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farming among unemployed youth
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The objective of this study was to examine the relationships among environmental and health values,
ecological worldview, perception of consequences, the ascription of responsibility, and personal
norms in the context of the value-belief-norm (VBN) model and how compatibility influences the
intentions and behaviors of Chinese youth regarding the use of hydroponic farming technology.

The study employed a survey questionnaire to collect data from the target population. The sample
size was determined through a power analysis to ensure sufficient statistical power for the analysis.

A total of 727 potential respondents’ responses were analyzed using SmartPLS (4.0) to perform
structural equation modeling. The results confirmed that environmental, emotional, and health
values significantly associated with individuals’ ecological worldviews. There was an interconnection
between ecological worldview, awareness of consequences, and ascription of responsibility, and all
three significantly influenced personal norms. The key determinants of the intentions and behaviors
to adopt hydroponic farming technology are personal norms and technology compatibility. Therefore,
to promote and motivate the interest and intention to use hydroponics among unemployed youth,
government agencies, and related companies should focus on providing technology-related and pro-
environmental information and training. This is expected to increase the acceptance and awareness of
hydroponics among this group, thus increasing the adoption rate of hydroponics.

The stability and development of agriculture are a constant concern and an important aspect of every country,
and the outcome of agricultural development is related to food storage, food security, and food supply in every
country'. As urban space expands, the global population continues to grow, and the standard of living of the
population increases, the demand for food production and food security is increasing, and how to produce more
food sustainably and safely is a concern for every country. As the demand for food continues to rise, traditional
agricultural practices face challenges such as limited resources such as land and water, environmental pollution,
climate change, and pest problems. In response, many countries and regions are exploring and experimenting
with emerging agricultural technologies and approaches to promote sustainable and eco-friendly farming prac-
tices. Singh et al.” highlighted the growing interest in these innovations to support green agriculture and protect
the environment. To solve the employment problem of the unemployed youth and promote new agricultural
technologies, China has introduced policies that encourage young people to enter agriculture. Among the emerg-
ing agricultural technologies and approaches, hydroponic farming technology is being accepted and adopted
by an increasing number of countries and regions with the advantage of saving water and space resources and
is gradually becoming a new trend in the agricultural sector®.

Hence, the concept of value-belief-norm (VBN) theory may reflect the unemployed youths’ intention to adopt
hydroponics farming technology as a socio-psychological framework that explains how personal values, beliefs,
and norms influence individual behavior. In the context of adopting hydroponic farming, the VBN theory sug-
gests that an individual’s values, beliefs, and norms can be linked to their decision to adopt hydroponic farming
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practices. Values refer to an individual’s guiding principles or behavioral standards. For example, people who
value sustainability and environmentally friendly practices may be more likely to adopt hydroponic farming,
which uses less water and fewer chemicals than traditional farming methods. Therefore, this study investigates
the relationship between VBN theory, including environmental values, emotional values, health values, ecological
worldview, awareness of consequences, ascription of responsibility, personal norms, hydroponic capability, and
the intention of unemployed youths to adopt hydroponic farming technology.

Compared with traditional soil-based farming methods, hydroponic farming methods not only save sig-
nificant space for cultivation but also enable the sustainable yield and availability of high-quality, healthy*,
fresh, and chemical residue-free food while reusing water and nutrients, thereby avoiding problems such as
soil contamination and pests, as well as negative impacts on the environment>*°. Currently, hydroponic farm-
ing technology is being adopted and promoted in an increasing number of countries and regions and has been
gradually developing as the fastest-farming field in agriculture, which in turn can be predicted to have a promis-
ing and profitable future in food production®”. In China, the huge population, climate change, and soil erosion
and degradation have caused serious challenges to food security and production, which has led the Chinese
government authorities to place great emphasis on sustainable agricultural development and the innovation and
diffusion of agricultural technologies®’.

Soilless cultivation has become the future trend of agricultural development; therefore, the Chinese govern-
ment has issued corresponding policies to encourage and support the development and promotion of hydroponic
cultivation technology, a new type of soilless agricultural technology’. Due to the late development of organic
farming, hydroponic agriculture in China is still in the early stages of industrialization. However, driven by green
consumer demand, people’s awareness of health'” and food safety is deepening; they are more willing to choose
green and pollution-free food, which, in turn, leads to increased market demand for hydroponic products. This
study chooses the Chinese region as the target to understand the current development of hydroponic agriculture
in China and the masses’ awareness of hydroponic farming technology and to predict the adoption of hydroponic
farming technology in the Chinese region and the feasibility of its widespread diffusion.

Literature review

Theoretical foundation

In contrast to the self-interest maximization-centered theory of planned behavior (TPB) model, Stern'! devel-
oped the Value-Belief-Norm (VBN) theory to investigate individuals’ behavioral intentions and actual behaviors
toward the environment. This model provides a comprehensive explanation of the underlying factors driving
altruistic behaviors'>"®. The VBN theory proposes a causal chain that links an individual’s values, belief structures,
and norms, supporting and maintaining the environment, with their pro-environmental behaviors'%. Moreover,
this model also accounts for the outcomes of the interaction between humans and the environment.

Individuals’ pro-environmental actions are significantly influenced by their values, which are moderated by
beliefs and personal norms, such as awareness of consequences (AC) and ascription of responsibility (AR). This
view is supported by Li et al.'%, Stern et al.!4, Lépez-Mosquera and Sanchez'”, Choi et al.!%, Unal et al.'”, and Wang
et al.'®. Therefore, a cascading causal relationship exists between individual values, beliefs, personal norms, and
pro-environmental behaviors.

Owing to declining traditional industries and the tremendous impact of COVID-19 on the labor market,
the number of unemployed youths in China is increasing, and the associated social risks and problems are
increasingly surfacing. To accelerate the development of agricultural and rural modernization and increase job
opportunities, the government has successively introduced policies to incentivize unemployed youth to engage in
agriculture-related entrepreneurship, making agriculture a new blue ocean of innovation and entrepreneurship
for much-unemployed youth'?. In China’s agricultural development, traditional agriculture is dominated mainly
by middle-aged and elderly farmers. It is replaced by new modern agricultural technologies and machinery in the
process of iterative renewal of techniques and technologies’. Thus, youths with new technologies and multiple
skills can apply modern information technology to agricultural production, accelerating the rapid applica-
tion and widespread diffusion of new technologies in agriculture, facilitating the transformation of traditional
to modern agriculture, and opening up sustainable development spaces for green ecological agriculture?®?!.
Therefore, this study aims to explore in depth the perceptions and knowledge of the unemployed youth group
on agriculture-related occupations and technologies to examine the acceptance and influential antecedents of
agricultural technologies among the Chinese youth group. Then, predict and analyze the possibility of adopting
hydroponics for agricultural production among the unemployed youth group and the feasibility of optimizing
and developing the agricultural industrial structure.

This study focuses on the unemployed youth group in the Chinese region using the VBN model to study
the group’s perceptions and intentions toward hydroponic agriculture and farming technology and thus predict
the adoption of hydroponic farming technology among the Chinese youth group. Most scholars used the TPB
model to study intention and behavior and demonstrated that intention can effectively predict behavior??.
However, to examine in more detail the antecedents that influence individuals’ intentions and behaviors toward
hydroponic farming technology adoption, this study introduces the VBN model to investigate the influence of
factors such as an individual or group’s own values, ecological worldview, and personal norms on their inten-
tion and behavior toward hydroponic farming technology adoption in water. In addition, this study extends the
typical VBN theory by adding technology compatibility to explain individuals’ acceptance, intention to use, and
behavior toward pro-environmental-related technologies.
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Hypotheses development

Values and ecological worldview

Prior studies examining pro-environmental behavior and ecological worldviews have consistently found a strong
link between an individual’s values and ecological worldview. This connection suggests that individuals with
pro-environmental values are more likely to have an ecological worldview that explains the interconnectedness
and interactions between humans and the natural environment!'"'#>4-27, Values represent an individual’s percep-
tions and evaluations of the importance of things; as such, they can shape an individual’s beliefs and attitudes'?.
By contrast, a worldview is a collection of an individual’s concepts, images, values, and beliefs about the world.
An ecological worldview refers to beliefs that explain an individual’s perceptions and views on the relationship
between humans and the natural environment?®?’.

Individual values can either motivate or inhibit their levels of concern and importance for others and the
environment. In turn, these values can influence the ecological worldview regarding the significance of protecting
the natural world and subsequently affect pro-environmental behaviors**~¢. Thus, it is evident that an inseparable
relationship exists between individuals’ values and ecological worldviews.

Drawing on prior research by Lau et al.?$, Lee et al.”’, and Wang et al.'3, this study categorizes values into
three dimensions: environmental, emotional, and health, to examine the impact and interference of these dif-
ferent dimensions on individuals’ ecological worldviews. Environmental values refer to an individual’s attitudes
and beliefs toward environmental protection, influencing their endorsement and support for environmentally
responsible behaviors®®. Emotional values capture an individual’s feelings and emotions related to the natural
environment, such as a sense of reverence, connection, and responsibility toward environmental protection®'.

Lastly, health values encompass an individual’s attitudes and beliefs toward their own health and well-being,
including the importance they place on physical and mental health and their desire for a healthy and sustainable
environment®*~*. These values encompass a sense of responsibility toward the natural world and an understand-
ing of the interdependence between humans and the environment, ultimately shaping an individual’s ecological
worldview. Han and Hwang® confirmed that values in the VBN theory can influence ecological worldviews,
which in turn predict personal norms as a direct antecedent of environmental behavior. Therefore, based on this
prior research, the following hypotheses are proposed to explore the relationship between values and ecological
worldviews:

H,_;: Environmental, emotional, and health values have a positive association with the ecological worldview.

Ecological worldview, awareness of consequences, and ascription of responsibility
The ecological worldview in the VBN model is a new environmental paradigm that can primarily explain how
the world works and the interdependence and interconnectedness between humans and nature. This is also
related to the principle and focused belief that humans and the natural environment live in harmony!!¢-3,
In previous studies, some scholars have verified and identified the relationship between ecological worldview
(EW), awareness of consequences (AC), and ascription of responsibility (AR) through VBN models. Denley
et al.*” demonstrated that tourists’ perceptions of environmental issues (i.e., ecological worldview) could lead
them to consider the positive/negative consequences of engaging in pro-environmental behaviors, thus enhanc-
ing their sense of responsibility to protect the environment and other related behaviors. Some scholars, in their
studies on the sustainable and environmental behaviors of tourists and hotel occupants, confirm that tourists’
and guests’ ecological worldviews can make them aware of the existence and subsequent consequences of envi-
ronmental problems and then realize their own responsibility to protect the environment***!. Considering that
the adoption of hydroponic farming technology is also an environmentally beneficial agricultural method, the
ecological worldview of adopters may similarly motivate them to be aware of the consequences of adoption on
the environment and to have a higher awareness of the consequences of their behaviors, thereby strengthening
their ascription of responsibility for environmental protection. Therefore, the following hypotheses are proposed:

H,: The ecological worldview has a positive association with awareness of consequences.

H,: Awareness of consequences has a positive association with the ascription of responsibility.

Beliefs and personal norms
Several previous studies have utilized the value-belief-norm (VBN) theory to illustrate that pro-environmental
behavior is impacted by a sequence of causal relationships that involve personal values, beliefs, and personal
norms, including the ecological worldview, awareness of consequences, and ascription of responsibility*2. Addi-
tionally, Wu*® discovered that ecological worldviews could facilitate the establishment of personal norms, which
in turn can influence individuals’ pro-environmental behaviors. This concept has been verified in multiple stud-
ies on pro-environmental behavior, including citizens’ energy-saving behavior*, conservation behavior toward
biodiversity in rivers*, and green consumption behavior*. Moreover, the formation of personal norms depends
on individuals’ perceptions of and sense of responsibility for, their actions and consequences*?. Some scholars in
hospitality and tourism studies have confirmed that the progressive relationship between key factors in the VBN
model, such as ecological worldview, awareness of consequences, and ascription of responsibility, can signifi-
cantly influence the environmental intentions and behaviors of tourists or consumers, moderated by personal
norms*$#14647 Chen* found that AC can positively influence users’ attitudes, subjective norms, personal norms,
and environment-related behaviors. He and Zhan* also confirmed the effects of AC and AR on consumers’ per-
sonal norms in a study on the intention and behavior of new energy vehicle use. Thus, in the context of explor-
ing the intentions and adoption behaviors toward hydroponic farming, the following hypotheses are proposed:
Hj,_g: Ecological worldviews, awareness of consequences, and ascription of responsibility have a positive
association with personal norms.
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Personal norms and intention toward hydroponic farming

Previous studies have confirmed that personal norms are one of the most important antecedents of pro-environ-
mental intentions and behaviors at the individual level and that personal norms can often positively influence
them, such as green hotel and green restaurant products’ sustainable consumption intentions and behaviors*’,
fish conservation-oriented intentions and behaviors®, purchase of environmentally friendly products purchase
intention®® and pro-environmental behavior of Chinese children* According to Riepe et al.**, personal norms
play a crucial role in shaping individual or group intentions and behaviors toward environmental protection.
Personal norms refer to the sense of moral obligation that motivates individuals or groups to support and achieve
environmental protection goals. Koklic et al.’! also established that personal norms significantly and positively
impact consumers’ pro-environmental intentions and behaviors. Based on these findings, the present study aims
to investigate the relationship between personal norms and adoption intentions of hydroponic farming, leading
to the formulation of the following hypothesis:

H,: Personal norms have a positive association with intention toward hydroponic farming.

Hydroponics compatibility
Considering hydroponics as an emerging agricultural technology, examining and exploration of technological
compatibility are essential. Compatibility is used to examine the demand for, perception of, and acceptance
of innovative technology by potential adopters®?. Therefore, this study examines hydroponic compatibility to
analyze the acceptance of hydroponic farming technology among unemployed Chinese youth and the extent to
which it is consistent with the lifestyle of this group. Thus predicting the impact of hydroponic compatibility on
hydroponic farming adoption intentions and behaviors. Technology compatibility has been commonly found
in TAM models, and their extensions in past studies, and some scholars have demonstrated the impact of com-
patibility on user and consumer intentions and behaviors, such as the intention to use e-wallets®® using inten-
tion and behavior of mobile learning devices®, wearable health devices usage intentions® and online shopping
intentions>. Compatibility can guide or motivate users to change their intention and behavior to use and adopt
a product or technology by influencing their sensory perceptions and cognition of the product or innovative
technology®>*¢. Thus, considering the possible impact of hydroponic technology compatibility on hydroponic
farming technology adoption, this study hypothesizes the following relationship between compatibility, adop-
tion intention, and behavior:

H,y_;;: Hydroponic compatibility has a positive link with the intention and adoption of hydroponic farming.

Intention toward hydroponic farming
Pro-environmental behavioral intentions can be viewed as the subjective perceptions of people involved in
environmental behaviors, which, in turn, explain the thoughts and tendencies of people involved in pro-envi-
ronmental behaviors®”*®. Several studies have utilized the Theory of Planned Behavior (TPB) to establish the
interrelatedness between pro-environmental intentions and behaviors, such as fish conservation-oriented inten-
tions and behaviors*, consumers’ environmental intentions and behaviors®, sustainable consumption intentions
and behaviors in green hotels*’, and environmentally friendly product purchase intentions and behaviors®. Liu
et al.*® affirmed that individuals’ pro-environmental intentions could directly influence their subsequent behav-
iors and increase the likelihood of engaging in pro-environmental actions. In the present investigation, intention
toward hydroponic farming is posited as a predictive factor to further understand the behavioral motivations of
unemployed youth toward adopting hydroponic farming. Thus, we propose the following hypothesis:

H,,: Intention toward hydroponic farming has a positive association with the adoption of hydroponic farming.

Based on the literature review and theoretical concept, this study proposes the following research framework
(see Fig. 1):

Research methodology

Data collection method

This quantitative cross-sectional study employed an independent questionnaire as the primary data collection
instrument. Questionnaire responses were used to gain a detailed and in-depth understanding of the knowledge
and acceptance of hydroponics among unemployed youth in China, as well as the likelihood of future hydro-
ponic farming behavior. The primary sample for this study was either unemployed or under-employed youths
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Awareness of
Consequences

N

Personal
Norms

\ 4

Intention towards
Hydroponic Farming

Ascription of
Responsibility

o

Hydroponics
Compatibility

Adoption of

? Hydroponic Farming

Scientific Reports |

(2024) 14:1592 |

https://doi.org/10.1038/s41598-024-52064-w

nature portfolio



www.nature.com/scientificreports/

in China. The human research ethics committee of Changzhi University have approved this study (Approval
Number: CZ-2022-0074). This study has been performed in accordance with the Declaration of Helsinki. Written
informed consent for participation was obtained from respondents who participated in the survey. To protect
the security of the respondents’ personal information and avoid wasting resources on paper questionnaires, all
questionnaires were distributed and collected through an online questionnaire platform and software.

The distribution of the questionnaire link was carried out through various channels that were deemed
appropriate for the target audience. These channels included: (a) associations representing current students and
graduates; (b) popular social media platforms; and (c) online centers for career counseling and platforms for
job-seeking. The selection procedure was conducted in a manner that adhered to the principles of voluntary
participation and the protection of data confidentiality. Prior to their decision to participate, participants were
given a comprehensive comprehension of the content and aims of the questionnaire. Furthermore, it is important
to note that all participants were duly informed about their entitlement to access information and the assurance
of maintaining the confidentiality of their personal data. A total of 906 questionnaire replies were obtained over
the months of March and April 2022. Out of these, 179 questionnaires completed by employed participants were
eliminated, leaving a final sample size of 727 valid and usable questionnaire responses. Data was not obtained
from individuals who were below the age of 18.

Instrument

This study designed and improved the questionnaire used by adapting research scales and items used in previous
studies, thus ensuring the validity of all items in the questionnaire. The questionnaire for this study was initially
written in English as the referenced literature was structured in English. However, to be applicable to Chinese
respondents and ensure the accuracy and validity of the questionnaire items, the final Chinese version of the
scale (questionnaire) was translated and evaluated by Chinese language experts. The questionnaire comprised
three sections: instructions, demographic-related measures, and scale questions. The questionnaire description
section was designed to help respondents understand the purpose and content of the survey through a written
narrative and then allow them to choose whether they would like to take the survey or not and answer all items
according to their own knowledge and experience. The second section consisted of demographic questions related
to personal information, such as age and gender, screening items for judgmental sampling (employment status),
and items related to hydroponic farming.

The third part of the questionnaire in this study consists of a 7-point Likert scale, ranging from "strongly
disagree" to "strongly agree," which was utilized to assess respondents’ knowledge and perceptions of factors such
as their values, beliefs, and norms, as well as their predictions of hydroponic farming intentions and adoption
behaviors. The items included in this section were adapted from previous studies and modified accordingly to
fit the research context and the subjects of this study. Each scale contained 4-6 items for the assessment vari-
ables. For example, values-related items were adapted from Wang et al.'® for EN; Lee et al.?’ and Sweeney and
Soutar®! for EM; and Lau et al.?® for HV. The EW items were adapted from Lopez-Mosquera and Séanchez 1>, AC
items from Choi et al.'®, and AR items from Unal et al.'”. PN items were adapted from Choi et al.'®, and Unal
etal.”?, the items for HC from Al Mamun et al.®*. The items for intention toward Hydroponic Farming (IT) were
adapted from Maichum et al.}, and the items for AD were taken from Kim et al.%%. The complete questionnaire
is available in the supporting material.

Common method bias (CMB)

Kock®’s full collinearity test was used to evaluate the potential presence of common method bias. As shown in
Table 1, the test yielded variance inflation factor (VIF) values for all items that were below 3.3, which indicates
the absence of multicollinearity issues. As recommended by Podsakoff et al.*, this suggests that CMB is not a
concern for data collected from a single source.

Multivariate normality

The assessment of multivariate normality is paramount in research endeavors as it facilitates the identification of
suitable data analysis techniques. Multivariate normality was evaluated using the Web Power online tool (source:
https://webpower.psychstat.org/wiki/tools/index). The outcomes derived from the data processed using the tool
revealed that the p values associated with all variables were below 0.05. In line with Yang et al’s.*® recommenda-
tion, p-values below the 0.05 threshold signify the presence of non-normality, which, in turn, indicates that the

data examined in this study exhibits evidence of non-normality.

Variables | EN EM HV EW AC AR PN 1T HC AD
VIF 1.384 | 1.544 | 1.397 |1.505 |1.354 |1.403 |1.444 |1.348 |1.217 |1.557

Table 1. Kocks full collinearity test. EN environmental values; EM emotional values; HV health values; EW
ecological worldview; AC awareness of consequences; AR ascription of responsibility; PN personal norms; IT
intention toward hydroponic farming; HC hydroponics compatibility; AD adoption of hydroponic farming.
Source: Author’s data analysis.
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Data analysis method

This study effectively tackled the exploratory non-normality issue by employing a variance-based partial least
squares structural equation model (PLS-SEM), which was confirmed through rigorous tests. PLS-SEM is com-
monly adopted for the predictive analysis of complex structures and non-normal data, particularly in the fields
of marketing and management®. To evaluate the measurement model, this study utilized PLS-SEM, which con-
sidered various key aspects including, but not limited to, average variance extraction (AVE), internal consistency
reliability, discriminant validity, effect size, predictive correlation, indicator reliability, path coefficient estimation,
and convergent validity. Furthermore, to obtain a comprehensive understanding of the participants, this study
assessed the predictive correlation of the structural model as advocated by Becker et al.%.

Results

Demographic characteristics

A total of 906 completed questionnaires were collected for this study, and 727 usable valid questionnaire data
were obtained through judgmental sampling. The specific respondent demographics can be found in Table 2.
Since the study was conducted with youth, all respondents were 18-35 years old, with the largest number of
respondents in the 23-27 age group (50.3%), followed by 28-32-year-olds (34.8%), 18-22-year-olds (6.5%)
18-22-year-olds, and 33-35-year-olds (8.4%). The gender ratio of the respondents in this study was very even,
with 52.8% male respondents and slightly fewer female respondents (47.2%). Regarding education level, the
majority of respondents (59.6%) had only a diploma degree or less, followed by 33.3% with a bachelor’s degree.
Of the respondents, 33.2% were from Northeast China, followed by 22.3% from Northern China. In addition,
this study was conducted on respondents’ access to and consumption of fresh fruits and vegetables during the
COVID-19 period in China, where more than half of the respondents (53.6%) felt that consumption was the
same as before, and 38.9% felt that it had increased compared to the past. The majority of respondents (51.9%) felt
that access to fresh fruits and vegetables was the same as before, but 39.1% thought it had increased compared to
the past, and 9.1% thought it had decreased. Moreover, a significant proportion of participants (81%) expressed
their belief that they had access to adequate space for hydroponic farming, whereas 72.8% reported receiving
prior training in the field of hydroponic farming.

n % n %
Gender Education level
Male 384 52.8 | Diploma 433 59.6
Female 343 47.2 | Bachelor 242 33.3
Total 727 | 100.0 | Postgraduate Degree 50 6.9
Others 2 0.3
Total 727 100.0
Age group
18-22 years 47 6.5
23-27 years 366 50.3 | Access to fresh fruits and vegetables
28-32 years 253 34.8 | Increase 284 39.1
33-35 years 61 8.4 | Same 377 51.9
Total 727 | 100.0 | decrease 66 9.1
Total 727 100.0
Location

Northeast China 228 31.4 | Consumption of fresh fruits and vegetables

North China 162 22.3 | Increase 283 38.9
East China 63 8.7 | Same 390 53.6
Central China 60 8.3 | decrease 54 7.4
South China 85 11.7 | Total 727 | 100.0
Northwest China | 24 33
Southwest China | 89 12.2 | Access to adequate space for hydroponic farming
Others 16 2.2 | Yes 589 81.0
Total 727 100.0 | No 138 19.0
Total 727 | 100.0
Employment status
Unemployed 727 | 100.0 | Training on hydroponic farming
Yes 529 72.8
No 198 272
Total 727 | 100.0

Table 2. Respondents’ demographic profile. Source: Author’s data analysis.
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Validity and reliability

This study took measures to ensure the reliability and validity of the questionnaire, as established by Hair et al.*’.
Specifically, Cronbach’s alpha values were computed for all measures and were found to be greater than 0.80,
indicating a high level of consistency and reliability of the scale (Table 3). Furthermore, the questionnaire’s valid-
ity was evaluated by assessing convergent and discriminant validity, with the former measured by the average
extracted variance (AVE) and factor loadings, as Hair et al.” recommended. The AVE values recorded in Table 3
exceeded 0.50, indicating acceptable convergent validity®. Discriminant validity, however, was assessed using the
Fornell-Larcker criterion (see Supporting Material S2. Discriminant Validity) and heterogeneity-monotonicity
ratio (HTMT), as proposed by Avkiran’. As illustrated in Fig. 2 and Supporting Material S2. Discriminant Valid-
ity, the HTMT values for all items were below 0.60 and well below the threshold of 0.85, which suggests that the
HTMT between dimensions was within the significant range and that the questionnaire’s discriminant valid-
ity was satisfactory. The loading and cross-loading values (see Supporting Material S2. Discriminant Validity)
indicate that all loading values are greater than 0.5, which is higher than the respective cross-loading values. To

Average variance Variance

Variables Items Mean Standard deviation Cronbach’s alpha rho Composite reliability | extracted inflation factor
EN 4 5.398 1.189 0.887 0.893 0.922 0.747 1.247
EM 5 5.063 1.175 0.883 0.891 0.914 0.680 1.229
HV 4 4.869 1.245 0.869 0.871 0.910 0.717 1.146
EW 5 4.924 1.110 0.868 0.869 0.904 0.654 1.247
AC 6 4.855 1.216 0.854 0.858 0.891 0.578 1.179
AR 5 4.949 1.224 0.871 0.879 0.906 0.660 1.223

PN 5 4.892 1.143 0.858 0.859 0.898 0.638 1.051

IT 5 5.445 0.982 0.802 0.805 0.863 0.559 1.058
HC 5 5.286 1.063 0.840 0.840 0.886 0.610 1.058
AD 4 5.628 1.156 0.890 0.891 0.924 0.752 -

Table 3. Reliability and validity. EN environmental values; EM emotional values; HV health values; EW
ecological worldview; AC awareness of consequences; AR ascription of responsibility; PN personal norms; IT
intention toward hydroponic farming; HC hydroponics compatibility; AD adoption of hydroponic farming.
Source: Author’s data analysis.
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Figure 2. Heterotrait-monotrait ratio (HTMT).
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obtain a comprehensive understanding of the participants, the measurement model was evaluated using PLS-
SEM, which accounted for various aspects, such as AVE, internal consistency reliability, discriminant validity,
effect size, predictive correlation, indicator reliability, path coefficient estimation, and convergent validity, as
suggested by Becker et al.%%.

Hypothesis testing

This section evaluates the structural model of this study using the values of the path coefficients R? and f2
obtained in Table 4 to test and determine the correlation between the study variables. According to Sarstedt
etal.”!, a higher value of R? indicates a higher explanatory power of the model used in the study; therefore, this
study evaluated the predictive power of the structural and analytical model by using the R? values in Table 4.
The data in Table 4 show that the R? values recorded for EW (R?=0.294), AC (R?=0.113), AR (R*=0.096), PN
(R*=0.238), IT (R?=0.122), and AD (R?=0.276) were greater than zero, indicating that the models used in this
study had significant and weak explanatory power. Additionally, this study explained and measured the effect
sizes of all predictor variables based on the threshold values of f* studied by Hair et al.””, in which the threshold
values of f2 at 0.005, 0.01, and 0.025 explained the small, medium, and large effects of the measured variables,
respectively. The data in Table 4 show that the f2 values for all measures are greater than 0.025, which means that
the effect sizes of all predictor variables can be inferred to be relatively large.

Table 4 displays the results of the path coefficient analysis, including the p-values and t-values, based on
the study data. Notably, the study found significant positive correlations between the EW and EN (B=0.163,
p=0.000), EM (p=0.286, p=0.000), and HV (=0.275, p=0.000). Furthermore, the study discovered that EW
(B=0.336, p=0.000) was significantly and positively associated with AC and that AC (f=0.309, p=0.000) posi-
tively and significantly influenced AR. Moreover, the study observed that PN could be positively and significantly
influenced by EW (B =0.243, p=0.000), AC ($=0.194, p=0.000), and AR (p=0.212, p=0.000). Furthermore, this
study found that IT had a positive and significant relationship with PN (f=0. 265, p=0.000) and HC (p=0.175,
p=0.000), whereas the AD of hydroponic farming was positively and significantly associated with HC (=0.
312, p=0.000) and IT (B=0.356, p=0.000).

Discussions

This study aimed to investigate the factors that shape the intentions and behaviors of unemployed youth in China
regarding the adoption of hydroponic farming technology. By providing empirical evidence and supporting the
Value-Belief-Norm (VBN) model, this study endeavors to fully comprehend the interplay of various factors,
such as environmental values, emotional values, health values, ecological worldview, awareness of consequences,
ascription of responsibility, and personal norms, in driving the adoption intention and behavior toward pro-
environmental technologies among the study population. The results of this study support the theoretical and
empirical validity of the VBN model in the field of agriculture, emphasizing the importance of factors, such as
environmental values, on the intention and behavior of using pro-environmental agricultural technologies. In
addition, this study explored individual acceptance and approval of pro-environmental and innovative agricul-
tural technologies by examining technology compatibility. Based on the associations between the factors in the
VBN model, all hypothesized relationships proved to be positive and significant; the specific discussion of the
correlations is elaborated below.

This study supports the feasibility of the VBN model for studying pro-environmental intentions and behaviors
in agriculture. Specifically, values were able to positively and significantly influence the ecological worldview of
the unemployed youth group, and all three dimensions of values (environmental, emotional, and health) were
effective predictors of the ecological worldview. This is in line with the findings of Xiao et al.”* and Gkargkavouzi
et al.?® that the environmental values, emotional values, and health values of the unemployed youth group are
the main antecedents for the formation of their ecological worldview. At the same time, the ecological worldview

Hypothesis Beta | Confidence interval |t P R? 2 Decision
H, EN—EW |0.163 | (0.095,0.231) 3.931 | 0.000 0.030 | Accept
H, EM—EW |0.286 |(0.217,0.355) 6.844 | 0.000 |0.294 |0.094 | Accept
H, HV—EW |[0.275 | (0.210, 0.346) 6.680 | 0.000 0.094 | Accept
H, EW—AC |0.336 |(0.265,0.408) 7.770 | 0.000 |0.113 |0.128 | Accept
Hs AC—AR [0.309 | (0.242,0.381) 7.327 |0.000 |0.096 |0.106 | Accept
Hg EW—PN |[0.243 | (0.178,0.308) 6.047 | 0.000 |0.238 | 0.062 | Accept
H, AC—PN 0.194 | (0.120, 0.270) 4.276 | 0.000 0.042 | Accept
Hg AR—PN 0.212 | (0.143, 0.280) 5.074 | 0.000 0.048 | Accept
Hy PN—IT 0.265 | (0.199, 0.331) 6.532 | 0.000 |0.122 | 0.076 | Accept
Hy, HC—IT 0.175 | (0.095, 0.258) 3.528 | 0.000 0.033 | Accept
Hy, HC—AD |0.312 |(0.244,0.379) 7.602 | 0.000 |0.276 |0.127 | Accept
H,, IT—AD 0.356 | (0.289, 0.422) 8.878 | 0.000 0.165 | Accept

Table 4. Path analysis. EN environmental values; EM emotional values; HV health values; EW ecological
worldview; AC awareness of consequences; AR ascription of responsibility; PN personal norms; IT intention
toward hydroponic farming; HC hydroponics compatibility; AD adoption of hydroponic farming.
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explains and emphasizes the emotional connection and attachment of humans to the natural world, as well as
the recognition of the importance of human health and the health of the environment, which in turn stimulates
and motivates individuals to act in ways that promote environmental well-being, such as adopting hydroponic
farming techniques instead of traditional soil farming techniques to avoid and reduce environmental problems
such as soil pollution and fertilizer pollution.

Furthermore, the interrelationships among the ecological worldview, awareness of consequences, and ascrip-
tion of responsibility were found to be significant and positively correlated. This is consistent with the results
of Megeirhi et al.*® and Sharma and Gupta*! in their studies on sustainable tourism and green tourism. People
or groups with an ecological worldview are more likely to have a higher awareness of the consequences of their
actions on the environment and to take responsibility for the consequences of their behaviors, which in turn
leads them to recognize the sustainability, protection, and conservation of the importance of natural resources
and to place long-term benefits over short-term ones. Consistent with prior empirical research, the present study
revealed that the ecological worldview, awareness of consequences, and ascription of responsibility all play a
positive and significant role in shaping personal norms, which in turn have an impact on pro-environmental
intentions and behaviors***4*¢. Therefore, when unemployed youths with a strong ecological worldview possess
a clear understanding of the consequences of their actions and feel accountable for their outcomes, they are
more likely to form positive personal norms, which subsequently motivates them to engage in environmentally
responsible behaviors, such as adopting hydroponic gardening techniques and promoting sustainable environ-
mental practices and solutions.

Similar to the results of past studies on green-product consumption and environmentally oriented inten-
tions and behaviors, personal norms can positively and significantly influence individuals’ pro-environmental
intentions, which, in turn, effectively and positively predict individuals’ pro-environmental behaviors**#>47:50,
Therefore, unemployed youths who have ethical and pro-environmental personal norms will intend to protect
the environment and engage in pro-environmental behavior under the influence of factors such as their own
sense of responsibility and values, that is, choosing hydroponic farming techniques to avoid and reduce environ-
mental pollution problems. In addition, the compatibility of the unemployed youth group with technology can
significantly and positively influence the generation of their intention to use hydroponic farming technology and
their subsequent adoption behavior. This result is consistent with the findings of Shi et al.*, Jeong et al.>?, and
Senali et al.>* that when an unemployed youth group accepts and has some knowledge of hydroponic farming
technology, they are willing to adopt the technology for profit or to solve environmental problems.

Implications

Theoretical implications

Previous research using TPB and knowledge-attitude-behaviour theories examined the usage intention and
behavior of China’s urban population for hydroponic farming; this highlighted significant theoretical implications
for the country’s urban and hydroponic farming contexts®. In a study conducted by Zhang et al.”%, the researchers
examined the suitability of the TPB and the Value-Belief-Norm (VBN) theory in the context of farmers” adap-
tation to climate change and its impact on food production within the agricultural sector. The findings of the
study indicated that the TPB model demonstrated greater efficacy in predicting behaviors driven by self-interest,
specifically climate change adaptation. On the other hand, the VBN theory exhibited superior explanatory power
in elucidating altruistic behaviors, particularly mitigation behaviors. Given the existing literature on the viability
of the VBN theory in various domains of Chinese agriculture, such as agricultural production’?, environmental
practices”®, and urban agriculture"z, this study aims to establish a comprehensive framework that substantiates
and affirms the practicality and relevance of the VBN theory in the Chinese agricultural sector. Additionally, this
study seeks to demonstrate the efficacy of the VBN theory in elucidating altruistic behaviors.

Meanwhile, since the adoption of a technology depends largely on the user’s understanding and acceptance
of the technology, this study added a compatibility factor to the VBN model to explore the public’s acceptance
and understanding of hydroponic cultivation technology. In conclusion, the VBN theory with the added compat-
ibility factor can be used as a reference to promote the use and diffusion of emerging environmentally friendly
agricultural technologies.

Practical implications

From a practical perspective, this study explored and highlighted the antecedents of the intentions and behaviors
of the unemployed youth in China to use hydroponics, which in turn provides direction and insights for govern-
ment departments and agribusinesses to promote and implement hydroponics. The findings of this study also
provide a basis for the sustainability and market utility of innovative agricultural technologies and confirm the
potential impact and acceptance of hydroponic farming technologies among the youth population. Currently,
most regional governments in China strongly support and encourage the development of agriculture-related
businesses among youth, creating a favorable environment for the development of China’s agricultural industry.
Therefore, the discussion and results of this study can provide effective incentives and measures for regional
governments, such as providing training and courses related to agricultural technologies to enhance the aware-
ness and acceptance of emerging agricultural technologies among youth groups, as well as the need to make them
aware of the profitability and feasibility of such technologies, which in turn can motivate youth groups to adopt
agricultural technologies, such as hydroponic farming, for entrepreneurship and other behaviors.

These findings have significant implications for the promotion and development of hydroponic agricultural
practices in China. Given the lack of knowledge and high costs associated with this technology, the results of
this study can aid the Chinese government in promoting the growth and development of urban hydroponic
agriculture. This, in turn, can contribute to the advancement and sustainability of China’s agricultural economy
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and address the critical issues of food security and production in the country. By supporting the adoption of
environmentally responsible practices, such as hydroponic gardening, the Chinese government can take a sig-
nificant step toward achieving sustainable agricultural development and addressing the food security concerns
of its growing population.

Conclusions

This study empirically analyzed the factors influencing the intention and behavior of Chinese unemployed youth
groups toward the use of hydroponic farming technology using the VBN model. The results confirmed that envi-
ronmental values, emotional values, and health values have a significant association with individuals’ ecological
worldviews. The study’s findings revealed a significant and positive relationship among ecological worldview,
awareness of consequences, and ascription of responsibility, which are instrumental in shaping personal norms.
The results further demonstrated that personal norms, along with technology compatibility, exerted a positive
and significant influence on the adoption intentions and behaviors related to hydroponic farming technology.
These outcomes substantiate the effectiveness and applicability of the VBN model in agriculture and in gauging
individuals’ intentions to use agricultural technologies.

Limitations

While this study provides valuable insights into the factors influencing the adoption of hydroponic farming
among unemployed youths in China, it has certain limitations. One of these limitations is the reliance on the
VBN model to predict the intentions and behaviors of the study participants. Although the VBN model has been
widely used in the field of agricultural technology adoption, it may not capture all the nuances of this particular
population’s attitudes and decision-making processes. Therefore, caution must be exercised when generalizing the
findings to other contexts and populations. In future research, additional models and factors, such as the UTAUT
model, should be considered to continue exploring and predicting the intention and adoption of hydroponic
farming among youth groups.

Although all samples were drawn from multiple provinces and cities in China, the study sample size was
limited to the population base in China. In addition, the 727 valid samples in this study did not adequately
represent the entire population of unemployed youth in China. In addition, different provinces in China place
different levels of importance on agricultural development, resulting in different knowledge and understanding
of agricultural technology among youth groups in different regions, thus biases. Therefore, the results of the
Ben study are limited to the current study sample and cannot be generalized to the entire Chinese population.
Future research should focus on areas with better/worse agricultural development and improve the accuracy of
the demographic attributes in the study results by narrowing the geographic scope to find appropriate methods
and measures for agricultural development in different regions.

In addition, the measurement scales used in this study were adapted from existing literature, and most of the
specific items were extracted from studies on green consumption (such as green foods and green products) and
green tourism, rather than from studies oriented toward pro-environmental agricultural technologies (hydro-
ponic farming techniques). Therefore, scale items in this study may have influenced the final results. Future
studies need to optimize the measurement scales and thoroughly examine the linkages between related factors.

Data availability
The original contributions presented in the study are included in the article/Supplementary Material (Supporting
Material S3. Dataset), further inquiries can be directed to the corresponding author/s.
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