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Abstract

Industrialized processing has increased the complexity of the food supply chain. Concerns
about food-related risks have increased consumer interest in food traceability. Traceability
systems are regarded as effective tools for mitigating information asymmetry and enhancing
food quality and safety. However, the design of traditional food traceability systems
overlooks the risk of information overload. Based on information overload theory, this
study designs an artificial intelligence (AI) traceability assistant as an innovative tool
to optimize traditional food traceability systems and examines its positive effects. This
study focuses on prepared foods as the research objects, selecting three types of prepared
foods (Kung Pao chicken, fish-flavored shredded pork, and pickled fish) and three food
traceability tasks (preservatives, sweeteners, and drug residues) as experimental stimuli.
Through three online scenario experiments, 747 valid responses were collected. This study
explores the impact of Al traceability assistant design on positive consumer engagement
behaviors and its underlying mechanism. The results reveal that the Al traceability assistant
significantly promotes positive consumer engagement behaviors. This positive effect is
mediated by perceived system ease of use. Furthermore, perceived product risk positively
moderates the impact of the Al traceability assistant on perceived system ease of use.
Perceived product risk strengthens the mediating effect of perceived system ease of use.
This study contributes a novel theoretical perspective for research on food traceability
systems and reveals the underlying mechanism through which the Al traceability assistant
exerts its positive effect. In practice, it provides actionable guidance for food producers
implementing digital traceability solutions.

Keywords: traceability system design; food traceability system; artificial intelligence; food
quality; food packaging; prepared foods; consumer responses; consumer engagement;
perception of system ease of use

1. Introduction

Industrialized processing has increased the complexity of the food supply chain [1].
The lack of transparency and the presence of information asymmetry are common issues
in the food market [2,3], potentially leading to food fraud [4]. Concerns about food-
related risks have increased consumer interest in food traceability [5]. The International
Organization for Standardization (ISO) defines traceability as “the ability to follow the
movement of a feed or food through specified stage(s) of production, processing, and
distribution” in ISO 22005 [6]. Designing traceability systems that provide consumers with
more product information is an effective approach to alleviating consumer concerns [2,7]
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and building consumer trust [8]. Previous research has already confirmed the benefits of
traceability systems in reducing information asymmetry [7,9,10] and enhancing food quality
and safety [11]. In practice, governments and companies have implemented traceability
systems [12]. Adding quick response (QR) codes to food packaging enables consumers to
access product traceability information through scanning the QR codes [10].

Although food traceability systems can reduce information asymmetry between con-
sumers and producers, the design of traditional traceability systems still has limitations
that require optimization [3]. Firstly, the information retrieval design of traditional trace-
ability systems adopts a “static menu query mode” [13]. When searching for information,
users can only rely on themselves to identify relevant content and filter out irrelevant
information. As a result, the effectiveness of traditional traceability systems largely de-
pends on consumer participation [1]. Secondly, consumers have diverse preferences for
traceability information [14,15]. For example, some are interested in food raw materials,
while others focus more on the production and processing stages. Currently, the design
of traditional traceability systems cannot provide customized information. Furthermore,
information processing abilities vary across individuals [16]. For instance, some consumers
can comprehend the information in testing report and make decisions based on it, whereas
others may feel confused during the information-processing process. For the latter group,
the information provided by the traceability system is unlikely to play a meaningful role.
Therefore, researchers emphasize that designing traceability systems that can efficiently
convey traceability information that meets consumers’ needs is a critical issue that requires
special attention [3].

For consumers, traceability information should be tailored to meet their needs and
interests as fully as possible [1]. Information that is easy to process and comprehend
tends to be more popular [15]. The development of artificial intelligence (AI) provides
technical support for overcoming the limitations of traditional traceability system design.
Integrating Al into traceability systems is expected to create more innovative application
and synergistic effects [3]. Al chatbots are computer programs that utilizes artificial intelli-
gence technology to interact with users online [17]. Using natural language processing and
machine learning techniques, Al chatbots can perform tasks such as analyzing informa-
tion, providing quick responses, and delivering targeted information to users [17,18]. The
emergence of Al chatbots has not only changed how consumers obtain information [19]
but also enhanced the shopping experience [20]. The development of information and
communication technologies has provided technical support for integrating Al with other
systems [18]. Currently, Al chatbots have been widely applied in fields such as retailing,
marketing, healthcare, education, and tourism [18,20,21]. However, there are still research
gaps in the optimization of traceability system design. Inspired by the application of Al
chatbots in other fields [22-24], this study designs an Al traceability assistant by integrat-
ing Al chatbots into traditional traceability systems. The Al traceability assistant enables
users to ask questions in natural language and is responsible for retrieving, filtering, and
integrating traceability information, thereby enabling the traceability systems to provide
users with targeted and customized traceability information.

This study focuses on prepared foods as the research subject for the following rea-
sons. With the rapid development of urbanization and the acceleration of modern life,
prepared foods have attracted widespread attention for their convenience and quick prepa-
ration [25,26]. The data show that, in 2024, the market size of prepared foods in China
reached 485 billion yuan [27], demonstrating significant market potential. However, the
market penetration rate of prepared foods in China remains only 10% to 15% [28], while the
number of related companies exceeds 70,000. This indicates that companies in the prepared
food industry are facing intense market competition. Prepared foods, as highly processed
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foods, involve complex production and processing processes. From raw material sourcing
to the use of additives and other stages of production and processing, there exists significant
information asymmetry between consumers and food producers, making it difficult for
consumers to assess food quality and safety. This is one of the main factors hindering the
market expansion of the prepared foods. Therefore, it is necessary to design a traceability
system for prepared foods that can effectively convey traceability information. In addition,
this study further examines the positive effects of the Al traceability assistant design on
consumer responses to validate the effectiveness of this design. Positive consumer en-
gagement is a key research focus in the field of consumer behaviors [29,30]. Promoting
positive consumer engagement can directly (e.g., increasing food sales and market share) or
indirectly (e.g., improving word-of-mouth and promoting the conversion of potential cus-
tomers) contribute to favorable performance outcomes for food companies [29,31], helping
them build sustainable competitive advantages [32]. Therefore, prepared food companies
can accelerate market diffusion, increase market share, and establish long-term competitive
advantages by promoting positive consumer engagement. Based on this, the study explores
the impact of the Al traceability assistant design on positive consumer engagement and its
underlying mechanism.

To facilitate a better understanding of the traditional traceability system design, Al
traceability assistant design and consumer engagement, a detailed literature review is
provided in the Supplementary Materials, which, in addition to the research cited above,
incorporates key findings from [33-53]. The literature review reveals that there are still
research gaps in the field of food traceability system. First, existing studies have primar-
ily explored the benefits of traceability systems based on information asymmetry theory,
neglecting the information overload that consumers may experience when faced with
traceability information. Second, although some scholars have suggested that applying Al
technology in traceability systems may generate positive effects, they did not specify how
Al technology could be applied to traceability systems, nor did they conduct empirical
validation. Therefore, the contributions of this study are as follows. (1) Based on infor-
mation overload theory, and combining research on traceability systems and Al chatbots,
this study designs an Al traceability assistant as an innovative tool to optimize traditional
food traceability systems. (2) It reveals the underlying mechanism through which the Al
traceability assistant exerts its positive effect. (3) It provides actionable guidance for food
producers implementing digital traceability solutions.

In summary, this study identifies the limitations of traditional food traceability systems
and proposes an Al traceability assistant design. Accordingly, this study aims to explore: the
impact of the Al traceability assistant design on positive consumer engagement behaviors
(H1), the mediating role of perceived system ease of use in the relationship between the
Al traceability assistant design and positive consumer engagement behaviors (H2), and
the moderating role of perceived product risk (H3). A detailed hypothesis development
is provided in the Supplementary Materials, incorporating key insights from [54-58] in
addition to the research cited above.

2. Materials and Methods
2.1. Experimental Design

This study adopts the scenario experimental method and compares two food trace-
ability system designs (Traditional traceability system design vs. Al traceability assistant
design). The manipulation of the food traceability system designs is achieved by presenting
participants with different experimental stimuli. To ensure objectivity in the selection
of experimental stimuli, three types of prepared foods (Kung Pao chicken, fish-flavored
shredded pork, and pickled fish) were chosen based on comprehensive recommendations
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from the JD.com platform. Compared with other e-commerce platforms and supermarkets,
JD.com establishes the “prepared foods” category to provide a clearer classification of
products, which guarantees both the objectivity and representativeness of product selection
in this study. In addition, this study selects three food traceability tasks (preservatives,
sweeteners, and drug residues) as experimental stimuli. Consumers are concerned about
food additives and drug residues and the selection of these traceability tasks reflects
consumer concerns.

This study employs a two-level experimental design. In the control group, the tradi-
tional traceability system is designed with reference to Cavite et al. [13], which adopts the
static menu query mode. After scanning the QR code on the food packaging, participants
enter the first-level page of the traceability system, which displays categories of traceability
information (including raw material sources, production, processing, transportation, and
storage, among others). Users are required to identify the relevant category of the infor-
mation they seek and then click to access the second-level page for detailed traceability
information. In the experimental group, the traceability system is equipped with an Al
traceability assistant. After scanning the QR code on the food packaging, participants enter
the traceability system, where they can directly ask questions to the Al traceability assistant.
Based on the content of their queries, the Al traceability assistant will generate real-time
and tailored traceability information. The design of Al traceability assistant is based on the
retail chatbots design proposed by Arce-Urriza et al. [24].

This study conducted three experiments to examine whether the Al traceability assis-
tant design can produce positive effect and to explore its underlying mechanism. Study
1 was conducted to test the main effect of the Al traceability assistant design on positive
consumer engagement behaviors (H1). Study 2 modified the stimuli to test the robust-
ness of H1 and further examine the mediating role of perceived system ease of use (H2).
Study 3 employed different stimuli to test the robustness of H1 and H2 and explore the
moderating role of perceived product risk (H3).

2.2. Sampling

First, this study recruited participants through the Credamo platform (https://www.
credamo.com), which maintains a large and diverse pool of respondents. Credamo was
responsible for distributing the experimental questionnaires to respondents. All partici-
pants took part voluntarily, and each received a reward of 1-2 yuan, which helped enhance
the objectivity of the sample. Second, to ensure sample diversity and minimize bias, this
study employed the platform’s quality control measures. These included IP address restric-
tions (each IP address could participate only once), geographic distribution controls (to
avoid excessive concentration of participants in an area), and non-redundant participation
(ensuring that each respondent participated in only one experiment, thereby avoiding
practice effect). Additionally, participants were randomly assigned to either the control or
experimental group through the platform, which helped prevent selection bias. Finally, to
improve sample quality, attention check items were used to filter out invalid responses.
This study conducted three experiments, recruiting a total of 800 participants. After ex-
cluding invalid responses that failed the attention checks, the final sample consisted of
747 valid participants. Table 1 shows that the sample exhibits a diverse distribution in
terms of gender, age, education level, and income.
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Table 1. Demographic Characteristics of Participants.

Demographic Characteristics Frequency Percentage
Gender
Male 536 71.8
Female 211 28.2
Age
20 years and below 66 8.8
21-30 years 429 574
31-40 years 208 27.8
41-50 years 30 4.0
51-60 years 12 1.6
Over 60 years 2 0.3
Education level
High school/vocational school 29 3.9
Junior college 48 6.4
Undergraduate 524 70.1
Postgraduate 146 19.5
Income
2000 yuan and below 143 19.1
2001-5000 yuan 155 20.7
5001-10,000 yuan 283 37.9
Above 10,001 yuan 166 22.2

2.3. Measures

The measurement scale for perceived system ease of use was adapted from Davis [44] and
Arce-Urriza et al. [24]. The measurement scale for positive consumer engagement behaviors
was adapted from Kim et al. [59], Dessart et al. [60], Carlson et al. [61], and Recalde et al. [57].
The scale for perceived product risk was adapted from Yoo et al. [62]. All scales employed a
seven-point Likert scale, as detailed in Appendix A (Table A1). This study conducted reliabil-
ity tests for these scales. Study 1 used the consumer engagement behaviors scale (Cronbach’s
alpha = 0.899). Study 2 used the perceived system ease of use scale (Cronbach’s alpha = 0.870)
and consumer engagement behaviors scale (Cronbach’s alpha = 0.895). Study 3 used the per-
ceived system ease of use scale (Cronbach’s alpha = 0.818), consumer engagement behaviors
scale (Cronbach’s alpha = 0.904) and perceived product risk scale (Cronbach’s alpha = 0.958).
The Cronbach’s alpha values of all scales are greater than 0.8, indicating that the scales used
in this study have good reliability.

2.4. Statistical Analysis

First, this study employs a one-way analysis of variance (ANOVA) to test whether
there is a significant difference in the impact of traditional traceability system design and
Al traceability assistant design on positive consumer engagement behaviors. One-way
ANOVA is a statistical method used to determine whether the means of a continuous
dependent variable differ significantly across the levels of a categorical independent vari-
able. A statistically significant difference is considered when the p-value is below the
0.05 threshold. In this study, the independent variable is the design of food traceability
system, which is a categorical variable with two levels (traditional traceability system
design vs. Al traceability assistant design). The dependent variable is positive consumer
engagement behaviors, which is a continuous variable. Therefore, one-way ANOVA is an
appropriate method for testing whether there is a significant difference in the means of
positive consumer engagement behaviors between the two traceability system designs.

Second, this study employed PROCESS v3.3 macro (developed by Andrew E. Hayes)
to conduct a bootstrap analysis (5000 resamples, 95% confidence interval). PROCESS is an
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effective tool for analyzing both mediation and moderation effects. It provides estimates
of direct and indirect effects, along with bootstrap confidence intervals. When the 95%
confidence interval does not include zero, the effect is considered statistically significant.
PROCESS offers multiple models, allowing researchers to select the appropriate model
based on the specific research context. In this study, Model 4 was used to examine the
mediating role of perceived system ease of use in the relationship between the Al traceability
assistant design and positive consumer engagement behaviors. Model 7 was used to test a
moderated mediation model, examining whether the indirect effect of the Al traceability
assistant design on positive consumer engagement behaviors, through perceived system
ease of use, was moderated by perceived product risk.

Statistical software used: IBM SPSS Statistics (version 23; IBM Corp., Armonk, NY, USA).

The stimuli screenshots, attention check items, manipulation check items, randomiza-
tion procedure and post hoc power analyses are provided in Supplementary Materials.

3. Results
3.1. Study 1 and Results

A between-subjects experiment was conducted in Study 1 to examine the main ef-
fect of the Al traceability assistant design on positive consumer engagement behaviors
(H1). A total of 200 participants were recruited through the Credamo platform and ran-
domly assigned to either the control group (Traditional traceability system design) or the
experimental group (Al traceability assistant design).

Study 1 selected Kung Pao chicken as the experimental stimulus and preservatives as
the traceability task. Following the experimental method of Treiblmaier and Garaus [3],
participants were provided with text and images illustrating the process of using the trace-
ability system to obtain traceability information. The detailed experimental procedure of
Study 1 is provided in Appendix B.1. The procedures for obtaining traceability informa-
tion through the traditional traceability system or Al traceability assistant are shown in
Figures 1 and 2, respectively. All participants were required to complete the measurement
scale for positive consumer engagement behaviors, the manipulation check, and a set of
demographic questions.

{To determine whether this product contains preservatives | [To determine whether this product contains preservatives |

() Step 2: Locate the “Preservatives™ option on Step 3: Click “Preservatives” to view the
the Level 1 page of the traceability system Preservatives Testing Report on the Level 2 page

GruoGue Kitchen

Kung Pao Chicken [ Traceability system ] [ Traceability system ]

Preservatives Testing Repart

G S006,121 2006, Method T

Hite: NI = Mhoa Dietecied

Figure 1. The design of the traditional traceability system (Study 1) [63,64].
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[To determine whether this product contains preservatives |

GuoGuo Kitchen

Kung Pao Chicken

Figure 2. The design of the Al traceability assistant (Study 1).

3.1.1. Results of Manipulation Test

Study 1 collected 200 questionnaires. After excluding those that failed the attention
check, 190 valid responses remained, with 97 in the control group and 93 in the experimental
group. A total of 97.37% of participants passed the manipulation check (x*> = 170.701,
p < 0.001), indicating that the manipulation of traceability system design was successful.

3.1.2. Results of Main Effect Test

Study 1 employed a one-way ANOVA to test the main effect of the Al traceability
assistant design on positive consumer engagement behaviors. To ensure the validity of the
ANOVA, normality test and Levene’s test for homogeneity of variance were conducted. The
normality test indicated that the data distribution was not significantly skewed. Further-
more, given the sample size of the study, the data can be assumed to approximate a normal
distribution, meeting the assumption of normality required for ANOVA. The Levene’s test
was not significant (F(1,188) = 1.663, p = 0.199 > 0.05), indicating that the assumption of
homogeneity of variance was satisfied. Therefore, the data were appropriate for ANOVA.
The results of the ANOVA are Ms; = 5.232, SD 41 = 0.664; Mg = 4.582, SD115 = 0.739;
F(1,188) = 40.530, p < 0.001, > = 0.177. The results show that in the experimental group
(Al traceability assistant design), the mean of positive consumer engagement behaviors is
higher than that in the control group (traditional traceability system design). Therefore,
compared to the traditional traceability system, the Al traceability assistant significantly
promotes positive consumer engagement behaviors, supporting H1.

3.2. Study 2 and Results

To test the robustness of H1 and further explore the mechanism through which the
Al traceability assistant design influences positive consumer engagement behaviors (H2),
Study 2 selected fish-flavored shredded pork as the experimental stimulus and sweeteners
as the traceability task. The experimental method was the same as in Study 1, and the
detailed procedure is provided in Appendix B.2. The procedures for obtaining traceability
information through the traditional traceability system or Al traceability assistant are
shown in Figures 3 and 4, respectively. Additionally, food consumption experience, food
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familiarity, and food preference were included as control variables and measured in the
experiment. A total of 200 participants were recruited and randomly assigned to either the
control group or the experimental group.

‘L'il'oid;e;m?n;wiheiﬂ;;tlgs;rimﬂmit contains ;w;et;r;r%‘ ﬁoii;e;niineiwiheithieriﬂﬁs}r;&lcit contains ;vv;et;rlzrgj

| ~ Step 2: Locate the “Sweeteners” option on Step 3: Click “Sweeteners” to view the
1 * the Level 1 page of the traceability system Sweeteners Testing Report on the Level 2 page

Master Chef Meng

Fish-Flavored | [ Traceability system] [ Traceability system ]
Shredded Pork

Sweeteners Testing Report

Mote: ND = Mot Desected

I
L

¢ Step 2: Ask the Al Traceability Assistant

Master Chef Meng

Fish~Flavored
Shredded Pork

[ Traceability system ]

Al Traceshility Assistani!

His this product sed any sweckners
{2 production process!

Pradduict
the 1ra

i more traesability delails |
= 1o ask more questions or|

Figure 4. The design of the Al traceability assistant (Study 2).

3.2.1. Results of Manipulation Test

Study 2 collected 200 questionnaires. After excluding those that failed the attention
check, 188 valid responses remained, with 97 in the control group and 91 in the experimental
group. Among the valid responses, 96.81% of participants passed the manipulation check
(x> = 165.462, p < 0.001), indicating that the manipulation of traceability system design
was successful.
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3.2.2. Results of Main Effect Test

Study 2 employed a one-way ANOVA to test the robustness of H1. To ensure the
validity of the ANOVA, normality test and Levene’s test were conducted. The results
indicated that the sample data approximated a normal distribution and met the assumption
of homogeneity of variance (F(1,186) = 1.251, p = 0.265 > 0.05). Therefore, the data
were appropriate for ANOVA. The results of the ANOVA are M 4; = 5.220, SD 4; = 0.683;
Mrrs = 4.780, SD71s = 0.746; F(1,186) = 17.710, p < 0.001, n> = 0.087. The results
show that in the experimental group (Al traceability assistant design), the mean of positive
consumer engagement behaviors is higher than that in the control group (traditional
traceability system design). Therefore, compared to the traditional traceability system, the
Al traceability assistant significantly promotes positive consumer engagement behaviors.
This finding further confirms the robustness of H1.

3.2.3. Results of Mediation Effect Test

To further explore the mechanism through which the Al traceability assistant de-
sign influences positive consumer engagement behaviors, Study 2 employed PROCESS
Model 4 to test the mediation effect of perceived system ease of use (5000 resamples,
95% confidence interval). Demographic variables (gender, age, education, and income),
consumption experience, food familiarity, and food preference were included as control
variables. When the 95% confidence interval does not include zero, the mediation ef-
fect is considered statistically significant The results show that when perceived system
ease of use serves as a mediator, the total effect of the Al traceability assistant design on
positive consumer engagement behaviors is significant (ef fect = 0.516, BootSE = 0.109,
95%CI = [0.161, 0.590]), the mediating effect of perceived system ease of use is significant
(ef fect = 0.284, BootSE =0.110,95%CI = [0.067,0.497]), while the direct effect of the Al
traceability assistant design on positive consumer engagement behaviors is no longer sig-
nificant (ef fect = 0.232, BootSE = 0.117,95%CI = [—0.061,0.394]). These results indicate
that the Al traceability assistant promotes positive consumer engagement behaviors by en-
hancing perceived system ease of use, thereby supporting H2. The results of the mediation
model are presented in Table 2, and PROCESS results are shown in Table 3.

Table 2. The results of the mediation model.

Positive Consumer Positive Consumer Perceived System
Engagement Behaviors Engagement Behaviors Ease of Use
Coeff. p Coeff. p Coeff. p
Control variables
Gender 0.017 0.795 0.002 0.976 —0.059 0.343
Age 0.125 0.103 0.158 0.044 0.128 0.076
Education —0.059 0.390 —0.081 0.254 —0.082 0.205
Income 0.080 0.306 0.073 0.365 —0.029 0.692
Consumption 0.086 0.324 0.051 0.564 ~0.135 0.099
experience
Food preference 0.259 0.001 0.297 0.000 0.149 0.031
Food familiarity —0.024 0.778 0.010 0.907 0.134 0.098
Independent variables
Al Traceability 0.232 0.141 0516 0.000 1.105 0.000
Assistant Design
Perceived System
Ease of Use 0.257 0.001
R? 0.308 0.267 0.381
F 8.817 8.164 13.754

p < 0.001 p <0.001 p <0.001
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Table 3. The PROCESS results.
Effect BootSE BootLLCI BootULCI
Total effect 0.516 0.109 0.161 0.590
Direct effect 0.232 0.117 —0.061 0.394
Indirect effect 0.284 0.110 0.067 0.497

3.3. Study 3 and Results

To test the robustness of H1 and H2 and further explore the moderating effect of
perceived product risk, Study 3 selected pickled fish (Suan Cai Yu) as the experimental
stimulus and drug residues as the traceability task. This study conducted a 2 (Traditional
traceability system design vs. Al traceability assistant design) x 2 (Perceived product
risk: low vs. high) between-subjects experiment. The experimental manipulation of the
traceability system design was the same as in Study 1, and the manipulation of perceived
product risk was adapted from the experimental design of Mollenkopf et al. [67]. The
detailed experimental procedure of Study 3 is provided in Appendix B.3. The procedures
for obtaining traceability information through the traditional traceability system or Al
traceability assistant are shown in Figures 5 and 6, respectively. A total of 400 participants
were recruited, and randomly assigned to one of the four groups.

| oA —————— . - A | e e L T e T I e T
|~ Step 2: Locate the * Drug Residue Step 3: Click “ Drug Residue Testing for Fish
“7 Testing for Fish Fillets™ option on the Fillets” to view the Drug Residue Testing
T Level 1 page of the traceability system Report on the Level 2 page

Little Chef Bing

Pickled Fish [ Traceability system ] [ Traceability system ]
(Suan Cai Yu) '

Drug Kesilue Testing Keport

P
- el e

L
]

Figure 5. The design of the traditional traceability system (Study 3).

3.3.1. Results of Manipulation Test

Study 3 collected 400 questionnaires, of which 369 valid responses remained after
excluding those that failed the attention check. Specifically, with 92 in group 1 (Traditional
traceability system design x low), 93 in group 2 (Al traceability assistant design x low),
93 in group 3 (Traditional traceability system design x high), and 91 in group 4 (Al trace-
ability assistant design x high). A total of 94.58% of participants passed the manipulation
check of the traceability system design (x> = 295.574, p < 0.001). Moreover, the indepen-
dent sample t-test of perceived product risk was significant (Mpjq¢;, = 6.105, Mo = 2.796;
t = 32.592, p < 0.001). The results show that the manipulation was successful.
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‘LTO determine whether the fish fillets contain drug residues

Little Chef Bing
Pickled Fish
(Suan Cai Yu)

Step 1t Sean the QR cmler

5

Figure 6. The design of the Al traceability assistant (Study 3).

3.3.2. Results of Main Effect Test

Study 3 employed a one-way ANOVA to further verify the robustness of H1. To
ensure the validity of the ANOVA, a normality test and Levene’s test were conducted, and
the results indicated that the data met the assumptions for ANOVA (F(1,367) = 0.396,
p = 0529 > 0.05). The results of the ANOVA are My; = 5.194, SDy; = 0.793;
Mg = 4.818, SDprs = 0.847; F(1,367) = 19.449, p < 0.001, 172 = 0.050. The results
show that in the experimental group (Al traceability assistant design), the mean of posi-
tive consumer engagement behaviors is higher than that in the control group (traditional
traceability system design). Therefore, compared to the traditional traceability system, the
Al traceability assistant significantly promotes positive consumer engagement behaviors,
thereby providing further support for the robustness of H1.

3.3.3. Results of Moderated Mediation Effect Test

To examine the moderating role of perceived product risk, study 3 employed PRO-
CESS Model 7 to conduct a bootstrap analysis (5000 resamples, 95% confidence interval).
Demographic variables (gender, age, education, and income), consumption experience,
food familiarity, and food preference were included as control variables. As shown in
Table 4, compared with the traditional traceability system, the Al traceability assistant
significantly improves perceived system ease of use (coef f = 0.863,p < 0.001), and this
effect is stronger under conditions of high perceived product risk (see Figure 7). This
indicates that perceived product risk amplifies the positive effect of the Al traceability
assistant design on perceived system ease of use (coef f = 0.739, p < 0.001).

Furthermore, the results in Table 5 show that the mediation effect of perceived sys-
tem ease of use is statistically significant under both low and high perceived product
risk (ef fect oy = 0.142, BootSE = 0.038, 95%CI = [0.076, 0.222]; ef fectpiqn = 0.354,
BootSE = 0.072, 95%CI = [0.216, 0.501]), confirming the robustness of H2. It indi-
cates that the Al traceability assistant promotes positive consumer engagement behav-
iors by enhancing perceived system ease of use. Moreover, the mediation effect of per-
ceived system ease of use is stronger under conditions of high perceived product risk
(ef fectHigh—Low = 0.212, BootSE = 0.055,95%CI= [0.112,0.329]), showing that perceived
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product risk strengthens the mediating role of perceived system ease of use. Therefore, H3
is supported. This indicates that as perceived product risk increases, the Al traceability
assistant has a stronger positive effect on perceived system ease of use, which in turn more
significantly promotes positive consumer engagement behaviors.

Table 4. The results of moderation effect test.

Perceived System Ease of Use

Coeff. p
Control variables
Gender —0.012 0.882
Age 0.050 0.335
Education —0.073 0.200
Income 0.012 0.775
Consumption experience —0.106 0.311
Food preference 0.180 0.000
Food familiarity —0.002 0.959
Independent variables
Al Traceability Assistant Design 0.863 0.000
Perceived product risk —0.228 0.002
Al Traceab1.11ty Assistant I?e51gn X 0.739 0.000
Perceived product risk
R? 0.409
F 24.751
p <0.001
6.50
= # = Low perceived product risk
o —#— High perceived product risk
f_i 6.00
=]
@
g
(-*]
E 5.50
7
by~
2 500
L5
g
5]
-t
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Figure 7. Moderation effect.
Table 5. The results of moderated mediation effect.
Mediation Effect Effect BootSE BootLLCI BootULCI
Low perceived product risk 0.142 0.038 0.076 0.222
High perceived product risk 0.354 0.072 0.216 0.501
Pairwise contrasts 0.212 0.055 0.112 0.329

4. Discussion

Traceability systems provide many benefits, including reducing information asymme-
try, improving food quality and safety, and building consumer trust. Although the design
of traditional traceability system can also provide consumers with additional product infor-
mation, it overlooks the risk of information overload. Drawing on research on traceability
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systems and Al chatbots, this study designs an Al traceability assistant as an innovative
tool to optimize traditional traceability systems. To demonstrate the positive effects of this
design, the study further examines its impact on consumer engagement and the underlying
mechanism. The following are the findings of this study.

Firstly, Study 1 finds that, compared to the traditional traceability system, the Al trace-
ability assistant design significantly promotes positive consumer engagement behaviors.
Existing research has confirmed the positive impact of Al chatbots on consumer behav-
iors in various fields. For instance, Kumar et al. [18] found that AI chatbots can enhance
consumer experience. Wang et al. [23] showed that employing Al livestream assistant
can increase revenue and reduce product return rates. In the research on traceability sys-
tems, Treiblmaier & Garaus [3] argued that the application of Al technology may generate
positive effects, they did not specify how Al technology could be applied to traceability
systems, nor did they conduct empirical validation. This study has applied Al technology
more concretely to the traceability system by designing an Al traceability assistant and has
empirically verified its positive effects.

Secondly, Study 2 finds that the Al traceability assistant design enhances perceived
system ease of use, which in turn promotes positive consumer engagement behaviors. As
proposed by Arce-Urriza et al. [24], Al chatbots enable users to pose queries in natural
language and provide them with information services in an interactive way, which can
improve perceived ease of use. The findings of Study 2 are consistent with theirs, providing
further evidence that Al chatbots can enhance ease of use. Moreover, recent research has
increasingly focused on technology-driven consumer engagement. Perceived ease of use
is considered one of the antecedents explaining consumer engagement [56]. Consistent
with Recalde et al. [57], Study 2 also supports the positive impact of perceived ease of use
on positive consumer engagement behaviors. Furthermore, although some scholars have
pointed out that the application of Al technology may optimize traceability systems [3],
the underlying mechanism has yet to be explained. The findings of Study 2 explain the
mechanism from the perspective of the Technology Acceptance Model (TAM).

Thirdly, Study 3 examines the moderating role of perceived product risk, finding
that perceived product risk positively moderates the effect of the Al traceability assistant
on perceived system ease of use. Furthermore, under high perceived product risk, the
mediating effect of perceived system ease of use is stronger. Given fraud in the food mar-
ket [3], consumers may receive low-quality or even counterfeit products, making it difficult
for them to accurately predict whether there are potential losses after purchasing [10].
When consumers perceive high product risk, their demand for product-related information
increases [7]. Consumers are often risk-averse [23], and in high-risk situations, they require
a more efficient and flexible way to obtain product information. The empirical findings
of Study 3 validate that perceived product risk enhances the impact of the Al traceability
assistant on perceived system ease of use and reveal that perceived product risk amplifies
the mediating effect of perceived ease of use in the relationship between the Al traceability
assistant and positive consumer engagement behaviors. In practice, the Al traceability
assistant will be more effective for high-risk food categories.

5. Conclusions
5.1. Theoretical Contributions

In terms of theoretical contributions, this study (1) provides a new theoretical perspec-
tive and framework for research on food traceability system; (2) reveals the underlying
mechanism through which the Al traceability assistant exerts its positive effect; (3) identifies
that perceived product risk is a theoretical boundary condition for the positive role of the
Al traceability assistant.
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First, previous research on traceability systems has largely been based on information
asymmetry theory, positing that traceability systems can reduce information asymmetry
between consumers and food producers [3,7,9,10]. These studies have confirmed the
benefits of traceability systems in providing more information but overlooked the risk of
information overload. Based on information overload theory, this study proposes the use
of Al chatbots to optimize traditional traceability systems (designing an Al traceability
assistant). This broadens the theoretical perspective of research on traceability systems and
provides a theoretical foundation for optimizing the design of traceability systems.

Second, this study not only extends the application of the TAM but also provides
a theoretical explanation of how the Al traceability assistant affects positive consumer
engagement behaviors. Previous studies have explored the mediating role of perceived
value [9], perceived uncertainty [10], perceived product quality [3], and consumer trust [7]
in the influence of traceability systems on consumer responses. This study analyzes the
mediating role of perceived system ease of use from the perspective of the TAM, thus
providing a new framework for understanding the mechanisms through which traceability
system affects consumer behaviors.

Thirdly, previous research has pointed out the presence of fraud in the food market [3],
which increases consumers’ perceived risk [10]. When consumers perceive a high level
of risk associated with a product, they will seek more product information to support
their decision-making [7]. This suggests that perceived product risk stimulates consumers’
demand for traceability information. Earlier studies have validated the theoretical boundary
role of factors such as brand familiarity [3] and knowledge of traceability systems [2]. This
study analyzes the moderating effect of perceived product risk and confirms that it can
amplify the mediating effect of perceived system ease of use. The moderated mediation
model provides a comprehensive framework for explaining how the Al traceability assistant
functions and when it is more effective.

5.2. Practical Implications

Firstly, this study finds that the Al traceability assistant significantly enhances the
perceived system ease of use, thereby promoting positive consumer engagement behaviors.
This finding provides guidance for prepared food companies in designing their traceability
systems. When consumers use traditional traceability systems to query information, they
must search, filter, and integrate information on their own. For example, when consumers
wish to know about the use of preservatives, they must identify the relevant information
from various information (such as raw material sourcing, production, and storage). In
contrast, the Al traceability assistant design enables consumers to directly ask questions
in natural language (e.g., Does this product use preservatives during production?). In
this case, consumers do not need to search or filter the information themselves and Al
traceability assistant is responsible for filtering and integrating relevant information to pro-
vide targeted answers. In addition, consumers can also provide feedback and suggestions
through the assistant, improving the consumer experience. Considering that providing
traceability information incurs additional costs for companies, this study suggests that com-
panies should prioritize designing a traceability system equipped with AI chatbots to fully
leverage the value of traceability information. For companies that have already established
traditional traceability systems, they should consider upgrading their systems with Al
chatbots to enhance system usability, thereby promoting consumer engagement behaviors.

Secondly, this study finds that the Al traceability assistant design more effectively
enhances perceived system ease of use under high perceived product risk. Based on this
conclusion, prepared food companies can implement differentiated traceability system
designs for different products. Consumers often develop a distrust of similar products if a
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particular product category has been exposed to quality or safety issues, leading them to
perceive higher risks for such products. At the same time, as processed foods, the more
complex the processing procedures and the greater the number of stages involved, the
higher the degree of information asymmetry between consumers and producers, increasing
consumers’ perceived uncertainty and risk. Perceived risk stimulates a strong demand
for traceability information. Many food producers have recognized this and developed
traceability systems to help consumers obtain additional product information. However,
information overload theory notes that providing more information does not necessarily
lead to better decision-making support. Therefore, companies need to avoid the risk of
overload when addressing information asymmetry. The key to resolving this contradiction
lies in designing an effective method for consumers to access traceability information.
For food categories that have previously been exposed to quality or safety issues, as well
as for highly processed foods, companies should prioritize adopting the Al traceability
assistant design to reduce consumers’ difficulties in obtaining and interpreting traceability
information, and better meet their information needs, thereby promoting positive consumer
engagement behaviors.

Furthermore, although this study confirms the positive effects of the Al traceability
assistant, it still faces several challenges in practice. For instance, developing and maintain-
ing a food traceability system requires investment from companies in hardware, software,
and personnel. These costs may be burdensome for small-scale businesses. Additionally,
data management presents another major challenge. Since the food supply chain spans
from farm to table, the traceability system includes data from various stages such as raw
materials, production, processing, transportation, and storage. These data may be uploaded
by different participants in the supply chain. Ensuring the authenticity and reliability of
the data remains an important issue to address.

5.3. Limitations and Future Research

Although this study makes several contributions, it still has some limitations that
can be improved in future research. Firstly, information asymmetry is a common issue
in the food market. This study focused on prepared foods as the research objects and the
experiments were conducted in China. Future research could select other types of foods as
the research objects and the experiments could be conducted in other countries and regions,
thereby further verifying the generalizability of these findings.

Secondly, scholars have pointed out the shortcomings of traditional traceability sys-
tems in terms of information reliability and information transmission. Current studies,
based on signal theory, have proposed the use of blockchain technology to enhance the infor-
mation reliability. This study, on the other hand, draws on information overload theory and
suggests the application of Al technology to improve the usability of traceability systems.
Future research could integrate both information reliability and information transmission
into a framework to explore the synergistic effects of blockchain and Al technologies in
optimizing the food traceability systems and further analyze their underlying mechanism.

Thirdly, the Al traceability assistant design proposed in this study aims to provide
users with more effective and efficient traceability information services. In the future,
its role in intelligent diagnosis could be further explored. Specifically, when users query
traceability information using the Al assistant, they often provide a variety of unstructured
texts (e.g., “The fish-flavored shredded pork I bought is very sweet. Does it contain
sweeteners?”). Machine learning can facilitate business intelligence [68]. Drawing on
the work of Wang et al. [69], future research could employ systematic text classification
techniques and machine learning methods to analyze the textual information generated
during user inquiries. This would enable the Al traceability assistant not only to provide
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traceability information for consumers but also to perform diagnostics, thereby assisting
companies in identifying and analyzing potential issues with food products.

Finally, although AI chatbots have been applied in many fields, they have not yet
been widely implemented in traceability systems. Based on research on Al chatbots in
other fields, this study designs an Al traceability assistant and analyzes its effectiveness.
However, it has not yet considered the specific characteristics of Al chatbots. In other
fields, many scholars have examined features such as the anthropomorphic characteristics
and proactivity of Al chatbots. Therefore, future research could further explore how to
motivate consumers to interact with the Al traceability assistant (e.g., through gamification
and rewards).

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/foods14213731/s1, Figure S1. The experimental stimuli in the
control group of Study 1 (Traditional traceability system). Figure S2. The experimental stimuli in the
experimental group of Study 1 (Al traceability assistant). Figure S3. The experimental stimuli in the
control group of Study 2 (Traditional traceability system). Figure S4. The experimental stimuli in the
experimental group of Study 2 (Al traceability assistant). Figure S5. The experimental stimuli in the
control group of Study 3 (Traditional traceability system). Figure S6. The experimental stimuli in the
experimental group of Study 3 (Al traceability assistant). Table S1. The exclusion counts per study.
Table S2. Parameter settings and power analysis results. References [2,3,7,9,10,13-19,21-24,29-58] are
cited in the supplementary materials.

Author Contributions: Conceptualization, B.L., X.C. and H.L.; methodology, B.L., H.L. and X.C;
formal analysis, B.L., X.C. and H.L.; investigation, B.L.; resources, D.W.; writing—original draft, B.L.;
Writing—review & editing, B.L., X.C. and H.L.; Supervision, D.W. and X.C.; Project administration,
D.W.,; funding acquisition, X.C. 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 (grant
number: 72402042).

Institutional Review Board Statement: The study collected data through online anonymous ques-
tionnaires and was conducted in accordance with the Declaration of Helsinki. This study did not
involve animal or human clinical trials and not disclose any personal information. According to
Ethical Review Measures for Life Sciences and Medical Research Involving Humans of China (2023),
ethical review and approval were waived for this study.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The original contributions presented in the study are included in the
article. Further inquiries can be directed to the corresponding author.

Acknowledgments: The authors are thankful for the valuable comments and suggestions received
during the peer-review process.

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


https://www.mdpi.com/article/10.3390/foods14213731/s1
https://www.mdpi.com/article/10.3390/foods14213731/s1

Foods 2025, 14, 3731

17 of 20

Appendix A

Table A1l. Variables and items.

Variables

Items

References

Perceived system ease
of use

Perceived product risk

Positive consumer
engagement behaviors

The food traceability system provides information in a flexible manner

It is easy to obtain traceability information using this food traceability system
Using this food traceability system to access traceability information does not
require much mental effort

This food traceability system is easy to use

Purchasing this kind of product involves risk

Purchasing this kind of product may involve potential losses

The decision to purchase this kind of product is risky

I will purchase this product

I will repurchase this product

I will purchase other products from this brand

I share my product usage experience in social interactions

I recommend this product to others in social interactions

I help others resolve product-related issues in social interactions

I share my product usage experience on online platforms

I post positive reviews and recommend this product on online platforms

I share product-related knowledge on online platforms to help others

I proactively provide feedback on my product usage experience to the company
I proactively offer constructive suggestions regarding the product and services
I proactively provide feedback on my needs for new products

[24,44]

[62]

[57,59-61]

Appendix B
Appendix B.1

Participants in both the control and experimental groups were asked to imagine
the following scenario. While purchasing Kung Pao chicken, you wish to obtain the
product’s traceability information (e.g., raw material sources, production and processing,
transportation and storage). Then, you scan the QR code located at the bottom-right
corner of the product packaging with your mobile phone and access the traceability system.
To control for extraneous variables, both groups were assigned the same query task “to
determine whether this product contains preservatives”.

Next, participants in the control group were instructed, with the aid of text and images,
to imagine the following scenario. When seeking to determine whether the product contains
preservatives, you must locate the “Preservatives” option on the traceability system’s first-
level page. After clicking on “Preservatives,” you enter the second-level page to view the
preservative testing report, where you can only rely on yourself to understand the items in
the preservative testing report and to interpret the results.

In the experimental group, participants, also guided by text and images, were asked to
imagine the following scenario. When seeking to determine whether the product contains
preservatives, you can directly ask the Al traceability assistant, “Was any preservative
used during the production and processing of this product?” The Al traceability assistant
then integrates the relevant information available in the traceability system and provides a
direct response.

Appendix B.2

In Study 2, the product was replaced with fish-flavored shredded pork, and the query
task was changed to “determine whether this product contains sweeteners”. The process by
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which participants in the control and experimental groups accessed traceability information
through the traceability system was similar to that in Study 1.

Appendix B.3

Study 3 employed a 2 (Traditional traceability system design vs. Al traceability
assistant design) x 2 (Perceived product risk: low vs. high) between-subjects design. At the
beginning of the experiment, participants were presented with a news article concerning
drug residue testing in aquatic products, which was used to manipulate the perceived
product risk. Subsequently, as in Studies 1 and 2, participants were shown the process of
accessing traceability information through the traceability system. In Study 3, the stimulus
product was pickled fish (Suan Cai Yu), and the query task was changed to “determine
whether the fish filets contain drug residues”. The process by which participants in the
control and experimental groups accessed traceability information through the traceability
system was similar to that in Study 1.
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