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Abstract: Information technology has become an increasingly powerful driving force in modern
agriculture. In particular, its application is important for the sustainable development of the apple
industry. However, to promote technology application effectively, a better understanding of the
behavioral intention of apple farmers towards such information technology is needed. This study uses
micro data from 226 Chinese apple growers and applies the theory of planned behavior. The factors
influencing apple farmers’ intention to choose information technology, along with factors influencing
the transformation of that intention into actual behavior, are investigated through structural equation
modeling. The results show that farmers’ information technology attitudes and perceived behavioral
control have a significant positive impact on their intention to choose information technology, and
that intention has a significant positive impact on behavioral response. Additionally, both tacit
and explicit knowledge sharing have a positive moderating effect on transforming the intention
to choose information technology into actual behavior, and the higher the degree of knowledge
sharing, the stronger its moderating effect. The results imply that to achieve industry sustainability,
the government needs to improve its guidance and incentives for agricultural technology, as well
as support the development of a strong knowledge-sharing system specifically for agricultural
information technology.

Keywords: modern agriculture; apple industry; knowledge sharing; agricultural information tech-
nology; theory of planned behavior; structural equation model

1. Introduction

Global agriculture has evolved through three stages: traditional agriculture, bio-
chemical agriculture, and mechanized agriculture. The fourth and current stage is emerging
now, namely, smart agriculture [1]. Agriculture 4.0 relies mainly on new technologies such
as advanced agricultural information, the Internet of Things, and artificial intelligence [2].
In fact, China’s 2021 Central Government’s “No. 1 Document” also proposes the in-depth
integration of a new generation of information technology with agricultural production
and management [3]. How to promote the application of information technology in the
agricultural field has become a key issue at home and abroad.

Apples are an important economic crop in China; in fact, China is the top producer
and exporter of apples in the world, which has been critical for increasing farmers’ in-
comes [4,5]. However, the aging labor force and rising production costs have severely
restricted the sustainable development of the apple industry. An effective way to address
these problems is to promote the application of information technology in the production
of apples [3,5]. The information technology used in apple production mainly includes
orchard environmental monitoring to observe the growth of apples, automatic water and
fertilizer integration systems, pest monitoring and early warning technology, and apple
grading and sorting machines.

As information technology can reduce labor and other costs, its implementation
is conducive to sustainably modernizing the apple industry [5–7]. Therefore, from the
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perspective of long-term sustainable development, it is necessary to analyze the factors
affecting farmers’ information technology choice intentions in apple production, and how
to transform farmers’ choice intentions into actual behaviors.

The remainder of the paper is organized as follows. Section 2 reviews the relevant
literature. Section 3 discusses our model framework and establishes our hypotheses.
Section 4 introduces our empirical methods and sample data. The empirical results are
presented in Section 5. Section 6 provides a discussion, followed by the conclusions and
policy implications in Section 7.

2. Literature Review

Information technology is a general term used to describe various technologies that
assist in the management and processing of information, including sensor technology,
intelligent technology, computer and communication technology, etc. [7,8]. At present,
the combination of information technology and agricultural science is called agricultural
information technology, which mainly studies the application of modern information
technology in the field of agriculture [9–11].

As an important tool for realizing agricultural modernization, information technology
has become a hot research topic in China and elsewhere in recent years. For example,
Li [12] summarized the development of and latest achievements in agricultural information
technology in China, while Zhao [13] added an international perspective, analyzing the de-
velopment status of agricultural information technology in China and abroad, and explored
potential research avenues in the field. Some scholars have conducted qualitative research
on the characteristics and trends of the development of agricultural information technology.
For example, Nie [14] summarized the characteristics of different information technologies
used in agriculture before, during, and after production. Zhao [13] identified the trend
that information technology is become more digital and precise. Other scholars have used
mathematical models to quantitatively analyze agricultural information technology. For
example, Cao [7] analyzed the factors affecting farmers’ use of information technology in
Beijing. Gu [6] analyzed the application of information technology in rural governance,
using Zhejiang as a case. Zhang [8] measured the agricultural water poverty index based
on information diffusion technology.

The application of information technology in agricultural production is also a hot
research topic. This line of research focuses on the use of technology-generated infor-
mation, e.g., for collecting and analyzing soil [15,16], using crop growth information to
regulate crop production and forecast crop yields [17,18], and using spectral monitoring
and remote sensing technology to monitor crop diseases and insects [19–22]. In addition,
some scholars have evaluated the benefits of information technology in agricultural pro-
duction. Aparjita [23] proposed that the use of information technology could help farmers
obtain transparent price information and reduce production costs. Jensen [24] and Lee [25]
suggested that the application of information technology could significantly increase the
price of farmers’ products and income [26,27]. Some scholars have also proposed that
information technology can improve production efficiency and reduce labor costs [28–30].

However, the existing literature has some shortcomings. First, most scholars have fo-
cused on the application of information technology in field crops for domestic consumption,
with little research on economic crops for international consumption [8,9,16,21]. Second,
most studies have conducted research on information technology from a macro perspective,
with few empirical studies at the micro level [12–14]. Third, the inconsistency between
farmers’ information technology choices and behaviors has largely been ignored.

Our study attempts to remedy these shortcomings. First, we examine the apple
industry as a cash crop. We build a theoretical framework to analyze apple growers’
information technology behavior, and investigate the factors influencing this behavior from
three aspects: attitude, subjective norms, and perceived behavioral control. Specifically, we
consider how choice behavior as well as internal and external factors influence this behavior.
Second, through field research, we collect micro data on apple growers in Shandong
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Province, China, paying attention to differences in behavior caused by farmer heterogeneity,
to reveal the “black box” of the mechanism of information technology selection at the
individual farmer level. Third, because farmers’ intention to choose information technology
cannot completely explain their information technology behavior, we introduced the
concept of knowledge sharing as a moderating variable, analyzing both tacit knowledge
sharing and explicit knowledge sharing. We examine the role that knowledge sharing
plays in transforming intention to choose technology into actual behavior. Our results have
practical significance for improving farmers’ information technology choices, promoting
the application of information technology in apple production, and ensuring the sustainable
development of the industry.

3. Theoretical Framework and Research Hypotheses
3.1. Theory of Planned Behavior

The theory of planned behavior (TPB) was first proposed by Ajzen [31] to explain
the mechanisms underlying human behavior and has long been the basis for research on
many behaviors. The theory states that the factors that affect behavior fall under behavioral
intention, and these indirectly affect behavioral performance. According to the theory,
behavioral intention is affected by three related factors: “attitude”, “subjective norms”,
and “perceived behavioral control” [32,33]. In this study, “attitude” refers to the positive or
negative feelings of farmers towards in-formation technology. “Subjective norms” refer to
the external pressure farmers may feel when choosing information technology. “Perceived
behavioral control” refers to the obstacles created by farmers’ personal experiences and
expectations. Using TPB and applying it to farmer households, we designed a theoretical
model for the study, as shown in Figure 1.
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3.2. Research Hypotheses
3.2.1. Attitude, Subjective Norms, Perceived Behavioral Control, and Information
Technology Choice Intention

According to the research of Wu [32] and Li [34], behavioral attitudes are composed
of two sub-dimensions: degree of inner orientation and degree of outer orientation. In
this study, behavioral attitudes represent the farmers’ preference and income expecta-
tions for information technology choices [34,35]. Behavioral attitudes indirectly affect
behavioral choice through willingness [33]. When farmers feel strongly about information
technology and believe that technology will not only be conducive to apple production
but will also bring other benefits, their positive attitudes improve their intention to choose
technology [36].

Thus, Hypothesis 1 (H1) is proposed:

Hypothesis 1 (H1). Farmers’ information technology behavior and attitudes have a positive effect
on their intention to choose information technology.
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According to TPB [31], subjective norms refer mainly to external pressures that farm-
ers experience from outside organizations or individuals when they choose information
technology [33,37]. For farmers, these include county governments, village committees,
agricultural material enterprises, and other farmers [36]. Some studies have shown that
when these outside organizations or individuals have a positive attitude towards technol-
ogy, it will promote farmers’ willingness to choose technology [34,37].

Thus, Hypothesis 2 (H2) is proposed:

Hypothesis 2 (H2). The subjective norms faced by farmers have a positive effect on their intention
to choose information technology.

Perceived behavioral control includes internal and external control [34]. Perceived
behavioral control in this study refers to farmers’ subjective understanding of their own
ability and perceived external obstacles in the process of applying information technol-
ogy [31,36]. When farmers think they already have the relevant knowledge and skills to
apply information technology, they are more confident in choosing this technology [38].
Similarly, if farmers have more channels to readily obtain the resources they need to apply
information technology, and cope with any difficulties encountered in production, their
enthusiasm to choose information technology will increase [39].

Thus, Hypothesis 3 (H3) is proposed:

Hypothesis 3 (H3). Farmers’ perceived behavior control has a positive effect on their intention to
choose information technology.

In this study, “behavioral intention” measures the extent that farmers are motivated
to use information technology, along with the efforts they are willing to make to apply
it [38]. Many previous studies have shown that the formation of behavioral intention plays
a positive role in promoting ultimate behavior [31,34,36,37]. When farmers have positive
expectations of the value and benefits of information technology and higher self-confidence
in their own capabilities, they perceive less external resistance and feel more favorably
about choosing information technology.

Thus, Hypothesis 4 (H4) is proposed:

Hypothesis 4 (H4). The intention of farmers to choose information technology has a positive effect
on their information technology behavior.

3.2.2. The Moderating Effect of Knowledge Sharing in Transforming Intention into Actual
Behavior

Knowledge sharing refers to a process through which knowledge is communicated
among individuals or organizations. Most scholars divide it into explicit and tacit knowl-
edge [34]. Explicit knowledge refers to knowledge such as mathematical formulas, di-
agrams, documents, and data, whereas tacit knowledge refers to knowledge such as
experience, intuition, and values [37]. Some studies have shown that knowledge shar-
ing plays an important role in the process of farmers’ technology selection [31,34,38,39].
Therefore, improving knowledge sharing channels and strengthening knowledge sharing
in general will probably improve farmers’ expectations of the possibility of success in
using information technology, and, ultimately, in transforming the intention to choose
information technology into selection behavior. Thus, Hypothesis 5 (H5) is proposed:

Hypothesis 5 (H5a). Tacit knowledge sharing has a positive moderating effect on the transforma-
tion of farmers’ intention to choose information technology into actual behavior.

Hypothesis 5 (H5b). Explicit knowledge sharing has a positive moderating effect on the transfor-
mation of farmers’ intention to choose information technology into actual behavior.
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4. Methods
4.1. Data

The data of this paper come from a field survey conducted by the research group
in Shandong Province in May 2021, which used the methods of face-to-face interviews
and random sampling. The survey was conducted face-to-face by trained enumerators,
with at least one researcher present to ensure the quality of the data collection [4]. The
survey involved three towns and their villages. Each township randomly selected two
to three villages, and each village randomly selected 20 to 30 apple farmers. To ensure
the data quality of the questionnaire and the representativeness of the sample, this study
selected Shandong Province as the regional representative of Chinese apple growers. In
2019, Shandong’s apple output reached 9,502,300 tons, with an apple planting area of 246.60
thousand hectares; Shandong ranks among the top apple growing areas in the country
in terms of output and planting area [5]. A total of 240 questionnaires were distributed
and 226 questionnaires were returned. Due to the missing of important variables and
inconsistent answers, 14 questionnaires are invalid. The questionnaire had an effective
response rate of 94.17%. This process meets the basic research requirements for the sample
size and structural equation modeling (SEM) analysis [32,33,35].

The descriptive statistics of the basic characteristics of the sample of 226 rural house-
holds are shown in Table 1. In terms of individual characteristics, 54.42% of the farmers
were male and 45.58% of the farmers were female. This shows that the ratio of men to
women is relatively balanced in the apple industry. The average age of farmers was 58
years old; 8.85% of the farmers were under 45; 63.72% were aged 46 to 65; and 25.66% were
over 65. Thus, most farmers were between the ages of 46 and 65. The education among
these rural households was generally low: 26.10% of farmers had an elementary school
education or below; 60.62% had a junior high school education, and 13.27% had a high
school education or above. In terms of family characteristics, the average labor force per
household was 2.01; 92.04% of the sample lived in rural households with less than three
laborers. The average annual household income in the sample was 63,384.82 yuan; 28.76%
of the sample had a household income of 30,000 yuan and below; 51.77% had a household
income of 30,000 to 90,000 yuan, and 19.47% had a household income of 90,000 yuan or
more. Thus, low-income and middle-income farmers accounted for the largest proportion.
In terms of the characteristics of the orchards, land fragmentation was obvious. The scale
of apple planting was relatively small, with an average of 0.45 hm2 planted per household,
and only 23.01% of the farmers with a planting scale of 0.6 hm2 or more. Thus, 65.49% of
the orchard plots were “very scattered” and “relatively scattered”, while 15.04% were in the
“general” category and 36.73% were considered “more concentrated” and “centralized”.

Table 1. Description of individual characteristics, family characteristics and orchard characteristics of sample farmers.

Item Category Percent (%) Item Category Percent (%)

Gender
Male 54.42

Annual household
income (×104 CNY)

≤ 28.76
Female 45.58 3~6 36.73

Age

≤35 3.10 6~9 15.04
36–45 5.75 >9 19.47
46–55 28.76

Garden area (hm2)

≤0.2 17.26
56–65 34.96 0.2~0.4 35.84
>65 25.66 0.4~0.6 23.89

Education
Primary school and below 26.10 >0.6 23.01

Junior middle school 60.62

Decentralization of land

Worst 28.76
Senior high school and above 13.27 Bad 36.73

Household scale
(person)

1 12.39 Average 15.04
2 79.65 Well 19.47
≥3 7.96 Best 17.26
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4.2. Structural Equation Modeling (SEM)

The SEM has the advantage of being able to handle multiple factors and factor relation-
ships, allowing independent and dependent variables to contain measurement errors. The
SEM consists of two parts: one is the measurement model, which reflects the relationships
between latent and observable variables; the other is the structural model, which reflects
the structural relationships between latent variables. In our study, it is composed of the
following equations. Equation (1) is a structural equation that defines the linear relationship
between latent variables, and Equations (2) and (3) are measurement equations defining
the linear relationship between the latent variables and observed variables.

η = Bη+ Γξ+ ζ (1)

X = Λxξ+ δ (2)

Y = Λyη+ ε (3)

where η is the endogenous latent variable and ξ is the exogenous latent variable. The
exogenous latent variables in this study are information technology choice intention and
information technology choice behavior, and the endogenous latent variables are behavioral
attitude, subjective norms, and perceived behavioral control.

B and Γ are the coefficient matrices of η and ξ, respectively; ζ represents the unex-
plained element; Y and X are the observed variable vectors of η and ξ, respectively; Λx
and Λy represent the correlation coefficient matrix of η and ξ and their observed variables,
respectively; and ε and δ represent the residual items, respectively [29,30].

4.3. Variable Description

Based on the TPB and the existing research, the study indicators were adapted from
extant research scales [31,34,36,37]. In terms of measurement, we used five-point Likert-like
scales to measure the items of the variables and assigned values from 1 to 5 (low to high).
In terms of content, the variables were divided into three categories: (1) the respondent’s
individual characteristics, family characteristics, and orchard characteristics; (2) other
related variables under the TPB framework, including the five latent variables, farmers’
information technology choice behavioral attitudes, subjective norms, perceived behavioral
control, behavioral intention, and behavioral response; and (3) the information technol-
ogy knowledge-sharing scale, including explicit knowledge sharing and tacit knowledge
sharing. The variables, measurement items, and descriptive statistics are shown in Table 2.

4.4. Reliability and Validity Tests

Reliability analysis verifies whether the measurement results are consistent and stable;
the higher the reliability, the better the consistency and stability of the sample data. This
study used Cronbach’s alpha to test the reliability of the data; the results are shown in
Table 3. Wu [32] and Wen [35] stated that if Cronbach’s alpha is greater than or equal to
0.70, internal consistency is high. From the reliability test results, Cronbach’s alpha of
information technology behavioral attitude, subjective norms, perceived behavioral control,
information technology choice intention, and information technology choice behavior
were all between 0.70 and 0.90. Thus, our sample data had good internal consistency and
high reliability; this standard is consistent with similar studies [34,36]. In this process,
the observed variable ATT3 of behavior and attitude was eliminated because of its low
internal consistency.
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Table 2. Latent variables, measurement items, and descriptive statistics.

Latent Variable Measure Item Mean Standard Deviation

Attitude toward the behavior
(ATT)

ATT1 You are willing to actively learn the information technology in apple
production 4.19 1.09

ATT2 You are willing to take the initiative to obtain information about
information technology in apple production 3.86 1.06

ATT3 You use information technology to pursue higher returns 4.18 0.87

Subjective Norm
(SN)

SN1 The importance attached to information technology by the county
government or village committee will affect your use of information technology 2.75 1.31

SN2 Information technology guidance provided by agricultural companies will
affect your use of information technology 2.42 1.16

SN3 The opinions of relatives, friends, and neighbors will affect your use of
information technology 3.12 1.33

Perceived Behavioral Control
(PBC)

PBC1 You have the professional knowledge and basic skills in the use of
information technology 3.04 1.25

PBC2 You have strong learning ability and can master the use of information
technology as soon as possible 3.02 1.21

PBC3 You have a wealth of information channels and can understand and
master information technology related knowledge 2.89 1.15

Behavioral intention
(BI)

BI1 You are willing to use information technology 4.07 1.08
BI2 You are willing to expand the use of information technology 3.56 1.09

BI3 You are willing to continue to use information technology 3.52 1.02

Behavioral response
(BR)

BR1 You have selected information technology in the production process 2.52 1.28
BR2 You use information technology for a long time 2.32 1.13

BR3 You use information technology more frequently 2.17 1.04

Knowledge sharing
(KS)

KS1 The village committee will provide information technology related guides,
instruction manuals and other book knowledge bases 2.51 1.16

KS2 There are many ways to inquire about information technology related
knowledge, such as TV network, etc. 3.18 1.23

KS3 The village will organize regular visits and learning activities among
farmers using information technology 2.78 1.10

KS4 Whenever you ask big users who use information technology better, they
will share their experience without reservation 3.78 1.06

Table 3. Reliability test of measurement variables.

Latent Variable Observed Variable Cronbach’s Alpha Value

ATT
ATT1

0.805ATT2

SN
SN1

0.806SN2
SN3

PBC
PBC1

0.769PBC2
PBC2

BI
BI1

0.820BI2
BI3

BR
BR1

0.878BR2
BR3

Note: Meanings of abbreviations in the column of “Latent variable” and “Observed variable” are shown in the
Table 2.

Validity analysis mainly confirms whether the survey data can support the hypotheses
and reflect the problem studied. According to relevant research, we used factor analysis to
test validity [35,36]. Usually, the value from the KMO (Kaiser-Meyer-Olkin) test should be
greater than 0.6 and Bartlett’s test of sphericity should be significant at 0.05 [34,36,37]. The
results are presented in Table 4. The KMO metric value was 0.793, which is greater than
0.6. The χ2/df value of Bartlett’s test of sphericity was 1506.877, and the p-value was less
than 0.01, which passes the 1% significance test and is consistent with standards in similar
studies [32,39]. Therefore, the data were suitable for factor analysis.
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Table 4. Results of KMO test and Bartlett’s spherical test.

Kaiser-Meyer-Olkin Metric for Sufficient Sampling 0.793

Bartlett’s Spherical Test
χ2/df 1506.877

df 120
Sig 0.000

We used SPSS AMOS for factor analysis [36]. The results are shown in Table 5. The
factor load of each latent variable corresponding to behavioral attitude, subjective norms,
perceived behavioral control, technology choice intention, and technology choice behavior
was greater than 0.6, indicating that each latent variable was highly representative [32,35].
In addition, the average variance extracted (AVE) corresponding to each latent variable
was greater than 0.5, and composite reliability (CR) was greater than 0.7, which indicated
that the validity of the sample data was ideal and could reflect the problem studied.

Table 5. Factor load.

Path Estimate AVE CR

ATI2 ← ATT 0.777
0.673 0.804ATI1 ← ATT 0.861

SN4 ← SN 0.694
0.586 0.809SN2 ← SN 0.774

SN3 ← SN 0.823
PBC4 ← PBC 0.676

0.530 0.772PBC2 ← PBC 0.78
PBC1 ← PBC 0.725
BI3 ← BI 0.717

0.603 0.819BI2 ← BI 0.78
BI1 ← BI 0.828
BR3 ← BR 0.817

0.712 0.881BR2 ← BR 0.877
BR1 ← BR 0.837

Note: Meanings of abbreviations in the column of “Path” is shown in the Table 2.

5. Results
5.1. SEM Fit Test

We used SPSS AMOS to test the fit of the model and sample data. The model fitness
test indicators and test standards are shown in Table 6. The value of χ2/df was 2.671, which
was less than 3; GFI = 0.940, CFI = 0.937, IFI = 0.939, and NFI = 0.906 were greater than
0.90; PNFI = 0.563 and PCFI = 0.583 were greater than 0.50. Based on the results, the model
fit the sample data well.

Table 6. Index and standard of model fitting.

Overall Model Fit Measure Index Statistical Test Value Estimated Value Suggestive Value Fitting Effect

Absolute index
χ2/df 2.671 >3.00 ideal
GFI 0.940 >0.90 ideal

Appreciation index
CFI 0.937 >0.90 ideal
IFI 0.939 >0.90 ideal
NFI 0.906 >0.90 ideal

Contracted index
PNFI 0.563 >0.50 ideal
PCFI 0.583 >0.50 ideal

Note: χ2/df is the normed chi-square; GFI is the goodness of fit index; CFI is the comparative fit index; IFI is the incremental fit index; NFI
is the normed fit index; PNFI is the parsimony adjusted normed fit index; PGFI is the parsimony goodness of fit index.
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5.2. Model Estimation Results

To ensure that the quality of the sample data and the reliability and validity of the mea-
sured variables met the requirements of academic rigor, we used SEM to test the hypotheses
proposed. Table 7 and Figure 2 show that behaviors and attitudes had a significant positive
impact on the intention to choose information technology (standardized path coefficient of
0.539), supporting Hypothesis 1. However, the influence of subjective norms on the inten-
tion to choose information technology was not significant; thus, Hypothesis 2 was rejected.
Perceived behavior control had a significant positive impact on the intention to choose
information technology (standardized path coefficient of 0.337); therefore, Hypothesis 3
was supported. Information technology choice intention had a significant positive impact
on information technology choice behavior as well (standardized path coefficient of 0.362);
therefore, Hypothesis 4 was supported.

Table 7. The path coefficient of the whole model and the test results of model fitting.

Path Estimate S.E. C.R. p-Value
Whether to
Support the
Hypothesis

BI ← ATT 0.539 0.104 5.524 *** YES
BI ← SN 0.008 0.014 0.17 0.865 NO
BI ← PBC 0.337 0.08 3.429 *** YES
BR ← BI 0.362 0.095 3.447 *** YES

Note: Meanings of abbreviations in the column of “Path” is shown in the Table 2. *** p < 0.001.
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We used the hierarchical regression analysis method in SPSS to test the moderating
effect of tacit knowledge sharing and explicit knowledge sharing [40,41]. To avoid high
correlation between the independent variables, we first determined whether there was a
multicollinearity problem. Following Wu [28], we relied on two indicators: tolerance and
the variance inflation factor (VIF). Generally, if tolerance is less than 0.10 and VIF is greater
than 10, there may be multiple commonalities between variables. The results in Table 8
show there was no multivariate commonality among the variables; thus, hierarchical
regression analysis could be used.
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Table 8. Collinearity diagnosis.

Step Variable Tolerance VIF

The first step of the model Intention to choose technology 1.000 1.000

The second step of the model
Intention to choose technology 0.931 1.074

Tacit knowledge sharing 0.892 1.121
Explicit knowledge sharing 0.907 1.103

In Model 1, with information technology choice behavior as the dependent variable,
adding gender, age, years of farming, and educational level to test the effect of the control
variables on the dependent variable, the p-value was greater than 0.05, not reaching a
significant level. In Model 2, adding information technology choice intention, the results
show that the regression coefficient of information technology choice intention on behavior
was 0.251, and the p-value was less than 0.001, reaching a significant level. Using Model 2
as the basis, in Model 3, we added tacit knowledge sharing and explicit knowledge sharing;
in Model 4, we added technology choice intention and tacit knowledge-sharing interaction
terms; in Model 5, we added technology choice intention and explicit knowledge-sharing
interaction terms. These results are shown in Table 9. Models 4 and 5 tested the moderating
effects of tacit knowledge sharing and explicit knowledge sharing, respectively. The results
show that both tacit knowledge sharing and explicit knowledge sharing had a positive
moderating effect. The regression coefficient of tacit knowledge sharing on information
technology choice behavior was 0.185, and the interaction term of tacit knowledge sharing
and information technology choice intention had an effect on information technology. The
regression coefficient of selection behavior was 0.160, and its p-value was less than 0.05,
reaching a significant level; the regression coefficient of explicit knowledge sharing on
information technology choice behavior was 0.172, and the regression coefficient of the
explicit knowledge sharing and information technology choice intention interaction terms
on information technology choice behavior was 0.133; the p-values were all less than 0.05,
reaching a significant level. Thus, H5a and H5b were supported.

Table 9. Regression analysis of the moderating effect of knowledge sharing.

Variable Model 1 Model 2 Model 3 Model 4 Model 5

Control variable
Gender −0.177 * −0.153 * −0.129 * −0.153 * −0.124

Age −0.205 * −0.173 * −0.132 −0.138 −0.154
Years of farming −0.010 −0.028 −0.062 −0.049 −0.060

Education −0.031 −0.039 −0.047 −0.054 −0.035
Main effect

Intention to choose technology 0.251 *** 0.191 ** 0.271 *** 0.253 ***
Tacit knowledge sharing 0.161 * 0.185 **

Explicit knowledge sharing 0.158 * 0.172 **
Interaction

Technology choice intention * Tacit knowledge sharing 0.160 *
Technology choice intention * Explicit knowledge sharing 0.133 *

∆F 3.526 6.088 6.859 6.854 6.553
R2 0.160 0.122 0.180 0.180 0.174

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

By comparing the magnitude of the slopes of the tacit knowledge sharing and explicit
knowledge sharing groups, the direction of the effect could be determined [34]. Figure 3
shows that the slopes of the high and low groups of tacit knowledge sharing were both
positive, and the slope of the high group was slightly larger than that of the low group,
indicating that when the level of tacit knowledge sharing was higher, the intention of
farmers to choose information technology was stronger. When the level of tacit knowledge



Sustainability 2021, 13, 10228 11 of 15

sharing was low, there was a weaker positive effect on transforming farmers’ technology
choice intention into behavior.

Sustainability 2021, 13, x FOR PEER REVIEW 12 of 16 
 

By comparing the magnitude of the slopes of the tacit knowledge sharing and explicit 
knowledge sharing groups, the direction of the effect could be determined [34]. Figure 3 
shows that the slopes of the high and low groups of tacit knowledge sharing were both 
positive, and the slope of the high group was slightly larger than that of the low group, 
indicating that when the level of tacit knowledge sharing was higher, the intention of 
farmers to choose information technology was stronger. When the level of tacit knowledge 
sharing was low, there was a weaker positive effect on transforming farmers’ technology 
choice intention into behavior. 

 
Figure 3. The moderating effect of tacit knowledge sharing on technology choice intention and be-
havior. 

Figure 4 shows that the slopes of the high and low groups of explicit knowledge 
sharing were both positive, and the slope of the high group was slightly larger than that 
of the low group, thus indicating that when the level of explicit knowledge sharing was 
high, it had a strong influence on farmers’ intention to choose information technology. 
When the level of explicit knowledge sharing was low, it had a weaker positive effect on 
transforming farmers’ information technology choice intention into behavior. 

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

Low technology  
choice  in tent ion

High technology  
choice  in tent ion

Te
ch

no
lo

gy
 c

ho
ic

e 
be

ha
vi

or

Low tacit
knowledge
sharing

High tacit
knowledge
sharing

Figure 3. The moderating effect of tacit knowledge sharing on technology choice intention
and behavior.

Figure 4 shows that the slopes of the high and low groups of explicit knowledge
sharing were both positive, and the slope of the high group was slightly larger than that of
the low group, thus indicating that when the level of explicit knowledge sharing was high,
it had a strong influence on farmers’ intention to choose information technology. When the
level of explicit knowledge sharing was low, it had a weaker positive effect on transforming
farmers’ information technology choice intention into behavior.
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6. Discussion

The study contributes to the agriculture literature by examining the cash crop apple
industry and analyzing the differences in behavior among diverse farmers from a micro
perspective to clarify the mechanism of information technology choice at the individual
farmer level. The results show the following:

(1) Behavioral attitude had a significant positive effect on behavioral intention (stan-
dardized path coefficient of 0.539, p < 0.1%), and the degree of influence is the strongest
of all variables. When farmers realize that choosing information technology can produce
higher benefits, their attitude toward information technology is more positive, which
is more conducive to enhancing their behavioral intentions. This is consistent with the
conclusion in some studies that the more positive the behavioral attitude, the stronger the
behavioral intention [36,37,42].

(2) The influence of subjective norms on information technology choice intentions was
positive but not significant. This may be because information technology is an emerging
field with high cost and high risk characteristics; thus, the application rate is still very low,
and many farmers are still marginalized [38,43,44].

(3) Perceived behavioral control had a significant positive effect on behavioral intention
(standardized path coefficient of 0.539, p < 0.1%). Compared with other technologies, the
barriers to adopting information technology are higher, and farmers must possess certain
professional knowledge to avoid difficulties in the application process. Therefore, the
influence of perceptual behavioral control is significant, which is consistent with the
conclusion in some studies that farmers who are more active in learning have stronger
behavioral intentions [45–47].

(4) Behavioral intention had a significant positive effect on behavioral response (stan-
dardized path coefficient of 0.539, p < 0.1%). This indicates that if farmers’ behavioral
intentions towards information technology are more positive, the greater the possibility of
converting intention into actual behavior. This is consistent with the theoretical basis of
TPB and has also been confirmed in some studies [36,39,48,49].

(5) Both tacit knowledge sharing and explicit knowledge sharing played a positive
moderating role in transforming information technology choice intentions into behavior.
This is consistent with some studies that found that the higher the degree of knowledge
sharing, the stronger its moderating role in transforming choice intentions into behav-
ior [34,37].

Although our study provides insights into strengthening industry sustainability by
improving technology usage, there are several limitations to our study. First, we only
used one province, Shandong, in the study sample. In the future, other areas could be
examined to determine if the findings apply elsewhere. Second, we focused on information
technology from the perspective of individual farmer attitudes, subjective norms, and
perceived behavioral control. However, there could be other factors that influence intention,
such as technical cost and efficiency. Third, as our study found that knowledge sharing
played an important role in the process of farmers choosing information technology, this
should be examined in greater depth in the future.

7. Conclusions and Policy Implications

This study applied TPB to data collected through field surveys in Shandong Province,
China, and used SEM to empirically analyze the magnitude and direction of the influence
of various factors on apple farmers’ information technology behavior. We also introduced
knowledge sharing into the research as a moderating variable, investigating the role of
tacit knowledge sharing and explicit knowledge sharing in the transformation of farmers’
information technology choice intention into action. In general, TPB can better explain the
regular pattern of farmers’ individual information technology choices. Among the cogni-
tive factors that affect farmers’ behavioral intentions, behavioral attitudes and perceived
behavioral control have a significant positive impact, of which behavioral attitudes play
the strongest role. Although subjective norms have a positive impact, their impact is not
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significant. Behavioral intention has a positive role in promoting the transformation of
individual farmers’ cognition to behavioral response. Knowledge sharing plays a posi-
tive regulatory role in the corresponding transformation of farmers’ behavioral intention
to behavior.

Although information technology has become a powerful tool for the development of
modern agriculture, information technology in apple production is still in its infancy in
China. Based on the above empirical analysis, the following policies are recommended.
To promote, modernize, and achieve sustainable development in the apple industry, gov-
ernments at all levels need to strengthen their roles in the promotion and development of
agricultural information technology. In particular, as we found that knowledge sharing had
a significant influence, a system of sharing agricultural information technology knowledge
needs to be promoted through relevant books, technical demonstrations, and explanations.
This approach will help farmers increase their awareness of and confidence in agricultural
information technology.

Author Contributions: Conceptualization, X.C. and Y.J.; methodology, X.C.; software, X.C.; vali-
dation, X.C., Y.J. and S.M.; formal analysis, X.C.; investigation, X.C. and Y.J.; resources, S.M.; data
curation, X.C.; writing—original draft preparation, X.C.; writing—review and editing, X.C.; visual-
ization, Y.J.; supervision, S.M.; project administration, S.M.; funding acquisition, S.M. All authors
have read and agreed to the published version of the manuscript.

Funding: This research was funded by the National Natural Science Foundation of China Projects of
International Cooperation and Exchanges (71761147005); the Agricultural Science and Technology
Innovation Program (ASTIP-IAED-2021-05) and the Agricultural Science and Technology Innovation
Program (ASTIP-IAED-2021-ZD-01).

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Roberts, E.; Anderson, B.A.; Skerratt, S.; Farrington, J. A review of the rural-digital policy agenda from a community resilience

perspective. J. Rural Stud. 2017, 54, 372–385. [CrossRef]
2. Zhai, Z.; Martínez, J.F.; Beltran, V.; Martínez, N.L. Decision support systems for agriculture 4.0: Survey and challenges. Comput.

Electron. Agric. 2020, 170, 105256. [CrossRef]
3. Chen, X.; Mao, S.P.; Ma, H.K. Research on development of producer services and smart agriculture from the perspective of

coupling: Based on experience and enlightenment of USA. Res. Agric. Mod. 2021, 42, 610–618. (In Chinese)
4. Qu, R.P.; Wu, Y.C.; Chen, J. Effects of Agricultural Cooperative Society on Farmers’ Technical Efficiency: Evidence from Stochastic

Frontier Analysis. Sustainability 2019, 11, 5411. [CrossRef]
5. Zhang, C.Y.; Chang, Q.; Huo, X.X. How Productive Services Affect Apple Production Technical Efficiency: Promote or Inhibit?

Sustainability 2020, 12, 8194. [CrossRef]
6. Gu, Q.K.; Chi, J.H. How can rural governance and information technology promote the development of famers’ financial contract

credit? Rural Econ. 2020, 12, 94–103. (In Chinese)
7. Cao, B.; Li, J.; Feng, X. The Willingness to Pay for Information Services of Farmers and Its Determinants in the Process of New

Urbanization—An Analysis Based on Data from 652 Farmers in Beijing. Econ. Surv. 2020, 37, 28–37. (In Chinese)
8. Zhang, H.; Wang, J.L. Measurement of agricultural water poverty index based on information diffusion technology. Stat. Decis.

2020, 36, 84–86. (In Chinese)
9. Hu, R.; Wang, R.; Sun, Y.; Zhang, C. Socialized Agricultural Technological Service and Farm Households’ Technological

Information Source Based on a Survey of 2293 Farm Households in Seven Provinces. Sci. Technol. Manag. Res. 2019, 39, 99–105.
(In Chinese)

10. Kong, F.; Zhu, M.; Sun, T. Application analysis and suggestions of modern information technology in agriculture: Thoughts on
Internet enterprises entering agriculture. Smart Agric. 2019, 1, 31–41. (In Chinese)

11. Luo, X.; Liao, J.; Zou, X.; Zhang, Z.; Zhou, Z.; Zang, Y.; Hu, L. Enhancing agricultural mechanization level through information
technology. Trans. Chin. Soc. Agric. Eng. 2016, 32, 1–14. (In Chinese)

12. Li, D.L.; Yang, H. State-of-the-art Review for Internet of Things in Agriculture. Trans. Chin. Soc. Agric. Mach. 2018, 49, 1–20. (In
Chinese)

13. Zhao, C.J.; Li, J.; Feng, X.; Guo, M. Application Status and Trend of “Internet Plus” Modern Agriculture in China and Abroad.
Strateg. Study Chin. Acad. Eng. 2018, 20, 50–56. (In Chinese) [CrossRef]

http://doi.org/10.1016/j.jrurstud.2016.03.001
http://doi.org/10.1016/j.compag.2020.105256
http://doi.org/10.3390/su12198194
http://doi.org/10.3390/su11195411
http://doi.org/10.15302/J-SSCAE-2018.02.008


Sustainability 2021, 13, 10228 14 of 15

14. Nie, P.C.; Zhang, H.; Geng, H.L.; Wang, Z.; He, L. Current situation and development trend of agricultural Internet of Things
technology. J. Zhejiang Univ. (Agric. Life Sci.) 2021, 47, 135–146. (In Chinese)

15. Kuang, B.Y.; Mouazen, A.M. Non-biased prediction of soil organic carbon and total nitrogen with vis-NIR spectroscopy, as
affected by soil moisture content and texture. Biosyst. Eng. 2013, 114, 249–258. [CrossRef]

16. Paul, C.; Paul, W. Spring wheat yield assessment using NOAA-AVHRR data. Can. J. Remote Sens. 1995, 21, 43–51. [CrossRef]
17. Hansen, M.C.; Roy, D.P.; Lindquist, E.; Adusei, B.; Justice, C.O.; Altstatt, A. A method for integrating MODIS and Landsat data

for systematic monitoring of forest cover and change in the Congo Basin. Remote Sens. Environ. 2008, 113, 259–274. [CrossRef]
18. Kim, B.C. The ICT convergence agriculture automated machines designed for smart agriculture. J. Digit. Converg. 2016, 14,

141–148. [CrossRef]
19. Lan, Y.B.; Thomson, S.J.; Hoffmann, W.C. Current status and future directions of precision aerial application for site-specific crop

management in the USA. Comput. Electron. Agric. 2010, 74, 34–38. [CrossRef]
20. De Castro, A.I.; Jurado-Exposito, M.; Peña-Barragan, J.M.; López-Granados, F. Airborne multi-spectral imagery for mapping

cruciferous weeds in cereal and legume crops. Precis. Agric. 2012, 13, 302–321. [CrossRef]
21. Baker, J.E.; Dowell, F.E.; Throne, J.E. Detection of parasitized rice weevils in wheat kernels with near-infrared spectroscopy. Biol.

Control 1999, 16, 88–90. [CrossRef]
22. Maghirang, E.B.; Dowell, F.E.; Baker, J.E.; Throne, J.E. Automated detection of single wheat kernels containing live or dead insects

using near-infrared reflectance spectroscopy. Trans. ASAE 2003, 46, 1277–1282. [CrossRef]
23. Aparajita, G. Information, direct access to farmers, and rural market performance in central India. Am. Econ. J.-Appl. Econ. 2010,

2, 22–45. [CrossRef]
24. Jensen, R. The digital provide: Information(technology), market performance and welfare in the south India fisheries sector. Q. J.

Econ. 2007, 122, 879–924. [CrossRef]
25. Lee, K.H.; Bellemare, M.F. Look who’ s talking: The impacts of the intrahousehold allocation of mobile phones on agricultural

prices. J. Dev. Stud. 2013, 49, 624–640. [CrossRef]
26. Hu, L.; Lu, Q. The Effect of Internet Information Technology Used by Farmerson Income-Increasing in Poverty Areas. Reform

2019, 2, 74–86. (In Chinese)
27. Al-Hassan, R.M.; Egyir, I.S.; Abakah, J. Farm household level impacts of information communication technology (ICT)-based

agricultural market information in Ghana. J. Dev. Agric. Econ. 2013, 5, 161–167. [CrossRef]
28. Pamphile, K.D. Transaction costs in the trading system of cashew nuts in the north of Benin: A field study. Am. J. Econ. Sociol.

2012, 71, 277–297. [CrossRef]
29. Antony, A.P.; Leith, K.; Jolley, C.; Lu, J.; Sweeney, D.J. A review of practice and implementation of the internet of things (IoT) for

smallholder agriculture. Sustainability 2020, 12, 3750. [CrossRef]
30. Salemink, K.; Strijker, D.; Bosworth, G. Rural development in the digital age: A systematic literature review on unequal ICT

availability, adoption, and use in rural areas. J. Rural Stud. 2015, 54, 360–371. [CrossRef]
31. Ajzen, I.; Driver, B.L. Prediction of leisure participation from behavioral, normative, and control beliefs: An application of the

theory of planned behaviour. Leis. Sci. 1991, 13, 185–204. [CrossRef]
32. Wu, M.L. Structucal Equation Modeling: Operation and application of Amos; Chongqing University Press: Chongqing, China, 2010.
33. Lin, S.; Jiang, Y.F. The theory of structural equation model and its application in management research. J. Sci. Manag. Sci. Technol.

2006, 4, 38–41. (In Chinese)
34. Li, G.P.; Wu, J.H. Path of Green Innovation Behavior from the Perspective of Individual: The Moderating Role of Knowledge

Sharing. Soft Sci. 2017, 38, 100–114. (In Chinese)
35. Wen, Z.L.; Hou, J.T.; Herbert, W.M. Structural equation model testing: Cutoff criteria for goodness of fit indices and chi-square

test. Acta Psychol. Sin. 2004, 186–194. (In Chinese)
36. Liu, J.L.; Zhang, Y.X.; Li, X.D. Impact of farmers’ cognition on their participation behavior in the conservation of agricultural

heritage systems: A case study of Anxi Tieguanyin Tea culture system in Fujian Province. Chin. J. Eco-Agric. 2021, 29, 1442–1452.
(In Chinese)

37. Li, B.; Luan, H.; Li, X.J.; Fu, Q.F. The study of generating mechanism of scientific and technical personnel innovation behavior
based on theory of planned behavior. Stud. Sci. Sci. 2013, 31, 286–297. (In Chinese)

38. Aliken, L.S.; West, S.G. Multiple Regression: Testing and Interpreting Interactions; Sage Publications: New York, NY, USA, 1998.
39. Yang, C.F.; Zheng, S.F.; Yang, N. The impact of information literacy and green prevention-control technology adoption behavior

on farmer household income. Chin. J. Eco-Agric. 2020, 28, 1823–1834. (In Chinese)
40. Xiao, Y.; Qi, Z.H.; Yang, C.Y.; Liu, Z. Ocial capital, ecological cognition and rational fertillization behavior of farmers: Empirical

analysis based on structural equation model. J. China Agric. Univ. 2021, 26, 249–262. (In Chinese)
41. Hair, J.F.; Risher, J.J.; Sarstedt, M.; Ringle, C.M. When to use and how to report the results of PLS-SEM. Eur. Bus. Rev. 2019, 31,

2–24. [CrossRef]
42. Yang, W.J.; Gong, Q.W. Effects of famers’ cognition on behavioral response in rural green development. J. Huazhong Agric. Univ.

(Soc. Sci. Ed.) 2021, 2, 40–48+176. (In Chinese)
43. Zhu, Q.Y.; Chen, Y.R.; Hu, W.Y.; Mei, Y.; Yuan, K.H. A study on the relationship between social capital, cultivated land value cog-

nition and farmers’ willingness to pay for cultivated land protection. China Popul. Resour. Environ. 2019, 29, 120–131. (In Chinese)

http://doi.org/10.1016/j.biosystemseng.2013.01.005
http://doi.org/10.1080/07038992.1995.10874595
http://doi.org/10.1016/j.rse.2007.11.012
http://doi.org/10.14400/JDC.2016.14.2.141
http://doi.org/10.1016/j.compag.2010.07.001
http://doi.org/10.1007/s11119-011-9247-0
http://doi.org/10.1006/bcon.1999.0733
http://doi.org/10.13031/2013.13947
http://doi.org/10.1257/app.2.3.22
http://doi.org/10.1162/qjec.122.3.879
http://doi.org/10.1080/00220388.2012.740014
http://doi.org/10.5897/JDAE12.143
http://doi.org/10.1111/j.1536-7150.2012.00830.x
http://doi.org/10.3390/su12093750
http://doi.org/10.1016/j.jrurstud.2015.09.001
http://doi.org/10.1080/01490409109513137
http://doi.org/10.1108/EBR-11-2018-0203


Sustainability 2021, 13, 10228 15 of 15

44. Li, W.; Xue, C.X.; Yao, S.B.; Zhu, R. The adoption behavior of households’ conservation tillage technology: An empirical analysis
based on data collected from 476 households on the Loess Plateau. Chin. Rural Econ. 2017, 44–57, 94–95. (In Chinese)

45. Wang, J.M. The influence of resource saving consciousness on resource saving behavior-a model of interaction effect and
moderating effect in Chinese cultural background. Manag. World 2013, 8, 77–90. (In Chinese)

46. He, K.; Zhang, J.B.; Jiang, L. Farmer demand for the lowcarbon utilization of biomass. Resour. Sci. 2013, 35, 1635–1642. (In
Chinese)

47. Gai, H.; Yan, T.W.; Zhang, J.B. A study on farmers willingness to adopt environments friendly technology from stratification
angle: Taking straw returning as an example. J. Agric. Univ. 2018, 23, 170–182. (In Chinese)

48. He, K.; Zhang, J.B.; Zhang, L.; Wu, X. Interpersonal trust, institutional trust and farmers’ willingness to participate in environ-
mental governance: Based on the example of agricultural waste recycling. Manag. World 2015, 5, 75–88. (In Chinese)

49. Zhang, Y.; Xu, T.; Zhao, M.J. Ecological cognition, family livelihood capital and willingness of herdsmen to participate in grassland
protection. J. Arid. Land Resour. Environ. 2019, 33, 35–42. (In Chinese)


	Introduction 
	Literature Review 
	Theoretical Framework and Research Hypotheses 
	Theory of Planned Behavior 
	Research Hypotheses 
	Attitude, Subjective Norms, Perceived Behavioral Control, and Information Technology Choice Intention 
	The Moderating Effect of Knowledge Sharing in Transforming Intention into Actual Behavior 


	Methods 
	Data 
	Structural Equation Modeling (SEM) 
	Variable Description 
	Reliability and Validity Tests 

	Results 
	SEM Fit Test 
	Model Estimation Results 

	Discussion 
	Conclusions and Policy Implications 
	References

