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Exploring the intrinsic relationship between digital technology and the efficiency of food
safety supervision contributes to a better understanding of the role of digital technology in
food safety supervision and how to maximize its influence. This study employed sample
data from 31 regions in China between 2015 and 2017 for an empirical analysis of the
correlation between the two and to examine the moderating effects of the knowledge
levels of food producers and consumers. The results show that the development of
digital technology contributes to enhancing the efficiency of food safety supervision.
In this process, the higher the knowledge level of consumers, the greater the positive
promotional effect of digital technology. On the contrary, when the knowledge level of
producers is higher, it is not conducive to enhancing the effect of digital technology
on the efficiency of food safety supervision. The author holds the view that this is
related to the fact that employees in the food production and manufacturing industry
have insufficient moral and legal knowledge. This not only limits the effect of digital
technology on enhancing the efficiency of food safety supervision, but also opens the
door to illegal production for some unprincipled producers. The policy implications are
that digital technology should be used to improve food safety supervision, the moral
and legal knowledge of food producers should be improved, and consumers should be
encouraged to use digital technology more in the pursuit of food safety. Implications for
national healthcare system would be also discussed in our paper.

Keywords: digitalization, food safety supervision efficiency, knowledge level of producers, knowledge level of
consumers, food safety regulation
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INTRODUCTION

As a fundamental factor in quality of life, food safety is crucial
to people’s lives and health. It is a matter of societal concern
and something that governments find difficult to regulate. The
lack of integrity of some food producers who are driven by
self-interest and inadequate government supervision mean that
the maintenance of food safety has become a global problem.
According to the World Health Organization, approximately 600
million people suffer from foodborne diseases each year, of whom
420,000 die, resulting in a loss of 33 million healthy life years' For
example, 48 million people in the United States contract diseases
from eating contaminated food every year, of which 128,000
are hospitalized and 3,000 die. The economic loss caused by
foodborne diseases is approximately as high as 93.2 billion USD
(1). Food safety issues have gravely affected human life and health
and have caused great harm to society and the global economy.

To improve the quality of food safety supervision, an adequate
accountability mechanism must first be built so that local
governments, regulatory agencies, and manufacturers can have
clear concepts of their roles within the accountability system,
exert corresponding influence, and form a joint force. At the
same time, it is necessary to improve food safety supervision
with the intelligent use of technology and data. Few studies
have explored the issues of digital technology and food safety
supervision; therefore, we are unable to fully understand the
role that digital technology plays in this process. This impedes
the improvement of digital technology and its application to
food safety supervision. To fill the gap left by existing research,
this study intended to answer the following two questions:
First, how does digital technology affect food safety supervision?
Second, do the knowledge levels of producers, consumers, and
direct stakeholders in food safety influence the effect of digital
technology on the efficiency of food safety supervision?

It is certain that this study can help managers realize the
key influencing factors to improve the efficiency of food safety
supervision, so as to improve the efficiency of food safety
supervision and maintain the health of consumers. Of course, this
paper describes the impact of digital technology on improving the
efficiency of food safety supervision, and emphasizes that digital
technology plays an important role in reducing the occurrence of
events damaging consumers’ health.

THEORETICAL BASIS AND RESEARCH
HYPOTHESES

Food safety supervision usually refers to the oversight over food
production and processing by the government and regulatory
bodies (2). Efficiency can be considered as the ratio of output to
input, including three categories: technical efficiency, allocation
efficiency, and efficiency of scale (3). According to these
definitions of food safety supervision and efficiency, for the
purpose of this study, food safety supervision efficiency is defined
as the ratio of the relationship between the cost invested by the
government and food safety regulatory agencies in the process

'Information extracted from the food safety data published by the World Health
Organization: https://www.who.int/news-room/fact-sheets/detail/food- safety.

of implementing food safety regulatory actions to the regulatory
output (i.e., regulatory results). Existing research on food safety
supervision mostly applies the cost-benefit approach in the
analyses. For example, Herman et al. (4) found that to decide
on whether and how to implement food safety regulations, the
cost-benefit approach is essential. Traill and Koenig (5) took the
British government as the subject of research and introduced a
cost-benefit approach that can be used to evaluate the efficiency
of food safety supervision thoroughly. In addition, Millstone et al.
(6) opined that the government should supervise food supply
and improve the efficiency of food production supervision to
ensure food safety. Han and Yan (7) believe that, considering the
finiteness of regulatory resources and the problems of regulatory
costs, a regulatory model that is led by the government and
supported by enterprises should be constructed.

Digital technology generally consists of technologies such as
blockchain, big data, cloud computing, and artificial intelligence.
The biggest advantage of its application is that it can improve
the overall economic efficiency of society. The problems of
plane connection include excessive nodes and low efficiency.
Digital technology can build a more direct and efficient
network, breaking the plane connection between enterprises and
enterprises, people and people, and between people and materials
(8). Giacomo et al. (9) believe that a structure with amplified
natures of multidimension and interaction will be established in
the future through digital technology. The end-to-end interactive
connection mode in this structure will eliminate intermediate
nodes and further improve interactions and cooperation between
subjects. In addition, the blockchain based on the digital
technology will strengthen the trust of consumers and customers,
maintain a state of low cost and high efficiency in economic
operation, and drive the rapid development of society. The
application of digital technology has formed a trend, especially
for traditional industries such as food production. To break
through the production frontier and improve product quality, the
support of digital technology is indispensable.

Digital Technology and Food Safety

Supervision Efficiency

As the food supply chain continues to lengthen, regulators
and consumers lack sufficient and accurate information to
trace the authentic sources of food or locate the origins of
food quality problems in time. Digital technology can bring
about various approaches to improve the status of food safety
supervision (10, 11), including the tracking of food safety
information, improvement of relevant laws and regulations, and
the enhancement of the spread of food safety knowledge.

The development of digital technology is conducive to the
tracking of food safety information. In an ideal situation, the
monitoring of food quality would involve the whole process
without the loss of any information. Whole-process monitoring
is difficult to achieve against the background of large-scale
food production, distribution, and sales. However, with the
development of digital technologies such as wireless sensing
and the Internet of Things, food safety supervision can go
beyond the constraints of the existing workforce and material
resources and entail a system as close as possible to the real-
time monitoring of food production and distribution. Cranfield
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et al. (12) applied radio frequency technology and blockchain
technology to construct a conceptual framework of a traceable
system of the food supply chain and analyzed the advantages
and disadvantages of the application of digital technology and
its approaches. Awuor et al. (13) further proposed a food
safety emergency plan based on digital technology, linking all
information in the food supply chain, and established an efficient
and reliable execution environment so that when food safety
issues occur, core problems can be traced rapidly and losses
can be minimized. Shinwell and Defeyter (14) took meat as
an application scenario for the construction of a model of a
digitisation system and performed functional verification. Digital
technology improves the efficiency of food safety supervision by
government departments by realizing information tracing.

The development of digital technology is conducive to the
improvement and application of relevant laws and regulations.
Consumers can only obtain food safety information from
publicly available data in the food market, which means that
information access is asymmetric. Consumers will usually be
unaware of safety risks if producers and processors deliberately
conceal information about it. In addition, the shortfalls in the
timeliness and accuracy of information disclosure of food safety
supervision by government departments lead to a situation
in which most consumers cannot obtain dynamic information
of food inspection on time, which increases the safety risks.
Because of identification difficulties and inaccurate judgments,
loopholes in relevant laws and regulations may be exploited when
these safety issues occur. Reeder et al. (15) believe that digital
technology will significantly promote the informatization level
of the food industry, increase the transparency of food safety
information and the supervision efficiency of administrative
agencies, and is a powerful tool for social co-governance. From
a legal perspective, Marcotrigiano et al. (16) explored how to
introduce digital technology into the supervision of food safety.

On the one hand, digital technology improves the efficiency
of food supervision and reduces management costs. On
the other hand, it reduces the rent-seeking behavior of
government departments and protects consumer rights in some
countries. By improving relevant laws and regulations, digital
technology improves government departments food safety
supervision efficiency.

The development of digital technology is conducive
to spreading knowledge about the safe production and
consumption of food. The governments of various regions
in China have formulated regulations on food quality standards,
food contaminants, pesticide residue limits, and specifications of
food hygiene practices. Although the overall level of the standard
system is slightly lower than the average international level,
the technical level and hardware conditions of Chinese food
producers and processors do not meet the standard in many
cases, and this is one of the factors that reduces the efficiency of
food safety supervision. Digital technology closely connects all
links in the food production and processing chain by building a
network platform that combines the online and offline worlds
and promotes the continuous circulation of advanced production
and processing technologies within the food industry (17). It can
increase the degree of codification of high-quality production

and processing knowledge, making this easier to be disseminated
and accepted (18). Digital technology can also strengthen the
tacit understanding between the business partners of the food
production and processing chain; therefore, any technical
requirements of each link can be satisfied by matching suppliers
in time (19). In addition, consumers can learn more about food
safety through digital technology and promptly report food
safety issues to producers and regulators during consumption
(20). Digital technology improves the efficiency of food safety
supervision of government departments through the spillover of
knowledge in food safety production and consumption.

H1: There is a positive correlation between digitalization and
the efficiency of food safety supervision.

Producer Knowledge Level

In some cases, high-level technology and equipment are needed
for the safe production of food. With a higher knowledge
level, a producer can master the corresponding operating
technology and equipment more easily. As the level of knowledge
increases, the cognitive levels of producers will increase and
help them to select production technology behaviors that are
safer (21, 22). In addition, not only does the accumulation
of knowledge help producers to promote technology in the
safe production of food and improve their legal awareness
of food safety, but it also indirectly loosens the financial
constraints and risk constraints faced by producers, creates
the necessary conditions for producers to adopt advanced
and new technology, and in turn contributes to improving
the degree of safety of production technologies. From the
perspective of producers, Demazeau et al. (23) examined the
factors influencing high-quality production by dairy farmers and
found that factors including education level, whether there is
technical guidance, and the degree of understanding in food
safety knowledge significantly affect safety behaviors of feeding
and disinfection. The promotion of production technology
and knowledge level is one of the main characteristics in the
digital transformation of the industry. A higher knowledge
level of the producer leads to greater exertion of the effect
of digital technology on the supply side of food. First, it
accelerates the circulation and acceptance of safe production
technology of food. Second, it strengthens producers’ awareness
of the safe production of food, prevents food safety hazards by
eliminating the root causes, and improves the efficiency of food
safety supervision.

H2: A higher knowledge level of food producers strengthens
the effect of digital technology on improving the efficiency of
food safety supervision.

Consumer Knowledge Level

Food safety issues ultimately affect the lives and health of
consumers. In the process of food safety supervision, consumers
play a feedback role, that is, to reflect consumer experience to
the market and to regulatory authorities, actively or passively.
Barakabitze et al. (24) believe that the higher the consumers’
knowledge level, the better their ability to seek out high-quality
products in the market, while having a higher awareness of
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food safety and risk prevention. When consumers encounter
food safety issues, they are inclined to disclose such problems
publicly or to protect their consumer rights by legal means.
Yan et al. (25) also investigated the topic from the consumers’
perspective. The study examined the effect of education level
on preference for food attributes. The results showed that
consumers with higher education and income levels have
a stronger ability to obtain information and attach more
importance to high-quality labels certified by international
agencies. The two studies mentioned show that as the education
level increases, consumers awareness of safe consumption
will increase. Moreover, this indicates that when consumers’
education level is low, their food safety awareness is also at a
low level, and it impedes the effect of digital technology on
food safety supervision. Conversely, a higher knowledge level
of the consumer leads to a greater effect of digital technology
on the consumption side of food. The main manifestation
is that a high knowledge level of consumers is conducive
to the feedback and supervision effect of digital technology
on the end consumer market, thereby enhancing food safety
supervision efficiency.

H3: A higher knowledge level of consumers strengthens the
effect of digital technology on improving the efficiency of food
safety supervision.

VARIABLE SELECTION AND DATA
COLLECTION

Food Supervision Efficiency (Regul_Effic)
Extensive research has been conducted on the evaluation
indicator systems of food safety supervision efficiency. For
instance, Khayyam et al. (26) believe that the frequency of
supervision actions and random inspection can provide a
complete reflection of the scale of investments in food safety
supervision. The study selected the supervision frequency,
random inspection rate of food safety, and rate of administrative
punishment as input indicators, and selected the rate of food
poisoning and qualified rate of a product as output indicators.
Chen et al. (27) selected the average penalty amount and the
intensity of the random inspection of food as input indicators
and selected the qualified rate of randomly inspected products
as an output indicator. The ratio between input and output
was used to judge the level of food safety supervision. Kang
et al. Kang et al. (28) determined the food safety situation
by looking at the number of food poisoning incidents, the
number of people affected by food poisonings, the number of
deaths from food poisoning, and the qualified rate of random
inspected products.

Zhang et al. (29) and Zhang and Song (30) highlighted
two shortcomings in the existing methods. First, the effect of
food safety supervision funding and other auxiliary supervision
equipment on the efficiency of supervision is not duly being
considered. Second, the effect of low-quality output on the
efficiency of food safety supervision is not duly being considered.
These studies have built more comprehensive evaluation
indicator systems but have not conducted empirical analyses.

TABLE 1 | Explanation of the evaluation indicators of food safety supervision
efficiency.

Indicator Method of calculation
Input Level of regulatory funding (Food safety affairs
investment expenditures/total public safety
affairs expenditures) x100%
Intensity of random inspections (Total inspected batches/total
population of the region) x 100%
Intensity of administrative (Total amount of penalty
punishment concerning food safety/number of
food safety violations) x100%
Output  Food safety qualified rate (Qualified batches in random

inspections/Total inspected
batches) x100%

Based on the above research, this study constructed an input—
output indicator system for food safety supervision efficiency, as
shown in Table 1.

Among the above indicators, food safety is a part of public
safety affairs, and investment in the supervision of food safety
improves supervision efficiency. Sufficient funding of food safety
supervision is the key to ensuring the improvement of food safety
supervision efficiency; random inspection of products is a direct
approach to improve food safety. Generally speaking, the greater
the intensity of random inspection per capita, the greater the
effect of warnings and food safety supervision. The intensity of
random inspection of food is represented by batches inspected
per one thousand people in food supervision; the greater the
intensity of administrative punishment, the greater the warning
and deterrent effect to food producers, which is conducive to
promoting the improvement of food production quality. The
intensity of administrative punishment is represented by the
average amount of the penalty for each food safety violation.
The output of food safety supervision refers to the effect of the
supervision actions of the food safety supervision departments.
The qualified rate of food in random inspection is selected as the
output indicator. The higher the qualified rate, the more effective
the supervision.

Now that we have explained the input and output indicators,
the super-efficiency data envelopment analysis (DEA) method
was employed in this study to calculate the efficiency of food
safety supervision. This is because first, DEA is a non-parametric
method used to evaluate the relative effectiveness of decision-
making units (DMUs) under a multi-inputs and multi-outputs
mode; and second, when a traditional DEA model is used to
calculate the relative efficiency of the DMUs, effective DMUs
cannot be further differentiated and compared. To overcome this
shortcoming, studies such as Cook et al. (31) and Li et al. (32)
proposed and improved the super-efficiency DEA model based
on the traditional model so that effective DMUs can also be
ranked and compared. The basic idea of the super-efficiency DEA
model is that when a DMU is being evaluated, it is excluded from
the set of DMUs. As its frontier remains unchanged, the overall
efficiency of invalid DMUs is the same as that of the traditional
DEA model. For effective DMUs, as its production frontier shifts
backwards, the efficiency value obtained will be greater than the
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measured value in a traditional DEA model, that is, >1. The
form of the linear programming is shown in Formula (1) and
Formula (2):

m P
min |:9—t<ZSi+ZSf>i| (1)
i=1 r=1

Z;‘:l#kajxij—l—sif =0Oxp, i=1,2,...,m
s.t. Z;':l#kajxrj S =y r=12,....p (2)
aj >0,j=12,...,n

0 represents the supervision efficiency under constant returns to
scale; S;” and S;f are the slack variables, representing the reduced
input and increased output, respectively, x;; and y,; represent the
input variables and output variables of the model, respectively, a;
is the weight vector of the input factors in the DMU. When 6 < 1,
it indicates that the supervision of the DMU is not effective; when
0 > 1, it indicates that the supervision of the DMU is effective,
and the greater the value of 6, the higher the efficiency.

Thirty-one provincial administrative units in China from 2015
to 2017 were taken as the objects of research in this study?, while
the super-efficiency DEA model was employed to evaluate the
supervision efficiency of DMUs. The software EMS 1.3 was used
to calculate the super-efficiency value of food safety in each region
during 2015, 2016, and 2017.

Digitalization Level (Digit)

The mean value of indicators included the average rate of fixed
broadband ports, mobile phone penetration rate, and mobile
Internet penetration rate (33), and the ratio of investment in
the telecommunications industry to total investment (34) was
selected to represent the level of regional digitalization. These
four indicators reflect to a certain extent the regional digital
access level, equipment level, application level, and industry
development level, respectively. Among these, the average rate
of fixed broadband ports, mobile phone penetration rate, and
mobile Internet penetration rate are good indicators to represent
the level of digital services in a region. To provide a better
reflection of the level of digital development in each region, the
ratio of industry investment to total industry investment was
further adopted as the expression thereof.

Producer Knowledge Level (Produ_Edu)
and Consumer Knowledge Level
(Consu_Edu)

Previous studies have shown that the level of education is
positively correlated with the individual’s cognitive level and
knowledge learning ability [e.g., (35-37)]. The higher the level
of education, the easier it is to accept the technical products
represented by digitization. From the perspective of managers,
some studies believe that managers’ education level significantly
affects the foresight of enterprise strategy (38). Therefore, we can
think that the knowledge level of producers and consumers is

2Considering the completeness and accessibility of the data, in this study, the data
of 31 regions from 2015 to 2017 were used. As the data in Hong Kong, Macau, and
Taiwan were insufficient, these regions were not included in the research.

positively correlated with their education level. In view of this,
the knowledge level of food producers in this study is represented
by the mean value of the composition ratio of employees in the
agriculture, forestry, animal husbandry, and fishery industries
with a bachelor’s degree or above, and the composition ratio of
employees in the food manufacturing industry with a bachelor’s
degree or above (39). The knowledge level of consumers is
expressed by the average education level of the fixed population
in each region (40).

Control Variables

To minimize the potential impact on the results of time-varying
regional characteristic variables, control variables such as per
capita GDP (Per_GDP), population density (Pop_Dens), and
food industry output value (Output_Val) of various countries
(41, 42) were added to the calculation to remove the impact of
non-critical factors on the efficiency of food safety supervision.
In addition, time-fixed effects were used to control the impact
of time-varying unobservable factors on the results at the
macro level. Individual fixed effects controlled the impact of
unobservable factors that are not time varying on the regional-
level results.

This study incorporated the direct effects of the level of digital
technology on the efficiency of food safety supervision and the
moderating effects of knowledge level into the same research
framework while considering control variables such as per capita
GDP, population density, and food industry output value. On
this basis, the direct and indirect effects of digital technology
and knowledge level on the efliciency of food safety supervision
were examined. The model is shown in Formula (3). Here, «;
represents the parameters to be estimated, and ¢;, 03, and wj; are
the individual fixed effect, time fixed effect, and random error
term, respectively. The meaning of the remaining symbols is the
same as above.

Regul_Effic;, = g + o Digitis + ayConsu_Edu;
+ a3Produ_Eduj; + a4 Digityy Consu_Edu;
+ asDigity Produ_Edu; + agPer_GDPj;
+ azPoppens;, + agOutput_Val, + &; + oy + wjs
(3)

Data Source

The data required for this study are all secondary data. (1)
The data needed for the calculation of the food supervision
efficiency can only be obtained from the official websites of
China’s provincial Food and Drug Administrations or the Bureau
of Statistics website®>. As the responsible authorities of many
regions have not published the latest statistical data or migrated
the previous data to new websites, data collection was difficult.
Moreover, the statistical calibers and methods of food safety
supervision indicators in different regions are inconsistent,
leading to problems that included the ineffectiveness of collected

3For example, the data in Beijing comes from the information published on the
website of the Beijing Municipal Medical Products Administration (http://yjj.
beijing.gov.cn/yjj/xxcx/zlgg/yp30/index.html).
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TABLE 2 | Descriptive statistics.

TABLE 4 | Digital technology, knowledge level, and food supervision efficiency.

Variable Obs. Mean St. dew. Min. Max. Variable OLS-Fe POLS OLS-Fe OLS-Re
Regul_Effic 93 1.0402 0.5778 0.262 3.426 Digitit 0.09759*** 0.00018 0.09228** 0.01157
Digit 93 2.4062 45873 0.006 23.5763 (6.88) (0.01) (2.05) [0.56]
Consu_Edu 93 0.089 0.0524 0.04 0.304 Consu_Edui 9.04392* 2.66346 9.27435** —-3.99166
Produ_Edu 93 0.0807 0.0294 0.002 0.16 (1.97) 041) (2.42) [-0.86]
Produ_Eduj 11.8633* 0.72685 10.34224* 4.06119
P DP 3 .342 1.7624 1.0971 A277
oG o 8.0428 6 o 8 (2.24) (0.08) (1.90) (0.74]
Pop_D 93 4.2708 6.5533 0.024 37.54
op_bens Digit; x Consu_Eduy 0.01219 2.09364* 0.21780
Digitir x Produ_Edui 4.60956* -1 .4(:‘»7571L 1 .959737‘
(1.85) (-1.56) [1.53]
TABLE 3 | Variance inflation factor test. T
Per_GDPj 0.19829** 0.12972 0.20084** 0.30255***
Variables VIF (2:22) (1.46) (2.20) 2.96]
Pop_Densit —0.37289* —0.04525" —0.55757* —0.07381***
Digit 3.18 (—1.85) (=2.31) (-2.52) [-2.91]
Consu_Edu 745  Output_Val ~0.01553" 0.01153 ~0.00692 0.00398
Produ Edu 0,60 (—1.81) (0.55) (~0.75) [0.33]
Per_GDP 6.51 Cons 2.08533** 0.62881** 2.74456"* 0.26921
2.23) 2.27) (3.03) [0.93]
Pop_Dens 1.97 , )
Time fixed effect Yes No Yes No
Output_Val 3.48 . )
Regional fixed Yes No Yes No
Mean 5.36 effect
Hausman test 23.21%*
<0.0057>
. Q(p)-stat 0.79 <0.374>
?ata. Therefore, to ensure data accuracy, this study used data o . 163 <0.4445
from 201?, 20}116, anlcjil 2017 as the Fesearch slampledt(? reduc'e the 0.7399 0.1073 07577 06721
impact of such problems as missing samples and inconsistent % 9 % %

statistical calibers on the data quality. (2) The sample data of
explanatory variables, adjustment variables, and control variables
were mainly derived from the China Statistical Yearbook, China
Population and Employment Statistical Yearbook, and China’s
Fixed Asset Investment Statistical Yearbook?. The descriptive
statistics of the sample data obtained are shown in Table 2.

RESULTS ANALYSIS AND ROBUSTNESS
TEST

The test results of the variance inflation factor (VIF) showed
no or weak collinearity problems in the model (as shown in
Table 3). However, it was expected that adding interaction terms
will aggravate the collinearity problems of the model. Regarding
existing research methods (43), the core explanatory variables
in this study were centralized to reduce the overall collinearity
problems of the model, and robust estimation methods were also
used to avoid possible heteroscedasticities in the model. On this
basis, a fixed-effects model was used to test H1-H3, and the
results are shown in Table 4.

The coefficients of determination in Table 4 show that the
explanatory power of random effects (OLS-Re) and fixed effects
(OLS-Fe) to the model are better than those of the pooled
least squares method (POLS). The results of the Hausman test
show that the parameter estimators obtained from fixed effects

4All yearbook data comes from China’s economic and social big data platform
(https://data.cnki.net/?al=f).

Note: T, *, %, *** indlicate that the parameter estimators are significant at the levels of 0.15,
0.10, 0.05, and 0.01, respectively; values in () are the t-values, values in [] are the z-values,
and values in <> are the p-values.

Bold values represent the final reference results.

are better than the random effect estimation results, which
further proves that the parameter estimators of fixed effects are
relatively accurate and reasonable. In addition, the statistics of
Q(p)-stat and IS-stat show that the null hypothesis ‘there is
no autoregression or serial correlation in the model’ cannot be
significantly rejected, which means that there is no spurious
regression problem in the model. The above analysis indicates
preliminarily that the regression results are reliable and stable to
a certain extent.

The fixed effects regression results show that the parameter
estimator of digital technology is 0.09228, and the result is
significant at the 5% confidence level, indicating that the level
of regional digital technology is positively correlated with the
efficiency of food safety supervision, and H1 is confirmed. The
parameter estimator of the interaction term of the consumer
knowledge level is 2.09364, and the result is significant at the
5% confidence level, indicating that consumer knowledge level
has a positive adjustment effect on the improvement of food
safety supervision efficiency driven by digital technology and
thereby supporting H3. The positive adjustment effect increases
as the consumer knowledge level increases, as shown in Figure 1.
The parameter estimator of the interaction term of the producer
knowledge level is —1.46757. Although the value only reaches
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FIGURE 1 | Adjustment effect of consumer knowledge level.

—+— Low Produ_Edu
--@- High Produ_Edu

Regul_EfTic

"

Low Digit High Digit

FIGURE 2 | Adjustment effect of producer knowledge level.

the 15% confidence level, its significance is not to be ignored,
as the result indicates that producer knowledge level has a
negative marginal effect on the improvement of food safety
supervision efficiency driven by digital technology, and H2 is
not proven (Figure 2). A possible reason is that the education
of employees in the food production industry only focuses
on technical and business capabilities but has moral and legal
education deficiencies. Thus, digital technology might become
a tool for some producers who are driven by self-interest to
produce food that does not meet the required safety standards,
thereby reducing food safety supervision efficiency.

Endogenous problems may occur due to measurement errors
or the omission of crucial control variables in the model,
leading to inaccurate parameter estimation results. The problems
were tested with instrument variables estimation in this study.
The similarities and differences between the original parameter
estimation results and the parameter estimation results under
instrumental variable conditions were compared to determine
whether the research conclusion is robust and reliable. The
idea of pursuing instrumental variables comes from Porta et al.
(44) and Rajan and Zingales (45). When the instrumental
variable is difficult to find, the lagged independent variable
can also be used as the instrumental variable. Therefore,
we attempts to use the digital technology level lagging 1
period as an instrumental variable and uses the two-stage

TABLE 5 | Endogenous test.

Variable 2SLS 2SLS
Digitit 018117 0.20864**
(11.64) (1.79
Consu_Edui 13.74281* 10.52923*
(3.49) (1.34)
Produ_Eduj 4.691 92T 17.28182*
(2.06) (1.70)
Digitit x Consu_Eduj O.62396T
(1.31)
Digitit x Produ_Edui —2.0041 7T
(—1.41)
Per_GDPj 0.27711* 0.25826"**
(2.63) (2.29)
Pop_Dens;t —0.57782* —0.55472*
(—1.68) (—1.55)
Output_Vali —0.02689** —0.03529*
(—2.60) (—2.25)
Cons 1.03869 0.93208
(0.74) (0.59)
Time fixed effect Yes Yes
Regional fixed effect Yes Yes
Hausman test 0.43 <0.9999> 0.61 <0.9999>
R? 0.8287 0.8353
Obs 93 93

Note: T, *, *, ** indicate that the parameter estimators are significant at the level of 0.15,
0.0, 0.05, 0.01 respectively; values in () are the t-values, values in <> are the p-values.

least squares method to test the endogenous problem of
the model.

In the process of regression, the dependent variable in the
first stage is the digital technology level, while the independent
variable is the instrumental variable. Then, the predicted value
of the digital technology level in the first stage is brought into the
model as an independent variable for regression. The endogenous
test results are shown in Table 5. First, the F statistics in the first
stage show the correlation between the instrumental variable and
the explanatory variable, which indicates a strong instrumental
variable. Second, the two columns of parameter estimates
represent the results of the second-stage parameter estimation,
without the adjustment effect and with the adjustment effect,
respectively. The parameter estimator of each model is consistent
with the results obtained in Table 4 in terms of the magnitude of
the value and significance. Again, the Hausman test results show
that, in the case of this model, there is no significant difference
between the results of the two-stage least squares method and the
fixed-effect estimation method. In other words, it is impossible to
reject the null hypothesis ‘there is no estimation bias caused by
significant endogenous problems in the model’. Therefore, there
are grounds to believe that the model designed in this study and
the results obtained are reliable and robust.

To enhance the reliability of our conclusions, a robustness test
was conducted after the endogeneity test. Drawing on Heydari
et al. (46), we found that digital technology is the basis for
promoting informatization development and for improving the
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TABLE 6 | Robustness test results.

Variable OLS-Fe OLS-Fe
Digit;t 0.10362*** 0.09615*
(6.09) (2.20)
Consu_Eduj 6.8601 GT 6.15503*
(1.53) (1.67)
Produ_Edui 10.85996** 8.58882*
(2.06) (1.72)
Digitit x Consu_Edui 2.44427*
(2.78)
Digitit x Produ_Eduit —1 .539997L
(—1.54)
Per_GDPy 0.10353 0.06206
(0.64) (0.42)
Pop_Dens; —0.28222 —0.48052**
(—1.43) (—2.23)
Output_Valy —0.02063* —0.01243
(—1.90) (-1.18)
Cons 1.99785** 2.81957**
(2.12) (3.19)
Time fixed effect Yes Yes
Regional fixed effect Yes Yes
R? 0.7553 0.7800
Obs 93 93

Note: T, *, %, ** indicate that the parameter estimators are significant at the level of 0.15,
0.10, 0.05, 0.01 respectively; values in () are the t-values, values in <> are the p-values.

application level of informatization. Therefore, Heydari et al.
measured the level of regional digitalization from the perspective
of informatization investment and used regional informatization
density, that is, the ratio between a region’s investment in
informatization and gross domestic product, as the proxy
variable of digitalization. informatization investment usually
refers to information and communication technology (ICT)
investment, which can be divided into hardware investment
and software investment. In this study, fixed investment in
electronic information manufacturing was chosen to represent
ICT investment in hardware, while fixed investment of the whole
society in information transmission, computer services, and the
software industry was chosen to represent ICT investment in
software. The sum of the two is the total investment in the digital
construction of a region.

The first and second columns in Table6, respectively,
represent the parameter estimation results of no interaction item
and interaction item added after replacing the sample value.
Compared with the results in Table 4, the conclusions presented
by the robustness test did not change; hence, the empirical
conclusions in this study can be considered robust and reliable.

DISCUSSION

Summary

Food safety issues have been a focus of attention in various
countries. As digital technology gradually penetrates the food
industry, what impact does it have on food safety supervision
efficiency? How does the adjustment effect of producers’ and

consumers’ knowledge levels influence the relationship between
digital technology and food safety supervision efficiency?
Answering the two questions above contributes to a fuller
understanding of the role of digital technology in food
safety supervision and how to maximize the influence of
digital technology in improving the efficiency of food safety
supervision. Unfortunately, existing literature that focuses on
the intrinsic relationship between digital technology and food
safety supervision efficiency are limited. To fill the gap left
by existing research, this study employed sample data from
31 regions of China between 2015 and 2017 for the empirical
analysis of the correlation between the two. At the same time, the
moderating effects exerted by the knowledge level of producers
and consumers were examined, and the following conclusions
were made: The development of digital technology contributes
to enhancing the efficiency of food safety supervision. In this
process, the higher the knowledge level of consumers, the greater
the positive promotional effect of digital technology; on the
contrary, when the knowledge level of the producer is higher,
it is not conducive to enhancing the effect of digital technology
on the efficiency of food safety supervision. The author holds
the view that this is related to the fact that employees in the
food production and manufacturing industry have insufficient
moral and legal knowledge. Not only does this limit the effect
of digital technology on enhancing the efficiency of food safety
supervision, but this also opens the doors to new ways of illegal
production for some unprincipled producers.

Research Significance

Food safety supervision is not only an important method to
protect people’s health, but also a prerequisite for maintaining
national stability. This is because food is the most basic material
condition for people’s survival. Food safety issues are related
to human life, survival and continuity, and food safety issues
usually cause unnecessary burden to a regional medical system.
Therefore, in the context of knowledge economy, in order to
maintain the public health safety of food, on the one hand,
we need to improve the efficiency of food safety supervision
and food hygiene quality with the help of digital technology to
reduce the occurrence of malignant public health safety events;
On the other hand, improve consumers’ food safety knowledge
and health defense knowledge, improve food producers’ food
safety production knowledge, and increase the punishment for
manufacturers endangering food hygiene and safety.

Overall, this paper studies the relationship between food
safety supervision efliciency, digital technology, consumers” and
producers’ knowledge level of food safety, and tries to interpret
the potential relationship between food safety supervision
efficiency and public health from the perspective of digitization
and knowledge. It is a meaningful research for reducing the
occurrence of public health security events and alleviating the
pressure of the medical system.

Policy Implications

In view of the results of this study, the author recommends
that food safety supervision work should first apply digital
technology to improve supervision efficiency actively. Secondly,
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increase the moral and legal knowledge of employees in the food
production and manufacturing industries through specialized
training, regular education, and setting up typical examples.
Capitalize on the positive effect of digital technology on food
production and processing and reduce the negative effects.
Finally, encourage consumers to make use of digital technology
to assist the regulatory authorities in supervising food safety
issues and to regulate the production behavior of producers in
as many ways as possible.

Limitation and Future Research

Due to restricted data availability, this study only employed data
from China as an example in the empirical analysis and did not
include data from other countries or regions. This limitation will
be addressed in follow-up research.
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