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Abstract: With the recent developments in widespread internet usage and digital technology, an ul-
timate worldwide transformation in information and communications technology has occurred.
Especially, how people engage in the virtual market for buying and selling goods has changed dra-
matically, which flourished the playground of electronic commerce (EC). Interestingly, it has become
crucial to create an ample opportunity for farmers to utilize a more comprehensive market range
for selling their products. However, farmers participating in e-commerce sales platforms may be
interrupted by various internal and external factors. Therefore, the study’s primary goal is to evaluate
the impacts of various external and internal factors on shaping farmers’ behavior in participating
in e-commerce sales platforms. The study utilized a demand observable bivariate Probit model to
analyze the village environment and capital endowment effects to craft the findings. The study uti-
lized micro-survey data from 686 households in the leading kiwifruit-producing area as the empirical
setup. The findings illustrated that the village environment is the main factor that restricts farmers’
e-commerce sales behavior, among which the infrastructure and policy environments have a signifi-
cant contribution to farmers’ e-commerce sales intention and behavior. However, the effect of capital
endowment on farmers’ e-commerce selling behavior has been found as significant. The village
environment significantly affects both large- and small-scale farmers, and the capital endowment
has a higher binding effect on small-scale farmers. Therefore, the paper suggests that improving the
village environment for e-commerce development and laying the foundation for e-commerce devel-
opment should be fostered. A differentiated incentive mechanism to improve the capital endowment
of farmers should be constructed. A well-structured capital endowment triggering small farmers
to capture the benefits of e-commerce sales should be imposed. The government should extend the
support of the agricultural demonstration zone to facilitate practical training among the smallholder
farmers. The formal and informal risk-sharing and financial institutions should prioritize building
infrastructure to support farmers’ short- and long-term investments. Farmers should realize the
importance of e-commerce for integrating the agricultural value chain.

Keywords: village environment; capital endowment; rural e-commerce; agricultural marketing;
bivariate Probit model

1. Introduction

China holds the largest share of the global e-commerce marketplace, accounting for
USD 2 trillion yearly turnovers [1]. The modern era of digital technology and widespread
internet coverage spreads e-commerce from China’s urban regions to lower-income families-
dominated rural regions. However, many of the country’s impoverished areas are experi-
encing the highest growth in e-commerce [2]. Under China’s existing agricultural economic
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system, relying solely on the expansion of agricultural marketing to achieve sustainable
income growth for farmers has not achieved the desired results [3]. It burdens the esca-
lating transaction costs brought by expansion scale and makes it difficult for farmers to
rely on their ability to broaden their marketing channels to sell more products faster with a
higher price [4]. Therefore, the e-commerce environment can create a significant economic
potential for small entrepreneurs and smallholder agribusiness [5] with the dual-plan
implementation of “Internet” + action and “e-commerce.” The use of digital technology
is spurring a revolution in farm-to-kitchen approaches [6,7]. E-commerce companies are
changing the lives of China’s farmers and urban consumers for a country whose rural
sector is dominated by small farms with minimal technology. The integrated e-commerce
platforms, such as Taobao, Pinduoduo, and Jingdong, compete to enter the rural market,
and they help farmers to effectively solve the problems of asymmetric market information,
many intermediary links, and high transaction costs in the marketing process [8]. They
also allow agricultural operators to obtain more value-added profits from agricultural
products [9,10]. Although e-commerce businesses receive significant exposure, they are not
the prime reason for China’s e-commerce development [11].

Over the last decades, various governmental regulations, developmental initiatives,
and incentives have served as critical contributions in establishing the digital and phys-
ical infrastructures that allow consumers to complete online transactions and transport
products at a lower cost [12]. Since 2014, the Chinese government has introduced several
regional and local policies for farmers to achieve sustainable development with e-commerce
to promote rural e-commerce development [13]. According to the China Rural E-Commerce
Development Report (2019–2020), China’s rural network sales exceeded 1.7 trillion yuan
in 2019, including 397.5 billion yuan of agricultural products’ network sales. Globally,
rural e-commerce has become an essential tool for small farmers to dock efficiently with
the big market [14]. However, in rural China, the dominance of small-scale farmers and
the highly dynamic market organization system make traditional sales channels mainly
capture agricultural products [15]. Although most farmers have been concerned about
the higher expected benefits of e-commerce, the actual process of farmers’ willingness
and degree of participation in e-commerce varies widely. With the constraint of resource
endowment, digital infrastructure, and other factors, e-commerce shows the characteristics
of uneven regional development, especially in rural areas [16]. There are more misconcep-
tions about the perception of rural e-commerce, and the degree of farmers’ e-commerce
participation is not high [17,18]. Generally, as a potential actor of e-commerce sales, farmers
tend to determine the efficiency of rural e-commerce promotion by whether they conduct
e-commerce sales or not [19].

Several studies have recognized the importance of rural farmers’ participation in
e-commerce sales channels for improving their income, reducing poverty levels, and
upholding a better lifestyle (such as Jin et al. [20], Huang et al. [21], and Nadarajan et al. [22]).
In academia, farmers’ participation in e-commerce sales behavior and its influencing
factors mainly focus on two aspects: First, the analysis of internal factors, such as personal
characteristics, family business characteristics, and psychological cognition. Among them,
Lin et al. [23] pointed out that farmers with higher resource endowment and e-commerce
awareness levels are more likely to adopt e-commerce sales. Zeng et al. [24] found that the
richer the farmers’ previous experience in entrepreneurship and training, the more likely
they are to adopt e-commerce sales behavior. Cui et al. [25] and Dan and QiHong [26]
found that social capital had a significant positive effect on farmers’ e-commerce sales
behavior by expanding their access to information. Second, external factors such as
infrastructure, logistics status, and information media are analyzed. Leroux et al. [27]
analyzed farmers’ participation in e-commerce sales behavior in e-commerce demonstration
counties and found that farmers in areas with better computer equipment and network
infrastructure were more likely to participate in sales. Fecke et al. [28] found that both
mass media channels and organizational channels are essential factors influencing farmers’
participation in e-commerce sales behavior. In addition, many scholars have focused on
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examining the impact of a specific factor, such as the size of farms, policy support, and
network externalities, on farmers’ participation in e-commerce sales behavior (such as
Baourakis et al. [29], Banerjee et al. [30], and Beckman et al. [31]).

The above research results provide a valid reference for studying farmers’ participation
in e-commerce sales behavior, but many directions can be expanded. First, although
previous studies have focused on the influence of a specific capital endowment of farmers
and the external environment on farmers’ participation in e-commerce sales behavior,
fewer studies have combined the two. Generally, farmers’ behavioral decisions result from
internal and external factors, and villages with blood and geopolitical ties in the vast rural
areas are the carriers, where farmers live. The decisions of farmers living in villages are
often made under the spatial constraints of the village domain with group characteristics.
Second, previous studies have analyzed farmers as a whole, ignoring the variability of
farmers’ participation in e-commerce sales behavior at different business scales.

Moreover, there might be several motivating factors and barriers which could be
crucial for shaping the behavior of farmers for participating in e-commerce sales. This leads
to the following research questions that should be evaluated: What exactly prevents farmers
from participating in rural e-commerce to sell their agricultural products? Are farmers’
own needs insufficient, or does the external environment constrain them? Are there any
differences in the influencing factors among different groups of farmers? Therefore, by
exploring the issues mentioned above, this study comprehensively evaluates the key factors
affecting farmers’ participation in e-commerce sales. The study provides a theoretical and
practical base point for improving farmers’ e-commerce sales behavior and promoting the
smooth development of rural e-commerce. The empirical setup comprised 686 farmers
from the main kiwifruit production areas of Shaanxi and Sichuan provinces. The study
uses a bivariate Probit model to craft the findings from the dual perspectives of village
environment and capital endowment, which is the main innovation of the study.

2. Literature Review
2.1. Mechanisms of the Influence of Capital Endowment on Farmers’ Willingness and Behavior to
Participate in E-Commerce Sales

Capital is regarded in the classical and neoclassical theories as one of three main
production factors, besides land and labor [32], and in a dynamic sector such as agriculture,
where the capital should be kept intact [33]. Interestingly, most endowments are designed
to keep the principal amount intact while using the investment income for resource invest-
ments [34]. Bourdieu [35] links objective capital endowments to subjective behavior. He
pointed out that capital has several forms, such as cumulative labor in materialized form
and a set of resources and rights that can maximize productivity. The capital endowment
has a significant impact on the farmer’s behavior choice and decision-making [36]. The
study defines farm household capital endowment as the natural and acquired resources
and capabilities possessed by farm households, including economic capital, human capital,
social capital, and information capital. Farmers’ participation in e-commerce sales can be
regarded as a kind of investment behavior [37], i.e., farmers invest their capital endowment
in rural e-commerce sales to gain income from the sale of agricultural products and the
resulting premium income in the future adoption of e-commerce sales behavior. Therefore,
farmers usually tend to fully consider the status of their capital endowment before deciding
whether to participate in e-commerce sales [38]. If their endowment is not sufficient to
support the need for the corresponding behavior, farmers will show lower demand and
low behavior [39]. Based on this, the study proposes Hypothesis 1 as:

Hypothesis 1. Farmers’ capital endowment significantly affects farmers’ willingness and behavior
to participate in e-commerce sales.

Human capital is the sum of individual abilities, knowledge level, and basic skills
embedded in the worker [40]. Farmers with more abundant human capital have more vital
cognitive and understanding abilities, and their ability to adapt to new things is relatively
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more vital [41,42]. They can grasp and apply emerging e-commerce sales technologies at
a faster rate in the face of them, and they can take timely action to reallocate resources
to deal with the uncertainties that arise in e-commerce sales, reduce the losses caused by
inappropriate use of e-commerce sales by farmers, and thus increase their willingness to
participate in e-commerce sales [43]. Based on this, the study proposes Hypothesis 2 as:

Hypothesis 2. Farmers’ human capital significantly impacts farmers’ willingness and behavior to
participate in e-commerce sales.

Economic capital is the tangible materials owned by farmers and the capital that can
be directly converted into money and turned into property rights, which are essential
prerequisites and guarantees for farmers to take risks and make the capital investment in
e-commerce sales behavior [44]. Farmers who adopt e-commerce sales behavior need to
pay funds to purchase computers, cell phones, and other hardware facilities to maintain
customer relationships, as well as other operating costs, and economic capital-rich farmers
have higher economic capital support. The higher the ability to resist risk, the easier to
participate in e-commerce sales behavior and to meet required capital investment, and the
higher the ability to cope with the uncertainty risks faced in the process of participation
and more robust responses [45]. Based on this, the study proposes Hypothesis 3 as:

Hypothesis 3. Farmers’ economic capital significantly impacts farmers’ willingness and behavior
to participate in e-commerce sales.

Social capital refers to the sum of resources or capabilities mobilized by individual
actors through social networks for instrumental and affective purposes [46], and they can
aggregate dispersed individuals and influence the collective sense of the action of social
members [47]. Social capital formed by relying on geo-networks can help farmers provide
sources of information, technical experience, and emotional support, and farmers will
reduce the transaction and trial-and-error costs of participating in e-commerce sales through
mutual learning and imitation [48]. In addition, frequent communication among farmers
in the relationship network can establish a positive interaction of trust, cooperation, and
reciprocity [49], improving the speed of disseminating e-commerce sales knowledge and
increasing the level of understanding of knowledge [50], thus promoting the adoption of
e-commerce sales behavior by farmers. Based on this, the study proposes Hypothesis 4 as:

Hypothesis 4. Farmers’ social capital significantly affects farmers’ willingness and behavior to
participate in e-commerce sales.

Information capital refers to the ability of farmers to obtain multi-channel information,
high-quality information, and the extensive use of processing information [51,52]. The
higher information capital can help farmers quickly obtain rich, accurate, and timely
information from diversified channels [53]. This can also assist them in breaking the
technical information barriers, enhancing the accumulation of knowledge and experience
in e-commerce sales [53], deepening their knowledge of participation in e-commerce
sales [54], and thus increase the willingness of farmers to participate in e-commerce sales.
Based on this, Hypothesis 5 has been proposed as:

Hypothesis 5. Farmers’ information capital significantly affects farmers’ willingness and behavior
to participate in e-commerce sales.

2.2. Mechanisms of Influence of Village Environment on Farmers’ Willingness and Behavior to
Participate in E-Commerce Sales

Bourdieu’s practice theory points out that individual practice behavior is influenced
by field, habit, and capital, and the village, which relies on blood and geographical relations,
constitutes the essential field of farmers’ production life [55,56]. Farmers’ decision-making
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behavior is deeply embedded in the village’s social structure, with prominent community-
type characteristics [57]. The village environment is a combination of natural and social
factors in a specific village area, including various factors, such as resource environment,
market environment, and economic development level [58]. This is a carrier of external
conditions for farmers to adopt new technologies and learn new knowledge, and a basis for
obtaining policy support, forming collaborative relationships, and exchange activities [59].
According to the main constraints farmers face in their participation in e-commerce sales
behavior, the study divides the village environment related to participation in e-commerce
into industrial development and policy support environments. Based on this, the study
proposes Hypothesis 6 as:

Hypothesis 6. There is a significant positive effect of village environmental improvement on
farmers’ willingness and behavior to participate in e-commerce.

The infrastructure environment refers to the state of transportation, logistics, and net-
work infrastructure development needed to support e-commerce development in a given
village area [60]. The better conditions of a good e-commerce infrastructure environment
can provide the fundamental guarantee for farmers to participate in e-commerce sales
activities and ensure the standard and smooth implementation of farmers’ participation
in e-commerce sales [61]. However, the infrastructure environment, including the smooth
network elements, transportation, and logistics supports, helps farmers strengthen their
understanding and judgment of market information and subjects [62]. It allows farmers to
open network sales channels and obtain e-commerce sales information, which enhances
farmers’ willingness to participate in e-commerce sales [63]. Based on this, the study
proposes Hypothesis 7 as:

Hypothesis 7. There is a significant positive impact of improved infrastructure environment on
farmers’ willingness and behavior to participate in e-commerce sales.

Village industrial development environment refers to industries related to e-commerce
development in a specific village area. A well-structured industrial development envi-
ronment is an inherent condition and basis for the development of rural e-commerce,
which can not only integrate local advantageous agricultural products and gather regional
service resources, but also provide the complementary resources needed for farmers to
participate in e-commerce sales, and promote farmers’ exploration of new e-commerce
sales models [64]. At the same time, the villages with good industrial development have a
complete industrial organization model [65]. Seemingly, the participation of new business
entities such as cooperatives and agricultural enterprises in e-commerce sales can form a
radiation-driven and demonstration effect on neighboring farmers [66], which enhances
the willingness of most farmers in the village to participate in e-commerce sales. Based on
this, the study proposes Hypothesis 8 as:

Hypothesis 8. There is a significant positive impact of the industrial development environment on
farmers’ willingness and behavior to participate in e-commerce sales.

E-commerce training and information sharing opportunities positively improve farm-
ers’ cognitive level and understanding of e-commerce [67]. This helps them to understand
the difficulties and knowledge of e-commerce sales more comprehensively [68] and en-
hances their confidence and risk resistance to participate in e-commerce sales [68], and
improves farmers’ decision response to participate in e-commerce sales. Village policy sup-
port can create a good atmosphere for e-commerce development [69]. The policy support
environment refers to the in-kind or non-in-kind incentives (including publicity, broadcast-
ing, training, subsidies, etc.) provided by villages to support e-commerce development [70].
Through subsidies and training, favorable signals of e-commerce development will be
realized [71], and farmers can make full use of these information resources to interact,
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cooperate, and then make a decisive response to participate in e-commerce sales [72]. Based
on this, Hypothesis 9 has been proposed in the study:

Hypothesis 9. There is a significant positive effect of improved policy support environment on
farmers’ willingness and behavior to participate in e-commerce sales.

3. Materials and Methods

In the study, we adopted the definition of e-commerce provide by Mueller [73] and
simplified it as “the business deals and transactions conducted over the internet”.

3.1. Data Sources and Sample Characteristics

The study’s empirical data were obtained from a household field study conducted
by the team of “Kiwifruit Industry Technology System” guided by State Key Labora-
tory, Northwest A&F University in September–October 2018, in Cangxi, Pujiang, and
Dujiangyan counties of Sichuan Province, and Meixian, Zhouzhi, and Wugong counties of
Shaanxi Province (see Figure 1). Kiwifruit is an essential target for e-commerce sales as it is
a high-value and high-demand agricultural product, and Shaanxi and Sichuan are the two
provinces with the largest kiwifruit cultivation areas in China [4]. According to the data of
China Intelligence Research Consulting, the kiwifruit planting area in Shaanxi Province
was about 1.03 million mu in 2018, and the kiwifruit planting area in Sichuan Province
was about 600,000 mu. The development level of kiwifruit e-commerce in Shaanxi and
Sichuan Provinces was in the top three in the country [74]. Sichuan Province currently has
more than 500 agricultural e-commerce platforms and as many as 100,000 enterprises and
businesses related to kiwifruit, generating e-commerce transactions of kiwifruit amounting
to 400 billion yuan [75]. E-commerce in Shaanxi Province has covered all villages and
towns in the province [76]. The retail sales of rural e-commerce in Shaanxi are nearly
28 billion yuan, and the online retail sales of agricultural products have reached nearly
11 billion yuan.
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In order to ensure the representativeness of the samples, the survey adopted a combi-
nation of stratified sampling and typical sampling to select samples, as suggested by Etikan
and Bala [77]. First, three counties (cities) were selected randomly from the two provinces,
and two–four villages were randomly selected from each county. From the selected villages,
we further randomly selected about 15–20 households for the household survey. After
eliminating invalid questionnaires and questionnaires (Supplementary Materials) with
incorrect logic, a total of 686 valid questionnaires were finally obtained, with a response rate
of 97.72%. The distribution of the sample households by district and gender is presented in
Table 1.
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Table 1. Distribution of the sample households by district and gender.

District Number of Towns Number of Villages

Number of Households

Gender of Household Head
All

Female-Headed Male-Headed

Wugong 2 5 52 1 53
Zhouzhi 3 10 148 4 152

Mei 5 10 186 8 194
Cangxi 4 8 89 7 96

Dujiangyan 6 9 106 3 109
Pujiang 5 10 75 7 82

All 25 52 656 30 686

Source: Author’s calculations using the survey data.

A structured questionnaire and face-to-face interviews were used to obtain infor-
mation on individual characteristics (e.g., age, gender, education level of the household
head), household characteristics (e.g., area of farming land, land quality, kiwi cultivation
status, household income, etc.), and socioeconomic status (e.g., social capital, social com-
munication, participation in training). In particular, we investigated specific data on farm
households’ participation in e-commerce sales in 2018, including sales income, quantity,
and varieties sold.

3.2. Model Selection

Farmers’ participation in e-commerce sales behavior might include a binary discrete
choice problem, which is generally estimated using the Probit model [78]. Farmers’ will-
ingness to participate in e-commerce sales and already participated in e-commerce sales
behavior are not independent of each other, and the interaction of the two can form four
combinations: (i) neither willingness to participate nor already participated in E-commerce
sales behavior, (ii) only willingness to participate, (iii) only already participated in E-
commerce sales behavior, and (iv) both willingness to participate and already participated
in E-commerce sales behavior. In the following, the four combinations have been modeled:

y∗1 = β0 + β1x1 + β2x2 +
n
∑

i=3
βicontrol + ε1

y∗2 = β0 + β1x1 + β2x2 +
n
∑

j=3
β jcontrol + ε2

(1)

In Equation (1), y∗1 , y∗2 denote the latent variables of farmers’ willingness to participate
in e-commerce sales and participation in e-commerce sales behavior respectively, x1 is
the vector of village environment variables, and x2 is the vector of capital endowment
variables. β0; β1; β2; βi; β j all denote the vector of parameters to be estimated. The random
perturbation term (ε1, ε2) obeys a two-dimensional joint normal distribution with mean
0 and variance 1. The correlation coefficient, ρ, between the two can be expressed by
Equation (2): (

ε1
ε1

)
= N

{(
0
0

)
,
[

1 ρ
ρ 1

]}
(2)

The observable variables y1 and y2 are determined by Equations (3) and (4).

y1 =

{
1 i f y∗1 > 0
0 i f y∗1 ≤ 0

(3)

y2 =

{
1 i f y∗2 > 0
0 i f y∗2 ≤ 0

(4)

Here, y1 is farmers’ willingness to participate in e-commerce sales, and y2 is farmers’
participation already in e-commerce sales behavior. Among them, the applicability of the
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model is tested. If the original hypothesis is rejected, indicating that farmers’ willingness
to participate in e-commerce sales and already participated in e-commerce sales behavior
are related, it is necessary to use the bivariate Probit model. If the original hypothesis is
accepted, there is no correlation between farmers’ willingness to participate in e-commerce
sales and already participated in e-commerce sales behavior. Therefore, it is unnecessary to
use a bivariate Probit model, and two separate Probit models should be selected for analysis.

3.3. Variable Selection and Descriptive Statistics
3.3.1. Explanatory Variables

The explanatory variables in this paper are farmers’ willingness to participate in
e-commerce sales and already participated in e-commerce sales behavior. The question
that reflects the willingness to participate in e-commerce sales is, “Does your household
have the willingness to sell kiwifruit through rural e-commerce?” If a farmer answered
“yes”, the value of 1 was assigned, and if not, the value of 0 was assigned. The question
that reflects the e-commerce participation is, “Has your household sold kiwifruit through
e-commerce channels before?” If the farmer answered “yes”, the household was assigned
a value of 1 if the household had already participated in e-commerce sales, and 0 if not.
At this point, in practical terms, farmers’ willingness to participate in e-commerce and
participation in e-commerce sales behavior can be expressed as four categories: (0, 0), (0, 1),
(1, 0), and (1, 1). While Figure 2 shows that 127 farmers in the sample area have neither
willingness to nor have already participated in e-commerce sales (A), 229 farmers have no
willingness to participate in e-commerce sales but have already participated in e-commerce
sales behavior (B). Moreover, 6 farmers are willing to participate in e-commerce sales but
have not participated in e-commerce sales behavior (C), and 254 have both willingness
and participation in e-commerce sales behavior (D). The specific variable definitions and
descriptive statistics are shown in Table 2.
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Unit: years 

6.545 2.784 

Economic Capital 
Arable land operation 

scale Arable land area for the family business, Unit: mu 6.289 7.765 

Family income level The logarithm of annual household income 1.866 0.781 

Family income structure 
Kiwifruit income as a share of annual household in-

come, in 49.077 28.836 

Figure 2. Distribution of farmers’ willingness to participate in e-commerce sales and already partici-
pated in e-commerce sales behavior.

Table 2. Variable selection and descriptive statistics.

Variable Name Variable Description Average Value Standard Deviation

Willingness to sell by e-commerce Does your family have a desire to sell kiwifruit
through rural e-commerce? 1 Yes; 0 No 0.806 0.396

Already participated in
E-commerce sales practices

Does your household already sell kiwifruit
through e-commerce channels? 1 Yes; 0 No 0.379 0.485

Village Infrastructure Environment

Traffic Convenience
The distance of the village from the township is

added by 1 and taken as a logarithm
(actual distance + 1)

1.642 0.560
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Table 2. Cont.

Variable Name Variable Description Average Value Standard Deviation

Logistics fluidity Is there a delivery point in your village?
1 Yes; 0 No 0.646 0.479

Network Popularity The Internet penetration rate in the village,
Unit: % 62.468 19.869

Village industrial development environment

Market Specialization Share of kiwifruit industry in the village’s
agricultural industry, unit: % 70.220 20.401

Market Organization Is there a kiwifruit cooperative in your village?
1 Yes; 0 No 0.440 0.497

Village policy support environment

Village e-commerce training Has the local government conducted
e-commerce training?1 Yes; 0 No 0.125 0.331

Village e-commerce subsidies Does the local government carry out in-kind
subsidies for e-commerce? 1 Yes; 0 No 0.353 0.478

Human Capital

Number of household laborers Number of labor force among household
members, Unit: person 2.466 0.927

Frequency of family
agrotechnical training

Total number of agricultural technology training
received by family members in a year,

Unit: times
1.593 2.053

Family education level Average years of education of household labor
force, Unit: years 6.545 2.784

Economic Capital

Arable land operation scale Arable land area for the family business,
Unit: mu 6.289 7.765

Family income level The logarithm of annual household income 1.866 0.781

Family income structure Kiwifruit income as a share of annual household
income, in 49.077 28.836

Social Capital

Number of friends and family Number of friends and relatives in the
household, unit: person 22.050 18.613

Percentage of favor expenses Share of favor expenses in total household
expenses, Unit: % 8.336 8.422

Supply Chain
Organization Exchange

Frequency of communication with emerging
business organizations, such as agribusinesses

and cooperatives: 1 = never; 2 = rarely; 3 =
sometimes; 4 = frequently; 5 = most frequently

1.338 0.742

Information Capital

Communication expenses as
a percentage

Share of household communication expenditures
in total household expenditures. 7.766 5.712

3.3.2. Indicators

The capital endowment includes four aspects: human capital, economic capital, social
capital, and information capital. Seemingly, human capital is reflected by three indicators:
the number of household laborers, the frequency of household agricultural training, and
household education level. Previous experience has found that human capital has a
significant effect on the decision-making behavior of farm households. For example,
Wang et al. [79] found that well-educated farmers were more likely to use the internet.
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Better education improved farmers’ ability to judge the usefulness of the internet and
enabled them to access information related to agricultural production activities through the
internet. The current study expects these variables to have a similar effect on the likelihood
of willingness and behavior to engage in e-commerce sales.

Three indicators reflect economic capital: the scale of the farming operation, household
income level, and household income structure, and social capital is also reflected by three
indicators: the number of friends and relatives, the proportion of human expenditure,
and supply chain organization exchange. Lin et al. [80] found that social capital, as a
resource embedded in social networks, can promote the social status of individuals, thus
creating an information advantage to promote farmers’ participation in e-commerce sales
behavior. In contrast, Davern [81] found that social capital is only for the rich and does
not significantly affect the average farmer. Therefore, the study expects social capital to
positively impact farmers’ willingness and behavior to participate in e-commerce sales.
However, in the study, information capital is reflected by one indicator: the share of
communication expenses.

4. Results and Discussions
4.1. Regression Results

Table 3 reports the estimated results of village environment and capital endowment
on e-commerce sales behavior. The results of the bivariate Probit model show a p-value
of 0.000 for the Wald test, indicating an association between e-commerce sales behavior
and demand. Therefore, sample selection and the bivariate Probit model estimates are
valid [82]. Table 3 also reports the estimation results of the Probit model, which are
generally consistent with those of the bivariate Probit, which corroborates the robustness
of the bivariate Probit model [83].

4.1.1. Estimation Results of the Village Environment

From the village infrastructure environment, traffic convenience has no significant im-
pact on e-commerce sales willingness but has a significant positive impact on participated
in e-commerce sales behavior, passing the test at a 5% significance level. It indicates that
the more convenient traffic positively impacts the farmers who have already participated
in e-commerce sales. Logistics convenience and network penetration significantly impact
both e-commerce sales willingness and behavior, and both pass the test at a 5% significance
level. Therefore, we can assume that the more convenient logistics and higher network
penetration rate influence both the farmers’ willingness and participating behavior of
e-commerce sales. This could have occurred as a sound infrastructure environment in the
village is the basis for farmers’ e-commerce sales. A sound infrastructure environment
allows farmers to break through the geographical limitation of sales. It also could have
boosted the learning, the catch-up, and the proximity effect in the village. The village’s
learning, catch-up, and proximity effect promote farmers to fully grasp the sales market
and provide a more excellent chance to join the e-commerce sales. The outcomes are also
supported by the findings of Zhang et al. [76] and Zhang [64]. Therefore, Hypothesis 2
was supported.

In terms of the village industrial development environment, market specialization has
a significant positive effect on e-commerce sales intention at a 10% significance level but
does not significantly affect e-commerce sales behavior. The market organization does not
show a significant effect on e-commerce sales intention and behavior. Therefore, it could
be said that the village industrial development environment has a negligible effect on e-
commerce sales behavior. The possible reasons for this result are that farmers with a sound
industrial development environment in the village area have already built cooperative
relationships with traditional sales channels, and farmers can obtain higher profits without
selling through e-commerce. In addition, new business organizations in the village area
are essential channels for farmers to sell, providing necessary guarantees for farmers’ sales
income [60]. Therefore, Hypothesis 3 has not been supported.
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Table 3. The results of the impact of village environment and capital endowment on Farmers’ e-commerce sales demand
and behavior.

Bivariate Probit Univariate Probit

Variable Name

Willingness to Sell by
E-Commerce

Already Participated in
E-Commerce Sales Practices

Already Participated in
E-Commerce Sales Practices

Coef. Std. E Coef. Std. E Coef. Std. E

Village Infrastructure Environment

Traffic Convenience −0.126 0.105 0.235 ** 0.103 0.265 *** 0.102
Logistics fluidity 0.316 ** 0.128 0.267 ** 0.120 0.242 ** 0.123

Network Popularity 0.007 ** 0.317 0.008 *** 0.283 0.009 *** 0.003

Village industrial development environment

Market Specialization 0.006 * 0.333 0.002 0.295 0.003 0.003
Market Organization 0.054 0.123 −0.007 0.112 −0.018 0.112

Village policy support environment

Village e-commerce training 0.507 * 0.259 0.542 *** 0.169 0.564 *** 0.176
Village e-commerce subsidies 0.183 0.141 0.271 ** 0.120 0.293 ** 0.117

Human Capital

Number of family laborers 0.094 0.081 −0.025 0.069 −0.023 0.069
Frequency of family

agrotechnical training 0.150 *** 0.041 0.073 *** 0.028 0.069 ** 0.030

Family education level 0.063 *** 0.023 0.015 0.021 0.011 0.021

Economic Capital

Arable land operation scale 0.014 0.015 −0.014 ** 0.007 −0.015 * 0.008
Family income level −0.036 0.099 0.235 *** 0.088 0.236 ** 0.093

Family income structure 0.002 0.002 0.006 *** 0.002 0.006 *** 0.002

Social Capital

Number of friends and family −0.005 0.003 0.001 0.003 0.001 0.003
Percentage of favor expenses −0.008 0.007 −0.014 * 0.007 −0.014 * 0.007
Supply Chain Organization

Exchange 0.079 0.108 0.347 *** 0.076 0.336 *** 0.085

Information Capital

Communication expenses 0.014 0.010 0.021 ** 0.010 0.021 ** 0.009
Constant term −1.048 *** 0.400 −3.028 *** 0.392 −3.135 0.430

athrho 0.776 *** 0.109 - - - -
pseudolikelihood −645.376 - - - - -

Log-likelihood - - - - - −383.9
Pseudo R2 - - - - - 0.1566

Wald chi-squared value 199.90 - - - - -
Number of observations 686 686 686

Note: ***, **, * indicate significance at the 1%, 5%, and 10% levels, respectively. Coef. = coefficient, Std. E = standard error.

From the village policy support environment, e-commerce training has a significant
positive effect on e-commerce sales willingness and behavior, and both pass the test at a
1% significance level; that is, e-commerce training promotes farmers’ e-commerce sales.
We have found a non-significant effect of subsidies on e-commerce sales intentions but a
significant positive effect on e-commerce sales behavior, which passed the test at the 5%
significance level. As e-commerce subsidies can compensate for the uncertainty of income
brought about by farmers’ adoption of e-commerce sales [70], farmers’ e-commerce sales
behavior is strengthened under the financial subsidy incentive [79], which could be the
primary reason for the outcomes. Therefore, Hypothesis 4 was verified.

In summary, the village environment significantly impacts e-commerce sales inten-
tions and e-commerce sales behavior, with differences in the specific influencing factors.
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Specifically, the village infrastructure, industrial development, and policy support environ-
ment significantly positively affect e-commerce sales intentions. The village infrastructure
environment and village policy support environment have significant positive effects on
e-commerce sales behavior. It can be seen that the village environment has a significant
positive impact on farmers’ willingness and behavior of e-commerce sales. Hypothesis 1
was verified based upon the above discussion.

4.1.2. Estimation Results of Capital Endowment

From the human capital point of view, the number of the family labor force has no
significant effect on the willingness and behavior of e-commerce sales. The frequency of
family agricultural training significantly affects the willingness and behavior of e-commerce
sales and passes the test at a 1% significance level. Receiving agricultural training improves
the e-commerce sales behavior of farmers, probably because farmers who often participate
in agricultural training have a relatively broad vision, and it is easy to change their original
sales methods [67]. The family’s level of education has a significant positive effect on
the willingness of e-commerce sales and passes the test at the 1% significance level, but
has no significant effect on e-commerce sales behavior. The level of education improves
the willingness of farmers to sell e-commerce, probably because the higher the level of
education of the family labor force, the broader its exposure and the ability to accept the
innovation brought by the sales model [31]. Therefore, Hypothesis 7 was supported.

In terms of economic capital, the scale of the farming operation, household income
level, and household income structure all have insignificant effects on e-commerce sales
intentions. However, all have significant effects on already participated in e-commerce sales
behavior, indicating that economic capital is not an essential factor limiting e-commerce
sales intentions [40]. The possible reason is that the consumability of agricultural products
limits farmers with large farming scales, and the scale of e-commerce sales can hardly
meet the demand of production, so farmers tend to rely on traditional sales channels [53].
Seemingly, household income level significantly affects e-commerce sales behavior at the
1% significance level. The possible reason is that farmers with high household income levels
are risk-averse and have extra funds to invest in e-commerce sales [16]. At the same time,
household income structure has a significant positive effect on e-commerce sales behavior.
It passes the 1% significance level test, possibly because farmers relying on the kiwifruit
industry are faced with a potentially profitable decision to sell through e-commerce, and
do tend to sell through e-commerce. Therefore, Hypothesis 8 was supported.

In terms of social capital, the number of friends and relatives had a non-significant
effect on the willingness and behavior of e-commerce sales. The possible reason is that
farmers with a high proportion of favor spending have higher social capital channels and
can obtain higher returns without selling through e-commerce, so they do not show statisti-
cal significance. The main reason is that the information diffusion function of supply chain
organizations allows farmers to develop their vision and grasp business opportunities [80].
However, the information diffusion function of supply chain organizations allows farmers
to expand their horizons and grasp business opportunities. Therefore, Hypothesis 9 was
supported.

In terms of information capital, the effect of the communication expenditure ratio on
e-commerce sales intention is not significant. However, it has a significant positive effect
on e-commerce sales behavior. It passes the test at the 5% significance level, indicating
that information capital is not an essential factor affecting e-commerce sales intention
but has a vital role in promoting e-commerce sales behavior [84]. The possible reason is
that the accumulation of rural information capital is mainly established in neighborhood
communication and commitment. Although the share of communication expenditure is an
essential indicator of information capital, informal communication among farmers plays a
more important role [53]. Therefore, Hypothesis 5 was supported.

In summary, the capital endowment significantly affects e-commerce sales willingness
and e-commerce sales behavior, with significant differences in the specific refined indicators.
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Specifically, human capital significantly affects e-commerce selling intention, but economic
capital, social capital, and information capital do not significantly affect e-commerce selling
intention [37]. It can be seen that capital endowment is not a significant factor influencing
farmers’ willingness to sell by e-commerce, but it is an essential factor limiting farmers’
e-commerce selling behavior. Therefore, Hypothesis 6 was verified.

4.2. Variation Analysis of Farms of Different Sizes

To further analyze the effects of village environment and capital endowment on the
willingness and behavior of e-commerce sales under farmer differentiation, farmers were
divided into small-scale farmers and large-scale farmers according to the size of their
farming operations. According to demographic statistics, 78.59% of small-scale farmers
in the research area have e-commerce sales willingness, and only 32.38% of small-scale
farmers have already participated in e-commerce sales behavior. On the other hand, 83.17%
of large-scale farmers have e-commerce sales willingness, and only 44.88% of large-scale
farmers have already participated in e-commerce sales behavior. It can be seen that large-
scale farmers have significantly higher e-commerce sales willingness and behavior than
small-scale farmers. To further explore the differences in the effects of village environment
and capital endowment on e-commerce sales intentions and e-commerce sales behaviors of
farms of different sizes, the estimates were conducted separately for large-scale farmers
and small-scale farmers. The estimated results are shown in Table 4.

4.2.1. Estimation Results of the Village Environment

The factors that affect the willingness of small-scale farmers and large-scale farmers
to sell by e-commerce and e-commerce sales behavior are quite different from the village
environment. The village infrastructure environment only influences the willingness of
small-scale farmers to sell by e-commerce. While the willingness of large-scale farmers to
sell by e-commerce is influenced by the village market environment and the village policy
support environment, there are no common influencing factors for both. The e-commerce
selling behavior of small-scale farmers and large-scale farmers is influenced by the village
infrastructure environment and the village policy support environment, but there are
differences in the specific indicators and the degree of influence. From both common factors,
network penetration has a significant favorable influence on the e-commerce sales behavior
of large-scale farmers and small-scale farmers, passing the test at 1% and 10% significance
levels. From the size of the influence coefficient, the influence coefficient of small-scale
(0.010) is greater than that of large-scale farmers (0.008), so it can be considered that the
enhancement of network penetration has a more substantial effect on small-scale farmers.
Village domain e-commerce training has a significant positive impact on the e-commerce
sales behavior of both large-scale and small-scale farmers, and the coefficient of small-scale
farmers is relatively more prominent. Therefore, it can be presumed that the enhancement
effect of village-based e-commerce training on small-scale farmers is significant.

4.2.2. Estimation Results of Capital Endowment

In terms of capital endowment, there are significant differences in the factors that
affect the willingness of small-scale farmers and large-scale farmers to sell by e-commerce
and their e-commerce selling behavior. In terms of influencing the willingness of different
scale farmers to sell by e-commerce, both small-scale and large-scale farmers’ e-commerce
sales intentions are only affected by human capital, consistent with the overall regression
results. However, there are some differences in the specific impact indicators and the
degree of impact, i.e., the number of household laborers only affects the e-commerce
sales intentions of small-scale farmers. In terms of e-commerce sales behavior, small-scale
farmers’ e-commerce sales behavior is significantly influenced by human capital, economic
capital, social capital, and information capital, while large-scale farmers’ e-commerce sales
behavior is only significantly influenced by economic capital and information capital.
Economic capital and social capital are no longer factors that constrain large-scale farmers’
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e-commerce sales behavior, i.e., small-scale farmers’ e-commerce sales behavior is more
likely to be constrained by the capital endowment. In summary, village environment and
capital endowment significantly affect both large-scale and small-scale farmers’ willingness
to sell and e-commerce selling behavior, but the factors constraining different-scale farmers’
willingness to sell and e-commerce selling behavior vary.

Table 4. The results of the impact of village environment and capital endowment on the e-commerce sales demand and
behavior of different scale farmers.

Small-Scale (≤5 mu) Large-Scale (>5 mu)

Variable Name
Willingness to Sell

by E-Commerce

Already Participated
in E-Commerce
Sales Practices

Willingness to Sell
by E-Commerce

Already Participated
in E-Commerce
Sales Practices

Coef. Std. E Coef. Std. E Coef. Std. E Coef. Std. E

Village Infrastructure Environment

Traffic Convenience −0.170 0.137 0.309 ** 0.146 −0.115 0.153 0.170 0.139
Logistics fluidity 0.411 ** 0.171 0.308 * 0.168 0.192 0.198 0.290 0.180

Network Popularity 0.007 0.004 0.010 *** 0.004 0.007 0.005 0.008 * 0.004

Village industrial development environment

Market Specialization 0.002 0.004 −0.002 0.004 0.013 *** 0.005 0.007 0.004
Market Organization 0.102 0.167 0.163 0.159 0.038 0.189 −0.183 0.166

Village policy support
environment

Village e-commerce training 0.442 0.347 0.574 ** 0.256 0.635* 0.380 0.454 * 0.238
Village e-commerce subsidies 0.220 0.200 0.333 * 0.182 0.245 0.215 0.191 0.169

Human Capital
Number of household

laborers 0.206 * 0.118 −0.117 0.103 −0.026 0.120 0.032 0.103

Frequency of family
agrotechnical training 0.140 *** 0.050 0.123 *** 0.039 0.157 ** 0.072 0.023 0.040

Family education level 0.058 ** 0.030 0.072 *** 0.028 0.075 ** 0.038 −0.032 0.032
Economic Capital

Arable land operation scale −0.042 0.071 −0.116 * 0.068 0.038 0.028 −0.012 0.007
Family income level −0.026 0.129 0.207 * 0.125 −0.068 0.160 0.293 ** 0.131

Family income structure 0.002 0.003 0.005 0.003 0.002 0.003 0.007 ** 0.003

Social Capital

Number of friends and family 0.000 0.006 0.012 ** 0.005 −0.007 0.004 −0.001 0.004
Percentage of favor expenses −0.012 0.009 −0.023 ** 0.010 0.001 0.011 −0.005 0.011
Supply Chain Organization

Exchange 0.016 0.011 0.022 * 0.012 0.016 0.022 0.021 0.017

Information Capital
Communication expenses 0.074 0.138 0.490 *** 0.120 0.124 0.171 0.292 *** 0.098

Constant term −0.840 *** 0.538 −3.263 *** 0.603 −1.514 *** 0.695 −3.005 *** 0.619
athrho 0.963 *** 0.147 - - 0.799 *** 0.155 - -

pseudolikelihood −344.1476 −282.758
Wald chi-squared value 151.76 91.16
Number of observations 383 303

Note: ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.

5. Discussion

The study focused on the relationship between internal capital endowment of farm
households and external village environmental support on farm households’ willingness to
participate in e-commerce sales and sales behavior. The proportion of actual participation
in e-commerce sales behavior is low, and there are significant differences in willingness to
participate and participation behavior, which is parallel with the findings of Lin et al. [23].
The regression results show that capital endowment and village environment positively
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impact farmers’ willingness and behavior to participate in e-commerce sales. These findings
can help to prove the important role of capital endowment and the external environment
in farmers’ decision-making behavior. Our findings are consistent with many scholars’
studies [85–88] and are also in line with theoretical and logical expectations. However, due
to the complexity of farmers’ capital endowment, we used four variables, economic capital,
social capital, information capital, and human capital, to measure capital endowment.
According to the regression results of different capital endowments on farmers’ willingness
to participate in e-commerce sales and sales behavior, only human capital significantly
affects farmers’ willingness to participate in e-commerce sales. In contrast, the effects of
economic capital, social capital, and information capital are not significant. However, there
are differences between this research and the conclusions of some scholars, especially the
research conclusions of Liu et al. [1]. They pointed out that the apple farmers’ social capital
has a positive impact on selling their products through e-commerce. At the same time, the
study explored the differences in the behavior and willingness of farmers to participate in
e-commerce from the perspective of willingness and behavior correlation. The effects of
economic capital, social capital, and information capital in capital endowment on farmers’
willingness to participate in e-commerce sales were not significant. The impacts of the
village industrial development environment on farmers’ participation in e-commerce sales
behavior were also not significant. The research results are consistent with the research
of most of the scholars within similar directions [89,90]. Due to the differences in farmers’
household capital endowment and external environment, different farmers will make
behavioral decisions based on different household income goals, which eventually leads
to significant inconsistencies between farmers’ behavioral decisions and willingness [91].
This also provides new ideas to promote the transformation of farmers who are willing
to participate in e-commerce sales, but not in e-commerce sales behavior. In addition, the
differences in the farming scales of farmers may further affect the differences in farmers’
willingness and behavior to participate in e-commerce sales. The proportion of large-scale
farmers’ willingness to participate in e-commerce sales and sales behavior is higher than
that of small-scale farmers. The factors affecting the willingness and behavior of large- and
small-scale farmers to participate in e-commerce are significantly different, which is as the
same as in the research of Xie et al. [92] and Lu et al. [93], and differences in behavior and
willingness decision-making among farmers of different scales were also found.

6. Conclusions

Using data from field research conducted by the project team in Shaanxi and Sichuan
Provinces in 2018, this study used a bivariate Probit model to estimate the effects of village
environment and capital endowment on e-commerce sales behavior. It examined the
effects of village environment and capital endowment on e-commerce sales intentions and
e-commerce sales behavior of farmers of different sizes based on a farmer differentiation
perspective. The empirical results showed that the village environment is an essential
factor affecting e-commerce sales and e-commerce sales behavior. Village infrastructure
environment, village industrial development environment, and village policy support
environment all had significant positive effects on e-commerce sales willingness, and
village infrastructure environment and village policy support environment had significant
positive effects on e-commerce sales behavior. However, the village industrial development
environment did not have significant effects on e-commerce sales behavior.

Interestingly, the capital endowment was not an essential factor affecting farmers’
willingness to sell e-commerce, but it limits farmers’ e-commerce selling behavior. The
capital endowment was found to significantly affect both e-commerce selling willingness
and e-commerce selling behavior, and human capital significantly affects e-commerce
selling willingness. However, economic capital, social capital, and information capital were
not found to significantly affect willingness to participate in e-commerce selling, but they all
had a significant effect on e-commerce selling behavior. The village environment and capital
endowment significantly affected large-scale and small-scale farmers’ willingness to sell
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and e-commerce selling behavior. However, the factors constraining farmers’ willingness
to sell and e-commerce selling behavior of different sizes vary.

Based on the above findings, the study proposes the following policy recommenda-
tions: First, we should pay attention to the internalization function of the village envi-
ronment on the impact of farmers’ e-commerce sales, and strengthen and improve the
village environment construction. Investment in transportation, communication, and other
infrastructure and additional logistics sites should be increased. Key focuses should be on
improving external conditions that restrict the sale of agricultural products and promoting
the transformation from farmers’ use of the traditional sales model to the use of the e-
commerce sales model. The promotion of market specialization along with the “one village,
one product” should focus on the leading role of cooperatives and other social organiza-
tions. Governments should provide full support to farmers to guide the role of e-commerce
sales and actively promote e-commerce training. They should also impose new policies
to reduce the cost of access to information for farmers, farmers’ e-commerce sales inputs,
uncertainty and risk of farmers’ sales, and improve the e-commerce subsidy mechanism.

Second, farmers’ capital endowment heterogeneity should be recognized, and a dif-
ferentiated incentive mechanism needs to be established to improve farmers’ e-commerce
sales behavior. Governments should improve human capital quality by strengthening
agricultural technology and professional farmer training. The vital role of social networks
should also be fully endorsed. A well-structured information dissemination platform
should be implemented to foster social interaction and experience sharing. The mech-
anism of farmers’ information access channels should be broadened to reduce farmers’
information collection costs.

Third, the promotion of large-scale operation should be strengthened and small-scale
farmers should be encouraged to expand the scale of land operation to obtain scale benefits.
More policy support should be provided to large-scale farmers, human capital investment
of farmers with large planting scales should be strengthened, and the transformation of
marketing mode of large-scale farmers should be promoted. Under the current system,
attention should also be paid to the cultivation of small-scale farmers’ e-commerce sales
potential and the reduction of capital endowment constraints.

Three issues should be evaluated by future researchers, which limit our study. First,
the scope of the study, as this study was conducted mainly in six central kiwifruit-producing
counties in Shaanxi and Sichuan Provinces of China, and the results that may be obtained
are difficult to apply in a broader context. Future research should extend the scope of the
study to more farmers of different agricultural species and agro-industrial zones, thus
enhancing the general applicability of the findings. Second, the study mainly used cross-
sectional data, reflecting a point-in-time problem and making it difficult to dynamically
observe changes in farmers’ behavior over time. The potential future research should focus
on collecting panel data for better understanding of the dynamics of changes in farmers’
behavior. Finally, the questionnaire used in this study was mainly self-reported by farmers,
and self-reported e-commerce participation behaviors were usually overestimated because
respondents had different comprehension of the questionnaire during the research process.
Therefore, future studies should consider counseling farmers on the questionnaire before
the research to reduce potential bias due to self-reported behaviors.
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