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ABSTRACT 

 

 Mechanization is an important part of rural economic development. However, who uses 

the mechanized tools and how such use benefits the user’s productivity and influences their control 

over income are essential questions. Externalities of mechanization on gender empowerment exist 

if mechanization impacts men and women differently and changes the bargaining power in the 

household. This research explores the relationship between mechanization and gender 

empowerment in rural Indian families. Using baseline survey data from the Cereal System 

Initiative for South Asia (CSISA) conducted in 2010, the research examines how a household’s 

mechanization level impacts women’s decision-making power over income in five states in India. 

Results show a negative correlation between the application of mechanized tools and women’s 

decision-making power over income. However, there is a positive correlation between the number 

of a family’s non-mechanized tools and women’s decision-making power over income. 

Furthermore, my results show that the level of mechanization has a significant positive correlation 

with women’s labor input in land nursery, as well as leveling and puddling, but has a significant 

negative correlation with men’s labor input in the above operations. These results underscore the 

importance of gender-sensitive approaches in introducing mechanized tools and providing 

extension services to women farmers. 

Keywords – mechanization, India, gender 
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INTRODUCTION 

 

 Mechanization is an important part of rural economic development in developing countries. 

However, research in the 1970s on women’s labor force participation rates found that men tend to 

have more access to new technologies, which would displace women from participating in labor 

force in earlier development stages (Boserup, 1970). In the past two decades, more researchers 

have realized the unbalanced impact of mechanization on men and women and have started to 

introduce a gender perspective in their research.  

 Since independence in 1947, India has made impressive progress in mechanization. At the 

same time, in rural India, there is still a substantial gender gap, where men in rural households 

control most of the income and have more decision-making power than women. Against this 

background, mechanization may not have the same impact on men and women and could change 

the comparative bargaining power within households. 

 These findings raise the question: What is the relationship between the level of 

mechanization and gender empowerment? I hypothesize that in smallholder farmer families in 

India, the level of mechanization is negatively correlated with women’s decision-making power 

over income. The reason for this negative correlation is that mechanization improves men farmers’ 

productivity more than it improves women farmers’ productivity, and thus men in the household 

get more bargaining power. Furthermore, the household’s level of mechanization, labor 

distribution between men and women, and gender dynamics are correlated with the household’s 

income level. Thus, my second hypothesis is that for each income group, the relationship between 

mechanization and women’s empowerment is different. 

 I use the baseline survey data from the 2010 Cereal System Initiative for South Asia 

(CSISA), which has information on 1595 rural households in 5 Indian states. My key dependent 
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variable, women’s empowerment, is measured by women’s decision-making power over eight 

important decisions in agricultural households, decisions on: food, fuel and electricity, clothing 

and footwear, household items, travel, education, health and ceremonies. My key independent 

variable, level of mechanization, is measured by the number of mechanized operations conducted 

per acre of land per year. My model also includes seven control variables related to household and 

demographic characteristics. Since my dependent variable ranges from 0 to 1, I use a fractional 

logit model to explain the relationships. 

 My results show that the level of mechanization is negatively correlated with women’s 

decision-power, but this relationship is only significant in households at lower-middle and high 

levels of expenditure per capita. However, in robustness checks, the results also show a positive 

correlation between the number of non-mechanized tools and women’s decision-making power. 

Results of robustness checks also show that there is a positive and significant relationship between 

level of mechanization and women’s labor input in land preparation, but the level of mechanization 

is negatively correlated with men’s labor input in land preparation.  

 Results imply that, along with the introduction of traditional mechanized tools, local 

government or development programs should also focus on designing and promoting mechanized 

tools that can be applied to functions usually assigned to women farmers based on resources 

accessible to them. Also, extension services that focus on the use of mechanized tools should 

address more women farmers and pay more attention to gender issues.
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LITERATURE REVIEW 

 In this section, I first review the frameworks for measuring empowerment in previous 

gender studies, particularly on how these studies measure empowerment in agricultural settings. 

Then, I review previous studies on gender issues in adopting mechanized tools and access to 

production inputs. Finally, I discuss the limitation of previous studies, and the contribution of the 

present research. 

 

Measuring Gender Empowerment 

 Measurement of women empowerment is highly context-based, but the frameworks of the 

different measurements are similar. Kabeer (2002) describes women's empowerment as “the 

process by which those who have been denied the ability to make strategic life choices acquire 

such an ability”. The same research also argues that the ability to make life choices has three inter‐

related dimensions: resources, agency, and achievements, and that these three dimensions are valid 

as measurements for gender empowerment. 

 In case-studies in Bangladesh, Indonesia, Ethiopia, and South Africa, Quisumbing and 

Maluccio (2000) reviewed unitary and collective models of the households and rejected the unitary 

model, a model that posits that couples pool their resources, as a description of household behavior. 

In contrast, the collective model assumes that individuals in a household do not pool their resources 

and have different preferences. This model posits that allocations of resources in the household 

reflect the preferences and bargaining power of individuals. The comparative bargaining power of 

men and women thus become an important factor in deciding the household’s behavior and 

resource allocations. 
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 Alkire et al. (2013) developed the Women’s Empowerment in Agriculture Index to 

measure the empowerment, agency, and inclusion of women. The index comprises two sub-

indexes. The first subset measures women’s control over agricultural production, productive 

resources, income from agricultural outputs, women’s leadership, and time allocation. The second 

measures the percentage of women who achieve higher, or as high as their male counterparts in 

the household. 

 In her research on a rural credit program in Bangladesh, Goetz (1996) measured women’s 

managerial role in credit use. She posed a range of questions on women’s control over the 

production process. Based on these questions, she built an index of women’s control over loans as 

a measurement of empowerment.  

 Other studies have adopted different measures for gender empowerment, but the general 

framework of their methodologies does not exceed the three dimensions identified in Kabeer’s 

research. The difference in these methodologies lies in how they prioritize the three dimensions. 

 

Mechanization and Household Gender Dynamics 

 Singh (2015) concluded that from 1971 to 2010, the number of mechanized tools that both 

commercial farmers and smallholder farmers had in their households increased remarkably. 

However, levels of mechanization differ across geographic locations as well as different types of 

operations. A study conducted by NAAS (2009) found that farm operations that are labor intensive 

but require low human control (e.g., tillage, transport, water pumping, milling and threshing) were 

generally the first to be mechanized. As a result, labor-intensive work could be done faster at a 

lower cost. According to the study, operations that require medium level of power inputs and 

human control (e.g., seeding, spraying, inter-row operations) tended to be mechanized next, 
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whereas operations requiring low power inputs and a high degree of human control (e.g., 

transplanting, planting of vegetables, threshing and grading) were mechanized last.  

 This sequence of mechanization changes the old pattern of labor distribution within the 

households and initiates a new labor distribution. Under budget constraints, assuming the 

household only purchases or hires the most needed mechanized tools, person who do the most 

labor-intensive tasks are likely to benefit first. In India’s rural households, men usually undertake 

the most labor-intensive tasks and these tasks are more likely to be mechanized than tasks that 

women perform. Laufer (1985) found in India that the productivity of men is greater than women 

in crop productions, and farmers distribute wages relative to their marginal productivity. If this 

conclusion holds true with mechanization, then as a result of men’s improved productivity with 

mechanized tools, the comparative wage of women will further decrease. 

 Other studies have also shown that men have better access than women to higher quality 

farm tools. For example, Babatunde et al. (2008) found in Nigeria that there are more resources 

for agricultural production in male-headed households. Specifically, this study concluded that the 

value of farm tools in male-headed households are significantly higher than in female-headed 

households. Similarly, Deere et al. (2010) found in Latin America that men tend to own the most 

valuable farm equipment and installations. 

 The different impacts of mechanization on men and women also change the labor 

distribution in households, as well as the power dynamic. For example, Enete and Amusa (2010) 

found that women’s financial contribution to the household is an important factor that increases 

women’s decision-making power. Similarly, Doss (2002) used a household survey data in Ghana 

to test the gender dynamics in agriculture production and concluded that male farmers tend to 

produce more profitable crops and control the income from the crops. She also found that male 
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farmers tend to produce crops destined for the market on their plots. In addition, as male farmers 

take on the production of crops with higher economic returns, they tend to apply more technology 

in production to increase overall household income. Under these circumstances, and assuming 

limited household budgets, even when households possess mechanized tools, women do not 

necessarily have access to them or use them, because men tend to use the tools in their own 

production. In short, because of the different tasks men and women perform on family farms, men 

have more mechanized tools and benefit more from mechanization than women.  

 

Contribution of the Present Research 

 My paper tests the effect of mechanization on gender empowerment in rural India. Previous 

studies show several factors that reduce women’s productivity compared to men’s. First, the most 

labor-intensive operations, which are more frequently performed by men, tend to be mechanized 

first (NAAS, 2009). Second, men tend to control tools with higher monetary value and higher 

quality (Babatunde et.al., 2008; Deere et al., 2010). Third, men tend to mechanize their own 

production operations first, or move into production that is more profitable after mechanization 

(Laufer, 1985; Doss, 2002). With decreased comparative productivity, women’s explicit financial 

contribution to the household is likely to decrease, and their decision-making power over income 

may also decrease. 

 Previous studies have focused on how mechanization is unbalanced between genders, but 

none have looked at its impacts on household dynamics and women’s decision-making power. 

How control of resources further changes women’s agency and overall well-being outcomes is yet 

unknown, and will be discussed in this research. 
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 In addition, most previous studies on mechanization and gender are conducted at the 

country level, and results of these studies may suffer from internal heterogeneity among sub-units 

in the country. My study uses level data from 5 Indian states, which effectively addresses the 

potential heterogeneity in country-level datasets. As a result, it provides increased guidance for 

state-level policy-making and development program design in India. 
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Empirical Section 

Overview 

 I estimate a fractional logit model to test the relationship between mechanization and 

gender empowerment. The model can be written as:  

Decision_making= β0+ β1(mechanized_operations)+ β2(hhheaed_gender)+ 

β3(hhhead_age)+ β4(hhhead_education)+ β5(log_expenditure_pct)+ β6(household_size)+ 

β7(full_time_farmer)+ β9(i.state)+ℰ 

 My key dependent variable is women’s “involvement in decision-making”, which is 

generated by taking the mean of answers to 8 decision-making CSISA survey questions on food, 

fuel and electricity, clothing and footwear, household items, travel, education, health, and 

ceremony. For each question, the household earns a “1” if women are involved in decision-making, 

and a “0” if only men are involved. Thus, “involvement in decision-makings” variable 

demonstrates the scope of women’s decision making in the household. The key independent 

variable in this research, level of mechanization, is measured by the number of mechanized 

operations per acre in a year. It is calculated by dividing the total number of mechanized operations 

in a year by the plot size of the household. My control variables include the head of household’s 

gender, age, and education, log of monthly household expenditure per capita, household size and 

number of full-time farmers in the household. In addition, I include state-specific fixed effects to 

account state-specific characteristics that might drive my results.  
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Data Description 

 My dataset comes from the baseline survey conducted by the Cereal System Initiative of 

South Asia (CSISA) in 2010. The baseline survey contains 6 major parts: general household and 

farming information, technology adoption and information, livestock production, credit use, 

general household information, and specific crop production. The dataset has information on 2567 

households in South Asia, 1595 of which are found in 5 states in India: Bihar, Uttar Pradesh, 

Haryana, Punjab and Tamil Nadu. Due to substantial differences in the country context, my 

research uses only data from India. Table 1 shows the descriptive statistics for all variables in my 

model. 

Table 1: Descriptive Statistics 

Variable name Observations Mean Std. Dev. Min Max 

Decision-making 1,472 0.25 0.38 0 1 

Level of mechanization 1,498 4.75 4.24 0 18 

Gender of head of household 1,590 0.02 0.13 0 1 

Age of head of household 1,590 50.13 12.63 2 98 

Education of head of household 1,595 7.59 4.69 0 30 

Expenditure per capita (logged) 1,569 7.00 0.71 4.83 11.54 

Household size 1,580 7.48 4.42 1 37 

Number of full-time farmers 1,595 1.59 1.49 0 11 

Number of non-power tools 1,595 0.53 0.60 0 4 

Ratio of women's labor input 

Land nursery 1,064 0.10 0.21 0 1 

Harvesting 1,191 0.16 0.24 0 1 

Levelling & puddling 1,200 0.06 0.17 0 1 

Women's labor input (number of women) 

Land nursery 1,581 0.15 0.44 0 4 

Harvesting 1,581 0.64 1.43 0 12 

Levelling & puddling 1,581 0.20 0.75 0 8 

Men's labor input (number of men) 

Land nursery 1,581 0.79 0.69 0 5 

Levelling & puddling 1,581 1.59 1.38 0 11 

Harvesting 1,581 1.78 1.78 0 12 

Number of hired labor 

Land nursery 1,581 0.68 1.44 0 35 

Levelling & puddling 1,581 1.68 2.13 0 49 

Harvesting 1,581 9.41 12.68 0 165 
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1. Decision-making Power 

 The dataset covers nine variables that measure how decisions are made in the households: 

decisions on food, fuel and electricity, clothing and footwear, household items, travel, education, 

health, ceremony and other. For each question, household could choose the answer “male decide”, 

“female decide” and “jointly decide”. There are only 323 households who answered the survey 

question “decision on others”. Due to the heterogeneity of people’s understanding of “others”, 

including this variable in analysis is likely to cause bias. Thus, I excluded the survey question 

“decision on others”.  

In the baseline survey, “male decide” is coded as 0, “female decide” is coded as 1, and “jointly 

decide” is coded as 2. However, given that it is uncertain whether “jointly decide” indicates more 

women’s empowerment than “women decide”, or the other way around, the numerical value could 

not accurately represent the level of women’s empowerment. To correct for this bias, I coded “male 

decide” as 0, and “female decide” and “jointly decide” as 1. Then I generated the new variable by 

taking the mean of non-missing decision-making variables. The final decision-making variable 

ranges from 0 to 1, with a mean of 0.25, and a standard deviation of 0.38. However, there is a high 

degree of heterogeneity of decision-making power in each state in India (see Table 1): In Bihar, 

the mean of the decision-making variable is 0.52, while in Haryana, no women in the surveyed 

household reported participating in decision-making. 

Table 2: Women’s Decision-making Power in Five Indian States 

States Observations Mean Std. Dev Min Max 

Punjab 142 0.06 0.20 0 1 

Haryana 324 0.00 0.00 0 0 

Eastern Uttar Pradesh 323 0.09 0.27 0 1 

Bihar 359 0.52 0.45 0 1 

Tamil Nadu 324 0.45 0.32 0 1 
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2. Level of Mechanization  

 I measure level of mechanization by the number of mechanized operations per acre per 

year in a household. Mechanized operations are defined as operations conducted using two-

wheeled tractors, four-wheeled tractors with rotavators, four-wheeled tractors with tine cultivators, 

and four-wheeled tractors with disc harrows. The variable measuring level of mechanization 

ranges from 0 to 18, with a mean of 4.75 and a standard deviation of 4.24. 

3. Demographic Information 

 Demographic information in my empirical model are: gender, age and education of the 

head of the household, household expenditure per capita (logged), household size, and number of 

full-time farmers. The data include some barely possible extreme values for the age and education 

of the head of household and these values are coded as missing. Also, values for education of head 

of households are missing in 363 households in Eastern Uttar Pradesh and are replaced by the 

mean value of households in India. In my India-only dataset, only 2% of households are headed 

by women. The average age of heads of households is 50.1 years, and the average years of 

education for heads of households is 7.6 years. On average, a household comprises 7.6 people, of 

whom only1.6 are full time farmers.
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RESULTS 

 Table 3 shows the regression results of three models. Model (1) includes my dependent 

and independent variables, but does not have any control variables, Model (2) controls for state 

fixed effects, and Model (3) controls for state fixed effect as well as some other household 

information: gender, age and education of the heads of households, monthly expenditure per 

capita, household size, and number of full-time farmers. In all three models there is a significant 

negative correlation between women’s decision-making power and the level of mechanization. 

The coefficients on level of mechanization drop substantially after controlling for state fixed effect. 

This drop is probably due to the strong heterogeneity among states.  

 From the results in Model 3, it can be concluded that a one unit increase in number of 

mechanized operations per year per acre is associated with a 0.22 percentage points decrease in 

women’s decision-making power. The coefficient on the head of household’s gender is also 

significant at 5% level, which indicates that women in woman-headed household are involved in 

more decision-makings. On average, in women-headed households, women’s decision-making 

power is 4.8 percentage points higher than the decision-making power of women in male-headed 

households. The coefficient on education of the head of household is also significant at 1% level. 

With one-year increase in the education of the head of household, women’s decision-making 

power increases by 0.14 percentage points. The coefficient on household expenditure per capita is 

statistically significant at the 1% level and is negatively correlated with women’s decision-making 

power, indicating that the richer the household, the less likely it is that women are involved in 

decision-makings. With one log count increase in household expenditure per capita, women’s 

decision-making power decreases by 1.5 percentage points.  
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Table 3: Regression Results 
 Model (1) Model (2) 

(including states fixed effects) 

Model (3) 

(including all other 

control variables) 

 0.080*** -0.045*** -0.048*** 

No. of mechanized operations/Acre (0.012) (0.015) (0.015) 

    

Gender of head of household   0.995* 

   (0.514) 

    

Age of head of household   0.003 

   (0.006) 

    

Education of head of household   0.027** 

   (0.011) 

    

Household expenditure per capita 

(log) 
  -0.330*** 

   (0.119) 

    

Household size   -0.026 

   (0.018) 

    

Number of full-time farmers   -0.055 

   (0.045) 

State Fixed Effects No Yes Yes 

Pseudo R-Squared 0.021 0.279 0.291 

N 1381 1381 1368 

Standard errors in parenthesis. *Statistical significance at the 10 percent level. **Statistical significance at the 5 

percent level. ***Statistical significance at the 1 percent level. 

Source: CSISA Household Baseline Survey (2010)  

Note: Education of head of households is missing in 363 households in Eastern Uttar Pradesh and is replaced by the 

mean value of households in India.  
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ROBUSTNESS CHECKS 

Varying Independent Variables 

 My key independent variable is the number of mechanized operations per acre, including 

operations conducted by two-wheel tractors, four-wheel tractors with rotavators, four-wheel 

tractors with tine cultivators, and four-wheel tractors with disc harrows. To test the robustness of 

my conclusions, in Table 4, I change the key independent variable to number of non-power tools 

the household has. Non-power tools are: drum seeders, maize dehuskers, pedal threshers, power 

threshers, pesticide sprayers and knapsack sprayers. The results show that the number of non-

power tools is positively correlated with women’s decision-making power, and the coefficient on 

non-power tool is significant at the 1% level. A one unit increase in the number of non-power tools 

is associated with a 6.8 percentage points increase in women’s decision-making power. 

 The correlation between the number of non-power tools and women’s decision-making 

power can be interpreted in two ways. The first is that none-power tools increase women’s 

comparative productivity and thus increase their bargaining power in the household. The second 

is that households in which women have higher decision-making power tend to buy non-power 

tools. Either way, the positive coefficient on non-power tools shows that non-power tools increase 

productivity in tasks usually assigned to women farmers. 
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Standard errors in parenthesis. *Statistical significance at the 10 percent level. **Statistical significance at the 5 

percent level. ***Statistical significance at the 1 percent level. 

Source: CSISA Household Baseline Survey (2010)  

Note: Education of head of households is missing in 363 households in Eastern Uttar Pradesh and is replaced by the 

mean value of households in India.  

Table 4: Robustness Check—Key Independent Variable Changed to Number of  

Non-mechanized Tools, Regression Results 

Dependent variable: Women’s decision-making power 

 

Independent Variables Number of mechanized 

operations/acre 

Number of non-

mechanized tools  

 -0.048*** 0.499*** 

 (0.015) (0.128) 

 
 

 

Gender of head of household 0.995* 0.935** 

 (0.514) (0.468) 

 
 

 

Age of head of household 0.003 0.004 

 (0.006) (0.005) 

 
 

 

Education of head of household 0.027** 0.028*** 

 (0.011) (0.010) 

 
 

 

Household expenditure per 

capita(log) 

-0.330*** -0.280** 

 (0.119) (0.116) 

 
 

 

Household size -0.026 -0.015 

 (0.018) (0.017) 

 
 

 

Number of full-time farmers -0.055 -0.063 

 (0.045) (0.044) 

 
 

 

Haryana -16.323*** -15.335*** 

 (0.324) (0.308) 

   

Eastern Uttar Pradesh 0.635* 0.677* 

 (0.365) (0.346) 

   

Bihar 3.010*** 3.193*** 

 (0.335) (0.323) 

 
 

 

Tamil Nadu 2.577*** 2.762*** 

 (0.322) (0.311) 

 
 

 

Pseudo R squared 1368 1459 

N 0.291 0.289 
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Varying Dependent Variables 

 To test the factors behind the negative correlation between level of mechanization and 

women’s decision-making power, I change the dependent variable to labor inputs of men and 

women in three operations that can be performed with mechanized tools: harvesting, puddling and 

levelling, and land nursery. Labor inputs are measured by the number of men and women in a 

household assigned to each operation. The coefficients on level of mechanization indicate how 

mechanized operations change the comparative productivity of men and women in the household. 

Table 5 shows the regression results when the dependent variables are number of women working 

on each operation. The correlation between level of mechanization and number of women farmers 

assigned to harvesting, levelling and puddling, and land nursery are positive and significant at the 

5%, 10%, and 1% levels respectively. This indicates that women farmers’ labor input is positively 

associated with the increase in the level of mechanization.  

 Table 6 shows the regression results when the dependent variables are the number of men 

working on each operation.  The coefficient on level of mechanization is not statistically significant 

when the dependent variable is the number of male farmers assigned to harvest, but the coefficients 

are negative and significant for levelling and puddling and land nursery.  The negative coefficients 

indicate that the level of mechanization is negatively correlated with male famers’ labor input in 

the two operations, which can be interpreted as increasing male farmers’ comparative productivity. 

 Table 7 shows the regression results when the dependent variables are ratios of women 

farmers’ labor inputs. The dependent variables are generated by dividing the number of women 

farmers assigned to each operation by the number of all farmers assigned to the same operation. 

The dependent variables thus measure women’s comparative labor input in land preparation 

operations. Given the regression results in Table 5 and Table 6, it can be predicted that the 
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correlation between level of mechanization and ratio of women farmers’ labor inputs are positive 

when level of mechanization is positively correlated with women farmers’ labor inputs and 

negatively correlated with male farmers’ labor inputs. The prediction is proved right by the 

regression results in Table 7: The coefficients on level of mechanization are significant at the 1% 

level for women farmers’ labor input in levelling and puddling, and land nursery.
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Standard errors in parenthesis. *Statistical significance at the 10 percent level. **Statistical significance at the 5 

percent level. ***Statistical significance at the 1 percent level. 

Source: CSISA Household Baseline Survey (2010)  

Note: Education of head of households is missing in 363 households in Eastern Uttar Pradesh and is replaced by the 

mean value of households in India.  

Table 5: Robustness Check–Dependent Variable Changed to Women’s Labor Input, 

Regression Results by Type of Operations 
Independent Variables Number of women 

farmers: harvesting 

Number of women farmers: 

leveling and puddling 

Number of women 

farmers: land nursery 

Number of mechanized 

operations/acre 

0.021** 0.009* 0.009*** 

 (0.009) (0.005) (0.003) 

 
 

  

Gender of head of 

household 

-0.304** 0.135 0.069 

 (0.154) (0.150) (0.111) 

 
 

  

Age of head of 

household 

-0.009*** -0.003* 0.000 

 (0.003) (0.002) (0.001) 

 
 

  

Education of head of 

household 

-0.006 0.005*** 0.000 

 (0.004) (0.002) (0.002) 

 
 

  

Household expenditure 

(log) 

-0.217*** -0.187*** -0.078*** 

 (0.053) (0.038) (0.020) 

 
 

  

Household size -0.002 -0.009** -0.009*** 

 (0.010) (0.005) (0.003) 

 
 

  

Number of full-time 

farmers 

0.132*** 0.069*** 0.032*** 

 (0.035) (0.018) (0.009) 

 
 

  

Haryana -0.399*** -0.053* 0.015 

 (0.082) (0.028) (0.011) 

 
 

  

Eastern Uttar Pradesh 1.161*** 0.660*** 0.339*** 

 (0.151) (0.072) (0.041) 

    

Bihar -0.317*** -0.111*** -0.031 

 (0.119) (0.036) (0.023) 

 
 

  

Tamil Nadu -0.694*** -0.151*** 0.178*** 

 (0.091) (0.039) (0.034) 

 
 

  

Number of hired labor -0.009*** -0.023* 0.015 

 (0.003) (0.012) (0.010) 

    

 R squared 1472 1472 1472 

N 0.296 0.258 0.19 
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Standard errors in parenthesis. *Statistical significance at the 10 percent level. **Statistical significance at the 5 

percent level. ***Statistical significance at the 1 percent level. 

Source: CSISA Household Baseline Survey (2010)  

Note: Education of head of households is missing in 363 households in Eastern Uttar Pradesh and is replaced by the 

mean value of households in India.  

 

Table 6: Robustness Check—Dependent Variables Changed to Men’s Labor Input, 

Regression Results by Types of Operations 
 Number of male farmers: 

harvesting 

Number of male farmers: 

leveling and puddling 

Number of male farmers: 

land nursery 

Number of mechanized 

operations/acre 

0.013 -0.027*** -0.012** 

 (0.012) (0.008) (0.005) 

 
 

  

Gender of head of 

household 

-0.593** -0.518** -0.085 

 (0.274) (0.215) (0.161) 

 
 

  

Age of head of 

household 

-0.003 -0.002 0.002* 

 (0.003) (0.003) (0.001) 

 
 

  

Education of head of 

household 

-0.013* 0.001 -0.006** 

 (0.007) (0.005) (0.003) 

 
 

  

Household expenditure 

(log) 

-0.049 -0.163*** -0.129*** 

 (0.064) (0.044) (0.025) 

 
 

  

Household size 0.025* 0.001 -0.005 

 (0.013) (0.011) (0.005) 

 
 

  

Number of full-time 

farmers 

0.184*** 0.084*** 0.042*** 

 (0.039) (0.028) (0.016) 

 
 

  

Haryana -1.148*** -0.238** 0.244*** 

 (0.143) (0.114) (0.055) 

    

Eastern Uttar Pradesh 0.451** 0.397*** 0.547*** 

 (0.186) (0.143) (0.075) 

    

Bihar -1.333*** -1.451*** -0.237*** 

 (0.187) (0.121) (0.066) 

 
 

  

Tamil Nadu -1.907*** -1.581*** -0.025 

 (0.152) (0.116) (0.067) 

    

Number of hired labor -0.013*** 0.006 0.014 

 (0.004) (0.016) (0.015) 

 
 

  

R squared 1472 1472 1472 

N 0.317 0.381 0.198 
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Standard errors in parenthesis. *Statistical significance at the 10 percent level. **Statistical significance at the 5 

percent level. ***Statistical significance at the 1 percent level. 

Source: CSISA Household Baseline Survey (2010)  

Note: Education of head of households is missing in 363 households in Eastern Uttar Pradesh and is replaced by the 

mean value of households in India.  

 

Table 7: Robustness Check—Dependent Variable Changed to Ratio of Women’s Labor 

Input, Regression Results by Type of Operations 
 Ratio of women farmers: 

harvesting 

Ratio of women farmers: 

leveling and puddling 

Ratio of women farmers: 

land nursery 

Number of mechanized 

operations/acre 

0.017 0.072*** 0.097*** 

 (0.015) (0.022) (0.018) 

 
 

  

Gender of head of 

household 

0.230 1.178* 0.449 

 (0.452) (0.657) (0.477) 

 
 

  

Age of head of 

household 

-0.014*** -0.013 -0.006 

 (0.005) (0.008) (0.008) 

 
 

  

Education of head of 

household 

-0.023* 0.015 -0.019 

 (0.014) (0.038) (0.018) 

 
 

  

Household expenditure 

(log) 

-0.676*** -1.141*** -0.769*** 

 (0.120) (0.251) (0.182) 

 
 

  

Household size -0.049*** -0.048 -0.091*** 

 (0.018) (0.031) (0.029) 

 
 

  

Number of full-time 

farmers 

-0.013 0.030 0.111** 

 (0.036) (0.058) (0.047) 

 
 

  

Haryana -0.947*** -13.726*** -11.751*** 

 (0.254) (0.582) (1.007) 

 
 

  

Eastern Uttar Pradesh 0.993*** 2.341*** 3.837*** 

 (0.183) (0.598) (1.012) 

    

Bihar 0.013 0.486 1.940* 

 (0.230) (0.717) (1.065) 

 
 

  

Tamil Nadu -0.508** 0.878 3.561*** 

 (0.226) (0.625) (1.012) 

 
 

  

Number of hired labor -0.021*** -0.153** 0.078 

 (0.008) (0.074) (0.048) 

    

Pseudo R squared 1100 1120 994 

N 0.113 0.269 0.248 
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Testing Confounding Variables 

 The number of mechanized operations per acre is correlated with household expenditure, 

because households’ capacity to conduct mechanized operations is constrained by the households’ 

income level, which is approximated by households’ expenditure per capita. It is thus important to 

further group the data by expenditure level to test whether the correlation is confounded by 

expenditure per capita.  

 To correct for the influence of household expenditure on the relationship between 

mechanization and women’s decision-making power, I separated households into four different 

groups based on expenditure per capita. The break point for each group is the quantile value of 

household expenditure per capita The results in Table 8 show that using the revised metric, the 

coefficients on level of mechanization are significant at the 5% level in the lower-middle and high 

expenditure per capita group. In lower-middle income group, a one unit increase in number of 

mechanized operations per acre per year is associated with a 0.72 percentage point increase in 

women’s decision-making power. In the high expenditure per capita group, a one unit increase in 

number of mechanized operations per acre per year is associated with a 0.89 percentage point 

increase in women’s decision-making power. Among four groups, the significance and sign of 

control variables shows no substantial difference. The robustness check results indicate that the 

relationship between level of mechanization and women’s decision-making power is not 

confounded by household expenditure per capita.
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Standard errors in parenthesis. *Statistical significance at the 10 percent level. **Statistical significance at the 5 

percent level. ***Statistical significance at the 1 percent level. 

Source: CSISA Household Baseline Survey (2010)  

Note: Education of head of households is missing in 363 households in Eastern Uttar Pradesh and is replaced by the 

mean value of households in India.  

Table 8: Robustness Check for Confounding Variables—Level of Mechanization and 

Women’s Decision-making Power in the Whole Population by Four Income Groups, 

Regression Results 

Dependent variable 

Women’s decision-making power 
Baseline Low income 

Lower-mid 

income 

Higher-mid 

income 

High 

income 

Independent Variables      

 -0.048*** -0.004 -0.052** -0.002 -0.109** 

 (0.015) (0.028) (0.025) (0.029) (0.050) 

      

Gender of head of household 0.995* 1.815* -0.210 2.650** 0.940 

 (0.514) (1.089) (0.406) (1.304) (2.105) 

      

Age of head of household 0.003 0.019* 0.003 -0.011 0.002 

 (0.006) (0.011) (0.010) (0.012) (0.014) 

      

Education of head of household 0.027** 0.045* 0.007 0.015 0.077** 

 (0.011) (0.024) (0.019) (0.021) (0.031) 

      

Household expenditure (log) -0.330*** 0.076 -1.187 0.557 -0.300 

 (0.119) (0.404) (0.817) (1.015) (0.397) 

      

Household size -0.026 -0.047* -0.076** 0.091* 0.010 

 (0.018) (0.028) (0.032) (0.048) (0.039) 

      

Number of full-time farmers -0.055 -0.004 0.068 -0.257** 0.136 

 (0.045) (0.078) (0.085) (0.108) (0.116) 

      

Haryana -16.323*** -13.598*** -15.223*** -14.841*** -16.216*** 

 (0.324) (0.896) (0.711) (0.659) (0.493) 

      

Eastern Uttar Pradesh 0.635* 1.931** 0.153 1.105 -0.116 

 (0.365) (0.892) (0.832) (0.737) (0.637) 

      

Bihar 3.010*** 3.609*** 3.019*** 3.859*** 2.458*** 

 (0.335) (0.887) (0.737) (0.691) (0.572) 

      

Tamil Nadu 2.577*** 4.165*** 1.856*** 3.160*** 2.855*** 

 (0.322) (0.875) (0.705) (0.722) (0.623) 

      

Pseudo R squared 1368 342 354 345 327 

N 0.291 0.223 0.254 0.373 0.426 
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LIMITATIONS 

 My empirical model explains the correlation between number of mechanized operations 

and women’s decision-making power, but it does not provide enough evidence to infer a causal 

relationship between the two variables. In fact, in its current form, the model is subject to the 

possibility of reverse causation given that households in which women are less empowered may 

decide to buy more tools and machines for men. Future research applying a more robust empirical 

setup such as a randomized control trial could mitigate concerns that these results are biased due 

to reverse causality. 

 My empirical model may also suffer from omitted variable bias, since it does not control 

for cultural and religious variables, which could play important roles in shaping the gender norm 

and gender dynamic in the household. For example, in rural India, caste of men and women in the 

household plays an important role in shaping how people behave and roles they undertake in their 

daily lives, and women of different castes have substantially different level of decision-making 

power. Future research could include these variables to test the robustness of the model.  

 In addition, the dataset does not provide detailed information on each family member in 

the household, which may reduce the precision of the information on some control variables in my 

empirical model. For example, the dataset does not provide the age of family members. When 

generating household expenditure per capita by dividing total household expenditure by the 

number of family members, the underlying assumption is that all family members have equal levels 

of consumption, which is practically not the case. The household expenditure per capita variable 

would be a more accurate measure and could represent the real living quality of family members 

if it was generated by dividing total household expenditure by “adult equivalent”, which could 

reveal the variation in age of the family members. Also, my model only controls for the number 
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of full-time farmers, under the assumption that they undertake most operation tasks and have the 

most significant influence on total productivity. However, other household members who come to 

work in the fields during busy seasons could change the labor distribution in the household and 

have a substantial impact on the overall productivity. Without individual-level data that record 

how many days each family member works on the farm, the model cannot control for the influence 

of non-full-time farmers. Similarly, for on farm farmers, the dataset does not provide detailed 

information on the labor input of each family member. The only variables indicating labor input 

are the number of men and women participating in each operation. My model could be more 

accurate if the variables for labor input were more accurate. Future research using an individual-

level dataset could focus on variations in demographic information on each family member and 

construct models with higher precision. 

 Finally, future research could be more precise if there was data on who used mechanized 

tools or who conducted mechanized operations through using machine time logs. If mechanized 

tools are used predominately by men – as my research finding indicate – then researchers should 

conduct qualitative research on the factors behind this phenomenon.
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POLICY IMPLICATIONS 

 The negative correlation between level of mechanization and women’s decision-making 

power in rural Indian farmer families indicates that development projects in which mechanization 

is an important component could make women in the household worse off. To avoid such negative 

externalities, the design of development projects or policies should be gender sensitive. 

 In the present research, the negative correlation between number of mechanized operations 

and women’s decision-making power is most likely correlated with the difference between men 

and women in the adoption of mechanized tools within the household. The reasons for the 

difference in adoption fall in two categories: structural factors, such as access to resources and 

production inputs, and differences in roles and responsibilities, that prevent women more than men 

from adopting mechanized tools; and frictional factors, embedded in the introduction of and 

extension services for mechanized tools that prevent women from gaining important knowledge. 

 To reduce the influence of structural factors that are associated with differences between 

men and women in using mechanized tools, mechanized tools specifically designed for operations 

usually assigned to women on farms should be developed and promoted along with general 

mechanized tools. In this regard, a joint project by Land O’ Lakes International Development, the 

Massachusetts Institute of Technology’s Development Lab (MIT D-Lab), and USAID that  

provided design training to a small holder farmers group in Tanzania and encouraged local women 

farmers to design mechanized tools based on women’s roles and responsibilities in the household 

and their access to agricultural inputs. The tools designed by women farmers included a palm oil 

extracting machine, a peanut sheller, and a rice winnower. The function of the tools and the 
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resources required differ greatly from that of general mechanized tools like tractors or rotavators, 

which demonstrates the need for women-specific design. 

 To reduce the influence of frictional factors that could create barriers for women’s adoption 

of mechanized tools, the introduction of and extension services for mechanized tools should be 

made gender sensitive. In most cases, extension service providers are male, which makes it 

difficult for women farmers to get services they need. In this regard, IFPRI’s research on extension 

services suggests two ways to ensure gender equality: targeting women as extension service users 

and creating gender related institutions (e.g., an office of women’s affairs) (Cohen and Lemma, 

2010). The research indicates several ways to involve women farmers in extension services, 

including arranging all-women’s meeting to provide extension services, and meeting with women 

during public community events. Having women extension service providers is also a possible 

approach; although, researchers were told by farmers that regardless of gender, understanding the 

resources women farmers have access to and how they could best utilize the resources is the most 

important when providing extension services.  
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CONCLUSIONS 

 My research uses the CSISA baseline survey data to test the relationship between level of 

mechanization and women’s decision-making power in rural Indian families. Performing a battery 

of empirical tests, my findings indicate that there is a significant negative correlation between the 

level of mechanization and women’s decision-making power. Mechanization leads to greater 

gender inequality within rural Indian households. In addition, in robustness checks, I find that the 

number of non-mechanized tools is positively correlated with women’s decision-making power, 

and that mechanized operations reduce men’s while increasing women’s labor input.  

 My research suffers from some limitations that future studies may overcome. First, future 

studies applying a more rigorous empirical setup could test the causal relationship between the 

level of mechanization and women’s decision-making power. Second, future studies, with 

individual-level datasets, could include important cultural and religious variables, including 

religion, caste, and other factors that could influence the gender dynamic in a household. Third, 

individual-level datasets could also improve the accuracy of variables related to labor inputs and 

demographic information on family members. Finally, the present research only provides 

quantitative foundation for qualitative analysis. Future research could focus on developing 

qualitative explanations for disparities in the adoption of mechanized operations. 

 Despite these limitations, my research suggests that development projects focusing on 

mechanization should recognize mechanization’s negative externalities for women and focus on 

developing supporting project components that increase women’s comparative productivity. In 

this regard, two promising possibilities are: developing mechanized tools for performing tasks 

often assigned to women farmers, and increasing the gender sensitivity of extension services. 
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