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ABSTRACT
This research explored the various factors affecting the purchase intention of Thai consumers towards geneti‑

cally modiϐied foods. To ensure the reliability of our ϐindings, we conducted an extensive online survey in Bangkok
over the course of three months, from June to August. The data analysis was mainly based on partial least squares
structural equation modelling (PLS‑SEM), a robust method for analyzing complex relationships. The results of the
analysis conϐirmed the validity of all the hypotheses, with the exception of the direct relationship between food
labels and purchase intention. Additionally, we found that all the mediation effects were statistically signiϐicant. In
the study, we delve into a comprehensive discussion of the results and their corresponding implications, providing
a thorough understanding of the factors inϐluencing consumer behavior in the context of biotechnology and food
choices.
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1. Introduction
With the ongoing global population growth, the de‑

mand for food continues to rise. Simultaneously, envi‑
ronmental degradation and climate change present con‑

siderable challenges to traditional food production [1]. In
response to these challenges, biotechnology has been
widely employed in agriculture, leading to increased
food production, enhanced nutritional quality, and a
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wider range of consumer choices [1–4]. It can be argued
that biotechnology’s role in agricultural development is
not merely a passing trend but rather a pivotal factor
that provides reassurance about the future of agricul‑
ture [5]. Remarkably, the utilization of genetically mod‑
iϐied organisms (GMOs) resulting from advancements in
biotechnology warrants our careful attention [6–8].

World Health Organization (2014) [9] deϐines ge‑
netically modiϐied organisms (GMOs) as “organisms (i.e.
plants, animals or microorganisms) in which the genetic
material (DNA) has been altered in a way that does not
occur naturally by mating and/or natural recombina‑
tion.” Per deϐinition, foods that are derived fromor incor‑
porate genetically modiϐied organisms (GMOs) are com‑
monly categorized as geneticallymodiϐied (GM) foods [9].
In general, the development of GM crops and GM foods
is regarded as having promising potential. The Interna‑
tional Service for the Acquisition of Agri‑biotech Appli‑
cations (ISAAA), which is a non‑proϐit international or‑
ganization committed to improving the lives of resource‑
poor farmers in developing countries by spreading the
advantages of emerging bioscience technologies, high‑
lights the widespread international acceptance of GM
crops for cultivation and/or import, with approximately
46 countries granting approval since their initial com‑
mercialization in the United States in 1996 [10]. Notably,
a coalition of Nobel laureates has strongly advocated
for GMOs endorsement, emphasizing their role in up‑
lifting developing nations [11, 12], particularly in terms of
potential beneϐits, including increased crop yields, in‑
sect resistance, drought resistance, and high nutritional
value [11, 13].

The continuing global development of GMOs [14]
highlights the signiϐicance of consumer attitudes and
consumption patterns towards GMOs in shaping the
future economy [15]. It is important to note that con‑
sumers hold varying perspectives and preferences to‑
wards GM foods. On the one hand, the demand for
GM foods has been steadily increasing [16], leading to
the global GM food market reaching $109.17 billion in
2023 [17]. The market is anticipated to exhibit steady
growth, characterized by a projected compound annual
growth rate of 6.5%, ultimately reaching a valuation of
$196.52 billion by the year 2033 [17, 18]. Interestingly, the

AgbioInvestor GM Monitor highlighted the dominance
of North America as the primary exporter of genetically
modiϐied crops, with Europe closely following as the
second‑largest market [19]. Furthermore, there are ex‑
citing growth prospects in the Asia Paciϐic region from
2022 to 2029 [20]. This expansion is attributed to a
burgeoning population and ampliϐied demand for nutri‑
tious and functional foods [18, 21]. More importantly, busi‑
nesses are striving to stay ahead of the competition by
implementing state‑of‑the‑art technologies in the culti‑
vation and production of crops [22, 23].

On the contrary, it is vital to acknowledge and ad‑
dress consumer concerns regarding the potential impact
of GM foods on the environment, long‑term health, food
safety, sustainability, and ethics [11, 24, 25]. For instance,
according to a survey conducted across 20 countries,
48% of respondents believe that GM foods may not be
entirely safe [26]. In several Southeast Asian countries,
such as Myanmar, Vietnam, and the Philippines, GMO
biotechnology has notably been accepted [27], while the
stance of Thai consumers towards GMOs has evolved
over time, with a decreasing level of opposition [28]. This
shift is evident from the decline in the average discount
of GM food, which decreased from 6.74% in 2009 to
3.08% in 2021 [28]. This underscores the necessity for
more research in emerging markets such as Thailand,
where consumer behavior towards GM foods may dif‑
fer signiϐicantly. In the midst of this enduring debate,
a valuable opportunity emerges to gather profound con‑
sumer insights. It is imperative to thoroughly grasp and
analyze consumer responses to GM foods to make well‑
considered and informed decisions.

Prior studies have exhibited that consumer atti‑
tudes andpurchasing behavior are inϐluencedby various
factors, including demographics, knowledge of GM foods
that consumers possess, consumer perceptions, and in‑
stitutional settings (such as labelling schemes, scientiϐic
authority, and regulations) [1, 29–33]. It is quite intriguing
that the majority of past scholarly inquiries into the ac‑
ceptance and attitudes toward GMOs have been primar‑
ily centered on the United States and Europe, with amin‑
imal investigation conducted in developing nations [34].
Consequently, there ismerit in delving into consumer be‑
haviors in underdeveloped markets.
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Thailandhasbeenactively involved inGMObiotech‑
nology since the 1990s, although its implementation of
biosafety legislation and adoption of GMcropshavebeen
slower than other countries in the region [27, 35, 36]. As
a result, Thailand mainly imports GM crops [37]. Start‑
ing from 2003, Thailand made it mandatory to label
genetically modiϐied (GM) food products [10]. In 2022,
the country updated its food labeling regulations to ne‑
cessitate disclosure of the presence of genetically modi‑
ϐied substances (GMOs) [10]. Moreover, if a product con‑
tains a single genetically modiϐied ingredient, the label
must prominently display ”genetically modiϐied” along‑
side the product’s name [10, 38]. In the dynamic landscape
of Thailand, a substantial body of research, spanning a
period of two decades, has been devoted to genetic en‑
gineering, focusing primarily on augmenting the yield of
geneticallymodiϐied cropproduction [36]. Despite this ex‑
tensive focus, there remains a research gap pertaining to
consumer perspectives on this topic [28]. Consequently,
our objective is to address this void by delving into con‑
sumer attitudes andpurchasing intentions regardingGM
foods in the context of Thailand since the interplay be‑
tween attitudes and behavior has been the subject of re‑
search interest for over two decades [39–41].

In recent years, there has been a growing con‑
cern about the impact of food consumption on health
andwell‑being [42, 43], particularly concerning novel food
products such as geneticallymodiϐied (GM) foods. Stake‑
holders have expressed both potential beneϐits and con‑
cerns about associated risks with the introduction of
GM foods. Therefore, this study aims to integrate es‑
tablished models from the realm of consumer behavior,
speciϐically theTheoryofReasonedAction (TRA) and the
Net Valence Model (NVM), to construct the theoretical
framework of this paper. Furthermore, consumer knowl‑
edge is essential to “theoretical models of consumer be‑
havior andmarketing practices” [44] and could shape con‑
sumer perception [45]. For this reason, consumer knowl‑
edge has been integrated into developing the research
model to understand how consumers’ knowledge might
impact their assessment of the beneϐits and risks asso‑
ciated with GM foods. For instance, Hwang and Nam
(2021) [1] integrated the concept of consumer knowl‑
edge with the Net Valence model, which includes con‑

sumer risk and beneϐit perception. This integration pro‑
vided evidence that consumer knowledge plays a critical
role in inϐluencing consumer perception of GM (geneti‑
callymodiϐied) foods and shed light on the intricate inter‑
play between consumer knowledge, risk perception and
beneϐit perception regarding GM foods. Thus, following
this rationale, the investigation in this study will delve
into consumer knowledge, perceived beneϐits, perceived
risks, food labelling, and attitudes to unveil their inϐlu‑
ence on the purchasing inclinations of Thai consumers
towards GM foods. As part of this endeavor, we have de‑
veloped the following objectives:

1)Todisclose the inϐluenceof consumerknowledge
on consumers’ perception towards GM foods (perceived
beneϐits and perceived risks)

2) To test the relationship between consumers’ per‑
ception (perceived beneϐits and perceived risks) and
their attitude towards GM foods

3) To reveal the role of GM food labels in inϐluenc‑
ing consumer attitude towards GM foods and consumer
purchase intention

4) To examine the connection between consumer
attitude towards GM foods and consumer purchase in‑
tention for GM foods

2. Literature Review
2.1. Theory of Reasoned Action (TRA)

The current research is grounded in the Theory of
Reasoned Action (TRA), a highly inϐluential framework
for examining consumer behavior [46, 47]. The theory re‑
volves around understanding whether an individual’s
likelihood to engage in a speciϐic behavior is shaped by
their attitude toward that behavior or object, as well
as by the impact of others within their social environ‑
ment [47, 48]. According to TRA, the more determined a
person is todo something, the greater the likelihood they
will follow through with the behavior in the future [49].
Webster et al. (1994) [50] suggest that consumer behav‑
ior is rooted in behavioral intentions, which, in turn, are
inϐluenced by consumer attitudes. It is crucial to recog‑
nize that an individual’s attitude mirrors their percep‑
tions of the potential consequences and outcomes of a
speciϐic situation or their actions, revealing a tendency
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towards either positivity or negativity [51, 52]. For exam‑
ple, Bray andAnkeny (2017) [53], Xu et al. (2020) [54], and
Vindigni et al. (2022) [55] have each delved into the piv‑
otal role of consumer attitudes in inϐluencing consumer
behavior regarding GM foods.

The TRA is widely utilized to comprehend con‑
sumer behavior, mainly focusing on consumer attitudes
towards products, brands, individuals, or societal is‑
sues [56]. In particular, the theory of reasoned action
(TRA) has been employed by various scholars to exam‑
ine consumer decision‑making concerning the consump‑
tion of GM foods across diverse global markets. Note‑
worthy applications include studies on consumer pur‑
chasing intention in Lithuania [57], consumer attitudes
in China [54, 58], consumer perceptions in the US [59], and
consumer segmentation in the US [60], among others.
Consequently, this study also adopts the TRA to reveal
the substantial role of attitude in inϐluencing consumer
inclinations toward purchasing GM foods.

2.2. The Net Valence Model (NVM)

The Net Valence Model (NVM) was originally pro‑
posed by Peter & Tarpey in 1975 and serves as a concep‑
tual framework for analyzing consumer behavior with
regard to products, services, and behaviors [61]. It re‑
volves around the holistic assessment of beneϐits and
risks in determining the net price, which signiϐies the
overall attractiveness of a speciϐic option [62] The NVM
elucidates how consumers perceive and evaluate the
associated risks and beneϐits of a product or service,
thereby inϐluencing their acceptance [63]. Broadly, indi‑
vidualswith heightened risk perception are less inclined
to partake in a speciϐic behavior, while those with low‑
ered risk perception are more likely to show intent to
engage in it [64]. On the basis of this rationale, this re‑
searchpostulates that consumers’ collective perceptions
tend to impact their attitudes toward genetically mod‑
iϐied foods, consequently inϐluencing their purchase in‑
tentions. Furthermore, the NVM has gained widespread
recognition for its efϐicacy in elucidating variations in
consumer decision‑making as it takes into account bene‑
ϐits, risks, and uncertainty expectations concurrently [65].
Hence, scholars have applied the NVM in various stud‑
ies, encompassing e‑waste recycling in Japan [62], cross‑

border e‑commerce in China [66], ϐintech in Jordan [67]

and Brazil [63], and e‑health in South Africa [68], etc.

2.3. Consumer Knowledge

Understanding how consumers perceive GM foods
from the aspects of beneϐits and risks requires a deep
dive into their knowledge of GM technology [69]. The
level of knowledge consumers possess signiϐicantly
shapes their bias and intent toward GM foods [1, 70]. For
instance, research by Zhou andTian (2003) [71] aswell as
Huang et al. (2006) [72] demonstrates that as consumers
in China become more knowledgeable about GM foods,
they tend to exhibit greater receptivity. Conversely, stud‑
ies conducted in European countries, the USA, and Japan
suggest that as consumers are better informed about
GM foods, they are less likely to embrace them [8, 73].
Moreover, a study by López et al. (2016) [74] highlights
that consumers in Mexico with less information tend to
have lower knowledge about GMOs and perceive higher
risks. Therefore, exploring the extent to which Thai con‑
sumers’ knowledge could inϐluence their perceptions be‑
comes a compelling area of study in this emerging mar‑
ket. Above‑mentioned ϐindings underscore the crucial
role of consumer knowledge in shaping the acceptance
of GM foods, forming the cornerstone of our hypotheses.

H1a. Consumer knowledge signiϔicantly affects con‑
sumers’ perceived risk.

H1b. Consumer knowledge signiϔicantly affects con‑
sumers’ perceived beneϔit.

2.4. Consumer Perceptions of GM Foods

The utilization of genetically modiϐied technology
in agriculture has becomewidespread. It is important to
acknowledge that many consumers may still be unfamil‑
iar with or have a limited understanding of it [1, 75]. This
lack of knowledge regarding the potential beneϐits and
risks of genetically modiϐied foods is not just a challenge
but a signiϐicant barrier to their acceptance [1, 76, 77]. Con‑
sumers’ acceptance of GMOs is signiϐicantly inϐluenced
by their perception of the risks and beneϐits associated
with these products [32]. Although genetic engineering
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has undeniably brought beneϐits to producers regard‑
ing ”crop resilience and longevity,” consumers often en‑
counter difϐiculties in comprehending howGMOs impact
individuals’ health and dietary preferences [78].

On the one hand, perceived risk refers to the risks
that an individual perceives associated with a partic‑
ular event or behavior, normally representing uncer‑
tainty [79]. Risk perception inϐluences individuals’ atti‑
tudes and behaviors [80, 81]. It often leads to substan‑
tial changes in purchase decisions [82]. When individuals
perceive lower risks, positive attitudes and stronger in‑
tentions toward GM foods and biotechnology companies
will be generated, emphasizing the importance of ad‑
dressing this issue [32]. On the other hand, perceived ben‑
eϐit plays a signiϐicant role in inϐluencing consumers’ pur‑
chasing behavior, as highlighted by Kim et al. (2008) [83].
It encompasses the beliefs about the positive results re‑
lated to a particular behavior, as explained by Liu et al.
(2013) [84] and Chandon et al. (2000) [85]. Studies indi‑
cate that as consumers acquire more knowledge about
GMOs, the advantages of consuming GM foods are start‑
ing to be viewed as more signiϐicant than the potential
drawbacks [1, 75]. The perceived advantages of a prod‑
uct or service signiϐicantly inϐluence consumers’ percep‑
tions and attitudes. Thus, gaining a comprehensive com‑
prehension of the product or service typically results in
more positive views grounded in these perceived bene‑
ϐits [1, 86]. These ϐindings form the foundation of our hy‑
potheses.

H2a. Consumers’ perceived risk signiϔicantly affects con‑
sumers’ attitudes towards GM foods.

H2b. Consumers’ perceived beneϔits signiϔicantly affect
consumers’ attitudes towards GM foods.

2.5. Label

The debate about the inclusion of GM foods in our
diets has beenongoing [87]. Geneticmodiϐication technol‑
ogyhas increaseduse in the food industry [88]. Media cov‑
erage and sensationalized health concerns have led to
misconceptions and uncertainty among consumers [59].
In this context, the act of labeling is not only desirable
but essential. As Zafar et al. (2023) [33] pointed out, la‑

bels are fundamental in conveying information to cus‑
tomers about food characteristics.

Labels are indicated as ”any words, trademarks,
brand names, pictorial matter, or symbols related to
food, placed on packaging, documents, notices, or ac‑
companying the food” [89]. Food labels have been cru‑
cial in ensuring food safety [90]. Furthermore, label infor‑
mation is the most effective tool for reducing consumer
uncertainty [91] and assisting consumers in making in‑
formed food choices [33, 85]. Interestingly, most foodman‑
ufacturers tend to avoid labelling GM foods [59]. This
lack of appropriate labeling contributes to consumer
knowledge gaps about GM foods, a gap that our research
aims to address. Previous studies have demonstrated
the varying impact of food labeling on consumer atti‑
tudes and buying intentions. Escandon‑Barbosa & Rialp‑
Criado (2019) [92] highlighted the pivotal role of labelling
in shaping consumer buying intentions for wine prod‑
ucts, while Zafar et al. (2023) [33] emphasized the sig‑
niϐicant inϐluence of food labels on consumer attitudes
and purchase intentions. In the context of GM products,
López et al. (2016) [74] and Jiang & Zhang (2021) [93] re‑
vealed a positive correlation between meticulous read‑
ing of product labels, increased inclination to purchase,
and heightened trust in genetically modiϐied products.
In contrast, extant research suggests that consumers are
willing to incur higher costs to steer clear of GM‑labeled
foods [94, 95]. Given Thailand’s status as an emergentmar‑
ket for GM foods, limited insights exist regarding the im‑
pact of labeling on consumer attitudes and buying inten‑
tions towards GM foods. As such, the following hypothe‑
sis has been formulated:

H3a. Food label signiϔicantly affect consumers’ attitudes
towards GM foods.

H3b. Food label signiϔicantly affect consumers’ purchase
intention for GM foods.

2.6. Attitude

The term ”attitude” encompasses an individual’s
psychological orientation, manifested through the de‑
gree of inclination or disinclination toward a speciϐic ob‑
ject [96]. Research has documented the signiϐicant inϐlu‑
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ence of consumer attitudes toward food and nutrition on
their purchasing and consumption behaviors [97, 98]. The
TRA [47, 99, 100] postulates that individuals’ attitudes play
a crucial role in shaping their behavior by affecting their
behavioral intentions [57].

In the realm of genetically modiϐied (GM) foods,
understanding whether consumers like or dislike GM
foods is extremely important because it helps us grasp
the signiϐicant value associated with their preferences.
This comprehension is pivotal for apprehending the
controversy and devising effective public policies and
marketing strategies [8, 101, 102]. Consumer skepticism of
GM foods is notably inϐluenced by their attitudes to‑
wards GMOs [1]. Numerous sources have raised con‑
cerns regarding potential harm to the environment, pub‑
lic health, and food safety through the consumption
and production of GM foods [103]. These concerns have
detrimentally impacted consumer perceptions, result‑
ing in unfavorable attitudes towards genetically mod‑
iϐied foods [104–107]. Additionally, prior studies have
demonstrated substantial variations in consumer atti‑
tudes towards GM foods across diverse cultures and
geographical regions globally [108, 109]. In Europe, con‑
sumers have widely expressed their disapproval of the
inclusion of genetically modiϐied organisms (GMOs) in
their food products, in addition to maintaining negative
perceptions of the utilization of genetic modiϐication in
food production [34, 110]. In contrast, consumers in devel‑
oped markets (e.g., the United States) and many devel‑
oping nations have shown amore open attitude towards
GM foods, which can lead to productive discussions and
potential advancements in agricultural practices [111, 112].
Consequently, the subsequent hypothesis is formulated:

H4. Consumers’ attitude towards GM food signiϔicantly af‑
fects their purchase intention for GM foods.

2.7. Purchase Intention

The term ”intention” in the context of consumer be‑
havior encompasses the probability or inclination of a
consumer to buy a particular product or service [113]. It
serves as a measure of consumers’ planned or intended
purchase decisions based on their perception, attitude
toward the product, perceived value, and external inϐlu‑

ences [114]. It is essential to distinguish purchase inten‑
tion from purchase desire, as the former represents the
subjective willingness of consumers to pay for products
or services [115, 116]. When consumer impressions or at‑
titudes align with their expectations, purchase intention
is activated [117]. Notably, purchase intention is widely
recognized as a consistent predictor of purchase behav‑
ior [116]. The present study illustrated in Figure 1 at‑
tempts to unpack the impact of various factors, including
consumer knowledge, consumer perception, food labels,
and consumer attitudes, on the purchase intentions of
Thai consumers regardingGM foods, through an analysis
of structural relationships. Accordingly, the conceptual
framework is constructed as follows:

Figure 1. Conceptual framework.
Source: developed by authors (2024) based on the previous stud‑
ies [74, 112, 118–120] .

3. Research Design
Prior to conducting data collection, the research

team obtained ethical approval from an Institutional Re‑
viewBoard (IRB) committee. The committee thoroughly
evaluated the research proposal, participant informa‑
tion, and consent form to protect “the rights, dignity,
and welfare of the study respondents” [121]. A compre‑
hensive online consent form was developed to guaran‑
tee that participantswerewell‑informed about the study
and had the freedom to decide whether or not to take
part [122].

Before commencing large‑scale data collection, a
pre‑test was carried out to assess the internal consis‑
tency of the measurement items and to pinpoint any po‑
tential biases. This process allowed for necessary ad‑
justments to be made. A reliability test was conducted,
conϐirming that all constructs attained a Cronbach Al‑
pha value greater than 0.7, thereby establishing the in‑
ternal consistency of the measurement items [123]. Sub‑
sequently, the bustling and dynamic city of Bangkokwas
the setting for online data collection activities carried
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out between June andAugust 2024. It is essential to high‑
light our intention to employ an online survey that en‑
sures the anonymity of respondents as a proactive mea‑
sure to tackle the prominent issue of social desirability
bias in our data collection process. Social desirability
bias is a phenomenonwhere individualsmay be inclined
to suppress socially undesirable attitudes and behaviors
while accentuating socially desirable characteristics [124].
This method fosters a secure and non‑judgmental space
for participants, thus encouraging them to express their
opinions candidly andwithout reservation [125]. Utilizing
state‑of‑the‑art online platforms, we employed a conve‑
nient sampling technique to capture a diverse and com‑
prehensive range of insights.

In light of the exploratory nature of the study, a par‑
tial least squares structural equation model (PLS‑SEM)
was utilized for the purpose of statistical analysis. In or‑
der to attain a statistical power of 0.90, it is necessary
to use an effect size of 0.15 [126]. Consequently, G*Power
analysis determined that 116 valid questionnaires need
to be collected to meet these statistical requirements.
The questionnaire design encompassed four items on
purchase intention [118], six on food labels [119], six on
consumer attitudes towards GM foods [112], six on con‑
sumer knowledge of GMOs [74], along with six items each
on perceived beneϐits and perceived risks [74, 120]. The
questionnaire is provided in Appendix A. For data anal‑
ysis, PLS‑SEM was adopted for path analysis, and the in‑
ϐluence of the mediators was appraised through the ap‑
plication of the bootstrapping technique [127].

4. Results
This study beneϐitted from 382 valid question‑

naires that provided com_prehensive information. The
ϐindings of respondents’ proϐiles have been thoroughly
analyzed, and the measurement and structural models
were meticulously assessed using SmartPLS 4 [128]. Fur‑
thermore, the mediation effect was carefully examined
by implementing the Bootstrapping method.

4.1. Respondent Proϐile

In our recent survey, we found that a majority of
the respondents, 57.6%, were female. The survey re‑

vealed that 75.4% of the respondents were from Gener‑
ation Z, 22% were from Generation Y, and the rest were
fromGeneration X. According to Kotler et al. (2021) [129],
Generation X, also known as Gen X, encompasses indi‑
viduals born between 1965 and 1980. Generation Y,
or Millennials, includes those born between 1981 and
1996, while Generation Z, sometimes referred to as Gen
Z, consists of individuals born between 1997 and 2009.
When it comes to income, 34.6% reported earning less
than 15,000 Thai baht per month, while 28.5% reported
a monthly income ranging between 15,000 and 25,000
Thai baht. Furthermore, 78.8% of the respondents
have a university‑level educational background, with
46.3% currently being university students and 41.1%
employed in the private sector.

4.2. Assessment of Measurement Model

4.2.1. ConvergentValidity and Internal Con‑
sistency

The outcomes of the convergent validity and inter‑
nal consistency tests are presented in Table 1. Con‑
vergent validity is assessed based on factor loading and
the Average Variance Extracted (AVE), which is a fre‑
quently utilized metric for validating constructs in sta‑
tistical analysis and quantifying the proportion of vari‑
ance explained by a construct relative to the variance re‑
sulting from measurement error [130]. Regarding factor
loading, three items (FLB2, FLB5, FLB6) were deleted
due to a lower value than 0.6, which could damage the
AVE performance in the construct. After that, all factor
loadings are more signiϐicant than 0.7 except for KNOW
4 (0.682), which is still acceptable since it does not sig‑
niϐicantly affect the AVE value [131, 132]. Each of the con‑
structs displays an AVE value higher than 0.5, indicating
that a substantial amount of the variance in the indica‑
tors is captured by their respective constructs [133–135].
In assessing internal consistency, researchers often use
measures, including “Cronbach’s alpha, composite relia‑
bility (CR), and Dijkstra–Henseler’s rho_A” [131, 136]. The
Cronbach’s alpha values in this study range from0.720 to
0.903, all exceeding the recommended threshold of 0.7
suggested by Nunnally and Bernstein (1994) [137]. Addi‑
tionally, all CR values meet the 0.7 threshold as well [107].
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As for Rho_A, it is emphasized as a crucial and stable cri‑
terion to assess internal consistency reliability, partic‑
ularly in PLS‑SEM [131, 133]. In this study, all constructs

demonstrate a Rho_A value greater than or equal to
0.7 [132]. To conclude, the values presented in Table 1 af‑
ϐirm the validity and internal consistency of the data.

Table 1. Construct validity and reliability.

Convergent Validity Internal Consistency

Construct Factor Loading AVE Cronbach’s Alpha rho_A CR

Attitude 0.643 0.888 0.890 0.915
ATT1 0.814
ATT2 0.774
ATT3 0.798
ATT4 0.855
ATT5 0.762
ATT6 0.803
Consumer Knowledge 0.553 0.837 0.841 0.881
KNOW1 0.716
KNOW2 0.692
KNOW3 0.796
KNOW4 0.682
KNOW5 0.786
KNOW6 0.781
Food Label 0.641 0.720 0.721 0.843
FLB1 0.798
FLB3 0.777
FLB4 0.826
Perceived Beneϐits 0.661 0.897 0.898 0.921
PB1 0.809
PB2 0.824
PB3 0.840
PB4 0.792
PB5 0.807
PB6 0.806
Perceived Risks 0.675 0.903 0.906 0.925
PR1 0.763
PR2 0.749
PR3 0.818
PR4 0.874
PR5 0.862
PR6 0.854
Purchase Intention 0.733 0.878 0.879 0.916
INT1 0.832
INT2 0.845
INT3 0.880
INT4 0.866

4.2.2. Discriminant Validity

It is of great signiϐicance to acknowledge that if the
utilization of PLS is preferred, assessing discriminant
validity involves looking at the Heterotrait‑Monotrait
(HTMT) ratio of correlation [118], instead of applying

the classical Fornell–Larcker criterion [133]. Accordingly,
HTMT represents ”the average value of the item cor‑
relations across constructs relative to the (geometric)
mean of the average correlations for the items measur‑
ing the same construct” [134]. The cut‑off threshold value
ofHTMT is recommended to be less than 0.9 [133, 134], and
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the HTMT values in Table 2 are all below the threshold
of 0.9, which provides conϐirmation that discriminant va‑
lidity has been achieved.

Table 2. Heterotrait‑monotrait ratio (HTMT).

ATT CKNOW FLB INT PB PR

ATT            
CKNOW 0.614          
FLB 0.268 0.178        
INT 0.715 0.664 0.138      
PB 0.702 0.732 0.107 0.765    
PR 0.138 0.248 0.177 0.097 0.104  

4.3. Assessment of Structural Model

4.3.1. Collinearity and Path Coefϐicients
Table 3 ϐirstly illustrates that the variation inϐla‑

tion factor (VIF) values for all variables are below the
threshold of 5, suggesting no signiϐicant multicollinear‑
ity among the variables in the analysis [134]. Secondly, hy‑
pothesis testing based on the path coefϐicient (β), which

measures the strengthof the relationshipbetween the in‑
dependent variable and the dependent variable, as well
as the t‑value and p‑value, revealed that only hypoth‑
esis H3b was rejected out of all the hypotheses tested.
This means that food labels do not signiϐicantly affect
consumers’ intention to buy GMO food. The vital re‑
lationships are found between consumer attitude and
consumer’s purchase intention (β=0.638, t=16.768), fol‑
lowed by consumer knowledge and perceived beneϐit
(β=0.632, t=18.774), perceived beneϐit and consumer at‑
titude (β=0.623, t=17.875), food labels and consumer at‑
titude (β=0.204, t=5.78), consumer knowledge and per‑
ceived risk (β=0.207, t=3.435), and perceived risk and
consumer attitude (β=−0.172, t=3.435). In addition, a
negative relationship between perceived risk and con‑
sumer attitude implies that as long as the risk of consum‑
ing GMO food perceived by consumers is low, amore pos‑
itive attitude will be cultivated among consumers. Fig‑
ure 2 provides the structural modelling test results by
exhibiting path coefϐicients and t‑values.

Figure 2. Structural model presenting path coefϐicients and t‑values.
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Table 3. Collinearity and path coefϐicients.
Hypothesis Path VIF Path Coefϐicient (β) T‑Value 95% Conϐidence Intervals P Decision

H1a CKNOW ‑> PR 1 0.207 3.435 [0.092, 0.324] *** Accept
H1b CKNOW ‑> PB 1 0.632 18.774 [0.562, 0.695] *** Accept
H2a PR ‑> ATT 1.021 −0.172 3.886 [−0.257,−0.085] *** Accept
H2b PB ‑> ATT 1.004 0.623 17.875 [0.551, 0.688] *** Accept
H3a FLB ‑> ATT 1.023 0.204 5.78 [0.134, 0.272] *** Accept
H3b FLB ‑> INT 1.047 −0.029 0.705 [−0.111, 0.050] 0.481 Reject
H4 ATT ‑> INT 1.048 0.638 16.768 [0.559, 0.708] *** Accept

Note: *** p < 0.01.

4.3.2. In‑Sample Prediction
In PLS‑SEM, the coefϐicient of determination, R2, is

identiϐied as “in‑sample predictive power” [134, 138]. The
higher the value of R2, the stronger the explanatory
power [134]. According to the guidelines of Henseler et
al. (2009) [139] and Hair et al. (2011) [140], “R2 values of
0.75, 0.50 and 0.25 can be considered substantial, mod‑
erate and weak” [134]. In this study, the values of R2
for consumer attitude, intention, and perceived beneϐits
are 0.455, 0.401, and 0.4, which explain a moderate in‑
sample explanatory power. As for perceived risk, the R2
value of 0.043 exhibits a weak explanatory power.
4.3.3. Out‑of‑Sample Prediction

In marketing research, practical relevance plays
a crucial role in driving constructive outcomes [141–143].
When using PLS‑SEM, it is strongly advised to incorpo‑
rate out‑of‑sample prediction as part of model evalua‑
tion, as it is considered an effective way to assess the
“model’s practical relevance” [144]. To this end, PLSpre‑
dict, proposed by Shmueli et al. (2016) [145], is used to
evaluate the out‑of‑sample predictive power of the pro‑
posed model in this study. It is worth noting that “to
date, research has not yet developed clear guidelines
for using PLSpredict, which hinders its application” [146].
Thus, in this study, we followed the guidelines of Hair
et al. (2019) [134] and Shmueli et al. (2016) [145] to in‑
terpret the results of PLSpredict in Table 4, in which
10‑fold is applied to unpack the predictive power of
endogenous constructs (perceived beneϐits, perceived
risks, consumer attitude, purchase intention).

First, the naıv̈e benchmark Q2predict is evaluated,
with all values greater than 0. Therefore, we can con‑
clude that the prediction error from the PLS model is
lower than the prediction error from the most naıv̈e
benchmark [144]. Additionally, all the values of the Root

Mean Squared Error (RMSE) are higher than that of
Q2predict, again conϐirming that ”PLS‑SEM‑based pre‑
dictions outperform the most naıv̈e benchmark” [144].
Next, the RMSE values in PLS‑SEM are compared with
those of the naıv̈e LM (linear regression model) bench‑
mark. Based on the guidelines proposed by Shmueli
et al. (2019) [144], the model in the study exhibits low
predictive power, as the indicators in PLS‑SEM consis‑
tently yield values that demonstrate considerable im‑
provement over the naıv̈e LM benchmark.

Table 4. PLSpredict assessment of manifest variables.

PLS‑SEM LM PLS‑SEM‑LM

Q2 Predict RMSE RMSE

ATT1 0.173 0.962 0.965 −0.003
ATT2 0.164 1.034 1.029 0.005
ATT3 0.165 0.915 0.914 0.002
ATT4 0.207 1.023 1.004 0.019
ATT5 0.185 0.906 0.876 0.030
ATT6 0.198 0.945 0.924 0.021
INT1 0.127 0.957 0.935 0.022
INT2 0.143 0.937 0.915 0.022
INT3 0.185 0.912 0.857 0.055
INT4 0.170 0.920 0.881 0.039
PB1 0.397 0.887 0.888 −0.002
PB2 0.280 0.884 0.893 −0.009
PB3 0.245 0.888 0.894 −0.006
PB4 0.204 0.880 0.889 −0.009
PB5 0.221 0.863 0.872 −0.009
PB6 0.220 0.852 0.849 0.004
PR1 0.029 0.915 0.908 0.006
PR2 0.056 0.970 0.956 0.014
PR3 0.047 0.961 0.949 0.012
PR4 0.022 1.015 1.021 −0.006
PR5 0.001 1.029 1.019 0.010
PR6 0.011 1.053 1.047 0.005

4.4. Mediation Test

Furthermore, mediation effects of consumer atti‑
tude (ATT), perceived beneϐits (PB), and perceived risks
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(PR) are explored. As shown in Table 5, all paths
are signiϐicant, as the 95% bootstrapped conϐidence
interval bias‑corrected values do not include zero [147].
Hence, it conϐirms the signiϐicant mediating roles of con‑
sumer attitude, perceived beneϐits, and perceived risks.
More importantly, the most robust mediation effects are

found when perceived beneϐits mediate the relationship
between consumer knowledge and consumer attitude
[CKNOW ‑> PB ‑> ATT], and attitude mediating the re‑
lationship between perceived beneϐits and consumer in‑
tention [PB ‑> ATT ‑> INT].

Table 5. Mediation test.

Relationships Std. Beta Std. Error T‑Values 95% Conϐidence Intervals P Values Decision

FLB ‑> ATT ‑> INT 0.130 0.023 5.681 [0.087, 0.175] *** Accept
CKNOW ‑> PR ‑> ATT ‑> INT −0.023 0.008 2.836 [−0.042, −0.010] ** Accept
PB ‑> ATT ‑> INT 0.397 0.039 10.281 [0.319, 0.470] *** Accept
PR ‑> ATT ‑> INT −0.109 0.030 3.674 [−0.169, −0.054] *** Accept
CKNOW ‑> PB ‑> ATT ‑> INT 0.251 0.030 8.323 [0.195, 0.313] *** Accept
CKNOW ‑> PR ‑> ATT −0.035 0.012 2.916 [−0.065, −0.016] ** Accept
CKNOW ‑> PB ‑> ATT 0.394 0.034 11.448 [0.328, 0.461] *** Accept

Notes: *** p < 0.01; ** p < 0.05.

5. Discussion and Conclusions
This research is among the few consumer studies

focusing on genetically modiϐied foods in Thailand. Its
goal is to research how consumer knowledge, perceived
beneϐits, perceived risks, consumer attitude, and food
labels inϐluence consumer purchase intentions for GM
foods. The study also conϐirms the signiϐicant mediating
roles of consumer attitude, perceived beneϐits, and per‑
ceived risks. Notably, several important issues require
attention.

The research reveals that food labels do not have
a direct impact on purchase intention (H3b), contrary
to previous studies such as Rahman et al. (2020) [148]
and Alsini et al. (2023) [149]. Instead, they inϐluence pur‑
chase intention through consumer attitude, which cor‑
responds to the study of Zafar et al. (2023) [33]. This
ϐinding reveals that consumers’ choices regarding GM
foods in theThaimarket arenot signiϐicantly anddirectly
swayed by the details provided on the label. The lack of
direct impact of food labels on consumer purchase inten‑
tion for GM foods in Thailand may be inϐluenced by var‑
ious factors, including the level of awareness about GM
ingredients, trust in regulatory bodies, etc. This ϐinding
represents a signiϐicant contribution as it sheds light on
the potential for food labels to serve as a pivotal inϐlu‑
encer in the decision‑making process of consumerswith
regard to genetically modiϐied (GM) foods. This informa‑

tion can be highly beneϐicial for businesses and policy‑
makers aiming to develop strategies and frameworks en‑
abling food labels to shape consumer choices in the con‑
text of GM foods effectively.

Next, a signiϐicant negative relationship between
consumers’ perceived risks and their attitude (H2a) is
found, which supports previous studies by Choi et al.
(2013) [43] and Guo et al. (2020) [150]. Bauer (1967) [151]
emphasized that risk is generally a part of consumers’
decision‑making process. In the context of genetically
modiϐied (GM) foods, consumers may harbor apprehen‑
sions pertaining to potential health risks, environmen‑
tal ramiϐications, and ethical considerations associated
withGMOs. As their perceptionof these risks diminishes,
their attitudes tend to become more favorable, thereby
resulting in a heightened inclination towards making
a purchase. (PR ‑> ATT ‑> INT). Similarly, when con‑
sumers strongly believe that consuming GM food will
have positive outcomes, they tend to have a positive at‑
titude (H2b). Additionally, as consumers become more
informed about GM foods, they aremore likely to believe
that the beneϐits outperform the risks (CKNOW ‑> PB ‑>
ATT) [1, 75]. Thus, it is crucial for practitioners to devise
strategies aimed at reducing consumer risk perception
in this context.

Additionally, the study has found a strong connec‑
tion between attitude and intention (H4), supporting the
classicTheoryofReasonedAction (TRA),which suggests
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that a more assertive attitude leads to a higher inten‑
tion [46]. This result highlights the enduring relevance of
this theory, making it a fundamental framework for ana‑
lyzing consumer behavior across different times and lo‑
cations.

6. Implications
This section offers closure for the paper. An effec‑

tive conclusion will need to sum up the principal ϐind‑
ings of the paper, highlighting their importance and rel‑
evance and their implications for further research.

6.1. Theoretical Implications

The integration and application of the net price
model and TRA have signiϐicantly advanced consumer
research in the ϐield of food consumption in Thailand.
The results not only contribute to the existing literature
but also provide strong validation for the applications of
the two theories. They underscore the crucial roles of
consumer knowledge, perception, and attitude towards
GM food products in shaping consumers’ purchase inten‑
tions. Moreover, this study sheds light on the inϐluence
of food labels on consumer purchase intentions through
consumer attitudes, highlighting the importance of nur‑
turing positive attitudes towards GM foods to enhance
the promotion of GM food products in the Thai market.
By integrating these insights, this study enriches the the‑
oretical framework of consumer behavior related to GM
foods in Thailand, which could be a valuable reference
for academics in other Southeast Asian countries.

6.2. Practical Implications

Businesses and policymakers have an opportunity
to enhance food labelling, consumer education, and com‑
munication strategies to emphasize the beneϐits of GM
foods and address consumer concerns and perceived
risks. Clear and distinct labelling of products containing
GM ingredients is crucial, and ensuring that the informa‑
tion is easily readable and understood by consumers is
equally important.

To enhance consumer perception, packaging can in‑
corporate QR codes that provide access to comprehen‑

sive information about genetically modiϐied (GM) ingre‑
dients, including their advantages, potential risks, and
the regulatory procedures they undergo. This strat‑
egy has the potential to diminish perceived risks and
heighten the perceived beneϐits of GM foods. From a
stakeholder standpoint, it is crucial to prioritize trans‑
parent communication and education about GMOs. Fur‑
nishing clear and easily accessible information regard‑
ing the safety, beneϐits, and regulations associated with
GMOs can help address consumer concerns and poten‑
tially shift attitudes. Engaging with consumers and ad‑
dressing their speciϐic concerns can also aid in foster‑
ing trust and improving attitudes towards GMOs. Fur‑
thermore, involving stakeholders in open dialogues and
decision‑making processes can yield more inclusive and
well‑informed perspectives on GMOs.

Consumer education is incredibly important in in‑
ϐluencing how consumers feel about GMO foods. It’s
essential to communicate effectively through a variety
of channels such as social media, websites, in‑store dis‑
plays, and brochures in order to create a positive image
around GM foods. By partnering with inϐluencers, nu‑
tritionists, and credible sources, we can not only spread
thesemessagesmorewidely, but also help people under‑
stand what GMOs actually are, ultimately shaping public
opinion in a more positive way.

By implementing these practical strategies, stake‑
holders can work toward cultivating more positive con‑
sumer attitudes toward GM foods, as suggested by the
study’s ϐindings. Future research could further explore
the long‑term impact of these efforts on consumer be‑
havior and market trends, providing additional insights
for reϐining policies and marketing strategies.

6.3. Societal Implications

Understanding the above‑mentioned ϐindings can
help various groups, including the government, con‑
sumers, farmers, and non‑proϐit organizations, take
steps to ensure the responsible adoption and acceptance
of GM food. This can beneϐit society by leading to a
more informed and healthier population. Educating con‑
sumers about the beneϐits of GM food can lead to more
accepting attitudes toward scientiϐic advancements in
agriculture and food production, resulting in better di‑
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etary choices and improved public health.
The government also needs to implement policies

promoting transparency and education about GM food.
This includes mandating clear labels on GM food prod‑
ucts and organizing public education campaigns to em‑
phasize their beneϐits and safety. These efforts can help
address public concerns and increase acceptance and
consumption of GM food, ensuring an adequate food sup‑
ply to meet market demand.

Besides, Non‑proϐit organizations are crucial in
bridging the gap between scientiϐic research and public
perception. They can advocate for transparent labelling
and improved educational resources on GM food and col‑
laborate with experts to disseminate accurate informa‑
tion, which can help build public trust and acceptance.

7. Limitations
The ϐindings of this study carry a signiϐicantweight,

but it is crucial to consider speciϐic limitations when an‑
alyzing the results. To begin with, the questionnaire uti‑
lized in this study omitted safety‑related inquiries about
GMOs. This omission means that the study does not cap‑
ture participants’ perceptions and concerns regarding
the safety of GMOs, which could inϐluence their attitudes
and acceptance of these organisms. To progress, it is rec‑
ommended to embark on a qualitative study for our next
research endeavour. Speciϐically, conducting in‑depth
interviews with consumers is desirable. This approach
will provide invaluable insights into consumers’ percep‑
tions regarding GM foods’ safety, thus enhancing our un‑
derstanding of this signiϐicant subject.

Second, the study has certain limitations due to the
use of a convenient sampling technique, which involves
selecting participants based on their easy availability
and accessibility. This approach raises concerns about
the generalizability of the ϐindings to the broader popu‑
lation, as the sample may not accurately represent the
entire target population due to the lack of random selec‑
tion [152]. It is important to note that the ϐindings derived
from this samplingmethodmay not be reliably extended
to the larger population [153]. Therefore, we recommend
employing a simple random sampling technique in fu‑
ture research to ensure more representative and unbi‑

ased data collection.
Third, Thailand is currently experiencing a signiϐi‑

cant deϐicit in research that explicitly explores the impli‑
cations of GMOs within its food sectors. This absence of
researchmay affect the thoroughness of the study’s back‑
ground and results, as itmay not fully capture local view‑
points and concerns regarding GMOs. Consequently, the
conclusions may not be as widely applicable or relevant
to contexts beyond the study’s focus.

Additionally, due to the exploratorynature of the re‑
search in Thailand, the study would beneϐit from includ‑
ing the demographic characteristics of the respondents
as control variables or moderators for a more compre‑
hensive analysis. Future research could be explored fur‑
ther by incorporating different moderating variables or
conducting multi‑group analysis.

These limitations suggest that future research
should address these gaps by including safety‑related
questions in surveys and exploring the topic further
within the Thai context to provide a more robust under‑
standing of GMOs and their societal implications.
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Appendix A. Questionnaire Used in the Study
Part I: General Information

1. Have you ever heard about genetically modiϐied foods before?
________ yes [please continue ] ________ No [ No further, thank you]

2. Have you ever bought genetically modiϐied foods before?
________ yes [ No further, thank you]_______ No [please continue ]

Part II: Factors related to consumers’ buying behavior of vegetarian food
Purchase Intention (adapted from Immonen & Luomala, 2017)
• I would be ready to taste GM food products.
• I would be ready to consume GM food products regularly if they meet my demands in terms of taste, price,

and other qualities.
• If GM food products were introduced into the local consumer market today, I would not delay purchasing

them, at least for now (reversed).
• I prefer to buy GM food products in the near future.
Food labels (adapted from Latiff et al., 2015)
• Ingredient labels can create awareness of the food product quality
• I sometimes have difϐiculties in understanding scientiϐic terms on the ingredient label
• The information on the label should be easily understood.
• I believe checking nutrition labels can lead me to a healthier choice.
• I am very concerned about the country of origin of the GMO logo.
• The variety of GMO logos in the market confuses me.
Consumer attitude towards GM foods (adapted from Chen, 2011)
• I can accept the pest‑resistant GM foods
• I can accept the longer shelf‑time GM foods
• I can accept oil from GM soybeans.
• I can accept the disease‑ or pest‑resistant GM rice.
• I can accept the nutrition‑improved GM rice.
• I can accept livestock fed by GMmaise
Consumer Knowledge (adapted from López et al., 2016)
• I know what genetically modiϐied organisms are
• I know some crops may become resistant to certain pests by genetic modiϐication.
• I know the difference between “genetically modiϐied organisms” and “conventionally modiϐied organisms”
• I know what the GM food products are for human consumption.
• I know which GM food we eat in our country.
• I know a GM food product for human consumption that is imported into Thailand.
Perceived beneϐits (adapted from López et al.,2016; Chang et al. (2017)
• I know GM foods will beneϐit Thailand’s environment.
• I think the production of GM foods will beneϐit me and my family.
• I think GM foods will help to improve the nutrition of Thais.
• I believe that GM foods have extra nutrition.
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• I believe that GM foods have the advantage of helping the body absorb nutrition more efϐiciently.
• Generally, I believe that GM foods are beneϐicial.
Perceived Risks (adapted from López et al., 2016)
• I think the consumption of GM foods is a risk to the health of Thais
• I think that the cultivation of geneticallymodiϐied cropswill cause severe environmental damage in Thailand.
• I think GM foods will signiϐicantly affect my quality of life
• I think the consumption of GM foods could have adverse effects on my descendants.
• I think that the production and consumption of GM foods threaten human nature
• I think GM foods can cause diseases in my family
Part III: Demographic Information

1. What is your gender? _____
2. What is your age? I am_(____) years old
3. What is your monthly net income?

a) _________________________
b) Not speciϐied

4. What is your highest educational level?________
5. What is your employment status?

a) Unemployed
b) Private‑sector employed
c) Public‑sector employed
d) Government ofϐicer
e) Student
f) Self‑employed
g) Others_______

238


	Introduction
	Literature Review
	Theory of Reasoned Action (TRA)
	The Net Valence Model (NVM)
	Consumer Knowledge
	Consumer Perceptions of GM Foods
	Label
	Attitude
	Purchase Intention

	Research Design
	Results
	Respondent Profile
	Assessment of Measurement Model
	Convergent Validity and Internal Consistency
	Discriminant Validity

	Assessment of Structural Model
	Collinearity and Path Coefficients
	In-Sample Prediction
	Out-of-Sample Prediction

	Mediation Test

	Discussion and Conclusions 
	Implications
	Theoretical Implications
	Practical Implications
	Societal Implications

	Limitations

