeast of the airport. These two sites were
selected as control sites for comparison purposes. Note that about 90% of aircraft fly in
the west-to-east direction at the NBIA. The selected survey sites can be classified into three
categories based on their regional characteristics: urban use (A1), mixture of urban and
rural uses (A2, A3, A7, A9, A12, and A13), and rural use (A4, A5, A6, A8, A10, and A11).
Site A1 is located in the town center and far away from rice paddies, so it was considered
to be an urban site. The rural sites were adjacent to the rice fields. The sites adjacent to
both the town and the rice fields were called the mixed sites. A total of thirty people were
invited to participate in the test at each site.

Figure 1. Survey sites around Noi Bai International Airport. A1–A13 are the survey site IDs.

2.2. Contents of the Cartoons and Questionnaire

Figure 2 shows a set of five cartoons composed for the P-F test. In each cartoon, a
frustrated person standing on the left says something to another person standing on the
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right about his frustration. Facial features, other personality expressions, and detailed
backgrounds are omitted from all the cartoons. The test participants were asked to write
what the person on the right will say to the frustrated person in the cartoon. It is assumed
that the test participant will project their attitudes and opinions to the person in the cartoon.

Figure 2. Five cartoons used in the P-F test.
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Cartoons 1–3 have the same dialogue scenes as the cartoons used in the preliminary
test conducted in 2014 with participants living in downtown Hanoi [15] and the study
conducted in 2010 with participation of university students in Osaka by Yoshioka et al. [13].
The words spoken by the characters were the same, but the pictures were replaced with
similar, but more simplified and common ones to fit Vietnam and other nations. We aim to
conduct tests repeatedly in many countries and to conduct a cross-cultural study.

In addition to the three cartoons illustrating irritation attributed to environmental
protection and life convenience, cartoons 4 and 5 were newly created to depict dialogue
scenes representing frustration from life convenience and sleep impacts in cartoon 4 and en-
joyment of gardening and visual impact in cartoon 5. The results of previous socio-acoustic
surveys conducted around NBIA revealed a wide variety of noise annoyance responses [16].
We hypothesized that these were caused by sleep impacts and the participants’ occupations,
and that the participants living in rural sites were more annoyed by aircraft noise than
those living in urban and mixed environments where aircraft noise exposure levels were
similar. Cartoon 4 shows a person sitting on a bed complaining about his sleep distur-
bance due to aircraft noise. Cartoon 5 shows a person who enjoys gardening, but fears
low-flying aircraft. Note that the consistency of the content of expressions was checked
among various languages (e.g., Vietnamese, Japanese and English) when the words of the
frustrating person in the cartoons were translated. In summary, the five cartoons describe
the following frustrating situations:

(a) Cartoon 1: Aircraft noise vs. life convenience.
(b) Cartoon 2: Natural environment vs. life convenience.
(c) Cartoon 3: Environmental preservation vs. life convenience.
(d) Cartoon 4: Sleep disturbance vs. life convenience.
(e) Cartoon 5: Fear of aircraft crash vs. joy of gardening.

In this research, the test was followed by a questionnaire survey to assess the partici-
pants’ responses to aircraft noise, referring to the method used in a study of neighborhood
noise in Japan by Namba et al. [4], although in their study, the P-F test was conducted
after the questionnaire survey. The questionnaire, which was presented after the test was
completed, consisted of seven questions. The first question was a query on the general
environment to avoid bias due to the impact of aircraft noise. This question was the same
as that used in a survey of environmental noise in Japan [17]. The next five questions were
modified versions of queries from the neighborhood noise study [4], so as to fit our purpose
of investigating the effects of aircraft noise. The last question was composed of 21 queries
requiring answers on an “agree-neutral-disagree” scale, referring to Yoshioka et al. [13].
Some of these queries were modified to fit the situation around NBIA and to enable a
comparison of the results between the methods of the P-F test and the questionnaire survey.
A face sheet was added to obtain the participant’s demographic data. Table 1 shows survey
items of the P-F test and questionnaire used in this study.

2.3. Interview Methods of the P-F Test and Questionnaire

The field investigation of the P-F test and questionnaire were conducted in the daytime
on weekends. Interviewers visited targeted homes in the survey sites, brought the set of
cartoons and questionnaire, and asked residents nominated as test participants to fill in
their answers without any assistance. With each cartoon, individual test participants were
asked to fill in the blank caption box with what they thought the right person in the cartoon
would tell the other person. To guarantee the balance of answering rates between males
and females and among generations, the adult males, adult females, and other household
members over age 18 were sequentially selected as test participants at each targeted home
(one person from each home).
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Table 1. Survey items of the P-F test and questionnaire.

P-F test

Cartoon 1 Frustrated choice between aircraft noise and life convenience

Cartoon 2 Frustrated choice between living in a rich natural environment and convenient
urban life

Cartoon 3 Frustrated choice between environmental protection and life convenience

Cartoon 4 Frustrated choice between sleep disturbance caused by aircraft noise and life
convenience when living near the airport

Cartoon 5 Frustrated choice between fear of an aircraft crash and the joy of gardening

Questionnaire

Q1 Evaluation of the living area including queries on the natural environment,
scenery, view, and convenient access to social facilities

Q2 Condition when being annoyed by aircraft noise
Q3 Specific time most annoyed by aircraft noise
Q4 Degrees of annoyance
Q5 Actions taken when being annoyed by aircraft noise
Q6 The appropriate measures to solve aircraft noise problems

Q7 21 agree/disagree questions about attitudes toward the airport and aircraft
noise

Face sheet
(Personal information

of participants)

F1 Number of household members
F2 Number of years in residence

F3 Check family members that are: Night-shift workers, entrance test takers, sick
people, and elderly

F4 Gender
F5 Age
F6 Occupation
F7 Address

3. Results
3.1. Basic Results of the P-F Test

Table 2 shows the number of responses, demographic data of test participants, and
noise exposure levels (Lden) at the individual survey sites. The numbers of responses in
Sites A5 and A11 were less due to their smaller population sizes compared to the others.
The age of the test participants was classified as “under 30-years-old,” “from 30 to 50-years-
old,” and “over 50-years-old”. Since the retirement age of Vietnamese people is typically
above 50-years-old, the “over 50-years-old” categories included participants who stay at
home a longer duration than the other categories. All of the participant responses to the
P-F test were translated into English and Japanese to check the consistency of the content of
expressions across languages. The test participants of the P-F test are assumed to identify,
subconsciously or consciously, with the frustrated person in the situation depicted in each
cartoon and project their own opinion into the response given. Thus, subjective responses
are assumed to reflect their frustration in response to the degree that the test participants
exhibited their aggression toward the frustrating situations. Based on this assumption,
answers provided by the test participants were classified into five categories based on the
degree of disagreement, as shown in Table 3. The bar graphs of the results in Figure 3
show the percentages of answers classified into individual categories for each cartoon.
The percentage of respondents in agreement and disagreement are shown on each side of
each graph. Taking the statistical stability into account, the average percentages of the two
categories are calculated and placed at the top of each graph.

3.1.1. Cartoon 1: Noise Annoyance vs. Improved Life Convenience

Cartoon 1 was designed to explore attitudes toward a frustrating situation between
“improvement in life convenience” and “noise annoyance due to the opening of a nearby
airport.” The test participants who answered “strongly disagree” or “disagree” were
identified as negative toward the airport due to noise annoyance, while those answering
“agree” and “strongly agree” were identified as positive to prioritize life convenience,
despite the noise annoyance. A high rate of participants renouncing the airport was found
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in sites closer to the airport, such as A8 and A6, where airplanes were clearly visible and
aircraft noise is louder compared to the other sites. Site A8 was located below the take-off
route and has a high percentage of elderly population, while Site A6 was near the runway
end below the landing route and obliquely behind the start of the take-off roll of military
aircraft. A lower rate of test participants renouncing the airport was found in Sites A3, A4,
A7, and A9. Sites A7 and A9 are located close to the runway end but not directly below the
take-off route.

It is worth noting that, as shown in Figure 3, the ratio of test participants having
negative attitudes toward the airport is low, occupying 22% of the total number of partici-
pants and 20% of the young group (<30 years old). In other words, the residents around
NBIA had an attitude of accepting a new airport for the benefits that it brings despite its
environmental impact.

3.1.2. Cartoon 2: Life Convenience vs. Rich Nature

Cartoon 2 was designed to explore attitudes toward a frustrating situation between
“inconvenient life but in harmony with the rich nature” and “urban life convenience.” All
responses classified into the first two categories imply the prioritization of life convenience,
whereas the last two categories imply a preference for the rich natural environment. It is
worth noting that most of the test participants in Site A1 showed agreement, which implies
the preference for the rich nature of residents in the site, which is the most urbanized
among the 13 survey sites. As shown in Figure 3, the average percentage of test partici-
pants preferring natural environment is very high, occupying 66% of the total number of
participants. Although the preference of natural environment seems to be lower in the sites
close to the airport, test participants generally seem to show a preference to the richness of
nature rather than the convenience of life.

Table 2. The participant demographic data of the P-F test and questionnaire.

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 A13

No. of responses 28 25 29 28 5 28 27 24 28 26 15 30 28

Age <30 (%) 29 32 31 32 40 14 22 22 8 19 36 45 33

Age >50 (%) 11 24 31 32 20 32 26 52 48 39 36 21 26

Male (%) 52 60 50 52 60 43 40 52 60 50 44 41 83

Farmer (%) 4 17 24 52 60 50 42 18 16 61 17 4 11

Lden (dB) 53 54 62 57 68 64 62 65 63 59 59 49 51

Lnight (dB) 45 46 55 48 59 56 55 58 56 53 52 39 44

Live with vulnerable person (%) 61 100 79 93 80 93 81 84 75 54 76 52 50

Table 3. Categories of answers in the P-F test classified based on the degree of agreement.

Degree of agreement Example

Score 1: Strongly disagree I do not find the airport convenient at all. We older people do not like it at all; it affects
our lives.

Score 2: Disagree I do not think so. The aircraft noise reduces the solitude and tranquility in our lives.

Score 3: Neither agree nor disagree It is endurable although it is noisy.

Score 4: Agree I agree with your opinion.

Score 5: Strongly agree I feel it is very good.
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Figure 3. Distribution of responses for the five agreement categories in each of the five cartoons.
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3.1.3. Cartoon 3: Environmental Preservation vs. Fuel Consumption

Cartoon 3 was designed to explore attitudes toward the frustrating situation between
the protection of the environment and residents’ demands, such as energy consumption
for life convenience. The first two categories imply the priority to protect the natural
environment, whereas the last two categories imply an acceptance of the fuel consumption.
As a result, as shown in Figure 3, the ratio of responses to each category is scattered with
no clear trend. The average percentage of participants who selected the first two categories
is 29%, while those that selected the last two categories was 44% of all the responses. These
rates for young participants (<30 years old) are 30% and 49%, respectively. This result is
different from what was expected, which was that there would be more negative responses
to fuel consumption or positive responses to environmental protection.

3.1.4. Cartoon 4: Sleep Disturbance vs. Life Convenience

Cartoon 4 focused on attitudes toward the frustrating situation between life conve-
nience provided by living near the airport and sleep quality affected by aircraft noise. The
first two categories (strongly disagree and disagree) indicate negative attitudes toward the
airport due to sleep effects. Although the issues examined in cartoons 4 and 1 are somewhat
similar, the latter draws the participants’ attention to general noise annoyance, whereas the
former focuses on sleep disturbance, i.e., a particular effect of noise. As shown in Figure 3,
we can observe a considerable difference in the attitudes between the participants living
in the control sites A12 and A13 and those living in the survey sites below the take-off
and landing routes. The rather high percentage of negative attitudes toward the airport,
except in Sites A12, A13, A10, and A5 (average percentage: 44%) indicates test participants’
concern with sleep disturbance, but the percentage of participants’ preferences to life
convenience was also high in most sites (average percentage: 50%). In other words, no
clear trend was found between the concern with sleep disturbance and preference to life
convenience within the test participants.

3.1.5. Cartoon 5: Fear of Aircraft Crash vs. Joy of Gardening

Cartoon 5 was designed to explore attitudes toward the frustrating situation between
the fear of aircraft crashes and the desire to enjoy outdoor activities. More negative
responses, or fear of an aircraft crash, were observed in sites closer to the airport, except
for Site A7. This is understandable, considering that Site A7 is located south of the take-off
path. This may decrease the visual effect of flyover aircraft and make test participants less
fearful of aircraft crashes in this site compared to other sites. Similar to the result of cartoon
4, the test participants living in the control sites A12 and A13 showed more tolerance
toward aircraft than those living below the take-off and landing routes. In other words, at
the sites far from the airport and the control sites, a higher percentage of participants who
have a preference for outdoor activities were found rather than the safety. An airplane is
usually high when crossing these sites and does not have the visual effect that might result
in a fear of an aircraft crash.

In addition, the difference in responses to the situation raised in cartoon 5 between
farmers and other occupations was examined, considering that farmers are apt to be easily
affected by the fear of an aircraft crash because they have to work outdoors longer than
other occupations. Based on the result, test participants were classified into three groups in
Table 4: tolerant group who give priority to the joy of gardening, non-tolerant group who
have a concern with aircraft crash, and neutral. A chi-square test of independence was
performed to examine the relation between occupations and the fear of an aircraft crash.
The test result showed that the proportion of subjects who reported being fear of an aircraft
crash did not differ by occupations, X2 (1, N = 288) = 0.5, p > 0.05.
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Table 4. Result of P-F test—Cartoon 5 (Fear of aircraft crash vs. joy of gardening): Comparison by
cross tabulation on farmers and other occupations.

Farmer (%) Other Occupations (%)

Tolerance
(priority to joy of garden) 57 57

Neutral 12 17

Non-tolerance
(concerned with aircraft safety) 30 27

3.2. Comparison of Disagreement-Agreement Responses Obtained in P-F Test by Different
Noise Levels

Since attitudes of the participants obtained in P-F test is assumed to vary depending
on exposure noise levels, distribution of responses for the five agreement categories in each
of the five cartoons were divided into difference noise level ranges, day-evening-night-
weighted sound pressure level, Lden, of under 55 dB, 55–60 dB, and over 60 dB (Table 5),
and nighttime equivalent continuous sound pressure level, Lnight, of under 50 dB and 50
dB or more (Table 6). Percentage of disagreement responses in Cartoon 1 increases from
11% to 34% when Lden increases from under 55 dB to over 60 dB. Higher percentage of
disagreement was also found with responses in Cartoons 4 and 5 at the higher range of
noise level. It indicated that more participants reject the airport because of its noise and
visual impacts rather than accept the airport for the life convenience. This trend was not
shown clearly for the responses of Cartoons 2 and 3 which indicate other environmental
attitudes not directly relating to effect of the aircraft. Regarding distribution of responses by
different ranges of nighttime noise level, percentage of disagreement responses in Cartoon
1 increases from 14% to 29% when Lnight increases from under 50 dB to over 50 dB. This
result indicates that the number of participants accept an existence of an airport in their
living area and give priority to their life convenience decrease when they are exposed to
noisier aircraft noise.

Table 5. Distribution of disagreement-agreement obtained in P-F Test by different ranges of day-evening-night-weighted
sound pressure level and by categories of agreement (1: Strongly disagree; 2: Disagree; 3: Neither agree nor disagree;
4: Agree; 5: Strongly agree).

Noise Level Ranges Lden
a (dB)

Total
<55 55–60 >60

Cartoon 1
Number of responses/categories

of agreement

1 2 4 30 36
2 10 8 18 36
3 38 28 55 121
4 56 28 37 121
5 5 0 0 5

Total 111 68 140 319
% rate of disagree (categories 1 + 2) 11 18 34 23

% rate of agree (categories 4 + 5) 55 41 26 39

Cartoon 2
Number of responses/categories

of agreement

1 3 2 11 16
2 10 1 19 30
3 11 7 39 57
4 59 52 56 167
5 26 4 14 44

Total 109 66 139 314
% rate of disagree (categories 1 + 2) 12 5 22 15

% rate of agree (categories 4 + 5) 78 85 50 67
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Table 5. Cont.

Noise Level Ranges Lden
a (dB)

Total
<55 55–60 >60

Cartoon 3
Number of responses/categories

of agreement

1 11 2 12 25
2 22 8 27 57
3 18 22 42 82
4 46 30 43 119
5 9 3 1 13

Total 106 65 125 296
% rate of disagree (categories 1 + 2) 31 15 31 28

% rate of agree (categories 4 + 5) 52 51 35 45

Cartoon 4
Number of responses/categories

of agreement

1 6 11 49 66
2 23 14 38 75
3 3 5 6 14
4 73 37 46 156
5 3 0 0 3

Total 108 67 139 314
% rate of disagree (categories 1 + 2) 27 37 63 45

% rate of agree (categories 4 + 5) 70 55 33 51

Cartoon 5
Number of responses/categories

of agreement

1 4 4 21 29
2 14 11 31 56
3 10 10 28 48
4 69 35 54 158
5 8 5 4 17

Total 105 65 138 308
% rate of disagree (categories 1 + 2) 17 23 38 28

% rate of agree (categories 4 + 5) 73 62 42 57
a Day-evening-night-weighted sound pressure level.

Table 6. Distribution of disagreement–agreement obtained in P-F Test by different ranges of nighttime equivalent continuous
sound pressure level and by categories of agreement (1: Strongly disagree; 2: Disagree; 3: Neither agree nor disagree; 4:
Agree; 5: Strongly agree).

Noise Level Ranges Lnight
a (dB)

Total
<50 >50

Cartoon 1
Number of responses/categories

of agreement

1 5 31 36
2 15 21 36
3 45 76 121
4 69 52 121
5 5 5

Total 139 180 319
% rate of disagree (categories 1 + 2) 14 29 23

% rate of agree (categories 4 + 5) 53 29 39

Cartoon 2
Number of responses/categories

of agreement

1 4 12 16
2 10 20 30
3 12 45 57
4 82 85 167
5 28 16 44

Total 136 178 314
% rate of disagree (categories 1 + 2) 10 18 15

% rate of agree (categories 4 + 5) 81 57 67
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Table 6. Cont.

Noise Level Ranges Lnight
a (dB)

Total
<50 >50

Cartoon 3
Number of responses/categories

of agreement

1 11 14 25
2 23 34 57
3 37 45 82
4 52 67 119
5 9 4 13

Total 132 164 296
% rate of disagree (categories 1 + 2) 26 29 28

% rate of agree (categories 4 + 5) 46 43 45

Cartoon 4
Number of responses/categories

of agreement

1 12 54 66
2 30 45 75
3 7 7 14
4 83 73 156
5 3 3

Total 135 179 314
% rate of disagree (categories 1 + 2) 31 55 45

% rate of agree (categories 4 + 5) 64 41 51

Cartoon 5
Number of responses/categories

of agreement

1 6 23 29
2 22 34 56
3 16 32 48
4 80 78 158
5 9 8 17

Total 133 175 308
% rate of disagree (categories 1 + 2) 21 33 28

% rate of agree (categories 4 + 5) 67 49 57
a Nighttime equivalent continuous sound pressure level.

3.3. Effects of Demographic Factors on the Residents’ Attitudes toward the Airport and the
Natural Environment

The responses obtained using the P-F test were analyzed to examine if residents’
attitudes toward the airport and the natural environment were different depending on
demographic factors. Table 7 shows the answers for the five cartoons cross-tabulated
by site characteristics, occupation, living with vulnerable family members, and age. The
chi-square test was applied to determine whether the difference among residents’ attitudes
was significantly affected by these demographic factors.

3.3.1. Site Characteristics

The survey sites were classified into three categories: urban (A1), rural (A4, A5, A6,
A8, A10, and A11), and urban-rural mix (A2, A3, A7, A9, A12, and A13). The result
of the statistical test shows that site characteristics significantly affect resident attitudes
toward the frustrating situations, except that of cartoon 3. Cartoon 1 was significant at a
significance level of 1%, whereas cartoons 2, 4, and 5 were significant at 5%. This result can
be interpreted as follows. For cartoons 1 and 2, urban residents attach greater importance
to the natural environment, while those living in rural and urban-rural mixed sites desire
a harmony between the natural environment and life convenience. For cartoon 3, the
attitudes toward energy saving and personal needs are not affected by site characteristics.
For cartoons 4 and 5, residents living in quiet rural sites have a greater tendency to focus
on the effects of sleep disturbance due to aircraft noise and the fear of an airplane crash
than those in other sites. This is reasonable because people living in quiet rural sites tend
to be more strongly annoyed by aircraft noise than residents in other sites. Shepherd et al.
found that the rural location was home to more people who were “very annoyed” by noise
compared to the city location because unnatural sounds are more annoying in the context
of green areas and perhaps mask other natural sounds [18].



Sustainability 2021, 13, 2016 13 of 22

Table 7. Chi-square test of attitudes toward the airport, life convenience, and energy saving among sites, occupations, ages,
and family components based on P-F test data.

Cartoon 1 Cartoon 2 Cartoon 3

Renounce/neutral/
life convenience P Life convenience/

neutral/nature P Energy saving/neutral/
personal needs P

Area
Urban 5 4 19

0.001
***

1 1 26
0.015

*

7 4 17
0.344Mixed 26 70 70 31 30 103 43 49 67

Rural 41 47 37 14 26 82 32 29 48

Occupation Farmer 22 28 32
0.614

12 18 50
0.534

17 28 33
0.097Others 47 83 87 34 36 144 62 48 90

Vulnerable
family member

Without 9 30 41 0.009
**

6 13 61
0.074

20 12 45 0.007
**With 62 91 85 40 43 150 62 69 87

Age
<30 16 34 31

0.319
13 13 55

0.976
21 15 35

0.18430–50 26 45 59 18 24 86 37 30 58
>50 26 37 31 15 16 60 23 32 32

Cartoon 4 Cartoon 5

Sleep effect/neutral/
transport convenience P Aircraft fear/neutral/

enjoy gardening P

Area
Urban 10 1 17

0.014
*

8 1 19
0.012

*
Mixed 62 6 95 35 34 92
Rural 69 7 47 42 13 64

Occupation Farmer 44 4 32
0.075

25 10 46
0.639Others 87 10 117 55 33 119

Vulnerable
family member

Without 115 14 54 0.003
**

13 8 56 0.006
**With 140 14 105 71 40 119

Age
<30 30 6 44

0.082
21 13 43

0.93530–50 60 2 68 35 20 73
>50 46 6 38 25 11 54

* p < 0.05, ** p < 0.01, *** p < 0.001.

3.3.2. Occupations

The test participants were classified as farmers and other occupations. It was expected
that farmers might have different attitudes toward the airport and the natural environment
due to different features in their working conditions. Farmers are assumed to spend time
outdoors longer than others and to be exposed to a higher level of aircraft noise. Visual ex-
periences of many aircraft flying overhead everyday may also affect their attitudes toward
the airport. Farmers were expected to live close to the natural environment and feel more
in favor of it than others. As a result, they were expected to prefer the natural environment
to life convenience. However, no significant difference in the attitudes was found between
farmers and other occupations. This result suggests that participant attitudes toward the
living environment around the airport are not influenced by their occupations.

3.3.3. Vulnerable Family Members

Test participants in this study were asked whether they lived with vulnerable family
members, such as night-shift workers, students preparing for examinations, and/or sick
or elderly people. As a result, this factor was found to considerably decrease the rate of
positive attitudes toward the frustrating situations, except cartoon 2.

3.3.4. Age

The ages of the test participants were classified as “under 30-years-old,” “from 30
to 50-years-old,” and “over 50-years-old.” The result shows that age had no effect on
the attitudes toward the frustrating situations. However, it can be seen that the younger
participants gave a higher priority to personal needs, and this rate was slightly higher than
that of the older participants.
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3.4. Comparison of the Data Obtained from the Picture-Frustration Test and the
Questionnaire Survey
3.4.1. Correlation between the P-F Test and the Questionnaire

To investigate the consistency between the P-F test and the questionnaire, we cal-
culated correlations (Spearman’s rank correlation coefficient) between the responses to
cartoons 1–5 and replies of nine selected questions used in the questionnaire survey
(Table 8). The replies of the questions in the questionnaire survey include three categories:
1. agree, 2. neutral, and 3. disagree. As a result, 11 out of 45 corresponding pairs of data
were shown to be significantly correlated, indicating a slight correlation between the two
methods. Particularly, responses to Questions 7–8 (“I would prefer to maintain a quiet
environment rather than livening up my town by inviting an airport”), Questions 7–12
(“People around the airport have to tolerate aircraft noise as aircraft are necessary for rapid
transportation”), and cartoon 1 were compared by cross-tabulation (Table 9). Responses
to cartoon 1 (“It’s good. The opening of a nearby airport improved our life convenience,
although I am sometimes annoyed by aircraft flyover noise!”) were classified into three
categories of different tolerance levels for aircraft noise: tolerant, neutral, and intolerant.
Since a participant in the P-F test expressed her/his opinions and attitudes as if she/he
was one of the persons in the cartoon, her/his real intention was more easily revealed than
with the questionnaire method, in which she/he had to answer with her/his thoughts
directly. However, as shown in a comparison between the P-F test and questionnaire meth-
ods in Table 9, the majority of responses to Q7–8 is disagreement, while that for Q7–12
is agreement, then both indicate a preference to life convenience rather than tranquility.
In cartoon 1, there were more tolerant/neutral responses than intolerant ones, or very
few participants in the P-F test had negative attitudes toward the airport. Therefore, both
the P-F test and questionnaire methods indicate the same trend of participants’ attitudes.
Since the questionnaire was conducted after completing the P-F test, the answers to the
questionnaire were possibly influenced by the P-F test. However, both the answers in the
P-F test and the questionnaire reflected the participants’ real intentions. In summary, it can
be concluded that the results of the questionnaire and the P-F test are somewhat correlated
to each other.

3.4.2. Comparison of the Responses between the P-F Test and Questionnaire

Comparisons was performed to examine whether there was a difference in participants’
reports between the P-F test and the questionnaire from the following three viewpoints:
solicitude and transport convenience, attitude toward the airport, and annoyance and sleep
disturbance in their living area.

(1) Solicitude and transport convenience

In the two surveys, the participants’ attitudes on solicitude and transport convenience
were evaluated by using the question Q1 in the questionnaire “Please evaluate your living
area according to the following items: Quietness around the house (Q1-4); Convenience to
access to public transportation (Q1-9) with a 5-point scale: (i) Extremely good; (ii) Good;
(iii) Neither good nor bad; (iv) Bad; (v) Extremely bad.” The percentage of “not quiet” was
defined as the percentage of people who selected “bad” or “extremely bad.” The same
calculation was also applied to the evaluation of the percentage of “not convenient”.

(2) Attitude toward the airport: The “attitude toward the airport” in the P-F test was
assessed from the results of cartoon 1. The percentage of participants who showed
negative attitudes toward the airport was counted as the % rejected.

(3) Annoyance and sleep disturbance: Regarding “aircraft noise annoyance,” test partic-
ipants in the questionnaire were asked to express their degree of annoyance using
the following 4-point scale in the questionnaire (Q4): “Please select the degree of
your annoyance due to aircraft noise: (i) Very annoyed; (ii) Annoyed and sometimes
cannot stand it; (iii) Annoyed but can stand it; (iv) Disturbed sometimes, but not
serious.” The percentage of participants who selected either of the first two options
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was counted as the % Annoyed. Regarding “sleep disturbance,” answers for cartoon
4 were used for the P-F test to calculate % Sleep disturbed.

Table 8. Correlation between the P-F test and the questionnaire methods.

Cartoon

1 2 3 4 5

Q7-2
Building facilities such as an airport that
significantly affects nature is endurable if
green belts and parks are also built.

−0.040 −0.035 −0.123 * −0.148 ** 0.051

Q7-3 Public safety should be given priority over
personal life convenience. 0.081 −0.057 0.044 −0.017 −0.117 *

Q7-4
I would rather live in an urban area with
varieties of jobs and many employment
opportunities than live in the country.

−0.155 * −0.004 0.031 0.007 0.042

Q7-8
I would prefer to maintain a quiet
environment rather than livening up my
town by inviting an airport.

−0.005 0.050 −0.008 −0.038 −0.129 *

Q7-10
Public facilities that harm the environment
should not be built even if they are
necessary for the area.

0.068 −0.041 −0.069 −0.100 −0.107

Q7-12
People around the airport have to tolerate
aircraft noise as aircraft are necessary for
rapid transportation.

0.033 −0.057 −0.010 −0.195 ** 0.016

Q7-16
In order to escape the noise, I want to have
my room soundproofed even if it is
expensive.

−0.064 0.098 0.127 * 0.099 0.061

Q7-18
Although aircraft noise is very annoying,
people should tolerate it because it is
beneficial to society.

0.121 ** −0.121 * −0.081 −0.252 ** −0.010

Q7-21 I refrain from going out since the aircraft
flying overhead is very scary. −0.099 0.195 ** −0.072 −0.066 0.157 **

** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed).

Table 9. Cross-tabulation between responses to cartoon 1 in the P-F test and Question Q7-8 and Q7-12
in the questionnaire survey.

Cartoon 1
Number of responses to Q7-8 Number of responses to Q7-12

Agree Neutral Disagree Agree Neutral Disagree

Tolerant 12 6 107 82 13 29

Neutral 9 7 103 73 26 18

Intolerant 4 9 58 44 5 20

Figure 4a,b show comparisons of the exposure-response relationships for the partici-
pants’ attitudes and responses, which were obtained by P-F test and questionnaire methods.
Logistic regression was used to plot the exposure-response curves. The day-evening-night-
weighted sound pressure level (Lden) is used as the noise metric for comparing % Not Quiet,
% Not Convenient, % Reject, and % Annoyed, while the nighttime equivalent continuous
sound pressure level (Lnight) was used for comparing % Sleep Disturbed.
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Lnight relationship obtained from the P-F test and the % Annoyed-Lden relationship obtained from the questionnaire.

Figure 4a shows the relationships between the participants’ negative attitude defined
by the percentage of participants denouncing the airport (% Reject) in the P-F test, the
percentage of participants evaluate their living area not quiet (% Not quiet) and not
convenient (% Not convenient) in the questionnaire and noise level (Lden). For Lden values
at about 65 dB, 50–60% of the participants feel it’s not quiet (questionnaire), 10–20% of the
participants feel it’s not convenient (P-F test), generally 30–40% of the participants reject
an airport (P-F test). As a result, all the relationships tend to increase, meaning that when
the noise exposure increases, the number of negative attitudes increase. The curves of the
% Not quiet-Lden is steeper than those of the % Reject and % Not Convenient. Except a
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very high % Not convenient obtained at Site 5, the site with the highest aircraft noise level,
the number of people feeling inconvenient does not increase proportionally to an increase
in the noise levels. The curve of % Reject lies between that of % Not quiet and % Not
convenient. This result is quite plausible as the subjective evaluation about the quietness is
more related to exposure levels than the evaluation of convenience. The level of the reject
attitude towards the airport obtained by the P-F test is affected by noise levels but to some
extent in between that of the quietness and convenience evaluation.

Figure 4b shows a comparison of the % Sleep disturbed-Lnight relationship obtained
from the P-F test method and the % Annoyed-Lden relationship obtained by the question-
naire method. Regarding “sleep disturbance,” Lnight value between 55 and 60 dBA results
in up to about 90% disturbance with the P-F test. For Lden values at about 65 dB, about 80%
of the participants are annoyed according to the results of the questionnaire.

The relationships obtained in this study were compared to those established in the
Environmental Noise Guidelines for the European Region by the World Health Organiza-
tion [19] for annoyance and sleep disturbance, presented as WHO (%HA-Lden) and WHO
(% HSD-Lnight), respectively. In this study, the percent highly annoyed was obtained from
the percentage of participants who selected either of the first two categories of the four-
point scale, or top 50% on the evaluation scale. Regarding “sleep disturbance,” answers for
Cartoon 4 in the P-F test were classified to calculate % Sleep disturbed. The relationships
in the WHO’s guidelines are based on data of studies that measured the effect of aircraft
noise on self-reported annoyance and sleep outcome. The percentage of highly annoyed
persons (%HA) and highly sleep disturbed (% HSD) was obtained from top 27–28% on the
evaluation scale. Since the higher value of the cut-off point induces a higher prevalence of
annoyance and disturbance, our study’s relationships are higher than those established in
WHO’s Guidelines.

Regarding the survey methods, it is unclear to confirm whether the difference in
survey method used may have influenced the level of negative attitudes and responses.
As shown in Figure 4a, more negative evaluation obtained from the questionnaire than
from the P-F test at about 55 dB or more exposure level, but this difference becomes
insignificant in quieter sites. An opposite trend was found in Figure 4b, more negative
response was obtained from the P-F test than from the questionnaire. With the same cut-off
point, the level of sleep disturbance obtained by the P-F test is higher than that obtained in
the questionnaire.

In summary, the comparison result suggests that participants’ negative attitudes
toward the airport between the P-F test and the questionnaire are not significantly different.
In other word, there is a tendency that the data of % Annoyed by aircraft noise obtained
from the questionnaire and %Sleep Disturbed of the P-F test are the same. This similarity is
reasonable since evaluation of annoyance and sleep disturbance are consistent. Moreover,
it is worth noting that the people living in the site with higher aircraft noise levels will
have more negative evaluations regarding their surrounding environment and are more
likely to express their rejection of the airport. One might hypothesize that those living
closer to NBIA are more likely to have a negative attitude to the airport because they can
hear the airport and airplanes’ noise. In a study on residents’ attitude toward wind turbine
project [20], there is a significant, negative correlation between those who can hear the
turbine from home and distance from the turbine This result somewhat support the finding
of our study.

3.5. Comparison of Participants’ Attitudes Obtained by the P-F Test Method in This Study and
Other Studies in Osaka and Hanoi

The results of obtained from the residents around NBIA were compared to results of
the preliminary P-F test conducted with residents living in downtown Hanoi [15] and the
study conducted in Osaka, Japan [13] for a cross-cultural comparison (Table 10). Since test
participants of the present study were residents from a wide range of ages, the responses
from the “under 30 years old” category can be compared to those obtained from the studies
in Osaka and Hanoi where a majority of participants were university students.
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Table 10. Comparison of participants’ attitudes among surveys in Osaka [13], Hanoi [15], and this study.

Cartoon 1 (%) Cartoon 2 (%) Cartoon 3 (%)

Annoyance Neutral Convenience Rich
Nature Neutral Convenience Env.

Protection Neutral Energy
Consumption

Hanoi 58 3 39 34 15 51 28 37 35

Osaka 53 28 19 29 10 61 17 58 25

This study

Age < 30 20 42 38 68 16 16 30 21 49

Age 30–50 20 35 45 67 19 14 30 24 46

Age > 50 28 39 33 66 18 16 26 37 37

All 22 41 38 66 19 15 29 26 44

While the residents around NBIA had an attitude of accepting a new airport for
the benefits that it brings despite its environmental impact, different results were found
from the studies in Osaka and Hanoi. As shown in Table 10, the percentages of negative
responses in Cartoon 1 were 53% and 58% in Osaka (all test participants were university
students) and in Hanoi (the majority of test participants were young people), respectively.
In Osaka and Hanoi studies, respondents considered quietness more important than
life convenience brought by an airport. In other words, young participants in Osaka
and Hanoi show their preference to tranquility, indicating the different trend from the
responses obtained from the P-F test and questionnaire survey in NBIA. The difference
in environmental awareness between urban young residents in Hanoi/Osaka and those
living around NBIA can be explained by their different living situations. NBIA is located in
the suburbs of Hanoi and lacks essential facilities. Therefore, residents living around NBIA
might have a stronger desire for the life convenience than those from Osaka and Hanoi.

From the responses to Cartoon 2, the test participants living around NBIA show a
preference to the richness of nature rather than the convenience of life. These attitudes
were different from attitudes of those living in Hanoi and Osaka, who attach a higher
importance to the living comfort than the rich natural environment.

Some studies on effects of built environment on the mental health and well-being
indicates that the health status of the residents was affected by the density of their living
area [21–23]. When too-high density leads to overcrowding and congestion, lack of green
spaces, and higher noise pollution, low density is associated with high land consumption
for road infrastructure, reduced opportunities for daily social and physical activities. The
reasonable density with efficient use of soil and accessible services is desired by residents
in urban as well as rural areas.

Through responses obtained with Cartoon 3, more participants around NBIA showed
their acceptance of the fuel consumption for life convenience rather than protection of
the environment. This trend is similar with that found in the preliminary study in Hanoi,
whereas the study in Osaka shows a tendency that neutral responses were dominant. This
result was unexpected because motorcycles are still the most popular means of ground
transport in Vietnam, while Japan is a society with automobile congestion and rail transport.
In addition, the purpose of Cartoon 3 was to investigate whether environmental protection
is preferred and it was expected that negative attitudes to fuel consumption would be
preferred to indicate the preference to environmental protection. However, the major reason
for most negative responses to fuel consumption reflected in test participant answers was
that they could not afford a sufficient amount of fuel for private long-distance travel because
of high gasoline prices in Vietnam, whereas in Japan, the awareness of environmental
protection was reflected in the opinions of test participants’ negative attitudes.

Considering effect of age on residents’ attitudes in the present study, it could be found
that the younger participants gave a higher priority to personal needs, and this rate was
slightly higher than that of the older participants. This trend of the young participant living
near NBIA is similar to those living in Hanoi and Osaka, as reported in references 5 and 8.
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4. Discussion and Implications

The Picture-Frustration test was conducted to assess attitudes toward the airport,
aircraft noise, their living environment, and their awareness of environmental protection of
communities around the Hanoi Noi Bai International Airport. The result shows that there
is a significant difference in attitudes toward the airport and natural environment among
residents in different sites around the airport. Urban residents showed more preference to
natural environment than those living in rural and mixed sites, while the latter desired a
harmony between rich nature and life convenience, and had more complaints about the
effects of aircraft noise on sleep than the former. Factors of occupations and gardening
activities did not affect residents’ attitudes toward the airport.

Studies related to this issue have quite different conclusions on how the land use,
density, and topography relate to the residents’ health, behavior, and tolerance to noise.
Chan and Liu [24] studied the impacts of neighborhood building density and height on
occupant health. They found that buildings with lower neighborhood building density
and height had better acoustic performances and lower noise levels, because neighborhood
buildings obstructed the free propagation of noise from street and road traffic, attenuating
its sound level [25]. Camusso and Pronello showed that the site characteristics induced
annoyance variability in the urban context [26]. More people were annoyed in broad
streets than in narrow streets. Park et al. found that the rural setting led to a better
psycho-physiological recovery than the urban setting when the stimuli were presented
both in the virtual reality and screen conditions [27]. Hawkins and Large compared the
subjective response to noise from road traffic from 10 villages in rural areas with the
response from urban and suburban areas and found no evidence of a difference in dose-
response relationships between the two studies [28]. These studies neither strongly support
nor contradict our findings.

In addition to data related to noise, it is necessary to combine subjective data with
objective data on the study area’s topographic morphology for more in-depth insight in the
future study. The use of light detection and ranging (LiDAR) technology or airborne laser
scanning to collect high-resolution data for generating a digital surface or digital terrain
model has been in interest in recent years [29]. LiDAR has been utilized in transportation
features mapping, especially concerning density analysis [30,31]. Luo et al. explored air-
borne LiDAR point density’s effects on estimates of crop parameters such as vegetation leaf
area index, height, and aboveground biomass [32]. The system captures overlapping digital
photographs covering the area of interest, allowing for colorizing point clouds, texturing
of meshes, or creating orthorectified photographs of the study site. We will consider this
technology to generate three-dimension models for acoustic and noise modeling with
metrics to characterize survey sites’ typologies.

Statistical analysis of the responses obtained using the P-F test method and question-
naire showed both the correlation and variance of the data, which suggests that the results
of the investigation may be different depending on the method and form of questioning.
Residents may answer differently in response to the method of questioning. Using multiple
questioning methods is recommended to check the validity of answers and explore the true
opinions of residents. The attitudes of the participants obtained using these assessment
tools also varied depending on the exposure noise levels. Although the results obtained
from the P-F test are expected to be more objective, less biased and less subjective than
the questionnaire, they are still based on the data provided by test participants. The
current research method of driving behavior mapping based on naturalistic driving data
provides excellent potential for future research on environmental attitude [33]. Mapping
naturalistic driving data with Geographic Information Systems (GIS) allows for a deeper
understanding of driving behavior, achieving a smarter and broader perspective of the
whole datasets. This powerful tool can be applied to measuring people’s behavior under
different circumstances like those analyzed in this study.

In this study, the P-F test was conducted with the participants who were living near
the airport in suburban sites far from the city center and the obtained responses were
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compared to those who were living far from the airport, but in the city center in Hanoi and
Japanese who were living near the airport in the city center in Osaka. Differences were
found between the participants in this study and those in the compared studies, indicating
that preference towards life comfort and environmental protection differ significantly
depending on the living conditions of the test participants. Some recent studies revealed
that the natural environment’s experience in childhood relates to adult perceptions and
value the space for their health and well-being [34,35]. Unfortunately, our study does
not address participants’ past experiences. This issue should be added in the next study.
Moreover, responses obtained using only the P-F test did not clearly indicate negative
attitudes toward aircraft noise, different from those obtained using the questionnaire in
the study in Japan [13]. It suggests that different attitudes may be obtained if the P-F test
is applied to test participants with different cultural backgrounds. Some recent studies
work in sentiment analysis using Twitter or social networks [36–38]. Plunz et al. used
the Geolocated Twitter Database and classified tweets into three categories of sentiment:
positive (p = 1), neutral (p = 0), or negative (p = −1) to compare the content of Twitter
sentiment between inside and outside the parks in Manhattan, New York City, and three
other districts [36]. Similar studies have been conducted in Melbourne [37] and London [38].
Though these kinds of works have a scope similar to our study, the method of using Twitter
sentiment differs greatly to the P-F test. The P-F test attempts to identify the respondents
in the targeted area and allow to observe the projection reaction under the conditions set
by the researcher. However, the Geolocated Twitter Database is applicable to research of
wide area and, therefore, promises to be an effective method for environmental studies in
the future.

5. Conclusions

The P-F test was found to be helpful for the assessment of residents’ attitudes toward
the airport when its operational expansion is considered or when a new airport construction
is planned. These situations are common as air traffic rapidly develops. Responsible
authorities need to understand the feelings and aspirations of people living in the project
area in order to develop suitable policies, avoiding conflicts between the government
and residents when implementing the project. This approach can also be applied in
other circumstances where there are conflicts of interest, such as transport infrastructure
development projects, that generally bring both economic and utility benefits, but also
have a negative impact on the living environment, because the cartoons used in this study
were universally designed.
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