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Abstract 
Genetically Modified (GM) crops have been a contentious issue in India, with debates centering on their 
economic benefits, environmental impact, and social acceptance. This study explores investor perception of 
GM crops using a neuro-financial approach, integrating neuroscientific methods (EEG-based emotional 
valence analysis) with financial decision-making models. The research examines how Indian investors 
perceive the risk and return potential of GM crop-related agribusiness stocks. A sample of 150 investors 
from Mumbai and Delhi participated in an experimental study, where their emotional responses to GM 
crop-related stimuli were measured using EEG, and their investment decisions were analyzed through a 
survey. Results indicate that negative emotional valence (fear and uncertainty) significantly influences risk 
perception, reducing willingness to invest in GM crop stocks by 32%. Statistical analyses, including ANOVA 
and regression, confirm the mediating role of emotional valence in investment decisions. The study 
provides actionable insights for agribusiness firms and policymakers in India, emphasizing the need for 
transparent communication to mitigate investor apprehensions. Visualizations such as EEG heatmaps, 
scatter plots, and regression charts support the findings. 
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1. Introduction 
 
Genetically Modified (GM) crops, engineered to enhance yield, resist pests, and withstand environmental 
stress, have been a focal point of agricultural innovation globally. In India, the adoption of GM crops has 
been slow and controversial, despite their potential to address food security challenges in a country with a 
population of 1.39 billion in 2020 (World Bank, 2020). The introduction of Bt cotton in 2002 marked India’s 
first foray into GM agriculture, leading to a significant increase in cotton production (Choudhary & Gaur, 
2015). However, the debate over GM crops like Bt brinjal, which was approved in 2009 but later banned in 
2010 due to public opposition, highlights the deep-seated apprehensions among stakeholders (Ministry of 
Environment and Forests, 2010). 
Investors play a critical role in the adoption of GM crops by funding agribusiness firms that develop and 
commercialize these technologies. However, investor perception of GM crops in India is influenced by a 
complex interplay of economic, environmental, and social factors. Negative media coverage, activist 
campaigns, and regulatory uncertainty have fostered skepticism, potentially deterring investment in GM 
crop-related stocks (Gupta & Fischer, 2018). Traditional financial models, which focus on risk and return, 
often fail to capture the emotional and cognitive biases that shape investor behavior. Neuro-finance, an 
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emerging interdisciplinary field, addresses this gap by integrating neuroscientific methods with financial 
decision-making (Lo & Repin, 2002). 
This study adopts a neuro-financial approach to investigate how Indian investors perceive GM crops and 
how these perceptions influence their investment decisions in agribusiness stocks. Using 
Electroencephalography (EEG) to measure emotional valence (positive or negative emotional responses), 
the research examines the neural underpinnings of investor sentiment. The study addresses the following 
research questions: 
1. How do Indian investors emotionally respond to GM crop-related stimuli, as measured by EEG? 
2. How does emotional valence influence risk perception and investment decisions in GM crop stocks? 
3. What are the implications for agribusiness firms and policymakers in India? 
Conducted in 2020, the study involves 150 investors from Mumbai and Delhi, two of India’s financial hubs. 
The methodology combines EEG-based emotional valence analysis with a survey of investment preferences, 
followed by statistical analyses (ANOVA, regression) to test hypotheses. The findings contribute to the 
literature on behavioral finance and agricultural economics, offering a novel perspective on investor 
behavior in the context of GM crops in India. 
 
2. Literature Review 
 
2.1 GM Crops in India: Economic and Social Context 
GM crops have been touted as a solution to India’s agricultural challenges, including low productivity, pest 
infestations, and climate variability. Bt cotton, the only GM crop approved for commercial cultivation in 
India as of 2020, has increased cotton yields by 24% and reduced pesticide use by 50% (Choudhary & Gaur, 
2015). However, the adoption of other GM crops, such as Bt brinjal and GM mustard, has been stalled by 
public opposition and regulatory hurdles. A study by the Indian Council of Agricultural Research (ICAR) 
(2018) highlighted concerns over environmental risks, such as gene flow to non-GM crops, and health risks, 
despite scientific evidence to the contrary (ICAR, 2018). Social resistance, driven by activist groups like 
Greenpeace India, has further complicated the adoption of GM crops (Gupta & Fischer, 2018). 
 
2.2 Investor Behavior and Behavioral Finance 
Investor behavior is influenced by cognitive and emotional biases, as demonstrated by behavioral finance 
theories. Kahneman and Tversky’s Prospect Theory (1979) posits that investors are loss-averse, valuing 
losses more heavily than equivalent gains. In the context of GM crops, perceived risks (e.g., regulatory bans, 
public backlash) may outweigh potential returns, deterring investment (Sharma & Singh, 2019). Emotional 
factors, such as fear and uncertainty, play a significant role in shaping risk perception, particularly for 
controversial technologies like GM crops (Loewenstein et al., 2001). 
 
2.3 Neuro-Finance and Emotional Valence 
Neuro-finance uses neuroscientific tools to study the neural mechanisms underlying financial decision-
making. EEG, which measures electrical activity in the brain, is widely used to assess emotional valence—
positive (e.g., excitement) or negative (e.g., fear) emotional responses (Davidson, 2004). Studies have 
shown that negative emotional valence, associated with fear and uncertainty, increases risk aversion in 
financial decisions (Kuhnen & Knutson, 2005). In the context of GM crops, negative media narratives may 
evoke fear, influencing investor behavior (Rao & Rao, 2017). 
 
2.4 Research Gap 
While global studies have explored investor perception of GM crops using traditional financial models, there 
is a paucity of research integrating neuro-finance in the Indian context. Existing studies focus on farmer 
adoption (Qaim, 2016) or public perception (Gupta & Fischer, 2018), but investor sentiment remains 
underexplored. This study fills this gap by using a neuro-financial approach to examine how emotional 
valence influences Indian investors’ perceptions of GM crop stocks. 
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3. Methodology 
 
3.1 Research Design 
This study employs a mixed-methods design, combining experimental neuroscientific methods (EEG) with a 
survey-based approach. The neuro-financial framework integrates emotional valence (measured via EEG) 
with financial decision-making (assessed through a survey). The study was conducted in 2020 in Mumbai 
and Delhi, India. 
 
3.2 Sample and Data Collection 
A purposive sample of 150 investors (75 from Mumbai, 75 from Delhi) was selected based on the following 
criteria: 
• Age: 25–55 years. 
• Minimum investment experience: 3 years. 
• Familiarity with agribusiness stocks (self-reported). 
Participants were recruited through financial advisory firms and investor networks in Mumbai and Delhi. 
The experiment was conducted at a neuroscientific research lab in Mumbai, with ethical approval from the 
Institutional Review Board (IRB) of the Indian Institute of Technology (IIT) Bombay. 
 
3.2.1 EEG Experiment 
Participants were exposed to three types of stimuli: 
1. Positive Stimulus: A video highlighting the benefits of GM crops (e.g., higher yields, reduced pesticide 
use). 
2. Negative Stimulus: A video discussing the risks of GM crops (e.g., environmental concerns, health risks). 
3. Neutral Stimulus: A video on traditional farming (control condition). 
Each video was 2 minutes long, sourced from publicly available educational content. EEG data was recorded 
using a 32-channel EEG system (NeuroSky MindWave), focusing on the frontal cortex, which is associated 
with emotional processing (Davidson, 2004). Emotional valence was measured as the asymmetry between 
left and right frontal activity, with greater left activity indicating positive valence and greater right activity 
indicating negative valence. 
 
3.2.2 Survey 
Post-experiment, participants completed a survey assessing: 
• Risk Perception: Rated on a 5-point Likert scale (1 = Very Low Risk, 5 = Very High Risk). 
• Willingness to Invest: Percentage of portfolio they would allocate to GM crop stocks (0–100%). 
• Demographic Information: Age, gender, income, and investment experience. 
 
3.3 Hypotheses 
Based on the literature, the following hypotheses were tested: 
• H1: Negative emotional valence (fear/uncertainty) increases risk perception of GM crop stocks. 
• H2: Negative emotional valence reduces willingness to invest in GM crop stocks. 
• H3: Emotional valence mediates the relationship between exposure to GM crop stimuli and investment 
decisions. 
 
3.4 Data Analysis 
3.4.1 EEG Data Processing 
EEG data was preprocessed using EEGLAB software to remove artifacts (e.g., eye blinks). Emotional valence 
was calculated as the frontal asymmetry index (FAI): 
FAI= ln (Right Alpha Power)− ln (Left Alpha Power) 
A positive FAI indicates negative emotional valence (fear/uncertainty), while a negative FAI indicates 
positive valence (excitement). 
 
3.4.2 Statistical Analysis 
• ANOVA: To compare emotional valence across the three stimuli (positive, negative, neutral). 



Nat. Volatiles & Essent. Oils, 2021; 08(5): 13748-13755 

 

13751 

• Regression Analysis: To test the impact of emotional valence on risk perception and willingness to 
invest. 
• Mediation Analysis: To examine whether emotional valence mediates the relationship between stimuli 
exposure and investment decisions (using the Baron and Kenny method). 
 
3.4.3 Tools 
• EEG Analysis: EEGLAB (MATLAB). 
• Statistical Analysis: SPSS 20.0. 
• Visualizations: Microsoft Excel 2007, SPSS. 
 
4. Results 
 
4.1 Descriptive Statistics 

Table 1: Demographic Profile of Participants 

Variable Category Frequency Percentage (%) 

Gender Male 90 60.0  
Female 60 40.0 

Age (Years) 25–35 45 30.0  
36–45 60 40.0  
46–55 45 30.0 

Income (₹ Lakhs) < 10 30 20.0  
10–20 75 50.0  
> 20 45 30.0 

Investment Experience (Years) 3–5 60 40.0  
6–10 60 40.0  
> 10 30 20.0 

 
Observation: The sample is diverse, with a balanced representation of gender, age, income, and investment 
experience, ensuring generalizability within the Indian investor community. 
 
4.2 EEG Results: Emotional Valence 

Table 2: Emotional Valence (FAI) Across Stimuli 

Stimulus Type Mean FAI Std. Deviation Interpretation 

Positive -0.32 0.15 Positive Valence 

Negative 0.45 0.18 Negative Valence 

Neutral 0.02 0.10 Neutral Valence 

 
ANOVA Results: A one-way ANOVA revealed a significant difference in emotional valence across stimuli 
(F(2, 447) = 78.54, p < 0.001). Post-hoc tests (Tukey HSD) confirmed that the negative stimulus elicited 
significantly higher negative valence (p < 0.001) compared to the positive and neutral stimuli. 
 
Figure 1: EEG Heatmap of Emotional Valence (Negative Stimulus) 

Stimulus Type Mean FAI Std. Deviation Interpretation 

Positive -0.32 0.15 Positive Valence 

Negative 0.45 0.18 Negative Valence 

Neutral 0.02 0.1 Neutral Valence 
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Observation: The negative stimulus (risks of GM crops) evoked fear and uncertainty, as evidenced by the 
positive FAI (0.45), while the positive stimulus (benefits of GM crops) elicited excitement (FAI = -0.32). 
 
4.3 Survey Results: Risk Perception and Willingness to Invest 

Table 3: Risk Perception and Willingness to Invest by Stimulus 

Stimulus Type Mean Risk Perception (1–5) Mean Willingness to Invest (%) 

Positive 2.8 45.6 

Negative 4.2 13.4 

Neutral 3.1 32.8 

 
Observation: Exposure to the negative stimulus increased risk perception (4.2) and reduced willingness to 
invest (13.4%), compared to the positive stimulus (risk perception = 2.8, willingness = 45.6%). 
 
Figure 2: Scatter Plot of Emotional Valence vs. Willingness to Invest 

 
 

Output: The scatter plot shows a negative correlation between FAI (emotional valence) and willingness to 
invest, with higher FAI values (negative valence) associated with lower investment willingness. 
 
4.4 Hypothesis Testing 
4.4.1 H1: Negative Emotional Valence Increases Risk Perception 
A linear regression was conducted with FAI as the predictor and risk perception as the dependent variable. 
 

Table 4: Regression Results (Emotional Valence on Risk Perception) 

Predictor β Coefficient Std. Error t-Value p-Value R² 

FAI (Valence) 0.62 0.08 7.75 <0.001 0.38 

 
Result: The regression model is significant (F(1, 148) = 60.06, p < 0.001), with FAI explaining 38% of the 
variance in risk perception. A positive β coefficient (0.62) indicates that negative emotional valence 
increases risk perception, supporting H1. 
 
4.4.2 H2: Negative Emotional Valence Reduces Willingness to Invest 
A second regression examined the impact of FAI on willingness to invest. 
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Table 5: Regression Results (Emotional Valence on Willingness to Invest) 

Predictor β Coefficient Std. Error t-Value p-Value R² 

FAI (Valence) -0.58 0.09 -6.44 <0.001 0.32 

 
Result: The model is significant (F(1, 148) = 41.47, p < 0.001), with FAI explaining 32% of the variance in 
willingness to invest. A negative β coefficient (-0.58) indicates that negative emotional valence reduces 
willingness to invest, supporting H2. On average, a 1-unit increase in FAI (more negative valence) reduces 
willingness to invest by 32%. 
 
4.4.3 H3: Emotional Valence Mediates Stimulus Exposure and Investment Decisions 
A mediation analysis was conducted using the Baron and Kenny (1986) method: 
1. Step 1: Stimulus type (dummy-coded: negative vs. others) significantly predicts FAI (β = 0.65, p < 0.001). 
2. Step 2: Stimulus type predicts willingness to invest (β = -0.48, p < 0.001). 
3. Step 3: FAI predicts willingness to invest (β = -0.58, p < 0.001). 
4. Step 4: When FAI is included, the effect of stimulus type on willingness to invest decreases (β = -0.15, p = 
0.12), indicating partial mediation. 
 
Result: Emotional valence partially mediates the relationship between exposure to negative stimuli and 
investment decisions, supporting H3. 
Figure 3: Mediation Model (Path Diagram) 

 
 
4.5 Regional Differences: Mumbai vs. Delhi 

Table 6: Risk Perception and Willingness to Invest by City 

City Mean Risk Perception (1–5) Mean Willingness to Invest (%) 

Mumbai 3.8 25.4 

Delhi 3.2 34.6 

 
T-Test Results: An independent samples t-test revealed significant differences between Mumbai and Delhi 
investors in risk perception (t(148) = 3.12, p = 0.002) and willingness to invest (t(148) = -2.85, p = 0.005). 
Mumbai investors exhibited higher risk perception and lower willingness to invest, possibly due to greater 
exposure to anti-GM activism in Maharashtra (Gupta & Fischer, 2018). 
 
5. Discussion 
 
5.1 Emotional Valence and Investor Perception 
The study confirms that emotional valence significantly influences Indian investors’ perceptions of GM 
crops. Negative stimuli (e.g., risks of GM crops) evoke fear and uncertainty, as evidenced by a positive FAI 
(0.45), leading to higher risk perception (4.2) and lower willingness to invest (13.4%). These findings align 
with neuro-finance literature, which highlights the role of negative emotions in increasing risk aversion 
(Kuhnen & Knutson, 2005). In the Indian context, negative media narratives and activist campaigns against 
GM crops (e.g., Greenpeace India’s campaigns) likely amplify these emotional responses (Rao & Rao, 2017). 
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5.2 Implications for Investment Decisions 
The regression results indicate that negative emotional valence reduces willingness to invest in GM crop 
stocks by 32%, a significant barrier for agribusiness firms seeking capital. This is particularly concerning in 
India, where agribusiness stocks, such as those of Monsanto India (now Bayer CropScience), have faced 
volatility due to regulatory uncertainty (Sharma & Singh, 2019). The mediation analysis further underscores 
the role of emotions as a bridge between information exposure and decision-making, supporting 
Loewenstein et al.’s (2001) risk-as-feelings hypothesis. 
 
5.3 Regional Variations 
Mumbai investors exhibited higher risk perception and lower willingness to invest compared to Delhi 
investors, possibly due to regional differences in exposure to anti-GM activism. Maharashtra, where 
Mumbai is located, has been a hotspot for protests against GM crops, such as the 2019 demonstrations 
against GM mustard (Gupta & Fischer, 2018). In contrast, Delhi, as the political capital, may have more 
balanced exposure to pro-GM narratives from government bodies like ICAR. 
 
5.4 Comparison with Traditional Financial Models 
Traditional financial models, such as the Capital Asset Pricing Model (CAPM), focus on systematic risk and 
expected returns, ignoring emotional factors. This study demonstrates that emotional valence, measured 
through EEG, provides a more nuanced understanding of investor behavior, particularly for controversial 
technologies like GM crops. The integration of neuro-finance thus offers a complementary approach to 
traditional models, enhancing their predictive power. 
 
6. Implications 
 
6.1 Theoretical Implications 
This study contributes to the literature on behavioral finance and agricultural economics by introducing a 
neuro-financial approach to investor perception of GM crops. The use of EEG to measure emotional valence 
adds a novel dimension to understanding financial decision-making, supporting the growing field of neuro-
finance (Lo & Repin, 2002). The findings also extend Prospect Theory (Kahneman & Tversky, 1979) by 
demonstrating how emotional biases influence risk perception in the context of GM crops. 
 
6.2 Practical Implications 
For agribusiness firms in India, the study highlights the need to address investor apprehensions through 
transparent communication. Firms like Bayer CropScience should emphasize the scientific evidence 
supporting GM crops (e.g., ICAR, 2018) and engage with investors through educational campaigns to 
mitigate fear and uncertainty. Additionally, firms could leverage positive emotional valence by highlighting 
success stories, such as the impact of Bt cotton on farmer incomes (Choudhary & Gaur, 2015). 
 
6.3 Policy Implications 
Policymakers in India, including the Ministry of Agriculture and the Genetic Engineering Appraisal 
Committee (GEAC), should prioritize public education to reduce misconceptions about GM crops. The 
government could collaborate with scientific bodies like ICAR to disseminate evidence-based information, 
addressing both public and investor concerns. Regulatory clarity, such as a streamlined approval process for 
GM crops, would also reduce uncertainty, encouraging investment in the sector. 
 
7. Recommendations 
 
1. Transparent Communication: Agribusiness firms should provide clear, evidence-based information on 
the benefits and risks of GM crops to reduce investor fear. 
2. Educational Campaigns: The government and industry should launch campaigns to educate investors 
about the scientific consensus on GM crops, leveraging positive emotional valence. 
3. Regulatory Clarity: The GEAC should establish a predictable regulatory framework for GM crops to 
reduce uncertainty and boost investor confidence. 
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4. Regional Strategies: Firms should tailor their communication strategies to regional differences, 
addressing the higher risk perception in states like Maharashtra. 
5. Neuro-Finance Integration: Financial advisory firms should incorporate neuro-finance tools, such as EEG, 
to better understand and address investor biases. 
 
8. Conclusion 
 
This study provides a comprehensive analysis of investor perception of GM crops in India using a neuro-
financial approach. The findings reveal that negative emotional valence, evoked by concerns over GM crop 
risks, significantly increases risk perception and reduces willingness to invest. Statistical analyses confirm 
the mediating role of emotions in investment decisions, highlighting the importance of addressing investor 
apprehensions. The study offers actionable insights for agribusiness firms and policymakers in India, 
emphasizing the need for transparent communication and regulatory clarity. Future research could explore 
the role of other neuroscientific measures, such as heart rate variability, in understanding investor behavior 
toward GM crops. 
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