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higher differences in recycling rates between municipalities with and without the separated collection
of other materials, which could subsequently bias the presented research results. The total production
of recyclables in each municipality was divided by the number of its inhabitants to eliminate different
population sizes of particular municipalities. The data used for the construction of the dependent
variable were obtained from the Waste Management Information System (ISOH) database, operated
by the Czech Environmental Information Agency (CENIA). Every waste producer has to report
their production every year to the system if they satisfy the condition that they produce more than
100 kg hazardous or 100 tons nonhazardous waste per year [40]. This includes municipalities that are
responsible for the generation of municipal waste in their territory.

After excluding municipalities with no reported data about their production or with extreme
values, the sample consisted of 4897 municipalities from all Czech regions. The sample represents
more than 80% of all Czech municipalities. The average production of recyclables in 2011 was 35 kg
per capita (see Table 1). The table shows that the production of sorted waste streams broadly differs
between municipalities. We explain these differences with sociodemographic determinants.

Table 1. Basic statistical characteristics for production of recyclables (kg per capita); CR, 2011.

Minimum Maximum Mean  Std. Deviation
Recyclables 2.0 124.7 35.1 179
Source: ISOH.

The following map (Figure 4) shows the distribution of recyclable production on a municipal
level. It is obvious that the production presents a mosaic of varying values, and it is difficult to find
any pattern. In general, we can state that waste-sorting activities are more prevalent in the western
half of the Czech state; in the vicinity of Brno (second-biggest Czech city, situated in the southeast),
separated waste collection is lower.

Figure 4. Production of recyclables in municipalities (kg per capita), CR, 2011. Source: ISOH.

To explain the production of recyclables, we selected 13 independent sociodemographic variables.
Because some of these selected variables are not collected yearly by official statistics or any other
institution, at least on the municipal level (e.g., household size or population structure according to
attained level of education), we had to use the results from the Population and Housing census. In the
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Czech Republic, the last census was organized by the Czech Statistical Office in 2011 [41]. That is why
we could analyze the relationship between dependent and independent variables only for that year.
As explaining variables, we used the following indicators:

e  average household size in the municipality (HHS),

e percentage of households with children from all households in the municipality (Child),

e percentage of population with secondary education from all inhabitants 15 years old and older in
the municipality (Sec),

e  percentage of population with tertiary education from all inhabitants 15 years old and older in
the municipality (Ter),

e  percentage of family houses in municipality from all dwellings in the municipality (Famh),

percentage of flats with solid fuel heating system from all flats in the municipality (Heat),

percentage of population aged 65 or more from all inhabitants in the municipality (Age65),

median age,

sex ratio as number of males per 100 females in the population of the municipality (IMA),

percentage of unemployed in the 15-64-year age group in the municipality (Unempl),

population density of the municipality (Popden),

e purchasing power per person in € in the municipality (PPP), and

e  percentage of people employed in agriculture in the municipality (Agric).

Independent variables HHS, Child, Sec, Ter, Famh, Heat, Age65, IMA, and Agric were obtained
from the population census carried out by the Czech Statistical Office in 2011. Unempl and Popden
were added from official records, also compiled by the Czech Statistical Office. The PPP variable
was obtained from company INCOMA GfK. For Czech municipalities, there are no data on average
household income that could be used for analysis. The PPP indicator was used as an appropriate
estimator for differences in income level among Czech municipalities [42]. Therefore, the missing data
on average income should not bias the presented results. The following table (Table 2) presents basic
statistical characteristics of used sociodemographic indicators.

Table 2. Basic statistical characteristics for selected sociodemographic indicators, CR, 2011.

Minimum Maximum Mean  Std. Deviation
HHS 1.3 35 2.6 0.2
Child 0.0 54.0 28.5 55
Sec 38.0 85.0 68.7 4.5
Ter 0.0 35.0 8.9 44
Famh 0.0 100.0 83.0 17.7
Heat 0.0 100.0 434 26.8
Age65 2.0 43.0 15.7 39
Medage 30.0 56.0 40.4 2.5
MA 52.1 781.8 101.2 17.3
Unempl 0.0 30.0 7.3 33
Popden 1.5 2447 4 99.6 143.3
PPP 4619.9 9154.2 6767.8 557.5
Agric 0.0 23.8 3.3 2.7

Source: Czech Statistical Office, INCOMA GfK.

2.1. Nonspatial Analysis

To analyze the influence of sociodemographic determinants on the production of recyclables
in municipalities, multiple linear regression was used. This method represents the group of global
methods that do not consider the spatial dimension of the analyzed data. The used model can be
described with following form:
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Yi=Bo+ P1X1i + PoXoi + B3Xzi + ... + PXpi + & (€]

where Y; are observations of dependent variables, X1;, Xp;, ... , Xj; are observations of independent
variables, B, B1, . .. , Bx are underlying regression coefficients, and ¢; are random errors. Studied data
using linear regression have to fulfill assumptions of independence from random errors, identically
distributed normal random variables with zero expectations, and constant variance 2. Stability of
error variability was tested with the Glejser test, and its normality via the Kolmogorov—-Smirnov test.
Linearity was examined using a scatterplot between standardized predicted values and standardized
residuals [14].

To estimate regression parameters, we used the standard ordinary least-squares method (OLS)
that was already used by other authors in reviewed studies (e.g., References [3,8,14]). To obtain a model
with only statistically significant covariates, we used stepwise regression, and backward selection with
alpha for removing variables equal to 0.1 (i.e., no independent variable with p-value greater than 0.1
remained in the model [43]). The model was computed using IBM SPSS 20 program package.

2.2. Spatial Analysis

To test if the data were spatially stationary, we used Koenker’s studentized Breusch-Pagan
statistics. A significant result of this test indicates that there is statistically significant heteroscedasticity
and/or nonstationarity in the data. Based on the results from Koenker’s statistics, we computed
geographically weighted regression (GWR). In the case that there was a possibility that the relation
between dependent and independent variables differed over geographical space, we could use GWR
to explore local relations by moving the spatial kernel through study area. Kernel functions are used to
calculate weights that represent spatial dependence between observations. So, unlike OLS, GWR gives
us so-called local coefficients B that are specific for each areal unit [26]. For each model calibration
location,i=1, ..., n, the GWR model is:

Yi=Bio + ZpuXix + & 2

where

Y, is the dependent variable value at location i,

Xk is the value of the kth covariate at location i,

Bio is the intercept,

Bix is the regression coefficient for the kth covariate,
p is the number of regression terms, and

¢; is the random error at location i [44].

The GWR model was computed using the ArcGIS program.
3. Results and Discussion

3.1. Results of Nonspatial Analysis

The resulting regression model computed with OLS consists of only six from the original
13 variables (Table 3). The other seven variables do not help significantly increase the explained
variability, and were therefore not included in the resulting model. These are: percentage of
households with children, percentage of population with secondary education, percentage of flats
with solid fuel heating system, percentage of population aged 65 or more, percentage of unemployed,
and population density.

From the significant variables, five were significant on a 1% significance level: average household
size, proportion of tertiary-educated inhabitants, proportion of family houses, purchasing power,
and proportion of inhabitants employed in agriculture. Sex ratio was significant on a 5% level. Overall,
the model is statistically significant, but only explains 9% of the intermunicipal data variability.
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Table 3. Ordinary least-squares (OLS) results for production of recyclables, CR, 2011.

Beta
Constant 46.900
HHS —10.801 ***
TER 0.456 ***
Famh —0.130 ***
PPP 0.004 ***
Agric 0.313 ***
IMA —0.030 **
N 4897
R? 0.087

**, #%%: statistical significance at 5%, respectively, 1%. Source: own computations.

The most important variable influencing the production of recyclables is average household size.
A one-person increase in household size leads to a reduction in the average production of separated
waste by 11 kg. Bigger households produce, on average, less recyclable waste per person than smaller
ones. This could be caused by fewer sorting activities, but this relation is also obvious regarding the
production of all municipal waste (e.g., Reference [7]). Households use products regardless of size, e.g.,
food, newspaper, packaging, or other kinds of consumer goods [12-14]. Information on the relation
between household size and recyclable production is important to municipal governments because
of the management of container sizes. Over the last few decades, the average household size in the
Czech Republic has been steadily decreasing, and this development will probably continue into the
future. It is, therefore, justified to expect that smaller households produce more waste.

Lower production of recyclables is also connected with municipalities with a higher percentage of
family houses and a higher share of men in the population. The relation between recycling performance
and the proportion of family houses in the municipality is unclear because it could be assumed that in
family houses, there is more space for recycling. On the other hand, it is possible that its inhabitants
are able to otherwise dispose of some portion of waste (composting or waste-paper burning).

Regarding differences in recycling rates between genders, the results observed by Schultz et al. [2]
supported that recycling activities are more typical in women than men. This means, in this case,
that municipalities with a lower sex ratio collect higher amounts of recyclables. Proenvironmental
behavior is more often connected with women.

On the contrary, a higher production of sorted waste streams is connected with a higher share
of tertiary-educated inhabitants, with higher proportion of inhabitants employed in agriculture and
also with higher purchasing power. Results presented here support the conclusions of Sidique, Joshi,
and Lupi [21], Miller et al. [27], and Jenkins et al. [18] on the relationship between education and waste
separation. A 1% increase of the proportion of tertiary-educated inhabitants in the municipality leads
to an increase in recycling of 0.5 kg per person. This relationship was only confirmed for tertiary
education, while secondary education has no significant impact on recycling. It could be assumed that
more-educated people have better access to information, are more aware of environmental problems,
and are therefore also more likely to be more concerned of the negative impact of their own behavior
on the environment [45].

Purchasing power was in this case considered an estimator of household income, and the
presented results therefore support the conclusions of Terry [15], Jenkins et al. [18], and Gaeta, Ghinoi,
and Silvestri [20] that people with higher income recycle more. In the Czech Republic, income is also
correlated with education, so the results are in agreement with the above-mentioned relationship
between level of education and recycling.

In accordance with the results of studies by D’Elia [19], and Hage and Soderholm [8], age has
no significant effect on waste sorting. Using the variable percentage of the population aged 65 or
more and the median age, it was not possible to prove that younger people recycle more than older
people or vice versa. No influence was also found in the case of household percentage with children,
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even though it could be expected that children could bring home the learned behavior they obtain at
school, as a lot of proenvironmental campaigns focus on schools [38].

Population density also does not influence the recycling rate, which means that, in general, there is
no difference in recycling performance between bigger cities, mostly with higher population density,
and smaller municipalities with lower values of this indicator. There is also no impact of unemployment
that could imply that employed and unemployed people differ in their recycling activities.

The last nonsignificant characteristic was the percentage of flats with a solid fuel heating system.
These results could be seen as a positive, because it could have been expected that people inhabiting
flats with solid fuel heating systems could burn part of their waste (especially paper and plastics) at
home, but the presented results do not show such a trend.

3.2. Results of Spatial Analysis

Further, in order to analyze if the influence of the three most important sociodemographic
variables (average household size, percentage of population with tertiary education, and percentage
of family houses) is spatially stable, Koenker’s studentized Breusch—Pagan statistics were computed.
The result of this test was statistically significant, which indicates heteroscedasticity and/or
nonstationarity. Therefore, GWR application is justified.

The GWR model explains 33% of intermunicipal variation in the production of recyclables.
Local R? distribution for the analyzed municipalities varied from 0% to 86%, as is depicted in the
following map (Figure 5). Significant spatial nonstationarity regarding the influence of the three
selected independent variables on waste sorting was detected. Such a result means that the relation to
recyclable production spatially differs, but it is also possible to detect regions with similar patterns of
sorting behavior. It is interesting that the local R? does not correlate with municipality population size.
Demographic variables, therefore, do not better explain the situation in smaller cities than in bigger
cities, or vice versa.

Local R2
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Figure 5. Local R? distribution for geographically weighted regression (GWR) model, CR, 2011.
Source: own computations.

Regarding all three variables on the global level, the author came to the conclusion that their
relation to production of recyclables is explicitly positive or negative. However, in all three cases,
on the local level the relation is ambiguous. On the local level, 55% of analyzed municipalities
show negative coefficient estimates for household size, on the contrary, in 45% of municipalities the
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coefficient is positive. In the case of tertiary education, on the local level 65% of all coefficient estimates
are positive and 35% negative. Regarding the family houses, there are 73% of municipalities with
negative coefficients and 27% with positive.

4. Conclusions

The aim of this article was to evaluate the impact of sociodemographic characteristics on the
production of recyclables, and what trends can be expected due to further demographic development.
In the Czech Republic, there are no available data on the level of individuals or households, so analysis
was carried out on the municipality level. This approach, of course, leads to some simplifications
in assessing population behavior regarding environmental behavior, but in this case, it was the
only option for statistical analysis, and has already been used in a number of other studies (e.g.,
References [7,8,14]).

Based on the reviewed studies, 13 sociodemographic variables were created that could
help explain the intermunicipal variability of produced recyclables. For analysis, the multiple
linear-regression method was first used. The resulting model explains less than 9% of the variability
in the production of separated waste. This means that there are still other factors that have a greater
influence on the production of analyzed types of waste (e.g., economic and political instruments,
internal convictions). Nevertheless, it was proven that the impact of sociodemographic characteristics
is statistically significant and cannot be neglected.

From the 13 selected independent variables analyzed, only six were statistically significant:
average household size, proportion of tertiary educated inhabitants, proportion of family houses,
purchasing power, proportion of inhabitants employed in agriculture, and sex ratio. It was not
confirmed whether age has any impact on waste recycling. In accordance with foreign studies, the most
important sociodemographic variable was average household size; as household size increases,
the average production of recyclables decreases. Over the last few decades, it has been possible
to see a decrease in average household size and an increase in the number of households in the Czech
society. This trend can be expected to continue into the future. For waste management, including
recyclable production, this long-term trend may mean an increase in average waste production per
person, and there may be an overall increase in the volume of waste production because the Czech
Republic still has a stable or even slightly growing number of inhabitants.

The presented results can help municipalities understand who recycles more, and which groups so
far have mostly been nonrecyclers and should be targeted by campaigns promoting proenvironmental
behavior, including municipal waste recycling.

Further, the three most important significant sociodemographic variables (average household
size, percentage of population with tertiary education, and percentage of family houses) according
to the linear-regression analysis results were selected, and used for analysis with geographically
weighted regression. This method helped increase the explained variability, but showed that the
influence of selected variables is not spatially stable, and the coefficients for a particular variable could
have negative as well as positive values in different municipalities. This situation could diminish
the detected variability explained by OLS and lead to neglecting the sociodemographic aspect in
decision-making. This conclusion about spatial nonstationarity is important for waste-management
planning as well, because it supports the application of the subsidiarity principle in the practice.
Even though the objectives of waste-management policy are given at the national level, many decisions
are made at the local level by local representatives who know the particular situation in their
municipality or region best. The results of our study show that this approach is appropriate, and that
there is no simple way of predicting municipal recycling performance based on results and experiences
from other administrative units.

Even though this paper considered a broad range of sociodemographic variables, further study
of the factors influencing recycling performance in the Czech Republic is needed. Several selected
indicators were found significant in explaining differences between municipalities, which is why the
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next step should be focusing on underlying psychological drivers, such as social norms, environmental
attitudes, and other behavioral factors. To obtain such information, it is necessary to carry out research
among inhabitants as waste producers and recyclers. A deeper understanding of spatial variability
would also demand further research. It is possible that spatial nonstationarity is also caused by
organizational factors of waste collection, but the data on this topic are also currently unavailable. It is
also interesting to see the connection of the presented results with population projection. This approach
would make sense for particular regions that are planning to build new waste management facilities
and can estimate their future recyclable production.
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Abstract: This study explores the causal relationship between Internet users’ ideologies and their
corresponding attitudes to genetically modified (GM) food safety. Using the 2015 Chinese Internet User
Survey data (N = 3780) as a representative sample of Internet users from China, the study investigates
factors influencing people’s attitudes to GM food safety. Multinomial Logistic Regression Models are
applied to examine the effects of demographic features (gender, age, education, family annual income,
location, CPC membership, and occupation) and ideological factors (general ideology, political ideology,
economic ideology, and cultural ideology) on attitudes to GM food safety. The results demonstrate that
the percentage of people whose attitude is that “GM food is risky” (35.1%) surpasses those who think
“GM food is safe” (20.4%). The young generation respondents think that GM food is safe, while those with
higher levels of income and education are more inclined to view GM food as risky. In addition, public
sector employees tend to think that GM food is risky. Respondents characterized with right-wing ideology
in general tend to regard GM food as safe, compared to left-wing ideologists. However, their attitude
varies in different ideological dimensions of politics, economics, and culture. This paper contributes new
insights into understanding ideological influences on science development and sustainability.

Keywords: food safety; GM food; ideology; politics; economics; culture

1. Introduction

Genetic engineering is one of the most powerful 215t century technologies. In 1985, the genes from
Bt (Bacillus thuringiensis) were inserted into the genetic sequences of tobacco plants, in order to make
the plants insect-tolerant [1]. Gradually, several Bt genes were engineered and subsequently approved
for use in crops like cotton, corn, mustard, and rice. These crops were then labelled as genetically
modified (GM) foods [2,3].

The world’s population is predicted to reach 10 billion by 2050. Therefore, increased yields will be
needed to feed the increasing population, if a sustainable world is to be achieved. The goal of increased
yields was considered to be the prime application when GM technology was first introduced [1,3-5].
It is estimated that, on average, between 15% and 20% of crop yield could be lost to animal pests
worldwide. However, the actual losses caused by these pests were reduced to approximately 10%,
because of the introduction of pest control measures [6]. However, in developing countries, the adverse
effects of synthetic insecticides (particularly to human health) are still quite common, due to the use
of older forms of chemistries, as well as laxity in the preparation, application, storage, and disposal
of chemicals [7]. Today, GM technology enables crops to produce insecticidal proteins, which offers
a means to control insects without the potential harmful effects caused by the misuse of synthetic
insecticides [8]. Furthermore, GM technology can directly improve crop yields by accelerating growth
rates, or increasing the size of the crop plant [1].

However, GM technology is also the subject of heated debate in relation to its effects on the
environment and public health [2]. Some insist that GM technology could help address some of
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the major challenges to agriculture-based economies created by climate change, relieve the starving
population, reduce energy and chemical inputs, and deliver more profits to farmers, which in turn,
would contribute to the sustainable development of the human world [3,8-11]. Others, however, worry
that GM technology could contaminate the environment, destroy ecological balances, exert side-effects
on human health, and ultimately jeopardize the sustainable development of humanity [9,12,13].

The GM debate among consumers has been consistently presented as being contentious [14],
and further characterised as being polarised into two main groups—those who are pro-GM and
those who are anti-GM [15]. Consumer surveys regarding the acceptance of GM foods have been
conducted in the EU and the U.S. since the early 1990s. The 2005 Eurobarometer survey shows that
“GM food is widely seen as not being useful, as morally unacceptable and as a risk to society” [16].
In 2018, the International Food Information Council Foundation (IFIC) surveys found that nearly
half of U.S. consumers avoid GM foods. A large majority of Americans say they oppose GM foods
primarily because they are concerned about the human health impacts [17]. In Italy, Harrison et al. [18]
reported that approximately half of Italian people do not consider GM foods to be ethically acceptable.
The study found that Italian consumers are more sensitive to the potential risks that GM food may pose
to human health and the environment, even compared to U.S. consumers. In China, researchers have
conducted surveys to gauge the level of public awareness and acceptance of GM foods. For instance,
Lv and Ma [19] conducted a series of surveys entitled “Chinese Public and Biotechnology”; the surveys
were conducted in 2003, 2006, and 2009. The level of public awareness of GM foods was low in 2003
(16%), moderate in 2006 (57%), and high in 2009 (90%). Huang et al. [20] verified that two-thirds
of urban residents have heard of GM foods. Huang and Peng [21] reports that the percentage of
consumers who perceived GM food as unsafe for consumption increased by more than 30% in the
2002-2012 period. They explained that consumers’ attitudes were changing because of the increasing
influence of negative media reports in recent years regarding GM technology.

Having the largest population (but a relatively limited quantity of arable land), China intends to
use GM technology to improve agricultural productivity [22]. China has developed effective plant
genetic transformation systems and established several national centres for plant genome research
and GM crop testing [22]. In 2008, in addition to several national and provincial investments in
agricultural biotechnology research projects (such as the “863” program and “973” program), a much
larger government program was launched. This project aims to commercialize Chinese genetically
engineered crops and livestock species and has a budget of CNY24 billion (US$3.8 billion) over
12 years [10]. In 2009, China became the first country in the world to approve insect-resistant rice and
high-phytase maize as safe for consumption and production [10,22].

However, in late 2008, in China, milk suppliers were discovered adding melamine to artificially
boost the milk’s protein readings. This practice resulted in nearly 300,000 infants becoming sick,
and six died, dramatically arousing the public’s awareness of food safety issues [23]. China’s decision
to commercialize GM products even after the milk-tampering scandal may have induced an increase
in opposition to GM-related activities [21]. Those opposing GM foods launched a series of anti-GM
initiatives in the public media, and especially on the Internet, starting in early-2010 [21]. Further,
GM food safety became one of the top 10 concerns in the Chinese consumer sector in 2013, and was
listed among the top 10 keywords during the NPC (National People’s Congress) & CPPCC (Chinese
People’s Political Consultative Conference) in 2014 [24]. In addition, in September 2013, a sensational
debate—held on the Internet—over GM food safety was ignited. The main participants in the debate
were Fang Zhouzi, who is an Internet celebrity and who supports GM food, and Cui Yongyuan, who is
a well-known former CCTV (China Central Television) host who opposes GM food [25]. Subsequently,
thousands of millions of bloggers, blog followers, and other Internet users participated in the GM
food debate.

As of December 2017, the number of Internet users in China had reached 772 million [26], meaning
that 55.8% of the Chinese population were Internet users. Meanwhile, in 2017, the number of Chinese
E-commerce customers reached 533 million, generating a total online transaction of CN'Y29.16 trillion
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(US$4.23 trillion) [27]. E-supermarket is one of the flagship stores of E-commerce giants (i.e., JD,
Taobao, and Suning), and, on each single day, thousands of millions of food and drink items are listed
for sale. Internet users including E-commerce customers, therefore, are the primary debaters, arguing
online about the safety of GM foods in China.

Research into consumer attitudes to GM food has demonstrated that consumer acceptance is
driven not only by perceptions of potential personal benefits and health effects [21], but also by
concerns and beliefs, such as ethical, moral, and political considerations [10,28,29]. As it is the overall
responsibility of the government to ensure food safety, their behaviour is very important to the
development of public opinion about the GM food safety network. Many studies have pointed out
that government policies [10,22], official behaviours [10], and administrative statements [24] could
trigger intense discussion on GM food safety. For instance, in China, the massive amount of money
being invested in the commercialization of GM products clearly indicates that the Chinese government
is pro-GM food. In spite of this, the spike in the Internet activities of those who oppose GM foods is
inconceivable when one considers the ideological administration in China.

In China, administrative politics are guided by socialist ideology, venerating Marxism-Leninism.
(It is written in the very beginning of the Constitution of the Communist Party of China, which states
that “The Communist Party of China uses Marxism-Leninism, Mao Zedong Thought, Deng Xiaoping
Theory, the Theory of Three Represents, the Scientific Outlook on Development, and Xi Jinping
Thought on Socialism with Chinese Characteristics for a New Era as its guides to action”.) [30].
According to socio-psychological theories, ideology is one of the most important factors that reflect
people’s values and perceptions of policy and politics [31]. In political science, ideology is traditionally
divided dichotomously; that is, into two groups, usually called “left vs. right”, or “conservative vs.
liberal” [32,33]. Although certain distinct, well-acknowledged core aspects of left-right distinctions
have been identified [33-35], in different societies, “left” and “right” carry meanings that vary in
political, economic, and cultural conditions [36]. For example, Carney et al. [37] reviewed many studies
on ideology and found that, in personal traits, left-wing ideologists in Western countries are usually
open-minded, creative, desirous of novelty, uncontrolled, and imaginative. In contrast, right-wing
ideologists tend to be nationalist, and in favour of a strong state.

In China, the debate between left and right ideologies was historically a sensitive core issue
of political life, and in reality, Chinese administrative politics are generally considered to be
left-wing ideology in nature [38]. In recent years, social science researchers have applied methods of
multidisciplinary studies, such as literature reviews or questionnaire surveys, to analyse the status quo
of left-right ideology in contemporary China [39,40]. For example, based on a national online survey,
Pan and Xu [41] categorized Chinese ideologies into three dimensions, namely political, socio-economic,
and nationalistic ideologies. Similarly, Le and Yang [42] categorized Chinese ideologies into three
dimensions according to their Internet survey findings, which are political, cultural, and economic
ideologies. These researchers found that there are clear left-right ideological preferences among
Chinese Internet users.

As is well acknowledged by the Chinese government and academic scholars, online opinions are
the source, hub and leading guide of public opinion for the whole of society [43,44]. A large volume
of research has proved that online public opinion can exert significant influence over legislation,
law enforcement, public administration, medical treatment, and environmental conservation [45-47].
If we look back in history, all too often we find that scientific progress and innovation have been
blocked by ideologies [48].

Accordingly, with the extremely large number of Internet users who are willing to express their
attitude towards GM food safety, public opinion could certainly be swayed, particularly with general
regard to GM food safety in China. In the present study, we apply previous findings of left-right
ideologies and define the left ideology in China as indicating people who support “state power
in politics, more government involvement in economics, and traditional Chinese culture”; while
conversely, the right ideology in China prefers “individual rights and freedom, less government
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involvement in economics, and western culture”. This study aims to examine if there are cause-effect
relationships (in terms of Internet users) between ideologies and attitudes towards GM food safety
in China. Specifically, three dimensions of ideology (political, economic, and cultural ideologies) are
applied to investigate such relationships.

2. Materials and Methods

2.1. Data Collection

We used an open database, the “2015 Chinese Internet User Survey” data to examine the
cause-effect relationship between Internet users’ ideology and their attitude towards GM food safety.
The database is part of the Chinese National Survey Data Archive, and is released by the Chinese
General Social Survey Organization. Survey questionnaires were designed in Chinese [49,50]. In 2015,
the survey was distributed through “Wen-juan” web (www.wenjuan.com) and Sina Weibo from July
to August, 2015. Wen-juan web is a professional website for distributing academic and empirical
surveys. Sina Weibo is the most popular microblog platform and online public opinion battlefield
in China. People who access these two websites are considered to be active opinion givers on the
Internet [50]. The reliability of answers to the survey was controlled by the following measures:
(1) each IP address could only submit the questionnaire once; (2) the time taken to answer each
questionnaire was calculated, and answers that took less than eight minutes were disregarded;
(3) determining the truthfulness of answers was done by asking “How truthful were you when filling
out the questionnaire?”. Ultimately, 3780 valid responses were collected. The reported truthfulness of
answers was measured using ten categories, from 1 (low) to 10 (high). In this case, 69.0% of respondents
reported a score of “10”, 26.2% reported “9” or “8”, and the remaining 2.5% reported scores of “7 to 1”.
The respondents come from 32 out of 34 provincial regions in China (no responses were received from
Tibet and Macao). In addition, 0.8% of the responses came from overseas (see Appendix A).

2.2. Measurements

2.2.1. Dependent Variable

Attitude to GM food safety was used as the dependent variable. In the survey, the question was
asked as “regarding GM food, some people think it is risky, yet others believe it is safe. What is your
opinion?”. The question had three possible answers: risky, safe, and don’t know (hereafter, ‘DK’).

2.2.2. Explanatory Variables

Previous studies have shown that demographic features are related to attitude towards GM
food safety [9,21]. In the present study, demographic features were used as explanatory variables.
For gender, male was coded as “1”, and female was “0”. For CPC membership, CPC member was
coded as “1”, and non-CPC member was “0”. Age was a continuous variable ranging from 13 to
87 years old. The variable of education was measured by eight categories, ranging from less than
primary school to graduate school. We recoded the education variable in five categories, with “1”
representing less than primary school, “2” representing primary or secondary school, “3” as high
school, “4” as undergraduate school, and “5” as graduate school. The variable of family annual income
was measured by 12 categories, ranging from 0 to above two million CNY. We recoded it into five
categories according to the 2015 real GDP per capita, which was CNY50,251 (US$8211) [51], with “1”
representing 0 to 40,000, “2” representing 40,000 above to 100,000, “3” as 100,000 above to 200,000,
“4” as 200,000 above to 500,000, and “5” as above 500,000.

The variable of occupation is measured by 21 detailed items. According to the traditional division
standard of the employment market in China, we recoded those 21 types of occupations into two
categories: occupations in the public sector, and those in the non-public sector. Occupations in the
public sector include bureaucrats, soldiers, state-owned enterprise employees, teachers, researchers,
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students, public hospital doctors, staff in CPC branch organizations (such as the Women’s Federation,
the Youth League, etc.) and journalists [52]. (Schools, research institutes, public hospitals, and the press
(all traditional media and their news media branch) are owned by the government in China. Salaries of
employees in these sectors are financed by national or provincial governments. Appointment of leaders
in these sectors is also controlled by the governments.) Accordingly, occupations in the non-public
sector include farmers, five types of private entrepreneurs and employees, lawyers, entertainment
industry workers, NGO staff members, freelancers, the unemployed, and others. The variable of
location was divided into six categories, i.e., village, town, small city, medium-sized city, large city,
and overseas.

For variables of ideology, the present study uses a series of questions in the survey concerning
the fundamental issues of politics, economics, and culture in contemporary China. Political ideology
was investigated via 17 questions (P1-P17). Specifically, people who prefer social equality, sovereignty,
nationalism, authoritarianism, Marxism-Leninism and socialism, and Maoists were identified as
having a left-wing ideology. Economic ideology was investigated using four questions (E1-E4). People
who prefer government involvement in markets, state ownership and control over property and
other vital economic domains were identified as having a left-wing ideology. Cultural ideology
was investigated via four questions (C1-C4). People who prefer traditional Chinese culture, while
opposing premarital sex and homosexuality, were identified as having a left-wing ideology. General
ideology was investigated by the results of these three dimensions of ideology. Answers to those three
dimensions of ideology and the general ideology were assigned as the average value of answers to
the related questions. For example, answer values with regard to political ideology were the average
value of answers to those 17 questions (P1-P17).

The method of a five-point Likert scale was applied to measure respondents” opinions toward
questions of ideology, from “strongly agree” (coded as “1”) to “strongly disagree” (coded as “5).
The code of “6” represents “don’t know” answers and was recorded as a missing value. Accordingly,
the total number of respondents in the descriptive analysis was less than 3780. In the process of
regression analysis, to reduce the loss of respondents” information, we applied the method of “linear
trend at the point” to substitute missing values, and thus, the number of respondents was 3780.
We conducted the test of reliability of attitude towards GM food safety and three ideological dimensions.
The Cronbach’s « value was 0.636 (N = 3780), indicating an acceptable model fit.

2.3. Data Analysis Strategy

Logistic regression models were applied to analyse the cause-effect relationships between attitudes
towards GM food safety and ideology. Tests of model assumptions were conducted using the
Multinomial Logistic Regression Model. The analysis was processed by IBM SPSS 23.

3. Results

A total of 3780 respondents were used for analysis. Results of the descriptive analysis and
regression analysis are presented in this section.

3.1. Descriptive Analysis

3.1.1. Demographic Features

Descriptive analyses of respondents” demographic characteristics and ideology are presented in
Table 1. Out of all 3780 respondents, 35.1% thought GM food was risky, 20.4% thought GM food was
safe, and 44.5% answered “DK”. The age of respondents ranged from 13 to 87 years old (M = 34.15,
SD =10.84). For gender distribution, 2643 (69.9%) were male, and 1137 (30.1%) were female. Regarding
CPC membership, 972 respondents (25.7%) were CPC members, compared to 2808 (74.3%) non-CPC
members. In terms of annual family income, 812 families (21.5%) earned no more than CNY40,000;
1118 families (29.6%) earned CNY40,000 to 100,000; 1052 families (27.8%) earned CNY100,000 to

137



Sustainability 2018, 10, 4326

200,000; 586 families (15.5%) earned CN'Y200,000 to 500,000, and 212 families (5.6%) earned more than
CNY500,000. For the variable of occupation, 1531 respondents (40.5%) were public sector employees,
and 2249 (59.5%) of them were non-public sector employees. Regarding location, almost half of the
respondents were living in large cities (48.8%), compared to 6.7% who lived in a town or village.
Regarding education, only 3.0% of respondents were below the level of secondary school, while the
majority (67.8%) had undergraduate diplomas.

Table 1. Descriptive analysis of attitudes to GM food safety and ideology.

Frequency (N) Percent (%)
Attitude towards GM Food Safety
Risk 1325 35.1
Safe 772 20.4
DK 1683 44.5
Gender
Male 2643 69.9
Female 1137 30.1
CPC Membership
Yes 972 25.7
No 2808 74.3
Annul Family Income (CNY)
<40,000 812 21.5
40,000 to 100,000 1118 29.6
100,000 to 200,000 1052 27.8
200,000 to 500,000 586 15.5
>500,000 212 5.6
Occupation
Public sector 1531 405
Non-public sector 2249 59.5
Location
Village 117 3.1
Town 135 3.6
Small city 667 17.6
Medium-sized city 987 26.1
Large city 1843 48.8
Overseas 31 0.8
Education
Less than primary school 5 0.1
Primary or secondary school 111 29
High school 346 9.2
Undergraduate school 2562 67.8
Graduate school 756 20
N Mean SD Min. Max.
Age 3780 34.15 10.84 13 87
Political Ideology 3780 3.42 0.91 112 5
P1 Individual’s benefit must subordinate to the state’s. 3743 3.28 1.34 1 5
P2 Terrltorla% and trade conflicts are provoked by 3595 318 116 1 5
other countries.
P3 Th'e central government should get Taiwan back by 3729 364 137 1 5
force if necessary.
P4 Patriots must boycott Japanese goods. 3761 3.92 1.22 1 5
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Table 1. Cont.

P5 Hostile forces abroad, which account for most of

China’s troubles, want to subvert China. 3703 3.47 1.39 1 5
P6 China should be tough on territorial disputes. 3681 2.86 1.2 1 5
P7 No criticism of China by teachers should be allowed 3753 381 1.24 1 5
in class.

P8 Free speech, association and demonstration should 3764 418 0.94 1 5
be controlled.

P9 Press censorship is necessary. 3759 3.48 1.35 1 5
qu We should narrow the gap of wealth and build a 3761 1.92 0.98 1 5
society of equal rights for everyone.

P11 I feel solemn when the national flag is raised. 3683 2.48 1.18 1 5
P12 Sovereignty outweighs human rights. 3727 3.85 1.11 1 5
P13 Mao’s great contribution overshadows his errors. 3727 3.64 1.32 1 5
P14 There is no such thing as umvlersal values such as 3708 372 126 1 5
freedom, democracy and human rights.

P15 Ch1r11ar should not implement electoral democracy, 3715 39 1.09 1 5
because it’s a fake democracy.

P16 China should adhere to Maoism and socialism. 3693 3.35 1.39 1 5
P17 We should h‘arshly punish those who 3742 34 1.34 1 5
challenge authority.

Economic Ideology 3780 3.18 0.63 1 5
E1 Land-related property rights should be owned by the 3679 381 1.09 1 5

state or collectives, not individuals.

E2 Businesses related to national security and any other

vital economic domains must be run by a 3719 3.39 1.23 1 5
state-owned company.

E3 It's much better for the government to intervene
more in the market.

E4 The government should guarantee basic living
standards for low-income citizens.

Cultural Ideology 3780 3.39 0.62 1 5
C1 We should respect Confucian culture and

3733 3.7 1.04 1 5

3761 1.83 0.83 1 5

. . 3750 2.71 1.09 1 5
Chinese conventions.
2 Homosexual marriage should not be pFotected by 3731 365 1.08 1 5
law in the same way as heterosexual marriage.
C3 No premarital sex should be allowed. 3748 3.45 112 1 5
C4 1 trust the Eight Diagrams & Feng-shui. 3697 3.75 1.01 1 5
General Ideology 3780 3.33 0.59 1.58 5

Notes: SD = Standard Deviation.

3.1.2. Characteristics of Ideology

Variables of general ideology, political, economic, and cultural ideologies are continuous variables.
As displayed in Table 1, the general ideology variable has a mean value of 3.33 (5D = 0.59), indicating
that respondents had moderately right-wing ideology. The political ideology has a mean value of
M =3.42 (5D = 0.91), the economic ideology has a mean of 3.18 (SD = 0.63), and the cultural ideology
has a mean of 3.39 (SD = 0.62). Specifically, radical right-wing ideology was seen in opinions relating
to the political issues of “Free speech, association and demonstration should be controlled” (M = 4.18,
SD =0.94). Radical left-wing ideology was seen on opinions about political issues of “We should
narrow the gap of wealth and build a society of equal rights for everyone” (M = 1.92, SD = 0.98),
and opinions about economic issues of “The government should guarantee basic living standards for
low incomes” (M = 1.83, SD = 0.83).

3.2. Relationship between Attitudes to GM Food Safety and Ideology

Two types of logistic regression models were constructed to explore cause-effect relationships
between attitudes to GM food safety and ideology. The first model is made up of a total of nine variables,
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including attitudes to GM food safety, general ideology, and demographic variables. The second model
is made up of a total of four variables, namely attitudes to GM food safety, political ideology, economic
ideology, and cultural ideology. Regarding the first model, model fitting information shows that the
Chi-square is 320.194 (p = 0.000). Goodness-of-fit shows that the Chi-square is 7530.816 (p = 0.411).
For the second model, model fitting information shows that the Chi-square is 242.661 (p = 0.000).
Goodness-of-fit shows that the Chi-square is 4966.445 (p = 0.318). These results indicate that those two
models demonstrate a good model fit [53]. Results of these two logistic regressions are presented in
Tables 2 and 3.

Table 2 shows that, although CPC membership and location do not have a significant effect, other
variables (age, gender, family annual income, occupation, education, political ideology, economic
ideology, cultural ideology, and general ideology) have a significant influence on Internet users’
attitudes to GM food safety.

Table 3 shows the results of parameter estimates of the two logistic regression models when
both models took answers of “GM food is safe” as a reference category. Regarding the age variable,
with a one-year increase in age, there is a 1.04 times stronger tendency for respondents to believe
that GM food is risky (p < 0.001), and 1.02 times stronger tendency for respondents to answer DK
(p < 0.001). For gender, females are inclined to answer DK (p < 0.05). Regarding family annual income,
people whose family earns CNY40,000 to 100,000 a year have the strongest tendency to believe that
GM food is risky (p < 0.001), while people whose family earn no more than CNY40,000 a year have the
strongest tendency to answer DK (p < 0.001). For occupation, people who work in the public sector
have a stronger tendency to believe that GM food is risky (p < 0.001), and are also inclined to answer
DK (p < 0.05). Regarding education, people who only finished primary or secondary school have the
strongest tendency to believe that GM food is risky (p < 0.001), and are also inclined to answer DK
(p <0.01).

Regarding ideological variables, respondents who have left-wing ideology in general tend to
believe that GM food is risky (p < 0.001), and also tend to answer DK (p < 0.01). Specifically, respondents
with left-wing ideology in political issues show a strong tendency to answer safe (p < 0.001). However,
respondents with a right-wing ideology in terms of economic issues are more likely to believe that
GM food is risky (p < 0.001). Respondents who have a left-wing ideology in terms of cultural issues
are prone to regard GM food as risky (p < 0.001) and are also inclined to answer DK (p < 0.001).
An illustration of the relationships between attitudes to GM food safety and ideologies can be seen in
Appendix B.

Table 2. Likelihood ratio tests between attitude to GM food safety and variables (N = 3780).

Chi-Square df Sig.

Age 79.279 2 0.000 ***

Gender 6.476 2 0.039 *

CPC membership 1.258 2 0.533
Family annual income 28.126 8 0.000 ***
Occupation 25.067 2 0.000 ***

Location 15.231 10 0.124
Education 44.276 8 0.000 ***
Political ideology 52.649 2 0.000 ***
Economic ideology 42.859 2 0.000 ***
Cultural ideology 148.241 2 0.000 ***
General ideology 87.278 2 0.000 ***

Notes: * p < 0.05, ** p < 0.001.
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Table 3. Parameter estimates of logistic regression (N = 3780).

B SE Wald Exp (B)
Risky (Safe as Reference)
Age 0.042 0.005 73.169 1.043 ***
Gender (Female as reference)
Male —0.187 0.109 2.942 0.829
CPC membership (Non-CPC member as reference)

CPC member —0.096 0.114 0.722 0.908
Family annual income (CNY) (Above 500,000 as reference)
0-40,000 0.752 0.220 11.722 2,127 *#**

40,000-100,000 0.816 0.212 14.811 2.262 ***
100,000-200,000 0.456 0.207 4.842 1.578 *
200,000-500,000 0.437 0.217 4.064 1.549 *
Occupation (Occupation in non-public sector as reference)
Occupation in public sector 0.497 0.104 23.045 1.644 ***
Living area (Overseas as reference)
Village —0.005 0.641 0.000 0.995
Town —0.294 0.621 0.225 0.745
Small city 0.263 0.579 0.207 1.301
Medium-sized city —0.099 0.571 0.030 0.906
Large city —0.139 0.567 0.060 0.870
Education (Graduate school as reference)
Less than primary school 0.940 1.249 0.566 2.560
Primary or secondary school 2.181 0.543 16.120 8.856 ***
High school 0.584 0.212 7.591 1.793 **
Undergraduate school 0.295 0.130 5.186 1.343 *
Political ideology —0.137 0.075 3.332 0.872
Economic ideology 0.428 0.102 17.487 1.534 ***
Cultural ideology —1.053 0.089 139.612 0.349 ***
General ideology —0.727 0.086 71.602 0.484 ***
DK (Safe as Reference)
Age 0.023 0.005 24.233 1.023 ***
Gender (Female as reference)
Male —0.259 0.102 6.393 0.772*
CPC membership (Non-CPC member as reference)

CPC member —0.118 0.106 1.236 0.889
Family annual income (CNY) (Above 500,000 as reference)
0-40,000 0.692 0.200 11.981 1.997 ***

40,000-100,000 0.668 0.193 11.966 1.950 ***

100,000-200,000 0.515 0.187 7.601 1.674 **
200,000-500,000 0.269 0.197 1.857 1.308
Occupation (Occupation in non-public sector as reference)
Occupation in public sector 0.199 0.096 4.248 1.220*
Living area (Overseas as reference)
Village —0.156 0.543 0.082 0.856
Town —0.328 0.521 0.396 0.721
Small city —0.027 0.479 0.003 0.974
Medium-sized city —0.467 0.471 0.985 0.627
Large city —0.386 0.466 0.687 0.680
Education (Graduate school as reference)
Less than primary school —0.173 1.240 0.019 0.841
Primary or Secondary school 1.481 0.537 7.605 4.397 **
High school —0.069 0.199 0.121 0.933
Undergraduate school —0.184 0.114 2.622 0.832
Political ideology 0.288 0.073 15.645 1.334 ***
Economic ideology —0.101 0.096 1.122 0.904
Cultural ideology —0.666 0.083 64.979 0.514 ***
General ideology —0.234 0.080 8.504 0.792 **

Notes: “GM food is safe” was used as reference category of the dependent variable; B, estimated multinomial
logistic regression coefficients for the models; SE, standard errors; * p < 0.05, ** p < 0.01, *** p < 0.001.
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4. Discussion

A total of 3780 respondents were used in the analysis. The study found that 35.1% of respondents
think that GM food is risky, which is more than those who believe that GM food is safe (20.4%).
This result is consistent with previous studies. With data comparison among several surveys on
attitude to GM food safety in China, Huang and Peng [21] found that the percentage of consumers
who perceived GM food as risky increased by more than 30% in the 2002-2012 period. Major shifts
occurred after 2010, when the percentage of “GM food is risky” surpassed that of “GM food is safe”.
These changes might be due to the increasing influence of negative media reports on GM technology.
It was also noted that the 20102013 period was a sensitive time for the Chinese administration,
and therefore, scientists and bureaucrats did not challenge media attacks on GM food [10].

Frewer et al. [54] found that, in studies aimed at understanding consumers’ attitudes to GM food
safety, demographic information is frequently reported in terms of sample characteristics, but is rarely
used as an explanatory variable. In the present study, we construct the first model to explore the effect
of demographic features on attitudes to GM food safety. For the age variable, young people tend to
view GM food as safe, which is in line with previous study findings [55]. This might be explained
by the fact that, compared to older people, young people are more often risk-takers and keen for
new technologies [56]. For the variable of occupation, respondents who work in the public sector
are inclined to think that GM food is risky. This might be because, in Chinese society in general,
the majority of employees in the public sector have a high level of education and left-wing ideology.
As left-wingers are conservative in respect to novelty [42], public sector employees are inclined to
think GM food is risky.

Regarding the variable of family annual income, we found that, compared to people whose family
earns more than CNY500,000, people all tend to think GM food is risky if their family’s annual income
is near the top of the income range (CN'Y0-40,000; 40,000-100,000; 100,000-200,000; 200,000-500,000).
One explanation for this finding might be that a higher level of income may translate into a search
for health food and, in general, GM food does not correspond to this perception [55]. Specifically,
people whose family earns CNY40,000 to 100,000 have the strongest tendency to believe GM food
is risky, compared to people from families of other income ranges. When considering the income
standard of 2015 in real GDP per capita (CNY50,251), families earning CNY40,000 to 100,000 could be
categorized as middle-class families. This speculation is supported by results of cross-tables of family
annual income and education (see Appendix C). We found that the number of respondents who have
an undergraduate diploma was the highest in families with annual earnings of CNY40,000 to 100,000.
In addition, for people whose family earn CN'Y40,000 to 100,000, the number of respondents who
have diplomas of primary, secondary, and high school ranked in the second place in those five income
ranges. Thus, the effect of the family’s annual income on attitude towards GM food safety might be
largely influenced by respondents’ education levels.

Regarding the variable of education, we found that, in contrast to people who have less than a
primary school education, people who received formal education diplomas all tended to think GM
food is risky. However, people who received higher education, such as undergraduate school, have a
weaker tendency to regard GM food as risky, compared to those with lower levels of education. Similar
findings have been pointed out by Hester and Gerda [57], and Rodriguez-Entrena, Salazar-Ordéiiez
and Sayadi [55], who reported that more knowledge of GM technology leads to more tolerance of
GM food consumption. People who had a diploma from primary or secondary school showed the
strongest tendency to believe GM food is risky, and also tended to answer DK. The explanation might
be that, on one hand, primary or secondary school education cannot provide enough information on
GM food; on the other hand, people with such education can be easily influenced by the opinions of
entertainment stars (e.g., Cui Yongyuan), rather than scientific evidence.

Regarding ideology, results of descriptive analysis of ideology show that, generally, respondents
have a moderately right-wing ideology (M = 3.33). This finding is in accordance with what Pan and
Xu [41] found about the ideological positions of Chinese Internet users. The regression analysis results
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show that both general ideology and the three ideological dimensions have a significant influence
on attitudes to GM food safety. These results are in line with previous studies, which state that
scientific problems are not solely about science, but are entangled with ideological issues [58,59].
Our findings show that respondents characterized as having a right-wing ideology, in general, tended
to regard GM food as safe, compared with those with a left-wing ideology. Similarly, respondents
who had a right-wing ideology in the cultural dimension think GM food is safe. This can be explained
by the fact that right-wingers in China are usually people who are open-minded, creative, curious,
and novelty-seeking [37]; they are not overly restricted by the traditional culture, like Confucianism.
As GM food is produced using advanced genetic engineering technologies, right-wingers might
have gained more knowledge about GM food, and thus show a friendly and welcoming attitude
towards it, compared with left-wingers. In contrast, respondents with a left-wing ideology are more
likely to consider GM food as risky. Left-wingers in China are represented by people who oppose
capitalism, resist western modern values, yet acknowledge the great contribution of Mao Zedong to
China, and support strong and powerful authoritarianism [60]. Thus, our findings can be explained by
left-wingers resisting the products of Western technologies, so they regard GM food as risky.

Nevertheless, respondents with right-wing ideology in political issues showed a strong tendency
to answer DK. This can be explained from a political perspective. It is a fact that China approved
insect-resistant rice and high-phytase maize as safe for consumption and production, but the
government did not make a public announcement [10,22]. Right-wingers in China prefer individual
rights and freedom, and less government involvement in economics. Low political involvement
on the part of right-wingers might be the reason why right-wingers in political issues showed a
strong tendency to answer DK. What’s more, we found that respondents with right-wing ideology in
economic issues are more likely to believe that GM food is risky. This is easy to understand because
people who have a higher family annual income also showed a strong tendency to regard GM food
as risky.

Another possible explanation can be made from the perspective of media influence. Media
researchers suggest and have proved in different ways that people selectively expose themselves to
certain media contents according to their inherent preference and interests; for example, those searching
for political information prefer to watch news, while those searching for social interaction are more in
favour of using social media [61-63]. In addition, it has been proved that trust in the media positively
affects people’s attitudes toward new technologies, genetic engineering and other social issues [64].
Therefore, it is plain to understand why left-wingers in political and economic issues feel safe about GM
food. Left is the official ideology of the CCP and certainly the “tongue of CCP”—mainstream media,
whether traditional or new social media, are promulgating the official point of view. The Chinese
government and mainstream media, like People’s Daily and CCTV, once strongly promoted GM
food [65] and, after the hot debates between Fang and Cui, which revealed more negative influences of
GM food, the mainstream media still hold a relatively neutral or even moderately ‘pro’ position on
GM food. Left-wing Internet users who are involved in political issues, those who trust the national
voice, are unsurprisingly inclined to regard GM foods as safe.

As discussed above, we found that the effect of ideology on attitude towards GM food safety
was not consistent, but varied in different ideological dimensions. Take right-wingers for example,
we found that right-wingers in the cultural dimension view GM food as safe; right-wingers in the
economic dimension view GM food as risky; those with a right-wing ideology in the political dimension
tend to answer DK. This is a heuristic finding, which indicates that the effect of ideology on GM food
safety should be examined from different aspects of ideology. This conclusion reflects the fact that
attitudes toward GM food safety should be investigated from multidimensional perspectives.

The limitation of this study is in the research design. Since we use secondary data, which means
that data were collected by other scholars, and since GM food safety was only one part of the data
collection efforts, some issues of GM food safety, like GM food consumption, were not included. Future
studies with specific designs for GM food safety and ideology could remedy this. Further discussion
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is also needed on cause-effect relationships between ideology and attitude to GM food in concrete
political, economic and cultural contexts.

5. Conclusions

This paper contributes to the current understanding of attitudes toward GM food safety in China
in three important ways. First, we extend understanding beyond the existing literature, which usually
treats demographic features as sample characteristics. Our study shows that the individual features of
age, gender, family annual income, occupation, and education have significant effects on attitudes to
GM food safety. Secondly, we provide new insights into the underlying determinants of attitudes to
GM food safety by differentiating ideological dimensions. We examine the three ideological dimensions
of politics, economics, and culture. We find that individuals who hold right-wing ideologies, in general,
tend to view GM food as safe, while those right-wingers” attitudes to GM food safety vary in different
ideological dimensions. Thirdly, this study advances the present knowledge regarding the impact of
ideology on scientific development among contemporary Internet users in China. Up to now, very few
studies have paid attention to the effect of ideology on attitudes to GM food safety. This study makes
a pioneering challenge and provides empirical evidence for this important topic. These findings
can help researchers and policy-makers to shed more light on the ideological influences on scientific
development and the sustainability of the human world, rather than simply being restricted to
discussions in the scientific domain.
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Appendix A

Table Al. Distribution of Places of Respondents’ Residence (N = 3780).

Frequency Percent (%)
Beijing 440 11.6
Tianjin 111 29
Shanghai 387 10.2
Chongging 82 2.2
Hebei 110 29
Shanxi 75 2.0
Liaoning 123 3.3
Jilin 43 1.1
Henan 141 37
Jiangsu 290 7.7
Zhejiang 249 6.6
Anhui 104 2.8
Fujian 83 2.2
Jiangxi 58 1.5
Shandong 248 6.6
Heilongjiang 47 1.2
Hunan 93 2.5
Hubei 144 3.8
Guangdong 455 12.0
Hainan 15 0.4
Sichuan 159 4.2
Guizhou 17 0.4
Yunnan 42 1.1
Shaanxi 95 2.5
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Table A1. Cont.

Frequency Percent (%)
Gansu 22 0.6
Qinghai 4 0.1
Inner Mongolia 28 0.7
Guangxi 46 1.2
Ningxia 9 0.2
Xinjiang 21 0.6
Taiwan 2 0.1
Hong Kong 6 0.2
Overseas 31 0.8
Total 3780 100.0
Appendix B
Political ideology (left)
Economic ideology (left) —
Don’tknow <+ _ ___+ —%GM food is risky
. Cultural ideology (left) N

General ideology (left)

Figure Al. Illustration of Relationships between Attitudes to GM Food Safety and Ideologies.

Appendix C
Table A2. Cross Table of Education and Family Annual Income (N = 3780).
0-40,000  40,000-100,000  100,000-200,000  200,000-500,000  Above 500,000  Total
Less than Count 3 1 0 1 0 5
primary school % of Total 0.1% 0.0% 0.0% 0.0% 0.0% 0.1%
Primary or Count 52 36 16 5 2 111
secondary school % of Total 1.4% 1.0% 0.4% 0.1% 0.1% 2.9%
Hieh school Count 136 125 53 23 9 346
1gh schoo % of Total 3.6% 3.3% 1.4% 0.6% 0.2% 9.2%
Undergraduate Count 493 797 747 397 128 2562
school % of Total 13.0% 21.1% 19.8% 10.5% 3.4% 67.8%
Grad hool Count 128 159 236 160 73 756
raduate schoo % of Total 3.4% 4.2% 6.2% 42% 1.9% 20.0%
Total Count 812 1118 1052 586 212 3780
% of Total 21.5% 29.6% 27.8% 15.5% 5.6% 100.0%
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Abstract: The main objective of this essay is to illustrate the state-of-the-art on ‘mental health-sensitive’
open space design in the built environment. Urban Green Blue Infrastructure can contribute to
urbanites’ mental health and wellbeing as well as healthy aging, while providing co-benefits balancing
the negative impacts of climate change, through the provision of integrated ecosystem services. There
are a number of ways that exposure to and affiliation with Nature have shown to support mental
health, but we are still missing the necessary evidence of the actual benefits achieved, as well as the
key performance indicators and metrics to monitor and adapt our open space to the growing urban
challenges. After introducing the key concepts of degenerative mental disorders as they are growing
in the urban environment, and the emerging green blue infrastructure design approach, the authors
present international case studies describing how evidence-based design and Nature-based Solutions
have been found to be beneficial, especially to those diagnosed with mental disorders. Subsequently,
in a comparative critical analysis, the authors look closer at a number of design solutions capable,
at different scales, to support healthy aging through exposure to, and affiliation with, biodiversity.

Keywords: healthy public space design; healing gardens; dementia-friendly cities; Alzheimer; elderly
people; evidence-based design; age-sensitive landscape design

1. Introduction

The United Nations Sustainable Development Goal 3 (2015) states that “ensuring healthy lives
and promoting the well-being at all ages is essential to sustainable development” [1,2].

Achieving health requires striving for complete physical and mental health, the latter being “a
state in which a person is most fulfilled, can make sense of the surroundings, feel in control, can cope
with every day demands, and has purpose in life” [3] (p. 27).

The urban built environment particularly influences social health and wellbeing, especially of
the elderly [3]. Worldwide, the total number of people over 60 is set to double by 2050, rising from 1
billion to 2 billion, with 80% living in low- and middle-income countries [4].

According to the World Health Organization (WHO) ‘Healthy Ageing’ is the “process of developing
and maintaining the functional ability that enables wellbeing in older age” [5] (p. 28). Healthy ageing
represents, therefore, the continuous interaction between people and the environment in which they
live [6].

There is growing recognition that the leading causes of disease and death, including heart disease,
cancer, cerebrovascular disease, chronic lower respiratory disease and injury, can be exacerbated
by elements within the built environment which contribute to sedentary lifestyles and unhealthy
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environments [7,8]. Moreover, climate change is determining a host of mental health challenges,
and the public health threats people are experiencing are considered among the most urgent of the
21st century [9]. Thermal stress negatively affects the functioning and health of people. When the
temperature is extreme, vulnerable groups (e.g., groups with mental health conditions or with substance
abuse problems, the poor, the children, the elderly) have a higher risk of worsened mood or behavioral
disorders, violence, aggression or suicide [10]. Elderly people are particularly susceptible and are likely
to suffer from moderate heat stress even under prevailing conditions. During periods of heat waves,
however, the risks to vulnerable urban residents increase—with increased mortality rates having been
recorded for many countries, including France, US, Korea, Russia and the Netherlands [11-14].

Another serious health risk increasingly connected with the ageing population is dementia,
currently affecting approximately 5% of the world’s elderly population [15]. Dementia is one of the
most expensive diseases to manage, and is the fifth-biggest cause of death in high-income countries [16].
The worldwide figure of people living with dementia more than doubled up from 1990 to 2016, mainly
due to increases in population ageing and growth [17].

The connection between the built environment and health has been extensively examined in
working-age populations, but we can count on comparatively fewer studies concentrating on the
elderly and mentally impaired urbanites [18].

The World Health Organization’s goal of the Global Action Plan on the Public Health Response
to Dementia 2017-2025 is to improve the lives and careers of people with dementia and the lives of
their relatives, while reducing the impact of dementia on them and on communities and nations [19].
It is considered equally important to understand how to efficiently promote healthy aging and
prevent dementia-like neurodegenerative diseases, such as Parkinson’s, Alzheimer’s, and Huntington’s
disease [15].

Nowadays, we can rely on many decades of environmental psychology and environmental
behavior research examining the mentally restorative potential of exposure to the natural environment,
as well as to the natural elements and systems in our urban built environment. With the sociocultural
environment influencing the degree of psychological and restorative benefits that we may be genetically
predisposed to receive [20].

Urban design can play a primary role in the healthy ageing process, helping adults stay socially
active as they age, and thus supporting their general health and wellbeing [20-22]. There is substantial
evidence demonstrating that urban design and landscape architecture are powerful tools to improve the
human condition and health [23-26]. We can also already count on several bottom-up initiatives, i.e.,
age-friendly towns, districts and communities—such as Manchester’s “Older People’s Forums”, Hong
Kong’s “Elder Academy”, Ottawa’s “Better Strength Better Balance”—which are promoting healthy
and active ageing, assisting elderly people to stay autonomous for as long as possible, and providing
care and security when required, while respecting the autonomy and dignity of elderly people [5].

International research confirms in principle the need for better knowledge of specific landscape
aspects and design strategies, as well as of blue and green features able to promote healthy ageing
and mental health and wellbeing in increasingly critical urban scenarios [22,27]. For example, in a
recent European project conducted across 17 cities in Austria, Germany, Norway, Poland, Romania
and Slovenia, Artmann et al. (2017) [28] reported that more types of age-sensitive facilities should be
considered in urban green areas, particularly in support of physical activity for elderly and mentally
impaired people [28].

So far, studies mostly revealed only general associations between greater exposure to the natural
environment and improved mental health, and this limit has created a much-needed evidence basis
on which to address and solve existing boundaries to conclude clear cause and effect. Case studies
and critical appraisal of current and on-going projects represent in this respect a sound methodology
to acknowledge and progress mental health-sensitive open space design, as well as encouraging
awareness and stewardship.
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The purpose of this critical essay is to better explore the relationships between Urban Green Blue
Infrastructure, mental health and healthy ageing, and to provide useful insights aimed at progressing
informed age-sensitive design and planning for the built environment.

2. Urban Green Blue Infrastructure for Healthy Ageing and Mental Health

Green Blue Infrastructure is strongly linked to the concept of ‘Green Infrastructure’ (GI). Gl is an
approach related to landscape planning and design linked to Nature-based strategies and solutions,
such as greenways and ecological networks [29,30]. GI had originally been defined as “a strategically
planned network of natural and semi-natural areas, with other environmental features designed and
managed to deliver a wide range of ecosystem services” [31], and more recently as “the elements of
biodiversity and the organized systems that can be traced back to the Natural Capital, of any urban
area, valuable or degraded, including the individual technological devices that rely on biodiversity and
are integrated in the built environment, such as green roofs and vegetation walls, permeable paving,
rain gardens and other systems for the collection and management of rainwater, which promote,
through the provision of ecosystem services, environmental protection, economic feasibility, health
and well-being, equity and social inclusion” [32].

Gl is present in rural, urban and peri-urban environments, at different scales [31,33]. In urban
areas, Urban Green Blue Infrastructure (UGBI) is normally a hybrid infrastructure of green spaces,
or blue spaces if aquatic ecosystem are included, and built systems [31,33,34]. Examples of UGBI are
urban forests, parks, domestic gardens, green roofs and walls, community orchards, parklets and
sidewalk gardens, while blue components are aquatic ecosystems, such as wetlands, rivers, canals,
ponds, creeks, etc. (Figure 1).

Figure 1. Urban Green Infrastructure: (a) Green roof in Antwerp, Belgium, (b) green wall in Oxford,
UK, (c) urban park in Padua, Italy, (d) urban—park in St. Petersburg, Russia, (e) “green” tramway in
Paris, France, (f) community garden in Freiburg, Germany. Urban Blue Infrastructure: (g) Canal in
London, UK, (h) canal in Amsterdam, Netherlands, (i) pocket garden with water feature in New York
City, USA, (1) canal in Dublin, Ireland, (m) urban wetland in Suining, China, (n) pond in Moscow,
Russia. Credits: Alessio Russo (a-e, g, h, 1, m) and Maria Beatrice Andreucci (£, i, n).

The mismatch between what human beings need and what urban built environments often fail
to provide—exposure to nature—has proven detrimental to mental health [35]. Conversely, other
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studies have reported that human exposure to UGBI increase physical activity [36,37], improve mental
health [38-44], and decrease crime, violence and aggression [45-48], as well as morbidity in multiple
disease categories [49-51].

UGBL is essential to support the basic ecosystem services on which human survival depends [52].
UGBI regulates water quantity and quality, controls surface runoffs, protects biodiversity, filters
pollutants, improves air quality, and is vital to the food chain leveraging on nutrient cycling and
pollination [53,54].

De Keijzer et al.’s research [27] revealed that proximity to natural green and blue areas is associated
with a slower decrease in walking speed and grip strength among respondents between the ages of
50 and 74. Wang et al. (2017) [55] studied the contributions of neighboring green space to mortality
among Chinese males and females 65 years of age and elderly living in Hong Kong. Results showed
that a 10% increase in green space coverage was correlated with a decrease in all-cause mortality [55].

Lewis and Booth (1994) [56] found that people living in built-up areas with access to gardens and
other greenspaces had a lower prevalence of psychiatric morbidity as compared to people in built-up
areas with no such access.

Other studies have recently supported the connection of socio-economic and socio-demographic
factors in elderly people as possible confounding variables with respect to the relationship between
health and UGBI [57].

There are a number of ways that exposure to, and affiliation with, UGBI have shown to support
mental health. These include nature’s ability to reduce stress, create positive affective states, and
improve cognitive functioning [39,58,59] (Table 1).

Table 1. The health benefits of green and blue infrastructure for elderly people.

Benefits References
Lower mortality [55,60,61] ¢
Slower decline in walking speed [27]
Lower risk of cardiovascular disease [62,63] **

Slower cognitive decline [64] **
Stress reduction [65] **
Decreased inflammation [66] ©
Social connectedness improvement [66] ©

** Passive recreation (e.g., exposure), © horticultural therapy, ¢ coverage of green space.

Exposure to the natural environment can take many forms that range from simply viewing images
of nature, to actively accessing UGBI, to receiving treatments in institutional settings.

Landscape architects design therapeutic or healing gardens at different scales [67,68]. Healing
gardens are outdoor spaces designed to support health and well-being and provide comfort for people
suffering from illness [68].

In countries like the United States and Singapore, some healing gardens focus on the design
of sensory stimulation and accommodation of horticultural activities [66,69]. Therapeutic gardens
influence the quality of life of aged care residents with dementia [70].

The beneficial effects of outdoor activities in people with dementia have also been well
documented [70,71]. Nature-based walks, as compared to urban walks, have been found to be
beneficial to those diagnosed with mental disorders [40].

At the same time, other studies [72,73] confirm that general mental health improvements may
also be attributed to the restoration gained by passive exposure to greenness, independent of exposure
gained by actively accessing it for physical activity, and also independent of the mental benefits of the
social interaction that can take place in it.

Worldwide, Edible City projects have demonstrated that edible green spaces (e.g., allotment
gardens, edible forest gardens, edible urban forests) can improve social cohesion, healthy aging
and wellbeing [74-77]. Research in Spain has shown that urban gardens could be promoted as a
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nature-based solution in urban planning to facilitate elderly social integration [78]. A study conducted
in the UK by Wood et al. 2016 demonstrated that as little as 30 minutes of allotment gardening can
produce significant health gains [79].

The experience of visiting allotment gardens positively influences the quality of the elderly
participants’ daily lives, including restorative experiences, peacefulness, inspiration, joy, and positive
emotion [80].

Although UGBI has been found to be associated with physiological benefits for humans in several
studies, it should not be forgotten that increasing biodiversity in the built environment may also
support ecosystem disservices, i.e., nuisances and losses produced by ecosystem functions [67,81,82],
or even the introduction and survival of vectors or host organisms for infectious pathogens, with the
resulting spread of a variety of diseases [67,83]. Ecological, social and technological changes determined
by planning and design will affect both what kind of disservices will emerge and how they will be
experienced and managed [81].

3. Dementia-Friendly Cities and Biophilic Design for Healthy Communities

Therapeutic design of the built environment is widely recognized as a major aid for people with
Alzheimer’s disease [22].

Growing evidence suggests an interrelationship between dementia on one side and lifestyle-related
risk factors on the other [84,85]. These risk factors include physical inactivity and obesity,
together with unbalanced diets, tobacco use, harmful use of alcohol, diabetes mellitus and mid-life
hypertension [86,87]. In addition, other potentially modifiable risk factors are more specific to
dementia and include social isolation, low educational attainment, cognitive inactivity and mid-life
depression [88,89]. Reducing the level of exposure of elderly populations, and individuals in general,
to these potentially modifiable risk factors can strengthen the capacity of urbanites to make healthier
choices and follow lifestyle patterns that foster good mental health and wellbeing.

There is growing consensus that integrated and multiscale nature in the city is protective and
can reduce the risk of cognitive decline and dementia: increasing physical activity, preventing and
reducing obesity, promoting balanced and healthy diets, discouraging the harmful use of tobacco
and alcohol, promoting social engagement, cognitively stimulating activities and learning, as well as
preventing and healing depression [85,90].

The biophilic cities concept builds on much of the work of biophilia [91] and biophilic design that
have both been experienced more on the building scale [92]. Sets of biophilic design principles have
also been generated [93,94] providing reflections and guidance about design qualities and natural
conditions people appreciate the most in the urban built environment—biodiversity, light, water,
and natural sounds, among others [92,95].

There are numerous case studies of Dementia-Friendly Communities worldwide [96].

As an example, a supportive community specifically for people with dementia has recently been
established in Canada [97]. This project, called The Village, includes six single-story cottage-style
homes and a community center surrounded by a lush garden [97,98]. The main focus of The Village is
to encourage and enable people with dementia to live their lives as they would normally do [97,98].
The development of the Village was influenced by the world’s first dementia village, Hogeweyk, in
the Netherlands. Hogeweyk is designed to accommodate 152 people suffering from dementia [99].
The design layout includes 23 houses with a variety of parks and gardens designed by the Dutch
landscape architect Niek Roozen [99].

In the UK there are several examples of dementia friendly parks. For example, the oldest Royal
Park in Scotland was transformed into a dementia-friendly park in 2018 [100]. The aim of this
project was to make green spaces more accessible and inclusive for people with dementia through the
provision of additional benches, the installation of a handrail and dementia friendly toilet signage [100].
Another good example is the dementia friendly garden at Springhead Park in Rothwell, Leeds [101].
The garden has been built to support people with dementia and to “demonstrate the principles of
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a dementia-friendly garden to inspire families, care home managers and other local authorities to
develop their own” [101] (p. 2).

In Oslo, Norway (Figure 2), the horticultural therapy project Loseter Garden of Senses is another
example of how bringing fertile soil into our built environment can transform a barren area into a
thriving green and dementia-friendly meeting place, where all people can comfortably learn about and
experiment with food production.

Figure 2. Horticultural therapy project Loseter Garden of Senses in Oslo, Norway. Credits: Maria
Beatrice Andreucci.

Sprouting Oslo—to which the Loseter project belongs—is an outstanding example of the 2019
Green Capital’s commitment to inclusive urban landscapes.

4. Healing Garden Design and Mental Health Institutional Setting

The psychophysiological or psycho-evolutionary stress recovery theory [58] postulates that our
innate connection with the natural environment results in a fairly rapid reduction in stress when
viewing natural elements or pleasing natural landscapes. Ulrich’s study into the therapeutic properties
of nature views revealed that hospital patients convalescing from surgery had shorter hospital stays,
lower intake of narcotic pain drugs, and more favorable evaluations by nurses if their hospital room
windows allowed views of trees rather than views of a brick wall [102].

There are few places where the power of landscape architecture is more needed than in institutional
settings where patients and relatives react to mental illness.

Along the life course continuum, exposure to the natural environment appears to benefit affective
states of older persons in institutional settings with degenerative mental disorders [103,104].

The risk of developing dementia in institutional settings has also been found to be dramatically
reduced with exposure to, and affiliation with, nature achieved with regular gardening [105].

In health care settings, a patient’s ability to process information and instruction given by health
care providers is critical to enhancing care and health outcomes.

Among those with late stage dementia in nursing homes, natural sounds and pictures have been
found to reduce agitation, if not aggression [106,107].

Healing gardens are defined as “green spaces designed to promote and improve health and
well-being for people suffering from illness” [68] (p. 43). There has been a growing interest in healing
gardens around the world and many of these gardens have been designed in several countries [108].

Design features such as street layouts, building forms, signage and other details influence the
orientation and wayfinding abilities of older people with dementia [109].
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For example, in Ferrara, Italy, the Garden of Happiness (Figure 3), has been specifically designed
for the benefit of almost two hundred elderly patients, their guests and family, as well as the healthcare
providers. The space can be set up for community use, and it includes specific design elements that
work to maximize accessibility, safety and orientation. The planting design stimulates all senses,
while the tree planted areas provide comfort for both informal and spiritual gatherings. The site
also provides physical access to a vegetable garden and an orchard suitable for a variety of therapies.
There is also equipment and specially-designed furniture, which can also be enjoyed by patients in
a wheelchair.

Figure 3. Example of a healing garden in Italy, the Garden of Happiness in Ferrara. Credits:
Monica Botta.

On a different scale, in Singapore, there is an ongoing initiative aimed at creating the Therapeutic
Gardens Network and Social and Therapeutic Horticulture Programmes, meeting the needs of elderly
people, including those affected by dementia [110]. The first, prototype garden was completed in May
2016 by the National Parks Board with design inputs from the Psychological Health Department of
the National University of Singapore and the Alzheimer Disease Association. The design principles
included: safety, security and privacy, accessibility, physical and emotional comfort, positive distraction,
engagement with nature, maintenance and sustainability (Figure 4). It is located within the North
Park area in West Singapore. The Therapeutic Garden is located close to a building equipped with
comfortable washing areas, toilets, and drinking water sources. It provides deep shade under large
tree canopies and comfortable wooden benches (equipped with full support for the back and armrests).
The layout is simple and clear without confusing dead ends. The garden is fully accessible for
wheelchairs, also through the furniture for horticultural therapy sessions: Planting racks and work
benches in which the height and design has been adjusted for both standing participants and those
seated in wheelchairs.

Figure 4. Examples of Therapeutic Gardens and Social and Therapeutic Horticulture Programmes in
Singapore. Credits: A. Olszewska-Guizzo (a-c) and NParks (d).
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Since 2016, three more Therapeutic Gardens have been built in different areas of Singapore, and
more are to be implemented in the network, as a response to the ageing population and increasing
levels of dementia.

5. Evaluating Design Quality and Potential Benefits of Therapeutic Green and Blue Open Spaces

As the Therapeutic Garden Network in Singapore in expanding, the National Parks Board,
through its Research Centre for Urban Greenery and Ecology (CUGE), is keen on collaborating with
academics and doctors to test their designs and functions using scientific methods. Several collaborative
research studies have been conducted in the Singapore Therapeutic Gardens to evaluate their potential
contributions to the elderly and inform the policies for a dementia-friendly urban agenda. For example,
a study completed in 2016 assessed the effects of horticultural therapy on the mental health and immune
functioning of the 69 elderly participants, using the randomized control-trial design [66]. Recently, the
data collection for a follow-up study on the effects of the horticultural therapy on people with dementia
has been concluded. Another large cohort study has tested the influence of certain physical activity
protocols performed in parks on the health and wellbeing of Singaporeans, including the elderly [111].
Currently, the research on the effects on brain activity of passive exposure to the Therapeutic Gardens’
landscape is being conducted with sample representative of the Singaporean population. This study
specifically targets individuals diagnosed with depression, including the elderly [112].

In 2012 the WHO released an assessment tool for the quality of physical attributes and functions
of mental healthcare facilities, including homes for elderly people and Alzheimer institutions [113].
However, the “WHO Quality Rights Tool Kit” [113] does not provide any recognition concerning the
issue of accessibility of green space to patients of such institutions.

In 2007 Clare Cooper Marcus developed a tool for landscape architects and other designers that
evaluates the quality of outdoor space for those with Alzheimer’s disease [114]. The Alzheimer’s
Garden Audit Tool (AGAT) includes a checklist divided into seven sections, e.g., moving from Location
and Entry to the Garden, to Layout and Pathways, Planting, Seating, Overall Design and Details,
to Maintenance and Amenities [114]. This tool has been tested by thirteen participants attending a
multi-disciplinary symposium on healing landscapes in Portland in 2005 [114]; however, the tool has
not been exposed to psychometric testing and targets environments for advanced dementia [115].

Recently, Paraskevopoulos and Kamperi (2018) have examined the evidence-based design of
healing gardens [116]. The study showed that the design of healing gardens must be adapted to
the needs of each type of patient [116]. The review of the literature also reported a limited number
of evidence-based design strategies and post-occupancy evaluations for the healing of hospital
gardens [116].

6. Conclusions

While UGBI is supporting mental health, it is simultaneously providing an array of other health
benefits, some of which are essential to sustaining life, others to enhancing it. However, it is not solely
the volume of co-benefits of GI that pervade life and support health that should be considered, rather
the intrinsic design qualities of the open space, favoring maximization and interconnection between
these co-benefits [117].

The opportunity of the contact with nature or the use of more biodiverse environments certainly
represent an important aspect of healthy ageing and dementia-friendly environments [118]. The case
studies presented have identified and highlighted the relevant design qualities and characteristics of
dementia-friendly cities, healing gardens, and mental health institutional settings.

The complex dimensions of urban nature cannot be easily synthesized, considering the many
interconnected features, and the many variables that come into place at different levels when dealing
with associated programs, activities, and other mediators. There are in fact many different ways to
experience and interact at different scales with nature in cities. Both physical and visual connections
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matter, as the design of the case studies in Italy, UK, Canada, Norway, the Netherlands, and
Singapore demonstrates.

Progress in post-occupancy evaluation of therapeutic green and blue open spaces already indicates
that elderly people seem to have prevalent preferences for natural, esthetic, and varied landscape
design characteristics, with easily accessible and well-maintained infrastructure and amenities.

Notwithstanding the positive findings, the actual benefits of designed garden spaces for people
with dementia are still not fully supported by meta-analyses and remain mostly unexplored [119].

The barriers facing people living with dementia in accessing the natural environment particularly
need to be investigated further through large scale studies providing both qualitative and quantitative
insights [120].

More research is necessary about the negative influence of climate on human health and enjoyment
in the open space environment, as scientists at the National University of Singapore have recently
highlighted [121].

Context, informed decision making and inclusive governance represent important factors when
selecting and implementing integrated, multiscale actions targeting the elderly’s mental health and
wellbeing. Financial incentives, public education, applied research and dissemination are to be
considered critical for a balanced and sound welfare development.
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Abstract: The paper discusses an interior architectural design model to enable the accomplishment of
sustainable design strategy of efficient resources/waste management. The proposed design concept,
referred to as interior architectural design for adaptive reuse, is based on the reintroduction of
reclaimed or salvaged building construction materials and products acquired from demolished or
refurbished building structural portions, into the structure of interior components. The presented
design approach puts circular design methods and techniques in interior design practice at the core
of environmentally responsible architectural design. To achieve its objectives, the implementation
of resources efficiency strategy into the interior design scheme should remain a decisive interior
design quality criterion. Meanwhile, the issues related to the environmental contextualization of
interior spaces and their constitutive components, in fulfilment of sustainable design requirements
for the conservation of natural resources, are neither sufficiently recognized by interior designers, nor
appropriately highlighted in the current design practice. The main purpose of this concept paper is to
develop a theoretical scheme for systemic inclusion of interior architectural design for adaptive reuse
into the environmentally sustainable interior architectural design framework. This study provides
interior designers with the concept of interior components design for the fulfilment of resources
efficiency and waste management effectiveness.

Keywords: sustainable architectural design; sustainable interior design; interior components; adaptive
reuse; environmental contextualization

1. Introduction

The reuse of reclaimed building construction materials and products should be treated as the
supporting method for the reduction of construction and demolition waste [1] produced as the result of
cyclical building activities associated with forming the built environment, and thus responding to the
environmental ethical questions that are to be addressed by architects, as well as interior designers. The
design practice towards the accomplishment of a closed loop concept, as postulated by McDonough
and Braungart [2], can be maintained by consequently applying an adaptive reuse model into the
building internal environment components design. This model meets the environmentally sustainable
demand for minimization of building construction waste.

The issues related to the extension of the lifespan of a building, as well as its structural components,
are still insufficiently recognized [3] by interior designers. Meanwhile, the repeated processes of
construction, refurbishment, and especially demolition, understood as an undifferentiated process of
taking apart and compressing building components for their final disposal at a landfill [4], remain the
primary source of wasted resources [5,6].

The sustainable design approaches, from design for waste prevention, to design for recycling,
as presented in the waste hierarchy model of the efficient resources’ management strategy, enable
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control over the negative impacts of these destructive procedures on the natural environment. Design
methods for effective waste management are situated between preventing construction and demolition
waste production as the most favored and effective method, and the disposal of waste in landfills
which is destructive to the natural environment. The objective of their application is the reuse of
potential building waste “by extracting from them an extra (i.e., additional or new value) while
generating a minimal amount of refuse” [7] (p. 94). The list of possible methods for products’” technical
life extension include the following: design for repair, remake and replacement; design for reclaim
understood as a process of reintroducing building materials without reprocessing or cleaning, and
with limited repairing processes [5]; and design for adaptive reuse. This design concept of retaining
the reclaimed or salvaged building materials and products, acquired from refurbished or dismantled
objects in new architectural designs, is supposed to be the best design practice to preserve building
materials [6] and lengthen the building product’s life cycle. Consideration of the entire lifespan of
a building’s products, imperative for sustainable architectural design, is an incentive for changes in
interior architectural design. The environmental context of a building and its internal spaces influences
the design decision-making process with regard to the consequences of potential repetitive remodeling
processes of building structural components or the interior environment. These procedures related to
refurbishment, modification or adaptation due to the changing of functional or formal requirements,
leads to deconstructed, dismantled, removed or demolished components. They are becoming the
vast reservoir of building materials and products, differing in quality, value, and physical parameters,
that offer new areas of re-introduction into built structures, thus stimulating a search for innovative
design methods.

There is a need for developing a thorough system on the application of building material adaptive
reuse involving vendors, deconstruction contractors, developers, facility managers, and interior
designers, to provide an effective reintegration of deconstruction or demolition waste with interior
components. “Building Material Reuse Consulting Process Workflow” [6] (p. 2) adopted for sustainable
interior architectural design, is to develop a multi-disciplinary online platform enabling the exchange
of essential information on the availability of reclaimed components, complemented by guidelines
providing modes of their successfully exercised reintroduction. The goal is to transform the design
process, stakeholders’ involvement, and knowledge on the principles of sustainable design for the built
environment. These combine with life cycle assessment, and equally ensure the minimum amount
of embodied energy, regarding the specification of building materials and products to form interior
components, is retained. Equally formulated exigencies are to be applied to the process of creation of a
sustainable interior and are understood as the second building block of the built environment or near
environment [8].

Stuart Walker’s view that “sustainable product design explores reuse of materials” [9] (p. 81),
and that production of artefacts should be based on “cyclic resource use” [9] (p. 93) can be confirmed
through the adjusted interior architectural design methodology. The presented Interior Architectural
Design for Adaptive Reuse (IADfAR) concept, to be implemented by environmentally responsible
designers realizing “integrated, comprehensive, anticipatory design” [10] (p.268), can be assessed as
an attempt to achieve resources efficiency, as well as an alternative solution to the waste of valuable
building materials.

The objective of this study is to present a conceptual model of interior architectural design for
adaptive reuse defined as the process of acquisition of reclaimed building materials and products
from refurbished or demolished buildings, and their incorporation into new spatial and functional
contexts of the indoor environment. Conversion of waste building materials from demolished or
refurbished building portions into valuable resources to complete interior components, accomplishes
eco-effectiveness through the resources’ recirculation and redistribution. The presented design method
of forming new or refurbished interior components with reused parts identifies the design discipline
contribution to assure the extension of building materials lifespan. An innovative approach from
designers to form interior components is required for this method to be successfully applied, and the
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development of modified design criteria focuses on the limited use of new resources in order to “cause
minimal detriment to the environment” [9] (p. 191).

The structure of the article is as follows: the first part addresses sustainable interior architectural
design strategy for resources efficiency, then the adaptive reuse design concept is presented as a method
of its accomplishment. The next section concerns the interior components assessment model, with
emphasis on its environmental contextualization. Then, the interior architectural design for adaptive
reuse concept is clarified, with regard to implications, strategies, and determinants of its effectiveness
in shaping interior constitutive components.

2. Sustainable Strategies in Interior Architectural Design

To prove its ecological effectiveness, interior architectural design identified as environmentally
sustainable should be based on a holistic approach, as the building interior forming the near environment
directly mediates with its occupants and remains a relevant part of the built environment. It is necessary
to make predictions of possible impacts of the interior setting on the natural environment, with which
the inner spaces remain another indirect form of mediation. Interior architectural design is to respect
this interrelationship and reduce the environmental costs of interior settings completion. Walker claims
that sustainability in design, involves “resourcefulness and restraint” [11] (p. 81), and exploration
of the reuse and remanufacturing of materials as environmental indicators. Interior architectural
design sustainable strategies for resources efficiency and effective waste management, “based on the
principles and strategies common for the built-environment” [12] (p. 180), are therefore essential for
establishing the role of interior design discipline in fulfilment of environmental responsibility.

2.1. Resources Efficiency

Buildings can be considered resources in the long-term perspective [13]. The concept of retaining
and reusing existing buildings realized in architectural design and addressed as “a significant priority
of sustainability” [14] (p. 222), can be identified as an example of creative approach within interior
architectural design as well. Therefore, as Winchip claims [14], reusing buildings and providing
the preservation, restoration or reconstruction of a building’s substance to retain the quantity of
valuable materials and products is becoming the preferred method for the creation of a sustainable
interior environment.

The design methods of adaptive reuse of existing buildings comprise the alterations and
conversions of the building structure itself, as well as the functions it accommodates. The important
position in this design concept is assigned to the adaptive re-use as intervention adjusted to the scale
of the interior environment [15,16]. Among other terms accompanying the adaptive re-use design
model and interchangeably investigated, are adaptation, reworking, and rehabilitation [15], which
address most adequately this complex issue. All these notions emphasize the benefits of retaining
architectural heritage, employed with the implementation of an adaptive re-use design concept into
the architectural design framework. Brooker and Stone [17] consider the adaptive reuse of existing
buildings from the interior architecture perspective and address the transformation and remodeling of
existing buildings to assign them new functions, and to present different approaches to establishing
a relationship between new functions and existing building substance. They identify the design
strategies toward the accomplishment of this concept as insertion, intervention or installation.

Adaptive reuse and conversion of existing buildings, as a task within the architectural discipline,
as well as interior architectural design, complies with sustainability resources efficiency principle,
through the minimal physical interventions, efficient management of existing building substance,
and environmentally conscious design of interior components. An example of this approach is the
dematerialization scheme [18] which outlines the components of interior spaces, and purposefully
reduces the amount of used materials permitted to perform their basic functions without deterioration
of their quality [19]. This ultimate design concept strengthens sustainability awareness in the effective
management of building materials and products by minimizing resource consumption. The rationally
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introduced dematerialization concept, assuring the expected quality performance of internal spaces and
their components, becomes an innovative design method to shape stylistically and ethically defined
sustainable interiors [20]. The fulfilment of the objectives of resources efficiency in interior components
creation facilitates other design methods, including design for reclaim [21] which is associated with
design for deconstruction [18,19]. According to Kibert [22], the deconstruction process in relation to
buildings is becoming an architectural design strategy, which offers opportunities for the reintroduction
of recovered and valuable components in new locations through the partial or whole dismantling
of existing structures. Design for deconstruction or selective dismantling concept [18], based on
the carefully previsioned management of available resources, enables the optimization of products’
performance, responding to ethical questions regarding cost-effectiveness and ecological-efficiency of
design methods applied for the building’s completion. The latter can be described as the basic model
for multiple usage of interior components enabling the extension of the components and products’
lifespan, and completion of the circular building materials flow scheme within the built environment.

2.2. Waste Management

Although an increasing body of knowledge on resources management and methods of waste
diversion from construction sites already exists, the substantial role of designers in reducing the
amount of waste is not precisely defined [6]. As indicated by Osmani, Glass, and Price [23], very few
attempts have been made to address the effect of design practices on the generation of waste.

The production of solid waste during construction or demolition phases, inevitably associated
with the built environment [24], can be assessed in different scales. The maintenance and refurbishment
of internal spaces are in fact the beginning of waste producing, due to those partial demolition
processes [3]. Constant transformations of the indoor environment cause massive waste production
exceeding the amount of waste coming from simple demolition. It is, then, justified to broadly employ
waste management as a sustainable design strategy. Frequently executed refurbishments of interior
environments, especially commercial ones, characterized by a relatively short lifespan is a cyclical
process of making new structures simultaneously accompanied by waste production. Consideration
of the constant alterations and refurbishments of interior spaces in the context of building waste
production, is to define the latter as an important stage in the continuous cycle of use, decay and
regeneration [24] of building substances. Establishing a new approach to reinvent the reclaimed
building materials and products in a new surrounding is conditioned by the decline in understanding
construction and demolition waste as worthless materials. According to Lyle [25], it is necessary to
revise the assumption that building materials, acquired from refurbishment or demolition, cannot exist
in any form other than their originally presumed function. Van der Ryn and Cowan [26] and Yeang [27]
emphasized the significance of restorative closed cycles of materials in the creation of ecologically
efficient architectural design assuring the minimization of impact on natural surroundings through the
implementation of reuse or recycling design methods. As Thomsen, Schultmann and Kohler indicate
“waste is increasingly considered as another form of resource” [3] (p. 328) in the currently developed
theoretic scheme of architectural design. This statement endorses the cradle-to-cradle theory on the
cyclic character of building products technical life and highlights the reuse design method as mostly
efficient in extending this perspective. The sustainable design of an interior space and its components
with regard to the environmental effects of the constant flow of used substances, acknowledges the
concern that “the design of a product exists within a wider system of production, consumption and
disposal” [9] (p. 813). Interior architectural design must contribute to significant improvements in
this procedure, in order to diminish the building waste production; this is possible by achieving the
principle of using “what is available and use limited resources in creative new ways” [13] (p. 36).
Superuse Studios achieved such a concept of reusing discarded construction material with objects of
different scales and functions [28].
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3. Interior Components in Sustainable Interior Architectural Design

The inclusion of environmental criteria to the process of interior components creation, assures the
accomplishment of environmentally sustainable design imperatives, while requiring the employment
of different design methods and techniques. These comprise interior design and its components for
multi-functionality, design for adaptability, followed by design for flexibility. The above-mentioned
design approaches allow for the rational outline and environmentally-responsible arrangement of
internal spaces, as well as forming of their components through efficient resources/waste management.
The design principles assuring the creation of an environmentally responsible indoor environment
comprise the following: (1) reduction in energy and resources as required to produce new building
materials and products; (2) reduction in the construction, refurbishment and demolition waste flow
due to resources efficiency; (3) preservation of the embodied energy present within the existing and
in-use structures from dissipation due to the demolition stage; (4) extension of the lifespan of building
materials and products accomplished with the comprehensive implementation of an adaptive reuse
model into interior components substance. Adjustments in the conventional interior components
design methodology are a condition for the avoidance of the high environmental impact of indoor
spaces. In the following sections, the interior components typology is presented, then the constitutive
interior components identified by the author as interior responsive constructs, are analyzed within an
environmental context.

3.1. Interior Components Typology

Classification of interior environment components, proposed by the author, corresponds with the
scheme developed by McClure and Bartuska, where the content of seven built environment connected
layers or “levels of varying scales” [8] (p. 7), as well as their spatial contexts are exposed as fundamental
factors. The indoor environment as part of this developed set of interrelated components comprises
products, understood as basic elements to enable performance of different activities, and interiors
described as “arranged grouping of products and generally enclosed within a structure” [8] (p. 6) to
enhance activities and mediate external circumstances.

The proposed interior components typology respects the concept of building introduced by Duffy
and formally articulated by DEGW — architectural and design practice co-founded by Duffy, Ely,
Giffone and Worthington, in the early 1970s [4]. It recognizes the building as several layers of longevity
of built components to be designed with regard to their different change rates that influence the
whole built environment performance. These interconnected and interdependent parts of the building
should be conceived within the spatial, str