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ABSTRACT
This research aimed to study behavioral intention toward genetically modified crop (GMC) technol-
ogy. The statistical population was composed of all staff experts of Jihad-e Agriculture Organization 
of Iran (N = 837). The sample size was 310 agricultural experts taken by simple randomization. The 
data collection tool was a questionnaire. Data were analyzed by structural equations modeling. The 
results provided enough evidence to confirm the negative and significant effect of ethical concerns 
on behavioral intention toward GMC technology and the positive and significant effect of attitude 
toward technology and social impact on behavioral intention. According to the results, it is 
necessary to hold training courses inside and outside the country, adopt bottom-up management, 
use experienced and prospective managers, involve experts in planning and development of GMCs 
to a greater extent, and share personal experiences in training courses to change people’ attitude.
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1. Introduction

The population on the globe is on the rise with an 
annual reported rate of 83 million individuals, so it 
is expected to approach 8.5 billion by 2030 and 
9.7 billion by 2050.1 According to existing esti-
mates, about 1 billion people are experiencing hun-
ger despite the ever-increasing population rise and 
reduction of available farmlands.2 Most crop vari-
eties are on the verge of their genetic potential and 
it is hard to believe that varieties may be achieved 
with greater crop productivity. Consequently, 
a different technological revolution (following the 
Green Revolution) is needed in crop yields to feed 
the present population and maintain the existing 
food security level.3–8

As stated by Thomas Malthus, ethical justification 
on the use of biotechnology and genetic engineering is 
plausible through resorting to the fact that there is 
a need for feeding 10 billion people in the forthcoming 
years.9 Transgenic technology has witnessed rapid 
development with the scientific discovery of possible 
transfer of DNA from one organism to another. In the 
United States, the tobacco crop was initially manipu-
lated transgenically for resistance to antibiotics.10 

Afterward, transgenic foodstuffs have gained ground 
as an alternative approach to malnourishment and 
famine worldwide such that the farmlands of trans-
genic crops have amplified by 100-fold during the last 
20 years, increasing from 1.7 million ha in 1996 to 
179.7 million ha by the end of 2015. Recently, humans 
have adopted this technology as the most rapidly 
developing technical expertise.11 As defined by the 
World Health Organization (WHO), genetically mod-
ified (GM) foods are referred to those resulting from 
genetic engineering from organisms whose genetic 
material is subjected to such a modification that it 
will not occur in nature through reproduction and/ 
or naturally recombinant material. GMOs are typically 
obtained by the introduction of a foreign gene to the 
genome or cell of an organism by the use of a virus, 
a gene gun, or direct injection into the nucleus.12

The risk management of the production of 
genetically modified crops (GMCs) relies heavily 
on the compliance of agricultural specialists with 
specific rules. Such compliance may vary depend-
ing on the attitudes and behavior of individual 
agricultural specialists. However, most scholars 
note that incomparably more research has been 
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devoted to understanding consumers’ views on GM 
food in contrast to exploring the perceptions of 
agricultural specialists. Rather than attempting to 
gain an understanding of agricultural specialists’ 
attitudes and behavioral intention, the literature 
has predominantly focused on the experience of 
the adopters of GMCs and the interest of farmers 
in growing potentially permitted GMCs. specialists 
can properly impact the outlooks of customers, 
outrider farmers, and non-governmental organiza-
tions (NGOs).13 Accordingly, it is noteworthy that 
specialists function as doorkeepers capable of facil-
itating or impeding the publicizing and disseminat-
ing novelties throughout society.14 Hence, their 
outlooks toward a novelty will decisively contribute 
to motivating or hindering its expansion. Despite 
the noticeable advantages of GMC technology, 
most of its accomplishments remain to be accepted 
and are undervalued in the agricultural sector.15 In 
Iran, the annual import of GM products amounts 
to 5 billion USD, and transgenic foods account for 
70% of imported products. To achieve indepen-
dence, a strategy is to proceed toward the market-
able production of domestic GMCs.

Advanced biotechnology is a potential arma-
ment in the fight against famine, thereby playing 
a role in resolving agricultural challenges includ-
ing low revenues, insect invasion, plant extermi-
nation, and even drought.2 The technology of 
GMCs has enabled environmental protection, 
better food security, economic development, 
and human wellbeing. It has also provided 
enhanced revenues, improved environmental 
tension endurance such as drought, chilling, dis-
eases, and pests, addressing the need for using 
insecticides damaging the environment being 
hazardous to human wellbeing, improving food 
quality, and manufacturing new facilities that are 
suitable for human wellbeing and industrial 
products.16–22

Nonetheless, introducing GM foods into socie-
ties emerged apprehensions regarding their envir-
onmental and human health impacts, which was 
associated with arguments on people’s right to be 
aware of their consumed foods.10 In recent years, 
supporters and contenders of such foodstuffs have 
been involved in arguments and conjectures 
regarding the advantages and disadvantages for 
the development of fundaments that are utilized 

for producing these products in terms of ideology, 
economics, politics, and the environment, but they 
have not reached a consistent agreement concern-
ing the preparation of GM foods, which has led to 
the launch of the so-called ‘World War of 
Rhetoric.18,23–25 Mistrust, cynicism due to specia-
lists’ lack of agreement, incoordination among risk 
managing entities, suboptimal communicating 
abilities regarding hazard and the history of dog-
matic opinion, and misrepresentation and over-
statement by supporter and contender parties 
have been other communication-linked challenges 
in arguments regarding biotechnology. 
Accordingly, no agreement and scientifically vali-
dated evidence can be found concerning the influ-
ences of using such foodstuffs in the academic 
associations.1,26

In Iran, the cynicism of administrators about 
such products has justified the lack of extensive 
marketable flourish of GMCs. Thus, all-inclusive 
information is unavailable regarding these crops. 
Besides, as users and farmers are uninformed 
about such products,27 they are not able to assess 
the possibilities and hazards imposed by such 
crops.28,29 As far as GMC technology is concerned, 
however, the separation between ‘real risk’ and 
‘perceived risk,’ between ‘risk’ and ‘ethical con-
cerns,’ or between ‘scientific’ concerns and ‘non- 
scientific’ concerns appears to be blurry. In such 
circumstances, the disputation about GMCs can 
apparently be orientated rationally via presenting 
proof of no confirmed complications and promot-
ing technical information.31

The assertions of contenders versus produ-
cing and consuming GMCs can be itemized as 
the domination of producing seeds and the rest 
inputs of GMCs by special groups, worries 
about Iran’s dependency on GMCs (made by 
US and European corporations), and depen-
dence of farmers on GM seeds and 
herbicides,13,29 the carcinogenicity of 
GMCs,13,33 possible development of novel 
viruses and toxins,27,29,34 possible development 
of allergies,13,29,32–35 and horizontal transfer of 
genes.13,27,29,32,35,36 To mitigate the above 
apprehensions concerning the probable hazards 
scientifically, it is necessary to consider the 
opinions of agricultural specialists on GMC 
technology.
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Altogether, there is a necessity for providing 
users and farmers with scientifically validated 
information, encouraging Iran’s movement toward 
independence under present sanctions, and 
responding to objector’s apprehensions on the one 
hand, and there is no available investigation about 
the opinions of agricultural specialists on GMC 
technology on the other.29 This research, therefore, 
aims to address the question of ‘how knowledge, 
attitude, social and technical factors, and ethical 
concerns strengthening the behavioral intent agri-
cultural specialists on GMC technology are inter-
related to each other.’

2. Theoretical Framework and Research 
Hypotheses

A large number of the literature has been devoted 
to the attitude and behavior concerning the use of 
GMCs using several variables. A summary of the 
variables from the perspective of various investiga-
tors is presented in Table 1.

In this research, a conceptual model was 
designed using Davis’s62 Technology Acceptance 
Model (TAM), which is among the most wide-
spread and commonly applied theories in human 
behavior prediction. The Unified Theory of 
Acceptance and Use of Technology (UTAUT) was 
also considered here, which integrates eight 
authentic technology adoption models.63 In the 
end, the associations of variables were elucidated 
prior to the development of hypotheses and the 
conceptual model of the present research.

2.1. Ease of Use, Perceived Risk, and Perceived 
Usefulness

Based on investigations adopting the Theory of 
Planned Behavior (TPB), behavior is not formed 
merely by an individual’s behavioral inclinations 
and viewpoints, but the amassed capability for per-
forming that behavior and his/her opinion about 
the ease of doing that behavior influence this pro-
cedure as well, which is certainly directed by 
a person’s discernment of the ease of applying a -
technology.66 Ease of use denotes the subjective 
probability shaped within an individual toward 
the facile employment of GMC technology for per-
forming chores.63 Ease of use has had applications 
in the framework of the Decomposed Theory of 
Planned Behavior [DTPB;,67] TAM,68 and 
Technology Acceptance Model 2 [TAM 2; 69] as 
well as effort expectancy in UTAUT.63 The notion 
impacts perceived usefulness in TAM68 and TAM 
269 such that it increases ease of use of technology, 
thereby increasing one’s perceived practicality of 
that technology. This notion was redefined to per-
ceived difficulty and its influence was examined 
differently.70

A person’s perception is a crucial determinant 
affecting the acceptance of GMC technology. 
Perceived practicality and perceived hazard are 
two critical notions having uppermost usage in 
research on GM parallel to the notions of knowl-
edge and attitude (Table 1). Perceived practicality 
has had applications in DTPB,67 TAM,68 and TAM 
269 as well as performance expectancy in UTAUT.63 

Perceived usefulness is used to denote the subjective 
probability grown inside an individual regarding an 
order of magnitude that accessible GM foods are 
valuable to feed society.68 Perceived risk highlights 
the subjective probability grown within a person 
regarding the environmental and human health 
hazards of eating accessible GM foods.19,23,71 

Ghanian et al.29 drew a conclusion that agricultural 
specialists were informed about the environmental 
benefits and possible hazards of GM products, 
many of them accepted that GM foods could pro-
mote food security and expedite rural expansion, 
and the majority endorsed the use of labels on such 
foodstuffs. Their final opinion was that perceived 
advantages were positively correlated to perceived 
possible hazards of GM products. Amin and 

Table 1. The variables included in the research on the use of 
GMCs.

Variables affecting behavioral 
intention toward GMCs References

Knowledge of GMCs Wunderlich and Gatto37; Alecsejeva30; 
Alecsejeva; Izumi et al.39,40; Usak 
et al.41; Bal et al.42; Amin et al.43

Perceived usefulness Tsiboe et al.44; Vikan45; Immonen46; Ismail 
et al.4748; Yao and Wang; Kagai49; Amin 
et al.43; Shehata and Cox50; Torres 
et al.51; Huang et al.52; Han (2006); Chen 
and Chen53; Springer et al.54; Baker and 
Burnham55

Perceived risk Aleksejeva38; Ghasemi et al.27; Ghanian 
et al.29; Voss et al.56; Amin et al.43

Ethical concerns Ataei et al.57; Ghoochani et al.13; Amin and 
Hashim58; Ormandy et al.59; Han (2006)

Attitude toward GMCs Sorgo and Ambrožič-Dolinšek60; Ataei & 
Zamani61
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Hashim58 used the impact of perceived risk on 
perceived usefulness in their theoretical model. 
The theoretical models of many behavioral studies 
have highlighted the effect of perceived risk on the 
behavior of GMC technology usage [e.g.13, 58, 70] 
In TAM, Davis et al.68 have focused on the influ-
ence of perceived usefulness on attitude. The survey 
of Amin and Hashim58 demonstrated that people’s 
perception of multifaceted subjects (e.g. gene tech-
nology) should be regarded as a multi-sided proce-
dure. They claimed that perceived usefulness to 
have more effectiveness than perceived risk and 
that perceived usefulness was the critical variable 
influencing attitude toward GMCs. Moreover, the 
authors described that perceived usefulness signifi-
cantly influenced the attitude toward GM 
foodstuffs.

The following hypotheses are presented based on 
the above descriptions: 

H1: ease of use has a significant influence on per-
ceived usefulness,

H2: perceived risk has a significant influence on 
perceived usefulness,

H3: perceived risk has a significant influence on 
behavioral intentions toward GMC technology, and

H4: perceived usefulness has a significant influence 
on attitude toward GMCs.

2.2. Knowledge and Attitude

Indeed, scholars have often applied knowledge in 
the behavioral field of GM products exactly the 
same as attitude and perceived risk (Table 1), 
which suggests its effective role in making decisions 
on using GMC technology. Knowledge embraces 
the entire information concerning a given field 
that is saved in one’s longstanding memory and is 
occasionally serves as an element linking one’s 
value system to attitudes, being capable of affecting 
behavior.27 Besides, attitude denotes the extent that 
a person evaluates a given behavior, issue, or entity 
to be optimum or non-optimum.72 People’s range 
of knowledge can affect their behavioral intents 
toward GMC technology via attitude,11,13,73 and 

one’s perception of the risk of GMCs is also deter-
mined by the person’s knowledge.13,34,74 Therefore, 
three hypotheses are made as follows: 

H5: knowledge of GMCs has a significant influence 
on perceived risk,

H6: knowledge of GMCs has a significant influence 
on attitude toward such crops, and

H7: attitude toward GMCs has a significant influ-
ence on behavioral intention toward such products.

2.3. Attitude Toward Technology and Environment

Attitude toward GMC technology has been shown 
to be influenced by environmental attitudes and 
technology attitudes, and these particular attitudes 
can either impact behavior via attitude or have 
a direct effect on behavioral intent toward 
GMCs.74 Individuals with a negative attitude to 
technology will have a negative attitude to GMCs 
as well.75 Besides, optimistic attitude to technology 
and upper education level are parameters affecting 
positive attitude toward GMCs in males to a higher 
degree than in females.76–78 The same as attitude to 
nature, it should also be considered that individuals 
seeking their own revenues most often recognize 
the hazards of GMCs, but those with greater envir-
onmental-friendly beliefs are inclined to identify 
the advantages of such crops.79 Based on the 
above, two hypotheses are considered as below: 

H8: Attitude toward the environment has 
a significant effect on attitude toward GMCs.

H9: Attitude toward technology has a significant 
effect on behavioral intention toward GMCs.

2.4 Social Impact

Studies rooted in TPS [e.g. 6465] mostly demon-
strate that behavior is impacted by behavioral 
intents, which are in turn influenced by not only 
attitudes but also behaviors being expectable within 
the social environment and personal standards 
(social environment expectations).66 Social impact 
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denotes the order of magnitude that a person’s 
decision is influenced by the opinions of other 
individuals, whether to adopt or refuse the 
system.63 This idea was found to be effective in 
behavioral intent in UTAUT.63 Kim80 presented 
evidence that the ecological concerns of GMC cus-
tomers were associated with their negative social 
reactions to procuring these products. Thus, 
a hypothesis is formed denoting that 

H10: social impact has a significant effect on beha-
vioral intention toward GMC technology.

2.5. Ethical Concerns

A matter of public apprehension concerning the 
use of GMC technology is the value and ethical 
concerns referring to the subjective opinions of 
the public regarding the perfection or imperfection 
of a certain behavior.14 Ethical concerns have 
a negative impact on the behavior toward GMC 
technology usage.13,58 Such a perception originates 
from public views based on which genetic engineer-
ing disrupts nature81 and manipulates God’s work 
and creation.82,83 Therefore, a hypothesis is pre-
sented below 

H11: ethical concerns have a significant effect on 
behavioral intentions toward GMC technology.

Based on the above subsections, the conceptual 
model was designed here as illustrated in Figure. 1 
(the study hypotheses are also introduced into the 
model). According to the conceptual framework, it 
can be stated that farmers’ knowledge of GMCs 
forms their attitude toward these crops and their 
perceived risk of their consumption. In other 
words, as experts gain more knowledge about 
GMCs, the risks will become clearer for them and 
their attitudes toward the use or nonuse of these 
crops will shape. On the other hand, the ease of 
GMC technology use can better show the advan-
tages of GMCs to experts. When advantages are 
clearer, experts will gain positive attitudes toward 
them. But, if experts have ethical concerns over 
GMCs, their intention to use these crops will be 
influenced so that the process of deciding to use this 
technology may be challenged. Furthermore, 
society’s perspective on GMCs can influence 
experts’ behavioral intention to use or not to use 
them. In other words, if people have a positive 
perspective on GMCs and perceive that they are 
useful for society, experts’ intentions to use them 
will be strengthened.

Figure 1. The conceptual model of the research.
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3. Methods

The research was a descriptive correlational study 
carried out by the survey method. The statistical 
population was composed of staff experts of Jihad-e 
Agriculture Organization of Eastern Azerbaijan 
province (N = 837). The sample size was deter-
mined by Krejcie and Morgan’s table to be 264 for 
this statistical population, but it was increased to 
310 people to reduce the error of the method of the 
structural equations. After the sample size was 
determined, a total of 400 questionnaires were 
sent to the participants to compensate for possibly 
unanswered questionnaires. Finally, 310 valid ques-
tionnaires were collected. According to the 10X 
rule, each hypothesis needs 10–20 samples. Given 
that the research tested 11 hypotheses and 310 
questionnaires were collected, it can be said that 
this rule was complied with.84 Haire et al.84 suggest 
that the sample size should be equal to 10 times the 
number of independent variables in the most com-
plex regression in the PLS path model (i.e., consid-
ering both measurement and structural models). 
The sample was taken by simple randomization. 
The main data collection instrument was 
a questionnaire composed of 11 sections for demo-
graphic-social characteristics, knowledge of GMC, 
attitude toward GMC, attitude toward technology, 
attitude toward the environment, perceived bene-
fits, perceived risk, ease of use, social impact, ethical 
concerns, and behavioral intention toward GMC 
technology. The questionnaire was inspired at the 
design phase by the standard questionnaire of 
Davis62 and the literature review. The items were 
assessed on a five-point Likert scale ranging from 
‘completely disagree’ to ‘completely agree’ (for 
items of knowledge of GMC, attitude toward 
GMC, attitude toward technology, attitude toward 
the environment, social impact, ease of use, ethical 
concerns, perceived benefits, and perceived risk) 
and from ‘very low’ to ‘very high’ (for items of 
behavioral intention toward GMC technology) 
(Table 2). The face and content validity of the 
questionnaire was verified by a panel of GMCs 
and behavioral experts. The reliability of the 
research instrument was estimated by Cronbach’s 
alpha in a pretest on 30 individuals of the respon-
dents (randomly selected and not included in the 
main sample). The results are presented in Table 2. 

Since the alpha value was 0.70 or higher, the instru-
ment was accurate enough to measure the variables. 
Cronbach’s alpha is a measure of internal consis-
tency; that is, how closely a set of items are related 
as a group. It is considered to be a measure of scale 
reliability. Cronbach’s alpha tests to see if multiple- 
question Likert scale surveys are reliable. These 
questions measure latent variables – hidden or 
unobservable variables. Cronbach’s alpha will tell 
you how closely a set of test items are related as 
a group.85 Data were subjected to descriptive sta-
tistics (frequency, percentage, mean, and standard 
deviation) to describe the status of age, gender, 
educational level, work experience, and employ-
ment type and to inferential statistics (Pearson’s 
coefficient of correlation) to check their correlation 
using the SPSS20 software package. Also, they were 
modeled by structural equations in the AMOS24 
software package to determine the causal relation-
ships of the variables influencing behavioral inten-
tion toward GMC technology.

4. Results

4.1. Descriptive Statistics

Regarding the description of the demographic- 
professional characteristics of the statistical com-
munity, Table 3 shows that 80% of 310 respondents 
(i.e. 248 people) were male and 20% (i.e. 62 people) 
were female. In terms of age, about half of the 
participants were in the range of 36–50 years. The 
highest frequency of educational level (55%) was 
for the bachelor’s level. Most respondents had a job 
experience of 16–20 years (44%) and about two- 
thirds of them were permanently employed in the 
organization.

4.2. The Measurement Model of the Research

The model addressed the Factors Involved in 
Behavioral Intention toward Technology 
Application of Genetically Modified Crops. 
First, we dealt with the fit of the measurement 
model including the validity and reliability of 
the research constructs. Hair et al.84 have pro-
posed three metrics for the reliability of 
research constructs: (i) reliability of the indivi-
dual items, (ii) composite reliability, and (iii) 
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average variance extracted (AVE). The reliabil-
ity of an individual item refers to the factor 
load of each observed variable. To determine 
the reliability of constructs, the modern mea-
sure of composite reliability (CR) is used in 
addition to the traditional measure of 
Cronbach’s alpha. The advantage of CR over 
Cronbach’s alpha is that it measures the 

reliability of constructs not on an absolute 
basis but on the basis of the correlation of the 
constructs. The CR value of over 0.7 for 
a certain construct means the good internal 
reliability of that construct, but the values of 
smaller than 0.6 reflect unreliability. The CR 
values were found to be greater than 0.7 for 
all constructs of the research model (Table 4).

Table 2. The items included in the questionnaire and their alpha coefficient.
Variable Indicaors Alpha

Perceived risks The pollination of GMCs with conventional plants poses a risk to the environment. 0.78
New viruses and toxins may be developed by GMCs.
GMCs are a threat to the genetic diversity of plants.
GMCs are harmful to plants and animals.
GMCs may be harmful to people who are allergic to a specific food.
Genetic mutation due to the consumption of GMCs is very harmful to people.

Perceived benefits GMCs are a solution to increasing food production. 0.75
GMCs can contribute to environmental conservation.
GMCs can contribute to fighting plant pests and diseases.
GMCs can contribute to coping with drought.
GMCs have better taste and quality than conventional foodstuffs.
GMCs are effective in reducing the use of pesticides and the emission of greenhouse gases.

Knowledge of GMCs GMC technology does not differ from traditional plant breeding methods. 0.73
Genetic modification means the transfer of a gene from one living organism to another.
Unlike organic products, GMCs are not subjected to safety assessment.
It is not possible to have a gene exchange between animals and plants.
Gene editing technology, CRISPER, is the same as GMC technology.

Attitude toward GMCs The planting of GMCs is reasonable. 0.82
The release of GMCs into the environment has no problem.
It is OK to produce foodstuff by GMC technology.
It is OK to consume GMC.
The planting of GMC is for the benefit of the country.
Oppositions with GMC have no scientific logic.

Attitude toward technology Technology is necessary for progress and development. 0.84
No technology is inherently harmful.
Technology application should be accompanied by planning and research about its ramifications.

Attitude toward the 
environment

By manipulating nature, people trigger disruption in its natural trend. 0.80
The balance of nature is robust enough to cope with the effects of modern technologies.
If the present conditions persist, a huge environmental disaster will happen.
‘Environmental crises’ that have been attributed to human actions have been exaggerated.
Humans should let the other living organisms survive too.

Perceived ethical (Moral) 
concerns

Genetic modification is interference with the work of the Creation. 0.77
Genetic modification is against religious rules.
Genetic modification is interference with nature.
Genetic mixing is ethically wrong.
GMCs are artificial products.

East of use The training of GMC technology to farmers will be an easy task. 0.72
The extension of GMC technology will be an easy task.
Farmers will accrue more skill by more use of GMC technology.
There is no need for complicated agricultural machinery to use GMC technology.
It is easy to supply inputs and market GMCs.

Social impact Public people have a positive view on GMC technology. 0.84
The managers of the agricultural sector think that the use of GMC technology is for the benefit of the agricultural 

sector.
My colleagues think that GMC technology should be in agriculture.
I think that the use of GMC technology in my job shows I am up-to-date.
My friends expect me to have enough experience and familiarity with GMC technology.

Behavioral intention I agree with the consumption of edible GM oils. 0.83
I intend to consume GMCs (corn, soybean, and potato).
I have the willingness to use GM fruits.
I recommend the consumption of GM white and red meat (derived from GM livestock) to my friends and relatives.
I have the willingness to plan and attempt for the infrastructure to grow GMCs.
I have the willingness to use advanced biotechnology techniques and genetic engineering in the agricultural 

sector.
I have the willingness for the research, training, and extension of agronomic methods for GMCs.
I have the willingness to produce GMCs on a large scale.
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After reliability, the second measure of the fit of 
measurement models is convergent validity. AVE 
has been introduced as a measure of convergent 
validity that examines the correlation of 
a construct with its own questions (indicators). 
AVE expresses the average variance shared by 
a construct and its own indicators. An AVE value 
of >0.5 suffices and it was more than 0.5 for the 
constructs of model. The validity of the research 
model was measured by the divergent validity mea-
surement matrix using the Fornell-Larcker method. 
This measure of discriminant validity, i.e. divergent 
validity, is acceptable when the AVE value for each 
construct is greater than the variance shared 
between the construct and other constructs of the 
model (the square of the correlation coefficient 
between the constructs). To check it, the values of 
all correlations of the constructs are compared with 
the square root of AVE for each construct as shown 
in Table 4. If these values are higher than all corre-
lations, the Fornell-Larcker criterion has been met. 
This has been satisfied in the present research and 
in the following matrix. According to Table 5, the 
Fornell-Larcker criterion was used in the context of 
diagnostic validity to check the significance of the 
contribution of indicators in accounting for at least 
50% of the variance of the selected construct. The 
results revealed that the square root of AVE was 
greater than all existing correlations and the discri-
minant validity, which is a traditional measure of 
the precision of measurement models, was satisfied.

Based on the results for Cronbach’s alpha 
(Table 2), CR, and AVE derived from the analyses 
and software output (Table 4), since the values are 
higher than the acceptable threshold for all 

variables, then the appropriateness of the model 
in terms of reliability and divergent and convergent 
validity is supported (Table 4).

4.3. Structural Model of Factors Influencing 
Behavioral Intention Toward GMC Technology

According to the data analysis algorithm by the PLS 
method, after fitting the measurement models, the 
fit of the structural model of the research is exam-
ined (Figure. 2). According to the structural model, 
the coefficient of determination (R2) of behavioral 
intention toward GMC technology indicates that 
55% of its variance is accounted for by five con-
structs of ‘attitude towards GMCs,’ ‘attitude 
towards technology,’ ‘perceived risk,’ ‘social 
impact,’ and ‘perceived ethical concerns.’ The con-
struct ‘Attitude towards the technology’ captured 
a great part of the variance of ‘behavioral intention’ 
(p < .01; β = 0.456). ‘Ethical concerns’ have a sig-
nificant negative effect on ‘behavioral intentions 
towards GMC technology’ (p < .01; β = −0.224). 
and ‘Social impact’ has a significant positive impact 
on ‘behavioral intention’ (p < .01; β = 0.262). The 
variance of ‘attitude towards GMCs’ can also be 
captured by ‘knowledge of GMCs’ (p < .01; 
β = 0.179) and ‘attitude towards the environment’ 
(p < .01; β = −0.169).

In Table 6, the research hypotheses were tested 
according to standard coefficients and it was 
observed that out of 11 hypotheses, 8 hypotheses 
were confirmed. Among the eminent point in 
Table 6 is the significant effect of ‘attitude towards 
technology,’ ‘ethical concerns,’ and ‘social impact’ on 
‘behavioral intentions towards GMC technology.’

5. Discussion and Conclusion

This research examined the attitude, knowledge, 
and behavioral parameters influencing the beha-
vioral intention toward GMC technology among 
investigators of agricultural research centers 
according to TAM and a review of published stu-
dies. Our theoretical outcomes can be helpful in 
enriching the scientific work and can also be of 
practical use by strategists and organizers of agri-
cultural genetic engineering.

Table 3. Distribution of the participants with respect to their 
demographic characteristics.

Variable Level (stratum) Percentage

Educational level B.Sc. 55
M.Sc. 31
Ph.D. 14

Job experience 5 years or lower 9
5–10 years 10
11–15 years 23
16–20 years 44
21 years or higher 14

Age 18–35 21
36–50 51
51–76 28

Employment status Permanent 73
Temp-to-perm 27
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The causal model analyzed here reveals that 
‘social impact’ is the most influential variable in 
the prediction of ‘behavioral intention regarding 
GMC technology,’ which corresponds to 
Ghoochani et al.13 stating that social impact pre-
dicts behavioral intention to eat GM rice. It is 
speculated from this result that one’s companions 
and families can crucially affect his/her behavior 
toward the acceptance of GMC technology. It is 

recommended to establish brainstorm meetings 
and symposia on GMC technology continually to 
achieve a global agreement among investigators. In 
such meetings, attempts can be made to reinforce 
the morale of creativeness and invention among 
participants and to elucidate the possibilities and 
hazards of GMCs to hamper the nonscientific and 
disinterested impacts that individuals possibly 
attempt to exert on each other.

Table 4. Reliability and Convergent Validity Measures.
Variable Indicators Factor Loading t-value Average variance extracted (AVE) Composite reliability(CR)

Perceived risks n1 0.879 11.45 0.760 0.864
n2 0.865 8.22
n3 - delete
n4 - delete
n5 - delete
n6 - delete

Perceived benefits b1 0.627 6.15 0.530 0.770
b2 0.720 9.35
b3 0.824 16.15
b4 - delete
b5 - delete
b6 - delete

Knowledge of GMCs k1 0.807 13.61 0.675 0.912
k2 0.784 14.90
k3 0.844 15.79
k4 0.840 14.22
k5 0.830 12.58

Attitude toward GMCs at1 0.781 21.30
at2 0.762 21.21
at3 - delete
at4 0.706 15.33
at5 0.645 10.58
at6 0.704 14.96

Attitude toward technology att1 0.834 37.93 0.775 0.932
att2 0.904 60.23
att3 0.906 73.20

Attitude toward the environment a1 - delete 0.665 0.798
a2 - delete
a3 0.775 8.405
a4 0.854 12.378
a5 - delete

Perceived ethical (Moral) concerns e1 0.781 30.46 0.635 0.897
e2 0.857 34.43
e3 0.779 22.42
e4 0.808 28.60
e5 0.755 20.57

East of use co1 0.780 3.24 0.612 0.759
co2 - delete
co3 - delete
co4 0.784 3.24
co5 - delete

Social impact s1 0.724 15.81 0.567 0.839
s2 0.791 27.77
s3 0.782 21.33
s4 0.712 16.57
s5 - delete

Behavioral intention I1 - delete 0.609 0.861
I2 - delete
I3 - delete
I4 0.829 43.37
I5 - delete
I6 0.812 29.55
I7 0.795 26.10
I8 0.676 19.63
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The results demonstrate a significant positive 
effect of knowledge about GMC technology attitude 
toward GMCs. Wunderlich and Gatto37 point out 
that it is essential to discriminate between acquain-
tance with GMOs and their scientific apprehension 
because people who have more knowledge of 
GMOs are more impervious to genetic engineering 
while there is a lower negative attitude toward 
GMOs in those at greater educational ranks. This 
suggests that there is a connection between techni-
cal knowledge, information resources, perceived 
risk, and attitude toward GMO products. 

Aleksejeva30 commented that specialists were dee-
ply knowledgeable about genetic engineering tech-
nology leading to not having a fanatical attitude 
toward GMOs as had a mediocre consumer in the 
EU. A report by Ghasemi et al.27 indicates that 
people’s low knowledge had a negative impact on 
behavioral intention toward GMC technology and 
that GMC knowledge might be further developed if 
the systems for analyzing risks acted transparently.

As shown in Table 3, perceived usefulness has 
a positive effect on attitude toward GMCs, which is 
in line with that of Chen and Li86 who found positive 

Table 5. The matrix of divergent (discriminant) validity measure by the Fornell-Larcker method.
Variable X1 X2 X3 X4 X5 X6 X7 X8 X9 X10

X1 0.880
X2 0.030 0.815
X3 0.022 −0.236 0.721
X4 0.646 0.001 0.012 0.781
X5 −0.043 −0.116 −0.017 0.041 0.782
X6 −0.056 −0.122 0.208 −0.021 0.046 0.821
X7 −0.001 −0.310 0.220 −0.009 0.121 0.055 0.728
X8 −0.325 0.004 0.033 −0.495 0.034 0.052 0.058 0.797
X9 −0.069 0.084 −0.073 −0.066 −0.126 −0.033 −0.147 −0.019 0.872
X10 0.441 −0.017 −0.016 0.570 0.016 −0.013 0.032 −0.474 −0.094 0.753

X1 = Attitude toward Technology, X2 = Attitude about Environment, X3 = Attitude toward the GM Crops, X4 = Behavioral Intention, X5 = Ease of Use, 
X6 = Knowledge about GM Crops, X7 = Perceived Benefits, X8 = Perceived Ethical (Moral) Concern, X9 = Perceived Risks, X10 = Social Impact

Figure 2. Path analysis of the research framework.
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impacts of people’s attitude on perceived usefulness 
and perceived usefulness on consumers’ attitude 
toward GMCs. Accordingly, it is proposed to accept 
a robust communication approach between investi-
gators and specialists with the aim of informing the 
advantages of GMCs by investigators to specialists 
and by specialists to farmers specifically and the pub-
lic generally. It can also be practical to establish 
a commission integrating three divisions of research, 
training, and extension. Besides, it is recommended to 
pave the route such that specialists can enjoy from 
preparation courses both nationally and internation-
ally, bottom-up managing, using qualified and futur-
istic executives, further engagement of specialists in 
planning and developing GMCs, and governmental 
sponsorship as these can considerably have 
a contribution to promoting the attitude of specialists.

The findings unveiled a significant negative 
influence of ‘attitude toward the environment’ on 
‘attitude towards GMCs.’ Ghoochani et al.34 con-
sider that knowledge can positively impact the 
perceived usefulness of GMCs and that educators 
and executives have greater concerns about the 
safety of GMCs whereas farmers have higher 
environmental concerns. Apparently, environ-
mental destruction by developing GMCs,13,27,34,87 

its other facets including the horizontal transmis-
sion of genes,13,27,29,35 and the expansion of resi-
lient weeds13,29,34,35 are challenges causing 
concerns in respondents as they have not received 
decisive responses from investigators. 
Nevertheless, considering the rising disputes of 
adversaries and proponents, this is accompanied 
by the impact of parochial groups and their adver-
tisements (particularly among farmers, users, and 

less literate individuals) instead of emphasizing 
scientific resources and contents. In the attitude 
domain, the oratory facets and the skill of com-
municating and influencing the public’s thoughts 
have wrongly substituted the search for scientifi-
cally obtained proof. To address this challenge, it 
is suggested to organize sessions regularly and 
purposefully for adversaries and proponents who 
have expertise in various areas such as biotechnol-
ogy, medical science, social science, economics, 
and agriculture in a scientific setting away from 
opinions directed politically, fractionally, and reli-
giously. Publication of the conclusions from such 
gatherings can be helpful in avoiding the non-
scientific and fanatical influences of both propo-
nents and adversaries on the public. Additionally, 
GMC specialists are a validated information 
resource for farmers and users and have the 
responsibility of cooperating with other players 
to elucidate all the probable hazards stated above 
for such foodstuffs. Consequently, it is necessary 
for all actors involved in the areas of agriculture, 
health care, and medical science, and decision- 
makers of managing risk and communication pro-
cedures to participate in this process. It is sug-
gested to focus on the attitude and behavior of 
specialists and investigators in forthcoming 
research.

It was detected that attitude toward technology 
had a marked contribution to behavioral intention 
toward GMCs. Despite the reality that all advanced 
and state-of-the-art technologies may experience 
some conflicts and disagreements to their 
development,29 it seems that individuals tending 
to adopt up-to-date technology show an 

Table 6. Structural parameter estimates and hypothesis results for the proposed model.
Research 
hypothesis Paths Beta T value Conclusion

H1 Ease of use → perceived benefits 0.104 2.015a Supported
H2 Perceived risks → perceived benefits −0.134 2.330a supported
H3 Perceived risks → behavioral intention −0.013 0.337ns Not supported
H4 Perceived benefits → attitude toward GMCs 0.159 2.593aa Supported
H5 Knowledge about GMCs → perceived risks −0.033 0.478ns Not supported
H6 Knowledge about GMCs → attitude toward GMCs 0.179 3.225aa Supported
H7 Attitude toward GMCs → behavioral intention 0.012 0.316ns Not supported
H8 Attitude toward the environment → attitude toward GMCs −0.165 2.523aa Supported
H9 Attitude toward the technology → behavioral intention 0.456 10.840aa Supported
H10 Social impact → behavioral intention 0.262 4.738aa Supported
H11 Perceived ethical (moral) concerns → behavioral intention −0.224 3.876aa Supported

aSignificant in 95% ** Significant in 99% ns Non Significan
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inclination to adopt GMCs in spite of all objections 
concerning the products. As stated by Chen and 
Li,86 because gene technology is a novel technol-
ogy, individuals can be reinforced through training 
to think positively about the technology and the 
environment. Grunert, Bredahl, Scholderer, (2003) 
believe that attitude toward GMCs is influenced by 
attitude toward the environment, attitude toward 
technology, and isolation from the market, which 
act profoundly and it is hard to change them 
through informing methods. Accordingly, subjec-
tive familiarity and clearly perceiving the advan-
tages of GMCs are required to modify the attitudes. 
Therefore, people’s personal experiences are 
recommended to be shared in teaching sessions to 
alter their attitudes.

Additionally, moral concerns for GMCs were 
detected to have a significantly negative impact on 
behavioral intention. This corresponds to Ormandy 
et al.59 who stated a growing interest in GM animals 
in the past decade and the inclusion of subjective 
and social values in using these animals in this 
discipline. Apparently, this is related to religiously 
and culturally driven social objections persuaded 
based on the social-political background of society 
and administrative culture as ethical thoughts are 
contextualistic. Consequently, it is proposed that 
investigators focus on the impact of mental-social 
maturity on behavioral intention toward GMCs in 
the framework of such variables as age, education, 
and linking to social bodies in their forthcoming 
research.
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