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With the development of the economy and society, environmental pollution and resource
waste problems are emerging, especially in agricultural production, and the adoption of
ecological agricultural technologies is a prerequisite to alleviate ecological pressure. Based
on the Technology Acceptance Model— Theory of Planned Behavior (TAM-TPB) and using
research data from Hubei, Hunan, and Anhui provinces, this paper empirically analyzes the
factors influencing farmers’ intention to adopt rice and shrimp crop technologies using the
PLS-SEM method. The configuration path of high technology intention was further
investigated by the fsQCA method. The results showed that: 1) farmers’ intention to
adopt rice-shrimp crop technology was mainly positively influenced by behavioral attitude,
subjective norm, perceived behavioral control, behavioral attitude; 2) Perceived usefulness
and perceived ease of use had a direct effect on farmers’ intention to adopt and an indirect
effect with behavioral attitude as a mediating variable, while perceived ease of use had a
positive effect and perceived usefulness did not. In doing so, four configuration paths of
high technology acceptance intention were obtained. Given this, this paper makes relevant
suggestions, suggesting that the relevant departments focus on the comprehensive
benefits of rice-shrimp crop technology; agricultural technology departments provide
technical assistance to farmers, and village committees organize regular inter-farmer
exchanges.

Keywords: Ecological agricultural technology (EAT)1, TAM-TPB framework2, fsQCAS3, Intention to adopt4, China5

1 INTRODUCTION

The rapidly developing ecological farming industry in recent years has caused serious threats to the
ecological environment and public health and safety (Xue et al., 2021), while ensuring a stable supply
of waterfowl products in domestic and international markets and promoting farmers’ income growth
(Li et al, 2021; Zhang et al, 2022). The modern ecological agriculture technology (EAT) of
resourceful recycling of waterfowl waste is an effective measure to achieve economic, ecological
and social benefits (Huang, 2021; Spanaki et al., 2022). Innovations in new technologies or innovative
use of technologies can better mitigate or address global energy, environmental and other carbon
emissions (Sun et al, 2021b), especially in rural areas that lack adequate infrastructure and
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manpower (Sun et al., 2021a). For this reason, governments have
been actively promoting ecological agriculture to improve
environmental quality (de Lima Vieira et al, 2021). For
example, Iran is actively promoting integrated pest
management technology to protect agricultural production
(Rezaei et al, 2019), the United States is carrying out the
construction of eco-farms to reduce environmental pollution
(Floress et al., 2017), and China is also vigorously promoting
eco-agriculture technology, but has not yet achieved the expected
results. The results of available studies show that farmers’
awareness of eco-agriculture technology is low and fewer
farmers adopt eco-agriculture technology. What is the
motivation of farmers, as the main adopters of ecological
agricultural technologies? How does intention arise? What are
the factors that enhance (or hinder) the formation of willingness?
The answers to these questions will help the government to
formulate reasonable policies and incentives to increase
farmers’ motivation to adopt agroecological technologies.
Existing studies on the factors influencing the adoption of
EAT by farmers have found that farmers’ intention to adopt is
influenced by a combination of subjective and objective factors.
Objective factors include social learning and social networks,
socioeconomic factors, price factors, immediate conditions and
social climate, green technology adoption risks and government
regulation, the share of farmers’ income in total household
income and economic benefits of ecological production
technologies, technological environment, plot elements and
access to raw materials (Connor et al,, 2021; Li et al,, 2021;
Ruzzante et al., 2021; Sapbamrer and Thammachai, 2021; Shang
et al, 2021; Wang et al, 2021). The subjective factors are
ecological ~ compensation  perception and  ecological
environment perception, ecological compensation intention,
environmental crisis awareness, ecological environment
improvement effect, and ecological environment policy
perception (Savari et al., 2021; Tama et al, 2021). The above
literature combines the subjective and objective factors that affect
farmers’ intention to adopt, but less often combines the two
theories to study the relationship between the subjective and
objective factors and the impact on farmers’ intention.
Regarding the study’s theoretical basis, some scholars have
studied farmers’ intention to adopt from the theory of planned
behavior (TPB), technology acceptance model (TAM), or a
combination of both (Adnan et al., 2019; Ataei et al., 2021;
Bakker et al., 2021; Damalas, 2021; Nguyen et al., 2021). Some
studies suggest that the behavioral attitudes (BA), subjective
norms (SN) and perceptual behavioral control (PBC) in the
TPB directly and significantly affect the intention to produce
ecologically, while others suggest that the above factors indirectly
affect farmers’ intention through influencing their perceptions
and moderated by environmental regulations; perceived
usefulness (PU), perceived ease of use (PEOU) and SN are the
key factors affecting farmers’ intention to adopt, and the effect of
PU on farmers with different endowments is There is no
difference in PEOU, but some scholars believe that PU
significantly affects farmers’ intention, and the effect of PEOU
is not significant. Thus, it can be seen that there are different
conclusions based on the TAM and TPB for the analysis of the

TAM-TPB Model

influence of farmers’ intention, i.e., whether there is a direct or
indirect influence of the same factor on farmers’ intention and
whether its influence is significant are controversial.

In summary, the research results on the factors influencing
farmers’ intention to adopt EAT are extensive and have
important implications for improving the adoption mechanism
of farmers’ rice and shrimp crop technologies, but there is still
some room for progress: first, from the theoretical basis of the
study, TPB studies the formation of a behavioral intention, while
TAM measures the influencing factors of farmers’ acceptance of
new technologies, which is a very flexible system. For the accuracy
of the analysis, this paper combines the two and extends the
variables horizontally to analyze the detailed link between
farmers’ behavioral intention and the influencing factors of
accepting new technologies, and then distinguishes the direct
and indirect influencing effects of intention to adopt. Second, in
terms of the object of study, few studies have applied TAM-TPB
to the study and analysis of farmers’ rice-shrimp crop technology,
which is an element of agroecological technology that is receiving
increasing attention. Therefore, based on the research data from
Anhui, Hubei, and Hunan provinces in 2020-2021, this paper
combines TAM and TPB from a social psychological perspective
and uses partial least squares structural equation modeling (PLS-
SEM) to analyze the research data, focusing on the influence of
subjective factors on farmers’ intention to adopt rice-shrimp
coppicing technology. In doing so, the configuration path of
high technology intention was further investigated by the fsQCA
method.

2 THEORETICAL ANALYSIS AND
HYPOTHESIS

2.1 Theory of Planned Behavior-Based

Analysis of Farmers’ Intention to Adopt
TPB is a theory by Ajzen (1991) based on rational behavior theory
and multi-attribute attitude theory to add human perceptual
control over behavior results, which studies how people
change their behavior patterns and believes that human
behavior is the result of thoughtful planning and intention
indirectly affects behavior, mainly including SN, BA,
perceptual behavior control, behavioral intention, and behavior
results. TPB has a good openness, and the introduction of other
variables that have a significant impact on intention can further
enhance the explanatory strength of the model based on the
traditional model. For example, Bamberg’s study demonstrated
that past behaviors can influence individuals’ intention to
perform similar behaviors (Bamberg et al., 2003), and Conner
further pointed out that the inclusion of past behaviors in TPB
increased the explanatory strength of intention by 7% (Conner
and Armitage, 1998). Drawing on these findings, this study
extends the traditional TPB to explore how the inclusion of
past habits will affect individual attitudes, perceived behavioral
control, and intention formation.

Subjective norms (SN) are the pressures felt by individuals to
perform or not perform a behavior, and this pressure comes
primarily from individuals or groups that have influence over
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their behavioral decisions. In other words, individuals usually
prefer to align themselves with the expectations of the reference
group. In general, the more positive the individual or group with
whom the individual is close to perform a behavior, the more
willing the individual is to perform the behavior; conversely, the
less willing the individual is to perform the behavior (Lynne et al.,
1995). Cook et al. (2021) showed that social expectations from
family, friends, or important colleagues, for example, had a
significant positive effect on farmers’ behavioral intentions to
reduce fertilizer application. This was also confirmed by Arli et al.
(2018) in their study on green product purchase intentions. In the
practice of agroecological technologies, the adoption of
agroecological technologies by village officials and relatives
and friends may have a demonstration effect due to farmers’
own knowledge and judgment, which in turn may increase
farmers’ willingness to adopt agroecological technologies
(Bayes and Druckman, 2021). Therefore, it is hypothesized:

HYPOTHESIS H1. SN has a significant positive effect on
farmers’ intention to adopt EAT, and the stronger the
influence of SN, the more likely farmers will be an intention
to adopt.

Attitude refers to an individual’s perception and evaluation of
whether it is favorable or unfavorable to perform a particular
behavior. Generally, if farmers have higher awareness and more
positive evaluation of ecological farming technologies, their
willingness to adopt ecological farming models will be higher;
conversely, their subjective willingness to adopt ecological
farming models will be lower (Vu et al, 2022). A study by
(2019) showed that farmers’ attitudes and
perceptions of integrated pest management technologies are
the most important factors influencing technology adoption.
Floress et al. (2017) found that farmers’ perceptions
significantly increased the willingness to adopt abatement
technologies, and that each unit increase in perceived ability
contributed 25.5% to low-carbon technology adoption.
Theoretically, the application of eco-agricultural technologies
can not only achieve comprehensive and effective use of
resources, reduce environmental pollution, and generate
ecological benefits, but also produce pollution-free and high-
quality green products, which bring economic benefits to farmers.
Therefore, when farmers perceive that EAT are useful and can
bring positive results, they will have a higher willingness to adopt
them. Therefore, it is hypothesized:

Rezaei et al.

HYPOTHESIS H2. BA has a significant positive effect on
farmers’ intention to adopt EAT, ie., the more positive BA,
the more likely farmers are to adopt the technology.

PBC refers to the ease with which individuals can master
resources and is often influenced by condition assessment and
perceived ability (Adnan et al., 2018). Farmers’ intention to adopt
rice-shrimp crop technology is limited by their conditions and the
abundance of resources. From the perspective of condition
assessment, farmers often need certain human resources to
adopt rice-shrimp crop technology. Before forming the
intention to adopt, farmers will self-assess the adequacy of
household labor, to measure whether they can divest part of

TAM-TPB Model

their surplus labor to engage in rice-shrimp crop technology
based on existing agricultural production, which ensures that they
can engage in new products based on gaining previous
agricultural production to reduce the risk of uncertainty and
loss. Therefore, the more abundant the household labor force is,
the more likely it is to divest a certain amount of labor to try out
the new technology, and the stronger its intention to adopt it.
From the perspective of ability perception, before making
behavioral decisions, individuals perceive their ability and
compare it with the ability required to learn the new
technology, and only when the ability is higher than the
ability required to learn the technology will they be an
intention to adopt it. The riskiness of new technology directly
affects the ability and resourcefulness required to master the
technology. Therefore, it is hypothesized:

HYPOTHESIS H3. PBC has a significant positive effect on
farmers’ intention to adopt EAT, and the stronger the PBC,
the more likely farmers are to adopt it.

2.2 Analysis of Farmers’ Intention to Adopt
Technology Acceptance Model and
Technology Acceptance Model—Theory of
Planned Behavior Based on TAM

TAM emphasizes that intention influences behavior and
intention is influenced by attitude, but Davis proposes the
concepts of PU and PEOU and argues that PU and PEOU not
only directly influence intention but also influence attitude and
indirectly influence intention through attitude (Lee et al,
2003).

PU refers to the number of dividends that an individual
believes can be brought to him or her by adopting a certain
behavior. Before farmers are intending to adopt rice-shrimp crop
technology, they will measure the expected benefits and value of
the technology to measure whether the technology is useful for
them. The expectation theory shows that when the benefits of
adopting the technology are greater than the costs, meaning that
the farmer can get economic satisfaction from the technology,
then the technology is useful for the farmer, otherwise, it is useless
(Suvedi et al., 2017). If farmers perceive that the benefits of the
technology are expected to be high enough, they will subjectively
form the idea that the technology is worth trying and can bring
them the incentives they need to grow and develop, and they will
be an intention to adopt it, so PU will have a direct impact on
farmers’ intention to adopt it.

When individuals perceive that implementing a behavior is
useful and brings resources to their development, they will
investigate and learn more to determine whether they should
implement the behavior (Atkins et al., 2017). When farmers learn
more about the benefits of rice-shrimp crop technology, they find
the technology promising and develop a positive attitude toward
it. Based on the previous analysis, this positive behavioral attitude
will lead to the intention to adopt, so the PU will have a direct
impact on farmers’ behavioral attitude, and indirectly affect the
intention to adopt through the influence of attitude. Therefore, it
is hypothesized:
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HYPOTHESIS H4. PU positively and significantly affects
farmers’ intention to adopt, and the greater the PU, the
stronger farmers’ intention to adopt.

HYPOTHESIS H5. PU indirectly affects farmers’ intention to
adopt by using BA as a mediating variable, and the greater the PU,
the more positive behavioral attitude, the stronger farmers’
intention to adopt.

PEOU refers to how easy an individual perceives it is to
perform a behavior; the easier an individual perceives a
technique to be to master, the more likely they are to adopt
that behavior. Based on traditional smallholder theory, most
people tend to try simpler technologies than more complex
ones, which is close to the conservative mentality. Therefore,
the simpler and easier farmers perceive the technology of rice and
shrimp farming, the more confident they will be in mastering the
technology and the more likely they are to adopt it, so the PEOU
has a direct impact on farmers’ intention to adopt it.

In addition, from the input side, the high difficulty of
mastering the technology means that farmers have to take
risks and pay more costs to learn the technology, while on the
contrary, the costs are relatively low, and farmers are likely to
have an initial positive BA, thus inducing them to learn more
about the technology and make adoption decisions. In terms of
benefits, farmers try new technology to gain more benefits. The
simplicity of the technology means that farmers are more sure of
mastering the technology and gaining the dividends of the
technology, forming positive BA, and then giving more
knowledge and examination to the technology, which finally
influences farmers’ adoption decisions. Based on the previous
analysis, PEOU affects farmers’ BA, and BA affects farmers’
intention to adopt. Therefore, PEOU will indirectly influence
farmers’ adoption intention through BA. Therefore, it is
hypothesized:

HYPOTHESIS H6. PEOU positively and significantly affects
farmers’ adoption intention, and the stronger the PEOU, the
stronger farmers’ adoption intention.

HYPOTHESIS H7. PEOU indirectly affects farmers’ adoption
intention by BA as a mediating variable, and the greater the PU,
the more positive the behavioral attitude, the stronger farmers’
adoption intention.

2.3 Theoretical Integration and Framework

Construction

Related studies have shown that behavioral decisions are the
result of a combination of individual consideration of their
cognition, environmental factors, and expected effects (Ji et al.,
2019). Both TPB and TAM are derived from the Theory of
Rational Behavior, which creates a basis for the integration of
the two analyses. PU and PEOU in TAM are only some of the
components of farmers’ awareness, but farmers’ awareness is
the main force that influences their BA, so PU and PEOU have
an impact on farmers’ attitudes, which in turn, work together
to influence farmers’ intention to adopt. It has been shown that

TAM-TPB Model

the combination of TPB and TAM is more reasonable and
scientific than analyzing TPB or TAM alone (Chih Chung,
2013; Hossain et al., 2019), so this paper combines TAM and
TPB and proposes the following theoretical framework
(Figure 1).

3 METHODOLOGY
3.1 Sample

The data for this paper come from a questionnaire survey
conducted by the research team in Anhui, Hubei, and Hunan
provinces in 2020-2021, and the research program uses a
combination of stratified and random sampling to select the
sample farmers. The first stage targeted the central grain-
producing regions, i.e., sample counties were selected in the
three provinces in the middle and lower reaches of the Yangtze
River according to factors such as paddy grain and
geographical location; the second stage aimed to find
townships with large grain production with the help of
relevant agricultural departments in the sample counties;
the third stage was to find typical farmers in the selected
townships. Finally, Changfeng, Huoqiu, and Quanjiao
counties in Anhui province, Chibi, Xianning, Qianjiang, and
Huanggang cities in Hubei province, and Anxiang, Linxiang,
and Yiyang cities in Hunan province were selected as the
sample areas. The group selected these study areas because,
first, Hubei, Hunan, and Anhui provinces are located in the
middle and lower reaches of the Yangtze River, which is rich in
water and fertile soil and is an important food producer in
China, providing space for the development of rice-shrimp
crop technology; second, according to previous research
findings, rice-shrimp crop technology is more mature in the
region and the sample data are more representative. The
content of this survey focused on the technical sources and
communication, agricultural inputs and outputs, and
ecological production behavior of rice-shrimp crop
households. A total of 425 questionnaires were obtained,
and after eliminating invalid samples, 295 valid samples
were obtained, with an effective rate of 69%.

3.2 Survey Design

A questionnaire was designed, including 1) demographic
characteristics; 2) evaluation of EAT adoption predictors;
and 3) evaluation of EAT adoption implications. Each
construct was measured using a validated research
instrument developed by previous studies (modified to fit
the research context) and based on the literature review
findings and the theoretical foundation. A seven-point
Likert scale was used to overcome measurement errors. The
Likert scale ranges from “strongly disagree” (i.e., 1) to
“strongly agree” (i.e., 7). Supplementary Table S1 in the
Appendix Survey items describes the used survey items.

3.3 Data Analysis Technique
1. Potential biases were considered in the survey, protocol
design, and data analysis. Several approaches (e.g. direct
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FIGURE 1 | Research model-the relationship and impact of intention to adopt EAT in farmers.

Intention to
Adopt EAT
(IAE)

contact by phone and assurance to share the results) were
adopted to ensure the highest response rate and avoid a non-
response bias (Frohlich and Westbrook, 2002). To test the
research model and answer our research questions, we used
both PLS-SEM and fsQCA. SmartPLS3.0 and fsQCA3.0 were
used for the analyzes. The partial least squares structural
equation (PLS-SEM) was chosen for the study method, and
the specific reasons for using this method are as follows (Hair
et al., 2019): 1) when the analysis is concerned with testing a
theoretical framework from a prediction perspective; 2) when
the structural model is complex and includes many constructs,
indicators and/or model relationships; 3) when the research
objective is to better understand increasing complexity by
exploring theoretical extensions of established theories
(exploratory research for theory development); 4) when the
research is based on secondary/archival data, which may lack a
comprehensive substantiation on the grounds of measurement
theory; 5) when a small population restricts the sample size
(e.g., business-to-business research); but PLS-SEM also works
very well with large sample sizes. This technique has been
adopted because this process gives better results in the analysis
of this type of exploratory study. This process can also analyze
those data that are not normally distributed (Hair et al., 2012).
This technique does not impose any sample restriction to
conduct the survey. This process involves the quantification
of responses on a specific scale. The fsSQCA analysis follows the
configuration theory paradigm, which enables the examination
of holistic interplays between elements of a messy and non-
linear nature.

4 ANALYSIS RESULT

The results of the measurement (based on confirmatory factor
analysis) and structural (based on bootstrapping) models and
fsQCA are reported in the following sections.

4.1 Measurement Models: Constructs
Validity and Reliability

The reflective constructs were validated by testing internal
consistency, composite reliability, convergent, and discriminant
validity (Table 1). To verify the internal consistency and
composite reliability of the constructs, we verified that the
value of Cronbach s alpha and composite reliability indices
exceeded 0.7 (Hair et al., 2011). This condition was valid for
all the constructs. To test convergent validity, we verified that the
average variance extracted (AVE) index was greater than 0.5. The
lowest observed value (0.597) was substantially higher than this
threshold. The discriminant validity of the reflective constructs
was tested in three ways (Fornell and Larcker, 1981). The
correlation matrix proved that the AVE was greater than the
square correlation between each pair of latent constructs. These
results suggest the validity of the reflective constructs used in our
analysis and the adequacy of the items used as construct
indicators.

4.2 Structural Model: Hypotheses Testing
Table 2 shows the results of the structural model from the PLS
analysis, including standardized path coefficients with two-
tailed t-tests for the hypotheses and the posthoc tests for
testing the mediation effect of BA.

The results partially confirm the hypotheses proposed by
the research model (Figure 1). The path analysis confirms that
SN (HI: f=0.251, p < 0.001), BA (H2: § = 0.106, p < 0.05), PBC
(H3: B = 0.172, p < 0.05), PU (H4: B = 0.154, p < 0.001) and
PEOU (H5: B = 0.297, p < 0.001) all positively impact TAE.
Although both PU (8 =0.115, p < 0.05) and PEOU ( = 0.497, p
< 0.001) positively impact BA, the mediation effect is present
only for the case of PEOU, as the post-hoc test for the indirect
effect is statistically significant for the path PEOU not for the
path PUSBA—-IAE (8 = 0012 p > 0.05), but
PEOU—BA—IAE (8 = 0.053, p < 0.05).
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TABLE 1 | Construct consistency, reliability, convergent and discriminant validity squared value of the AVE reported on the main diagonal of the correlation matrix.

Constructs Composite Cronbach’s Average BA IAE PEOU PU PBC SN
Reliability Alpha variance
extracted

BA 0.857 0.777 0.599 0.774

IAE 0.945 0.931 0.743 0.522 0.862

PEOU 0.906 0.871 0.659 0.547 0.682 0.812

PU 0.940 0.905 0.840 0.332 0.473 0.436 0.916

PBC 0.881 0.831 0.597 0.516 0.624 0.677 0.332 0.772

SN 0.917 0.890 0.649 0.453 0.628 0.574 0.391 0.579 0.806

PU, Perceived Usefulness; PEOU, Perceived Ease of Use; SN, Subjective Norms,; BA- Behavioral attitude; PBC, Perceptual Behavioral Control.

TABLE 2 | Results of hypothesis testing.

Hypothesis Effect Path Path coefficient t-statistics p-value Decision

Main effects in the research model
H1 Direct SN -> |IAE 0.251 3.765 0.000™* Accept
H2 Direct BA-> IAE 0.106 2.367 0.033" Accept
H3 Direct PBC -> IAE 0.172 2.094 0.037* Accept
H4 Direct PU -> IAE 0.154 2.845 0.000™* Accept
H4a Direct PU -> BA 0.115 2179 0.036" Accept
H5 Direct PEOU -> IAE 0.297 3.851 0.000™* Accept
Hb5a Direct PEOU -> BA 0.497 9.085 0.000™" Accept

Post-hoc tests for the mediation of BA
Haa Indirect PU -> BA-> IAE 0.012 1.603 0.106N8 Rejected
H5a Indirect PEOU -> BA-> IAE 0.053 2.290 0.034" Accept

= p <0001, =p <001, =p<0.05 NS =p> 005

The structural model explained a variance rate of 0.31 for BA
and 0.595 for SCA. These values can be considered as the
predictive accuracy of the models between moderate and
strong (Hair et al., 2019). The analysis of the composite-based
standardized root means square residual (SRMR) yielded a value
0f 0.042, below the 0.10 threshold, which confirms the robustness
of the model (Henseler et al., 2015).

4.3 Fuzzy-Set Qualitative Comparative
Analysis (fsQCA)

First, we need to calibrate the data before we can start fsQCA
analysis. Membership ranges from 0 to 1 (Fiss, 2011), where
one represents a Full membership, 0 represents a complete
non-membership, and 0.5 represents the vaguest crossover

TABLE 3 | Test the necessity and sufficiency of conditional variables.

Condition Consistency Coverage
PU 0.740 0.744
~PU 0.588 0.535
PEOU 0.832 0.793
~ PEOU 0.562 0.538
SN 0.820 0.784
~ SN 0.560 0.534
BA 0.818 0.760
~ BA 0.569 0.559
PBC 0.815 0.803
~ PBC 0.582 0.540

point. This study follows the studies of Greckhamer (2016),
Delmas and Pekovic (2018), using membership values of 0.95,
0.5, and 0.05 of the results and conditions to determine the
complete membership points, intersection points, and
complete non-membership points. The original data is
converted into the fuzzy score by Calibrate formula. It is
useful to check necessary and sufficient conditions before
performing truth table analysis of fuzzy sets. The results in
table 3 show that the adequacy consistency rate and necessity
coverage rate of each antecedent condition is lower than the
identification standard of 0.9, that is, a single antecedent
condition does not constitute a sufficient and necessary
condition for IAE, which means that the influence of
condition configuration on IAE needs to be investigated.
Second, we then performed a sufficiency analysis using the
fsQCA algorithm to produce the truth table (Ragin, 2014). To
avoid including less significant configurations, a five-
observation frequency threshold was adopted, which caused
the exclusion of thirty-four cases in the sample. Our analysis
produced four possible solutions leading to a high level of IAE.
The complex solution is the solution without any
simplification, so there may be multiple paths, which is not
conducive to the subsequent path analysis; the parsimonious
solution may ignore the necessary conditions that lead to the
result; the intermediate solution is the solution between the
complex solution and the parsimonious solution, most
scholars prefer to use the intermediate solution for the path
analysis, and the intermediate solution is also used for the path
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TABLE 4 | Configuration for high IAE.

Configuration Solution

1 2 3
PU ® ° ° .
PEOU . . .
SN ° ° °
BA ° 3 o
PBC . . .
Consistency 0.912 0.938 0.945 0.938
Raw Coverage 0.406 0.538 0.558 0.546
Unique Coverage 0.109 0.031 0.051 0.039
Overall solution consistency 0.905
Overall solution coverage 0.737

®Core causal condition(presence). ®Peripheral causal condition(presence). ®Core
causal condition(absence). ®Peripheral causal condition(absence). The blank cells
represent do not care conditions.

analysis in this study. According to the operation results of
fsQCA 3.0 software shown in Table 4, Our analysis produced
four possible solutions leading to a high level of IAE., and the
overall solution coverage reaches 0.737, indicating that the
coverage rate of the four configurations has a high explanatory
power to the results.

Solution 1, with high levels of ~PU, SN, BA, and PBC, had the
lowest consistency (0.912) and explained the lowest number of
cases (coverage = 0.406). It had the highest unique coverage
(0.109), indicating that the combination of high levels of SN, BA,
and PBC mostly contributed to high levels of IAE in the absence
of PU compared to all other solutions.

Solution 2, with high levels of PU, PEOU, SN, and BA, had the
lowest unique coverage (0.031) and explained the lower number
of cases (coverage = 0.538). It had the higher Consistency (0.938),
indicating that the combination of high levels of PU, PEOU, SN,
and BA mostly contributed to high levels of IAE compared to all
other solutions.

Solution 3, with high levels of PU, PEOU, SN, and PBC had the
highest consistency (0.945) and explained the highest number of
cases (coverage = 0.558). It also had higher unique coverage
(0.051), indicating that the combination of high levels of PU,
PEOU, SN, and PBC mostly contributed to high levels of IAE
compared to all other solutions.

Solution 4, with high levels of PU, PEOU, BA, and PBC had
the higher consistency (0.938) and explained the higher number
of cases (coverage = 0.546). It also had higher unique coverage
(0.039), indicating that the combination of high levels of PU,
PEOU, BA, and PBC mostly contributed to high levels of IAE
compared to all other solutions.

The combination of perceived usefulness and perceived ease of
use in TAM and any other two factors in TPB can constitute a
path to high IAE for farmers, as found by path comparison
combinations 2-4. When farmers perceive EAT to be useless, the
path to high IAE can only be strengthened by the three factors in
TPB, regardless of whether EAT is easy or not. Therefore, the
TAM and TPB frameworks constructed in this study can
mutually promote high TAE. The comparative analysis reveals
that the formation of high IAE in the context of green agriculture
is caused by multiple different antecedent condition

TAM-TPB Model

configurations, and whether a single causal condition exists in
a particular configuration depends on other causal conditions. In
addition, each pathway often does not exist in isolation, and
different equivalent causal chains are complementary and
alternate.

5 CONCLUSION

Based on the extended TAM-TPB integrated analysis framework,
PLS-SEM and fsQCA were used to analyze the influence
mechanism of agroecological technology adoption willingness
from two perspectives of technology acceptance-planning
behavior and configuration influence, and the following main
findings were obtained.

Firstly, by integrating TAM and TPB into a unified analytical
framework, we explained the formation mechanism of farmers’
willingness to adopt agroecological technologies from the dual
perspectives of farmers’ technology acceptance and technology
adoption behavior, and found that the formation of farmers’
willingness to adopt agroecological technologies is influenced by
the dual motives of technology ease of use and technology
usefulness, and that ease of use indirectly influences farmers’
attitude toward using and thus their willingness to use.

Secondly, in TPB, attitudes, perceived behavioral control, and
subjective norms all have positive effects on farmers’ willingness
to adopt agroecological technologies, but there are differences in
the magnitude of their effects, with subjective norms having the
greatest effect on willingness and perceived behavioral control
having a higher effect than attitudes.

Thirdly, the fsQCA study identified four pathways that
generate high willingness to adopt agroecological technologies.
Also, it was demonstrated that perceived usefulness, perceived
ease of use, subjective norms, perceived behavioral control, and
attitudes have a direct effect on willingness to adopt technology.

6 DISCUSSION AND IMPLICATIONS

6.1 Discussion of the Analysis Results
Drawing on TAM and TPB, this study proposes a research model
in which BA mediates the effect of PEOU on IAE, thus
contributing to the understanding of the feasibility of the
technology to develop green agriculture (Balafoutis et al,
2020). Therefore, we propose seven hypotheses, including five
direct effects, namely SN on IAE, BA on IAE, PBC on IAE, PU on
IAE, and PEOU on IAE. Similarly, we assume that PPU and
PEOU have two indirect effects on IAE through BA. In addition
to PLS-SEM analysis, we applied fsQCA to investigate how the
antecedents of IAE (PU, PEOU, SN, BA, PBC) contribute to IAE.
The findings of PLS-SEM and fsQCA emphasize that farmers’
external technical awareness (TAM) and internal use
understanding (TPB) of EAT, and are alternative and
complementary to each other.

The results show that SN positively influences IAE, thus
supporting Hypothesis HI1. This signifies that the more
farmers perceive that they can master the technology, the
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easier they perceive it to be to use, and the more intention they are
to adopt it. On the one hand, the population in rural areas of
China has a strong sense of kinship and neighborhood ties, so
mutual communication and observational learning can form a
certain group perception, which can reduce the difficulty and risk
uncertainty of technical mastery and generate intra-group
compliance motivation. On the other hand, communication
among farmers and relatives, and friends in the village can
bring each other a sense of pleasure in communication, which
can generate a sense of self-efficacy and enhance the intention
to adopt.

The results show that BA positively influences IAE, thus
supporting Hypothesis H2. The more farmers understand the
technology, the more positive their attitudes, the stronger their
behavioral attitudes, the more likely they are to adopt it. The
behavioral attitudes of farmers towards rice and shrimp crop
technology include the evaluation of the economic, ecological,
and social aspects, and only based on sufficient understanding of
the technology, they can form a rational understanding and make
an objective and comprehensive evaluation, thus forming a strong
belief in the results. Even though the technology is profitable,
farmers will not try things they do not understand, and their
attitudes towards things they do not understand tend to be
ignorant or negative.

The results show that PBC positively influences IAE, thus
supporting Hypothesis H3. The more positive the farmers’
condition assessment, the stronger their perceived ability, the
stronger their perceptual behavior control, and the stronger their
intentions to adopt. For farmers who depend on land for their
livelihood, the most important resource is land, the direct
condition for maximizing the allocation of land resources is
the labor force itself, and one of the subjective influences on
how to use land resources is the farmers’ risk perception. One of
the subjective influences that determine how land resources are
used is farmers’ perception of risk. Risk is often accompanied by
reward, and only when these conditions are present will farmers’
perceived behavioral control be stronger and their intentions to
adopt be enhanced.

The results show that PU positively influences IAE, thus
supporting Hypothesis H4. The higher the perceived benefits
of the technology, the stronger the perceived usefulness, and the
stronger the intention to adopt it. In recent years, the government
has been increasing its efforts to promote the ecological
agriculture technology of rice and shrimp farming, so that
farmers feel the great benefits of this technology and form a
sense of recognition, and their perceived usefulness is also greatly
improved, and the stronger the perceived usefulness of farmers,
the stronger their intention to adopt it.

The results show that PEOU positively influences IAE, thus
supporting Hypothesis H5. The more farmers perceive
themselves to be able to master the technology, the stronger
the perceived ease of use, and the stronger their intentions to
adopt it. Since rice-shrimp farming technology is subject to high
natural risks, it requires farmers to have certain farming and
cultivation experience. When farmers believe that they can fully
master rice-shrimp farming technology or receive technical
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support, the greater the perceived ease of use, the higher the
intention to adopt it.

Hypothesis H6 was not validated. When farmers believe that
the technology has benefits, they will be influenced by other
farmers’ evaluations of the technology and become anxious and
skeptical, which will have a negative impact on the farmers’
behavior and attitude toward IAE.

Hypothesis H7 was validated. Due to curiosity, when farmers
perceive that the technology is easy to master, they will learn more
about the technology and thus have an impact on behavioral
attitudes, which in the previous analysis had a significant positive
effect on the intention to adopt. Based on the above analysis,
perceived ease of use has an indirect effect on the intention to
adopt and has a direct effect on behavioral attitude with
behavioral attitude as a mediating variable. Perceived
usefulness does not have an indirect effect.

More specifically, we applied fsQCA to gauge the combinatory
conditions by which PU, PEOU, SN, BA, and PBC interact to
predict TAE. The findings of fsQCA (asymmetric) analysis
revealed that the study s independent variables (PU, PEOU,
SN, BA, and PBC) were all necessary to escalate IAE, but they
were not in themselves sufficient.

6.2 Theoretical Implications

This study has been able to theorize the SN, BA, and PBC in
farmers to unlock the development path of sustainable EAT. This
study has also theorized that such EAT is compatible in the
context of green development (Shen et al, 2021; Ataei et al,
2022). For this, the help of a hybrid model, i.e., the integrated
TAM-TPB model, has been taken. This hybrid model has been
successfully used to explore farmers’ intention to adopt EAT.
Since few research studies are available to nurture the use of EAT
in farmers. This study provides a novel contribution in this
context. The present study also demonstrates the research in
the face of new technology acceptance models (Chaiyasoonthorn
etal., 2019; Chaveesuk et al., 2020). This study has examined how
BA poses an impediment to adopting new technology in farmers,
and it has been explained through this study how the TAM-TPB
framework will help to interpret the situation. The reasons for
using the TAM-TPB-based integrated model have been explained
in the theoretical background section. This study aims to explain
what factors could influence the intention to adopt EAT, a
component of green development. This study analyses the
adoption of EAT in farmers. In this context, this study could
have used an updated standard adoption model. However, the
study has ventured to select better-suited antecedents from TAM-
TPB-based integrated models.

6.3 Practical Implications

First, it is suggested that relevant departments link up to jointly
promote knowledge of ecological agriculture technology,
introduce to farmers the learning steps and expected benefits
of ecological agriculture technology, enhance farmers’ awareness
of the economic, social and ecological benefits of the technology,
improve farmers’ perceived utility, and achieve the effect of
changing farmers’ perception of ecological agriculture
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technology, thus improving farmers’ behavioral attitudes toward
ecological agriculture technology.

Second, it is recommended that relevant technical departments
establish a communication network with farmers in villages for
regular contact, and provide farmers with timely technical
interpretation and assistance through agricultural extension staff
to reduce the perceived difficulty of farmers in learning eco-
agricultural technology. Build a production exchange platform for
farmers, strengthen the role of neighborhood demonstration, and
form a rural mutual aid system to solve the problems of agricultural
sources and technology learning, improve perceived ease of use, and
enhance farmers’ confidence in mastering technology. Thirdly, it is
recommended to improve the level of farmers’ social networks and
optimize the structure of farmers’ resource endowment by category.
In terms of social endowment, social institutions and social resources
should be adopted to strengthen the social network of farmers; in
terms of economic endowment, government subsidies for ecological
agriculture technology should be strengthened to increase the
economic benefits of farmers’ adoption of ecological agriculture
technology; in terms of human endowment, the government and
social institutions can provide free personnel to explain the means to
enrich farmers’ resource endowment and enhance the control of
farmers’ perceptual behavior. By increasing the level of various types
of endowments of farmers to enrich their resources and enhance
their risk resistance, farmers can improve their perceptual behavior
control and exert the influence of subjective norms.

6.4 Limitations and Future Research

The specificity of the sample. The sample selected for this study is
mainly from villages in the middle and lower reaches of the Yangtze
River, which is reasonable but has some limitations. For example, the
sample does not cover a wide range of farmers who do not use
agroecological technologies, and the sample does not fully represent
the psychological dynamics of farmers’ intention to adopt ecological
agricultural technologies. Therefore, we need to accumulate valid
samples and conduct a more extensive survey to make the research
findings more generalizable.

In the future, this study will be conducted in the present
agricultural complex in the form of an organization using the
Technology-Organization-Environment  (TOE) framework to
conduct a complementary study to deeply explore the willingness
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