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ABSTRACT

Amid escalating environmental challenges, green food consumption has emerged as an
important pathway toward sustainable development. However, understanding consumers’
green food consumption behavior remains challenging due to the complex and potentially non-
linear relationships among its determinants, particularly in developing economies such as
Vietnam. This study examines the factors influencing green food consumption intentions in
Vietnam by extending the Theory of Planned Behavior (TPB) with additional constructs,
including trusts, perceived value, and ecolabels. To enhance both explanatory and predictive
power, the study employs a hybrid analytical approach that integrates Partial Least Squares
Structural Equation Modeling (PLS-SEM) and Artificial Neural Networks (ANN). Data were
collected from Vietnamese consumers and analyzed using PLS-SEM to test hypothesized
relationships, followed by ANN to capture non-linear patterns and rank the relative importance
of key predictors. The findings indicate that TPB-related factors significantly influence
consumers’ intentions, while trusts and perceived value emerge as the most important
determinants. The ANN results further demonstrate the predictive capability of the hybrid
SEM—-ANN approach in modeling green food consumption intentions. This study contributes
to the literature by extending TPB in the context of green food consumption and demonstrating
the usefulness of SEM—ANN integration in consumer behavior research. The findings also
offer practical implications for businesses and policymakers seeking to promote sustainable
consumption in Vietnam.
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1. INTRODUCTION

The global food system is recognized as a major contributor to natural resource depletion,
biodiversity loss, and greenhouse gas emissions amid growing climate change and
environmental degradation [1]. The natural environment and ecosystems are under a great deal
of stress due to unsustainable food production, distribution, and consumption methods [2], [3].
Thus, one of the most important ways to advance sustainable development is to move toward
ecologically friendly food consumption models, particularly green food consumption (GFC).
Eating green food shows that customers are becoming more conscious of environmental and
health issues, in addition to reflecting a change in consumer behavior. Previous research has
demonstrated that a number of influences, such as attitudes, ecological awareness, knowledge,
community norms, and obstacles pertaining to cost and accessibility, have an impact on GFC
behavior [4], [5]. However, there is still a disconnect between consumer intentions and actual
behavior, especially in developing nations, despite growing awareness of green consumption.
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TPB is regarded as a fundamental theoretical framework for elucidating consumer
behavior [6], [7]. TPB contends that behavioral intention, which is derived from attitudes,
perceived behavioral control, and subjective norms, has a direct influence on a personality's
conduct [8]. While TPB has been successful in explaining a variability of behaviors, including
green consumer behavior, new research indicates that this model should be extended to more
accurately represent the situation of GFC, where perceived value, product information, and
reliability are important factors. In particular, ecolabels are seen as a crucial instrument for
lessening information asymmetry and assisting customers in identifying products that are
environmentally friendly [9], [10]. Furthermore, perceived worth and trust have been found to
be important elements in encouraging the consumption of green foods [11], particularly in a
situation when customers must deal with inaccurate and unreliable product information.

Despite the fact that GFC behavior has been the subject of several studies, most recent
research still predominantly uses linear analytical techniques like regression or structural
equation modeling [12]. These techniques are useful for testing theoretical ideas, but they are
not very good at identifying complex interactions and nonlinear correlations between variables
[13], [14], [15]. The application of sophisticated analytical techniques is crucial in the setting of
increasingly complex consumer behavior that is influenced by many interrelated elements.
Recently, research has begun combining SEM with ANN to leverage the benefits of both
structures [14]. While ANN aids in the detection of non-linear correlations and enhances the
model's prediction power, SEM is utilized in this process to assess causal relationships based on
theory [15]. This hybrid technique provides deeper insights into customer behavior by ranking
the relative relevance of statistically significant elements in addition to identifying them.

Currently, in Vietnam, consumers are strongly shifting toward choosing green foods to
protect their health and the environment [16], [17]. Pham et al. used SEM to study publicity,
virtual communities, service value, and green service choice as factors associated with green
service consumption for tourism development [18]. In addition, research on the role of social
networks in GFC was also analyzed by Trong et al. [19]. Research has shown that the TPB model
of individual cultural, social, and psychological factors is related to GFC. Additionally, Luan et
al. used SEM and one-way ANOVA with SPSS and Amos software to evaluate a study on GFC,
in which environmental concerns play a particularly important role [ 16]. Another study on GFCs
using a PLS-SEM model described by Nguyen et al. showed that attitudes play a central role in
converting purchase intentions into actual purchase behavior [20]. However, this market still
faces significant hurdles in adopting a more comprehensive research approach to promote
sustainable consumption and complex nonlinear relationships [21]. Furthermore, advanced
models such as SEM-ANN are still rarely discussed for addressing nonlinear relationships in this
GFC domain. Although international studies have begun to incorporate SEM-ANN models to
decode these complex behaviors [22], [23], However, in emerging economies like Vietnam, the
application of this hybrid model remains a significant gap. Most current domestic research still
relies primarily on traditional linear analysis methods, which cannot fully reflect the
multidimensionality and non-linear relationships in customer psychology.

To address the aforementioned limitations, this study supports the construction and
validation of a hybrid SEM-ANN model for in-depth assessment of factors affecting GFC
behavior in Vietnam. Beyond merely verifying theories, the research seeks to have significant
practical consequences for businesses. Specifically, the research focuses on three main
contributions:

e Determine the determinants affecting intentions and actions related to the intake of
eco-friendly foods.

e Analyzing the expanded function of ecolabels, perceived worth, and convictions
within the context of TPB.
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e Rank the importance of factors using an ANN model.

This study aims to bridge the theoretical and empirical gap between PLS-SEM and ANN
by investigating the psychological issues influencing green food choices, structured as follows:
First of all, the study expands the scope of TPB by integrating key variables within the context
of GFC in Vietnam. Secondly, this study joins a hybrid SEM-ANN approach to enhance the
ability to describe and predict consumer behavior. Lastly, the study provides empirical
evidence, contributing to existing research. The study's foundation is TPB with perceived
value, trust, and eco-label. In order to connect variables with intention and conduct, hypotheses
H1-HS8 are developed.

2. OVERVIEW OF RESEARCH AND DEVELOPMENT OF THE HYPOTHESIS

2.1. Green food consumption behavior

The practices of choosing, acquiring, and utilizing food items that are more ecologically
friendly while maintaining food safety and health advantages are known as GFC [24], [25].
Furthermore, in the setting of increasing environmental problems, climate change, the impact
of the greenhouse effect, and food safety, GFC is becoming an increasingly important research
topic that has been widely studied by many researchers [26], [27].

Previous research has demonstrated that a variety of factors, including environmental
awareness, attitudes, social norms, trusts, and perceived values, have an impact on GFC
behavior [28], [29]. The gap between intention and actual conduct, however, is one of the main
problems in this subject, indicating the need for more thorough analytical models to explain
consumer behavior.

2.2. Theory of Planned Behavior

Among the most general theoretical frameworks in consumer behavior research is the
TPB [30], [31]. TPB has been used extensively in studies on the consumption of organic and
green foods, and it has been demonstrated to be an effective behavioral intention interpreter
[6], [32]. Moreover, ecolabels function as a trustworthy signal in the context of GFC, assisting
consumers in identifying items that are traceable, safe for their health, and environmentally
beneficial [33], [34]. This fosters a favorable perception of the product, boosts social support,
and facilitates decision-making for consumers. However, recent studies suggest that TPB
needs to be expanded to better suit the context of GFC [35], [36], where influences related to
information and trust play a key role.

2.3. Ecolabels and their role in green food consumption

Ecolabels are a communication tool that aids in informing consumers about a product's
eco-friendly features [37]. Ecolabels act as a signal to lessen information asymmetry in the
food industry, since customers can scarcely evaluate a product's "green" features directly.
Furthermore, a number of studies demonstrate that eco-label positively influences attitudes,
environmental awareness, and the desire to buy green items [38], [39]. From there, a research
framework is proposed:

Hypothesis 1 (H1): Attitudes on eco-friendly food are positively impacted by ecolabels.
Hypothesis 2 (H2): Trust in green food is positively impacted by ecolabels.
2.4. Perceived worth

Perceived value is identified as purchasers' overall evaluation of a product's values
relative to its cost. When it comes to eating green foods, perceived value includes social,
emotional, and health benefits in addition to functional benefits [13]. According to studies,
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people are more likely to make a purchase when they believe that eco-friendly meals have
definite advantages and are worth the price [40]. As a result, the following theories are put
forth in this article:

Hypothesis 3 (H3): Perceived value has a beneficial effect on the intention to purchase
green food.

2.5. Trust

Because it can be challenging to verify product attributes, trust plays a critical role in
GFC behavior. Since it is frequently impossible for consumers to independently confirm
whether a product is genuinely "green," they must rely on the source, brand, or label [41], [42].
Prior research has demonstrated that trust is a major factor in determining intentions and
actions related to eating green food, particularly when there is insufficient or unclear
information [13], [43]. Based on that, we put out the following theory:

Hypothesis 4 (H4): The propensity to buy green food is progressively impacted by trust.
2.6. Attitudes, subjective norms, and perceived behavioral control

According to TPB, behavioral intention is affected by three main causes: attitude,
subjective norms, and perceived behavioral control. When consumers have a positive
perception of green food, they are more likely to purchase it [28]. The impact of friends,
family, and society on consumer choices is reflected in subjective norms. Accessibility, price,
and terms of purchase are all related to perceived behavioral control. Furthermore, these three
elements play a critical role in understanding green consumer behavior, as several studies have
proved [35], [40]. Therefore, this study suggests:

Hypothesis 5 (HS): The propensity to purchase eco-friendly food is positively impacted
by attitudes.

Hypothesis 6 (H6): Subjective norms have a favorable consequence on the intention to
consume green food.

Hypothesis 7 (H7): Purchasing green foods is positively impacted by perceived
behavioral control.

2.7. Consumer behavior and intentions

Numerous studies have exhibited that purchase intention has a favorable influence on
actual consumer behavior when it comes to the intake of green foods, albeit the degree of
influence may vary depending on contextual factors [7], [40], [43]. Consequently, the
hypothesis that follows is put forth:

Hypothesis 8 (HS): Consumption of green foods is positively impacted by purchase
intention.

The correlations among the variables are articulated through the aforementioned study
hypotheses. The postulated relationships among variables seek to evaluate the impact of these
issues on the intention and behavior regarding the consumption of green food. Figure 1 depicts
the proposed investigation model in this study.
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Figure 1. The suggested research model

2.8. Hybrid SEM-ANN approach

Conventional analytical techniques like SEM predominantly emphasize linear
correlations among variables [14], [15]. However, consumer behavior is often non-linear
and complex [13], [15]. Therefore, recent studies suggest combining SEM with ANN to
enhance analytical capabilities in various fields and yield reliable results. Research
hypotheses and theoretical models are tested using SEM [40]. On the other hand, ANNs are
used to rate the significance of predictive factors and identify non-linear correlations [13],
[14]. This hybrid approach increases the research's practical relevance by enabling the study
to discover statistically significant components as well as providing information on each
factor's relative impact.

3. RESEARCH METHODS

3.1. Research design

The purpose of this investigation is to evaluate hypotheses regarding the issues
influencing Vietnamese consumers' consumption of green foods using a quantitative approach.
The study develops an integrated research model that integrates consumer psychological,
social, and cognitive elements based on TPB and extended variables. Additionally, the study
uses a hybrid strategy that combines SEM and ANN to enhance the model's explanatory and
predictive capabilities. In particular, ANN is used to identify non-linear correlations and rank
the significance of independent variables with respect to the dependent variable, whereas SEM
is used to assess causal linkages based on theoretical underpinnings.

3.2. Research samples and data gathering techniques

Data is gathered using a structured questionnaire survey, formulated based on scales
validated in prior research. The survey targeted consumers in Vietnam, particularly focusing
on urban areas, where access to and awareness of green food are higher. The sample
technique employed is a hybrid of convenience sampling and propagation sampling,
consistent with consumer behavior studies in a real-world context. The minimum sample
size is determined by applying the requirements of the PLS-SEM approach. The sample size
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must be at least ten times the number of pathways that lead to an endogenous variable
quantity in the model [6], [40], [44].

3.3. Questionnaire and scale design

The questionnaire is structured into three main parts: Part 1: Introduction and
confidentiality commitment; Part 2: Survey screening questions; Part 3: Primary scales and
demographic information. All information in the questionnaire is described in Table 1.

The model's variables are measured on a 5-point Likert scale, ranging from 1 (strongly
disagree) to 5 (strongly agree). To guarantee dependability and quantifiability, the scales are
inherited and modified from earlier research. including ATT, VAL, SN, PBC, ECO, TRU,
INT, and BEH, as shown in Figure 1.

Table 1. Scale system for factors in the research model

Vggi;t;le Items Description of the scale Ref.
ATT1 | I think buying green food is a sensible choice. [40]
ATT ATT2 | Ibelieve that green foods help improve my quality of life [12]
ATT3 | I feel reassured and satisfied when using green food [45]
VAL1 |1 believe. that the price of green food is justified compared to the [46]
benefits it provides

VAL VAL2 | I find that green foods offer clear health benefits [35]
VAL3 | Overall, green foods are a valuable choice [7]

SN1 My significant others believe that I should purchase eco-friendly
food [44]
SN SN2 My family supports my use of green foods [32]
SN3 Friends/relatives encouraged me to eat green foods [40]
PBC1 | Ican proactively choose green foods when shopping [21]
PBC PBC2 | I have the means (financial resources, time) to buy green food [40]
PBC3 | Ican easily find green food where I live [31]
ECOL1 | I pay attention to eco-labels on food packaging [9]
ECO ECO2 | Eco-label helps me identify environmentally friendly products [38]
ECO3 | I often rely on eco-labels when choosing food products [38]
TRU1 | I believe that green food is safer for health [42]
TRU TRU2 | I believe the information provided about green food [39]
TRU3 | I believe in relevant certifications/brands [31]
INT1 | Iintend to buy green food in the near future [40]
INT INT2 | I will prioritize choosing green foods whenever possible [39]
INT3 | I plan to consume green foods more often [40]
BEH1 | I frequently buy green foods [15]
BEH BEH2 | I prefer choosing green foods over conventional foods [39]
BEH3 | I make it a habit to include green foods in my daily meals [15]

Each concept is assessed by three observed factors, articulated in a straightforward and
clear statement format appropriate for respondents in Vietnam. Additionally, in order to
guarantee clarity, terms like "green food" and "ecolabel" are defined in plain language and
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supported by examples to enable respondents to fully comprehend the survey's content.
Besides, the questionnaire is piloted with about 30 to 50 participants prior to formal
deployment in order to improve the questions' language, organization, and clarity.

An online survey created using the Google Forms platform is used to gather data. The
survey consists of Vietnamese consumers aged 18 and above who are aware of or interested
in green food. In order to accommodate respondent access conditions and the exploratory
nature of the study, a non-probability sampling method that combines suitability sampling and
snowball sampling is used.

To guarantee that the research sample's demographics are diverse, the questionnaire is
disseminated using a variety of internet platforms, including social media (Facebook, Zalo)
and personal contacts. The data collection period lasted approximately four weeks, from
February 1, 2026, to February 28, 2026. A total of 170 responses were collected. To ensure
data quality, the study employed several control measures. Initially, screening questions are
used to ensure participants meet the study criteria (residing in Vietnam and being 18 years of
age or older). Secondly, in order to identify non-serious answers, the questionnaire contained
an attention span question. Unsatisfactory answers are eliminated from the dataset for analysis
(e.g., failing the attention span question or displaying indications of repeating responses). 108
valid responses are used for additional analysis following data cleaning. Lastly, the final
sample size satisfies the minimal standards needed to conduct SEM model analysis.

4. RESEARCH FINDINGS

4.1. Data analysis using PLS-SEM

Two stages of data analysis are carried out. The measurement model and the structural
model are validated in the first part of the study using PLS-SEM via SmartPLS software.

4.1.1. Evaluating the measurement model

The study initially establishes latent variables and the related observed variables based
on theoretical principles in order to concretize the conceptual framework in the SmartPLS
software and produce the structural model results displayed in Figure 2 [15]. Next, the inner
model's structure is then shaped in accordance with the suggested study plan by creating
hypothetical paths to link the exogenous and endogenous structures. Following data
preparation, an iterative estimate process to maximize forecasting capabilities and determine
indicator weights is initiated by the PLS Algorithm with path weighting mode [15]. Lastly, the
path diagram is extracted using the software's visualization capabilities, which concurrently
show the R? values, normalized beta coefficients, and external loading coefficients to offer
empirical support for the model's causal links.

The coefficient of determination (R?) in PLS-SEM analysis is used to evaluate how well
independent factors explain the dependent variable in the structural model. Likewise, R? shows
the proportion of the endogenous variable's variance that can be accounted for by the model's
predictor variables. An R? value of about 0.75 is seen as strong, 0.50 as moderate, and 0.25 as
weak in earlier research [15], [47]. In consumer behavior, marketing, and social science
research, where human behavior is frequently influenced by numerous uncontrolled elements,
the authors stress that the R? value should be taken into account within the particular context
of the study. As a result, average R? levels might still be regarded as realistically significant
[44], [47], [48].

In this PLS-SEM model, the variables ECO, VAL, PBC, and SN do not show R? values
because they are exogenous variables. These variables function as independent input variables
and are unaffected by the model's other variables. Therefore, SmartPLS does not calculate the
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coefficient of determination R? for these variables. The R? value is evaluated only for
endogenous variables such as ATT, TRU, INT, and BEH, variables that are described by one
or more other variables in the model.

ATT1 ATT2 ATT3 VAL3 VAL2 VAL1

ECO3 [;.‘?6? 0.907
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Figure 2. Consequences of PLS-SEM model analysis

The results of the analysis in Figure 2 show that the R? values of the endogenous
variables range from 0.012 to 0.470. Specifically, the R? of ATT is 0.012, indicating that
ECO only explains 1.2% of the variation in attitude, which is a very low level of explanation.
Meanwhile, the R? of TRU reaches 0.414, meaning that ECO explains 41.4% of the variation
in trust. For the INT variable, the R? value reach 0.429, indicating that the variables ATT,
TRU, SN, VAL, and PBC explain 42.9% of the variation in green consumption intentions.
Finally, the R? of BEH reach 0.47, meaning that green consumption intention explains 47.0%
of the variation in green consumption behavior. Overall, the model has moderate explanatory
power for TRU, INT, and BEH.

After finishing the research model and allocating all observed variables to each latent
idea, the study involved using the PLS Algorithm in SmartPLS software [39]. The standard
configuration of the PLS algorithm prioritizes the adoption of a Path weighting structure to
maximize the R? rate for the model's endogenous structures [47]. Technical indicators are
taken from the Construct Reliability and validity section to evaluate the scientific validity and
dependability of the scales when the algorithm has converged [7]. The scale is assessed with
Cronbach’s Alpha (CA) and Composite Reliability (CR). Convergent validity is calculated
using Average Variance Extracted (AVE). Table 2 displays the findings of the structural
analysis, which evaluated the study's scales' convergent validity and reliability.

In order to guarantee the reliability and convergent validity of the scale, prior research
has recommended that the external loading factor be better than 0.7, CA and CR be more than
0.7, and AVE be improved than 0.5 [7], [21], [32], [40]. During the initial evaluation, the
observed variable PBC3 has a low external loading coefficient (0.664) and reduces the intrinsic
reliability of the PBC scale (CA = 0.669) and is therefore removed. After removing this
variable, the measurement model is re-evaluated. The outcomes indicate that all remaining
observed variables had external loading coefficients that met the acceptable threshold. At the
same time, every scale satisfies the criteria for convergent validity and reliability, with CA
ranging from 0.746 to 0.904, CR better than 0.8, and AVE superior to 0.6. The TRU scale
satisfies the requirements for reliability and convergent validity, thus even if the TRUI
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variable has a moderate external loading coefficient (0.691), it is kept. Overall, the model's
scales satisfy the specifications, enabling more structural model investigation.

Table 2. Findings from the assessment of the measurement model

Construct Item Loading CA CR AVE
ATTI1 0.767

ATT ATT2 0.907 0.865 0.909 0.771
ATT3 0.950
ECO1 0.839

ECO ECO2 0.869 0.794 0.878 0.706
ECO3 0.812
TRUI 0.691

TRU TRU2 0.898 0.746 0.857 0.670
TRU3 0.851
VALI1 0.738

VAL VAL2 0.861 0.798 0.873 0.697
VAL3 0.897
SN1 0.922

SN SN2 0.901 0.904 0.940 0.839
SN3 0.925

PBC PBCI 0822 0.742 0.820 0.605
PBC2 0.836
INT1 0.886

INT INT2 0.837 0.777 0.871 0.693
INT3 0.770
BEHI 0.810

BEH BEH2 0.820 0.765 0.863 0.678
BEH3 0.839

The study proceeded to investigate the discriminant validity between latent variables
using the Heterotrait-Monotrait ratio (HTMT) following the completion of the reliability and
convergent validity assessment of the scale [7], [44]. In order to determine whether the study
concepts overlap in terms of measurement, the HTMT table uses the PLS Algorithm to display
the correlation between indicators across various structures in comparison to the average of
correlations within the same structure [48]. An HTMT score of less than 0.85, which is usually
applied to ideas with well-defined theoretical distinctions, according to earlier research [44].
For constructs with substantial conceptual resemblance, social and behavioral science research
generally accepts an HTMT criterion of less than 0.9 [44]. The following evaluation of the
discriminant validity of the proposed model using the HTMT matrix are depicted in Table 3.

The results of the discriminant validity assessment via the HTMT index in Table 3 show
that most values between pairs of latent variables are lower than the threshold of 0.85. Some
variable pairs such as INT-BEH, PBC-TRU, and VAL-ATT have HTMT values of 0.873,
0.881, and 0.891, respectively, higher than the strict threshold of 0.85 but still lower than the
usual threshold of 0.90. Therefore, according to the HTMT criterion is smaller 0.90, the
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measurement model achieves discriminant validity, indicating that the concepts in the model
are sufficiently distinct to proceed with structural model analysis and hypothesis testing.

Table 3. Results of discriminant validity assessment using the HTMT matrix

ATT | BEH | ECO INT | PBC SN | TRU | VAL

ATT
BEH 0.334
ECO 0.114 | 0.537
INT 0313 | 0.873 | 0.578
PBC 0.395 | 0.779 | 0.543 | 0.793
SN 0.726 | 0.376 | 0.346 | 0.558 | 0.580
TRU 0.352 | 0.835 | 0.816 | 0.688 | 0.881 | 0.473
VAL 0.891 | 0.648 | 0.353 | 0.552 | 0.655 | 0.812 | 0.692

4.1.2. Evaluating the structural model

Once the measurement model satisfies the criteria for discriminant validity, convergent
validity, and reliability, the consideration moves on to assess the essential model in order to
check the hypotheses. The path coefficient (B), the statistic value (t), and the value (p), which
are calculated via bootstrapping with 5.000 replicate samples, are used to examine the
associations between the variables. Recent PLS-SEM guidelines state that 5.000 bootstrap
samples are sufficient to generate trustworthy statistical significance test findings [4], [21],
[29]. One accepted hypothesis is when the p <0.05 and t > 1.96 for the two-sided test at a 5%
significance level [47] [43].

Table 4. Results of the structural model and research hypothesis testing

H Relationship B t p Result
H1 ECO — ATT 0.107 0.761 0.447 Rejected
H2 ECO — TRU 0.644 12.276 0.000 Accepted
H3 VAL — INT 0.179 1.056 0.291 Rejected
H4 TRU — INT 0.260 2.211 0.027 Accepted
H5 ATT — INT -0.150 0.960 0.337 Rejected
H6 SN — INT 0.228 1.572 0.116 Rejected
H7 PBC — INT 0.237 1.653 0.098 Rejected
HS8 INT — BEH 0.685 13.999 0.000 Accepted

The structural model results, summarized in Table 4, reveal a compelling phenomenon,
the primary constructs of the traditional TPB are largely insufficient in predicting green food
purchase intentions within the Vietnamese context [44]. The failure of these hypotheses
gives important insights into the persistent "Green Gap" and the complexity of the current
market [44]. The disconnect between traditional TPB factors and intentions. First, the study
found no significant link between the core psychological drivers of TPB and behavioral
intentions. Specifically, Hypothesis HS5, which proposed a positive relationship between
ATT and INT, was rejected (p= -0.150, p = 0.337). This clearly illustrates the "Green Gap"
phenomenon: while consumers may acknowledge the benefits of sustainable food, this
cognitive appraisal is not potent enough to catalyze a concrete purchase intention [44].
Similarly, H7 (p = 0.237, p = 0.098) failed to reach statistical significance, suggesting that
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individual resource constraints, such as time or cost, are not the primary "bottlenecks"
preventing consumption in this sample. Notably, H6 ($=0.228, p=0.116) was insignificant
in the linear SEM model but was identified as the second most vital predictor in the non-
linear ANN analysis. This discrepancy underscores that social pressure operates through
complex, non-compensatory mechanisms that traditional linear assumptions fail to capture.
Eco-label Awareness did not significantly foster a positive Attitude H1 (B = 0.107, p =
0.447). Although consumers recognize certifications such as VietGAP or RAT, this
awareness does not automatically translate into a favorable psychological evaluation of the
product. Instead, ECO serves as a powerful driver of H2, confirming that in markets
characterized by high information asymmetry, labeling information only gains value when
it successfully establishes genuine reliability rather than merely influencing general
perceptions. Finally, the role of VAL remained marginal, as Hypothesis H3 was rejected (
= 0.179, p =0 .291). This result indicates that while consumers recognize health benefits
(VAL2), the trade-off between these gains and the high price premium lacks sufficient
weight to overcome underlying skepticism regarding product authenticity within a linear
framework. Consequently, building a foundation of trust appears to be a more critical
prerequisite than simply emphasizing the health-to-price value proposition.

The statistically significant correlations in the structural model are shown in Figure 3.
With a B coefficient of 0.644 and p = 0.000, the results explain that ECO has a positive effect
on TRU, demonstrating that ecological awareness plays a role in the promotion of customer
trust. In addition, TRU positively impacts INT with § = 0.260 and p = 0.027, indicating that
trust plays a role in promoting green consumption intentions. Specifically, INT has the
strongest impact on BEH with § = 0.685 and p = 0.000, demonstrating that green consumption
intention is a crucial factor leading to actual green consumption behavior.

Accepted Hypotheses Results

0.8+ |-ﬁ —.—p—\'aluel
0.7

0.05

B=0.685
4=0.644 0.04

HS8

0.03

p-value

0.02

8 Cocfficient

0.01

\p= 0.000
0

ECO—-TRU TRU—INT INT—-BEH
Relationship

Figure 3. Connections in the model are statistically significant

The research findings viewing that core causes of TPB such as attitude, subjective norms,
and perceived behavioral control do not have an important influence in the context of GFC in
Vietnam. Instead, trusts play a crucial mediating task in the link between perceived ecolabels
and consumption intentions. This suggests that consumer behavior in this sector is more
strongly influenced by factors related to reliability and information than by traditional
cognitive factors. This study uses the PLSpredict approach, which is based on k-fold cross-
validation (with k=10), to quantify forecasting mistakes at the level of observable variables in
order to bridge the gap between theory and practice in predicting (see Figure 4) [47].
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Figure 4. RMSE prediction errors of observed variables in the PLS-SEM model

An important methodological stage in the hybrid SEM-ANN modeling process is the use
of PLSpredict [13] [49]. In particular, a strict standard for linear predictive performance is
established by contrasting error metrics like Root Mean Square Error (RMSE) of the PLS
model with the benchmark LM model [47]. In addition to confirming the structural model's
dependability, this result serves as a crucial baseline before utilizing ANN, a more potent
method for capturing intricate nonlinear relationships to maximize the accuracy of forecasting
future GFC behavior [50].

The PLSpredict results show that the RMSE values of the observed variables belonging
to TRU, INT, and BEH ranged from 0.518 to 0.696, as analyzed in Figure 4. Of these, INT2
has the lowest RMSE at 0.518, indicating the lowest forecast error, while TRU3 has the highest
RMSE at 0.696. When averaged across each latent variable, the RMSE for TRU, INT, and
BEH are 0.690, 0.584, and 0.618, respectively. These results show that the PLS-SEM model
has the best predictive ability for the INT variable, followed by BEH, while its predictive
ability for TRU is more limited. These RMSE values will be used as a basis for comparison
with the RMSE Testing of ANN models in the next analysis step.

PLS-SEM can demonstrate linear correlations between variables; however, it is unable
to accurately capture non-linear relationships. As a result, the study keeps using ANN models
to rank the relative relevance of factors influencing customer behavior and evaluate their
predictive capacity. By integrating ANN:S, it is possible to overcome the drawbacks of linear
models and gain a greater understanding of the predictive power and relative significance of
the model's components.

4.2. Analysis using ANN

The ANN analysis is conducted using Altair Al Studio 2025.1 to capture non-linear and
non-compensatory relationships between predictors. The model employed a multi-layer
perceptron architecture with a back-propagation algorithm [15]. Finding a thorough list is quite
challenging when conducting research on Vietnam's expanding niche market for GFC [40].
Consequently, "snowball" sampling can be used to poll consumers who frequently exchange
information within sustainable consumer communities and who have similar health and
environmental concerns [6]. With a sample size of n=108, the model attained 80% statistical
power to identify path coefficients. Therefore, a ten-fold cross-validation technique is applied
[13], [47]. To guarantee objectivity in model evaluation, the data is split into training and
testing portions in a 70:30 ratio [44]. The network configuration consisted of an input layer
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(comprising significant predictors from PLS-SEM), one hidden layer with nodes automatically
optimized by the software, and one output layer (GFC intention) [13]. The sigmoid activation
function is utilized for both layers to normalize the output [13]. Furthermore, this study uses
the RMSE index to measure accuracy. Finally, a sensitivity analysis is performed to compute
the relative importance of each input variable [15], providing the normalized importance
percentage to rank the drivers of GFC intention [13].

Based on the structure validated by PLS-SEM, three distinct ANN models (ANNI,
ANN2, ANN3) are designed to predict a specific dependent variable. In this study, the
variables TRU, INT, and BEH represent different stages in the purchaser decision-making
process and therefore need to be analyzed through independent ANN models. In addition to
preserving consistency between the two approaches, building equivalent ANN models for
each dependent variable enables a more precise evaluation of the contribution of factors in
each model stage.

Additionally, splitting the ANN models reduces the possibility of forecasting findings
being biased due to the inclusion of several dependent variables in a single model [15], [44].
Analyzing each output variable independently enhances the accuracy and dependability of the
study findings because they each have unique relationship structures and distribution
characteristics. This includes: (i) the influence of ECO perception on TRU, (ii) the combined
influence of ATT, VAL, SN, PBC, and TRU on INT, and (iii) the influence of INT on BEH.
The specific processes involved in implementing an ANN are depicted in Figure 5. First, the
(Read Excel) phase is used to import research data into the program. Variables appropriate for
each ANN model are then chosen in the (Select Attributes) stage, including input and output
variables. The roles of the variables in the model are then defined using the (Set Role) phase,
where the variable to be forecasted is set as the label/target variable, and the other variables
are specified as input/predictor variables.

The Split Data stage divides the data into a training set and a testing set after the roles of
the variables have been determined. The model is constructed and trained at the Neural Net
step using the training set, which aids in the model's learning of both linear and nonlinear
interactions between input and output variables. After the ANN model is trained, the (Apply
Model) step is used to apply the built model to the test set. Finally, the Performance step is
used to evaluate the predictive performance of each ANN model through the RMSE index. A
lower RMSE number suggests a less predicted error and a more accurate model [13], [15].
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Figure 5. ANN implementation process
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Table 5 presents the RMSE values of the three ANN models on the training and test sets.
The results show that ANN1, with ECO as the input variable and TRU as the output variable,
achieved an RMSE training of 0.527 and an RMSE testing of 0.509. ANN2, using ATT, VAL,
SN, PBC, and TRU to predict INT, achieved an RMSE training of 0.463 and an RMSE testing
of 0.459. ANN3, using INT to forecast BEH, achieved RMSE Training (0.471) and RMSE
Testing (0.369). Overall, there is no discernible difference in the RMSE values between the
training and testing sets, suggesting that the ANN models have reasonably stable prediction
skills and do not exhibit overfitting.

Table 5. RMSE Values of ANN Models

ANN Input Output RMSE Training RMSE Testing

ANN1 ECO TRU 0.527 0.509
ATT, VAL, SN,

ANN2 PBC, TRU INT 0.463 0.459

ANN3 INT BEH 0.471 0.369

The study used the RMSE index to evaluate the prediction capability of the conventional
linear model and the nonlinear model after building the theoretical framework and validating
causal linkages using PLS-SEM. A summary and comparison table of the two approaches'
prediction performance can be found in Figure 6.

075 1 | sEM [ ANN_ —@— [mprove (%) |

23.8% ,
07k 069,35 606 "

RMSE

Improve (

TRU INT BEH
Figure 6. Comparison of RMSE forecasting errors between PLS-SEM and ANN

Experimental results in Figure 6 show that the RMSE training values of all three models,
ANNI1, ANN2, and ANN3, are significantly lower than the average RMSE values obtained from
the PLSpredict model in PLS-SEM. Specifically, the forecast error for the TRU structure
decreased from 0.690 to 0.527; INT decreased from 0.584 to 0.463; and BEH decreased from
0.618 to 0.471. This demonstrates that, in comparison to linear regression models, ANN models
can optimize weights to reduce mistakes and produce improved predicted accuracy [44].

Empirical evidence demonstrates that the relationship between factors driving GFC (such
as attitudes, perceived value, and subjective norms) and actual behavior is not just linear, as
evidenced by the significant decrease in RMSE when switching from PLS-SEM to ANN (an

average improvement of over 20%) [14], [44].

The ANN2 network achieves the lowest RMSE (0.463), corresponding to the fact that
the INT2 variable in PLS-SEM also has the lowest error (0.518). The alignment between the
two methodologies bolsters the data's validity and demonstrates that the input factors,
including ATT, VAL, SN, PBC, and TRU, are highly effective predictors of consumers'
propensity to purchase green food [44]. This RMSE comparison offers persuasive
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justification for managers to have confidence in future projections regarding sustainable
consumer behavior.

Although training the ANN2 model has yielded superior forecasting accuracy, as proven
by low RMSE error rates. In this structure, the complex and nonlinear interaction mechanisms
between variables are often hidden, making theoretical explanation difficult [14]. Therefore,
after completing the training phase, the study conducted Attribute Weights analysis using a
sensitivity analysis procedure to calculate the relative importance of the input variables to the
output variable INT.

There are two main methodological reasons why carrying out this analytical phase is
essential. First, breaking the linearity constraints of SEM, Attribute Weights analysis in ANN
enables the identification of the strength of input variables when they interact in a non-linear
and non-compensatory manner, whereas path coefficients in PLS-SEM only assess strictly
linear effects [14]. This better captures the reality of consumer psychology, where a crucial
"bottleneck” that linear structural models frequently overlook or undervalue is a factor like
trust [14]. Second, validation and re-ranking: This process yields a normalized significance
table in addition to aiding in the verification of the SEM results [13]. This value is calculated
by dividing the relative significance of each input varying by the highest value obtained in the
network and then converting it to a 100% ratio [13].

After training the ANN2 model, Attribute Weights evaluation is performed to assess the
relative importance of the input variables in predicting INT, as shown in Figure 7.

Read Excel Select Attributes Set Role Weight by Correlation
g i.r‘ out exa [T exa ( e "'; exa ( oa l.-_.: wei [} res
ori =l X ean res
Data Declare variables:  peclare output Attribute weighting
excel file ATT, VAL, SN, variables: INT analysis
PBC, TRU, INT

Figure 7. Attribute Weights analysis assessing the relative importance of input variables
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Figure 8. Relative importance of factors in the ANN2 model
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Figure 8 details the ranking of importance from the ANN2 model for predicting buy
intention for INT. With the highest weighting TRU (0.584), confidence is identified as the
most important predictor for green consumer intention. This finding supports the idea that
customers cannot immediately assess safety features with the unaided eye in the green food
market [41], [42]. Therefore, the psychological decision to buy green food is heavily
influenced by trust in certifications like RAT and VietGAP as well as the distributor's
honesty. The fact that SN (0.526) came in second in the ANN analysis is one noteworthy
finding. However, SN is frequently found to have little to no effect in many linear SEM
experiments [31], [36]. The ANN algorithm demonstrates the strong influence of social
pressure and opinions from family and friends [7]. This implies that the need for social
recognition and conformity to community norms has a significant impact on the intention to
consume green food in developing markets such as Vietnam [40]. Furthermore, VAL (0.448)
and PBC (0.387) play an important complementary role. Consumers carefully weigh the
health benefits received against the price difference they have to pay. However, in order to
convert awareness into action intentions, practical obstacles like product availability and
shopping ease still need to be solved.

5. DISCUSS THE RESULTS

This analysis employs a two-stage mixed-method SEM-ANN approach to decipher the
influences driving GFC behavior in Vietnam. This combination maximizes forecasting
capacities using ANN algorithms while also aiding in the testing of theoretical ideas based on
SEM correlations.

5.1. Predictive performance and advantages of hybrid models

The confirmation of the nonlinear ANN model's superiority over the conventional linear
regression model in the context of complicated consumer behavior is a significant contribution
of the study. Based on the RMSE index, the results show an impact on error when converting
from the PLSpredict model to the ANN model. Specifically, for INT, the RMSE index adjusted
from 0.584 (SEM) to 0.463 (ANN2), equivalent to a reduction in prediction error of
approximately 20.7%. Similarly, for BEH, the error decreased from 0.618 to 0.471 (an
improvement of 23.8%). This improvement demonstrates that psychological factors such as
attitudes or trusts do not interact in a purely linear way. ANN's capacity to manage non-
compensatory interactions enables the model to identify minute differences in Vietnamese
consumer behavior that structural models frequently miss.

5.2. Re-ranking of the factors in the SEM-ANN model

The Attribute Weights analysis results from the ANN2 model yielded findings that differ
from studies based on traditional TPB theory. TRU is the strongest forecasting factor with a
weight of 0.584, with confidence being the leading factor driving intentions to buy green food.
This is perfectly consistent with the theory of credence goods [41]. In the Vietnamese market,
consumers are often concerned about food safety and chemical residue [42]. Trust in
certifications such as RAT (safe vegetables) or VietGAP has become a major concern
influencing purchasing decisions [42].

ANN ranked SN in second place (0.526), a result often considered weak or insignificant
in linear SEM models [36]. This finding underscores the profound influence of social pressure
and opinions from family and friends in Vietnam's collective culture [40], [49]. Customers
often adopt eco-friendly lifestyles in order to fit in and be accepted by others.

5.3. Attitude and green gap
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One noteworthy finding is that ATT, a fundamental component of conventional TPB
models, has the lowest relative relevance (0.359) in nonlinear analysis. This finding provides
a compelling explanation for the "green gap" phenomenon in the Vietnamese market: people
may have very positive attitudes regarding health and the environment, but those attitudes do
not always translate into action in the absence of community support (social norms) or
assurance regarding the product's origin (trust) [46].

6. CONCLUSION AND FURTHER RESEARCH

6.1. Theoretical contribution

Previous GFC studies utilizing conventional theoretical models like the TPB and only
employing SEM in Vietnam frequently revealed that ATT, or environmental awareness and
concern, was the most significant determinants. This study was conducted using a mixed-
method SEM-ANN methodology, this study has offered a thorough and multidimensional
understanding of the determinants influencing GFC behavior in Vietnam. The study has been
able to evaluate theoretical hypotheses based on linear relationships and maximize the capacity
to predict behavior by investigating intricate nonlinear interactions thanks to the combination
of PLS-SEM and ANN. In addition, the study confirms the effectiveness of the SEM-ANN
hybrid model. The results comparing RMSE indices for ANNs showed higher predictive
accuracy compared to PLS-SEM (with an average error improvement of over 20% for TRU,
INT, and BEH). TRU is found to be the most significant predictor of green customer intention,
with the greatest weighting TRU (0.584). The fact that SN (0.526) comes second in the ANN
analysis is one noteworthy finding. However, SN is frequently found to have little to no effect
in many linear SEM experiments. The ANN algorithm shows how social pressure and family
and friends' opinions have a significant impact. This implies that the need for social
recognition and adherence to community norms significantly impacts the intention to GFC in
developing markets like Vietnam. Additionally, PBC (0.387) and VAL (0.448) have a
significant extra role. Customers carefully compare the price difference they spend to the
health benefits they obtain. A major contribution of the work is the validation of the nonlinear
ANN model's superiority over the traditional linear regression model (SEM) in the context of
complex customer behavior. The results indicate that switching from the PLSpredict model to
the ANN model influences error based on the RMSE index. This illustrates how interactions
don't always follow a straight line in complicated decision-making processes like selecting
GFC. GFC has qualities that customers would struggle to independently confirm. TRU is
therefore a crucial component in fostering a sustainable GFC in Vietnam, according to ANN's
ranking of it as the most significant aspect. In addition, SN also plays an equally important
role, showing that opinions from family and friends are also a driving force behind GFC.

6.2. Practical contribution

The study's conclusions offer stakeholders in the Vietnamese market particular direction
from the standpoint of governance and policy. Results from ANN indicate that belief is the
leading determining factor, surpassing even attitude, in driving purchase intention. Businesses
should build their strategies on TRU rather than just focusing on promoting product benefits.
Through transparent sourcing, employing QR codes, traceability systems, and credible
certifications to reduce knowledge asymmetry rather than concentrating only on promoting
general environmental advantages. The research indicates that policymakers should harness
the influence of communities and key opinion leaders to establish green consumption as a
favorable societal norm. Enhancing convenience and product accessibility, such as through
the proliferation of mini-supermarkets and convenience stores, is essential for converting
customer buying intent into everyday sustainable food practices.
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6.3. Limitations and directions for further research

Despite its valuable theoretical and practical assistance, this study still has certain limits.
Initially, the research predominantly depends on self-reported data, which is prone to bias
influenced by cultural expectations, since consumers often overstate their "green" intents and
practices. Future study may address this issue by employing more objective metrics, such as
barcode scanning data at the point of sale, or by utilizing artificial intelligence to analyze actual
behavior. Secondly, the present survey scope is confined to large urban centers such Vietnam
Hanoi and Ho Chi Minh City, hence constraining the generalizability of the findings to rural
or provincial regions. Subsequent research should broaden the geographical scope and perform
multi-group comparative analyses to elucidate the impact of cultural characteristics and
product availability across various geographies. Third, employing a cross-sectional research
approach cannot conclusively determine long-term causal links or the development of
enduring habits. Future research ought to utilize a longitudinal study or experimental design
to monitor variations in customer behavior across distinct time intervals. Finally, despite the
rigorous application of the hybrid SEM-ANN approach, this study is not without limitations
regarding its sample size. The sample of 108 respondents, while meeting the minimum
technical requirements for PLS-SEM and being strengthened by the ten-fold cross-validation
technique in ANN, remains relatively small for a consumer behavior study. This may limit the
generalizability of the findings to the broader Vietnamese population. Future research should,
therefore, aim for larger and more diverse samples across different geographical regions to
enhance the model's practical value and external validity.
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