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Abstract 5 

In this study, we employed the Cobb-Douglas production function to assume the stochastic 6 

frontier approach (SFA). We then investigate the technical efficiency of smallholder women 7 

farmers in northern Ghana using data from 320 women gathered through multi-stage sampling 8 

technique. We find that that farm level technical inefficiency is highly caused by factors outside 9 

the farmers’ control. Also, the mean technical efficiency was found to be 58%. We also find that 10 

educational level and income earned through off-farm activities improve technical efficiency. 11 

We therefore call for programs that will increase the level of knowledge as well access to 12 

production resources among smallholder women maize farmers. 13 

Keywords: SFA; technical efficiency; smallholder women; Ghana.  14 

1. INTRODUCTION 15 

Agriculture plays an important role in every economy. In particular, it remains a crucial sector 16 

for reducing poverty and achieving the Millennium Development Goals (MDGs) in Ghana. 17 

Agriculture sector contributes 25.6% to Ghana’s GDP after the Services and Industrial sectors, 18 

and is the most important sector driving Ghana’s economic growth. Agriculture accounts for the 19 

greatest proportion of Ghana’s export earnings [1] and [2].That is why in 2003, African Heads of 20 

State and Government adopted an Africa-owned and led initiative, namely the Comprehensive 21 

Africa Agricultural Development Program (CAADP), to assist their countries to revitalize 22 
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agriculture development as a strategy for achieving the prime Millennium Development Goal of 23 

halving the number of hungry and poor by 2015.  24 

Smallholder farmers who produce on subsistent basis on the other hand tend to dominate the 25 

farming population with about 80% of total agricultural production. These farmers produce crops 26 

such as cocoa, maize, rice, yam and cassava. The most unfortunate news is that, about 70% of 27 

the lands used for the cultivation of these crops are 3 hectares (ha) or smaller in size. The 28 

implication of this dominance of smallholders in Ghanaian agriculture is that no meaningful 29 

policy to enhance the development of the agricultural sector can overlook these farmers. As a 30 

result, many authors such as [3]; policy documents such as FASDEP II and CAADP) and 31 

institutions such as [4] and [5] have emphasized the reorientation of policies towards the 32 

smallholder farmers as a means of improving their livelihoods and development. It is further 33 

argued in these documents that advancement of agriculture, with a focus on smallholder farmers, 34 

is central to progress in Ghana and other developing countries of Africa. In line with this, the 35 

Government of Ghana in 2013 increased budget of the agricultural sector to about 9% to improve 36 

quality of agricultural spending on smallholder farmers.  Despite this effort, previous studies 37 

have indicated that even with the increase, performance of smallholder farmers remains unclear 38 

and thus, raise questions about the efficiency with which resources are used by farmers in Ghana 39 

even in periods when the country experiences favorable weather conditions.  40 

Women on the other hand constitute an appreciable percentage of smallholder farmer population 41 

in Ghana and play significant role in farming and post-harvest activities. In sub-Saharan Africa 42 

for instance, women are reported to contribute between 60 and 80 percent of the labour for food 43 

production, both for household consumption and for sale. Men traditionally owned land, but 44 

plots of land have been cultivated or managed jointly or separately by men and women [6]. 45 
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Unfortunately, more concentration is on men with women being marginalized in terms of access 46 

to production resources. For instance women’s access to factors of production such as land, 47 

extension service, inputs, including fertilizer and seeds remain limited in Ghana, although 48 

policies aimed at creating enabling environments for women to access and manage resources for 49 

productive use have been established.  The performance of these women is therefore not clear. 50 

Even though most studies try to bring to light performance by considering the technical 51 

efficiency of all farmers, the technical efficiency of smallholder women farmers which constitute 52 

a major part of the whole, is largely escaping researchers in northern Ghana. This study therefore 53 

sought to analyze the technical efficiency and its determinants for smallholder women farmers to 54 

provide the basis for the formulation of specific policies for boosting the efficiency of maize 55 

production in the study area. This could provide the policymakers with information to design 56 

programmes that can contribute to measures needed to expand the food production potential of 57 

the nation. 58 

2. REVIEW OF LITERATURE 59 

2.1. Technical efficiency and measurements 60 

Technical Efficiency (TE) is defined as the ratio of the observed output to the corresponding 61 

frontier output, conditioned on the level of inputs used by the farm. It is associated with the 62 

ability to produce on the frontier isoquant [7]. In other words, it is the physical ratio of product 63 

output to the factor inputs. This implies that the greater the ratio the greater the size of the 64 

technical efficiency and vice versa. 65 

Several methods have been proposed for the measurement of technical efficiency. Farrell [7] 66 

used an input-oriented scheme while [8] employed an output-oriented scheme to measure 67 

technical efficiency. However, [9] showed that the choice of an orientation rarely has an 68 
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influence on the reported efficiency scores. Parametric and non-parametric approaches are other 69 

common measuring tools of technical efficiency. Basically, the proponents of non-parametric 70 

frontier technique used the Data Envelopment Analysis (DEA) which does not impose a 71 

functional form on the production frontier. Also, the DEA does not make assumptions about the 72 

error term and uses linear programming models to estimate firms’ level of efficiency. Another 73 

method is the goal programming. A disadvantage of this method is that the parameter vectors are 74 

not estimated using regression models and thus, making statistical inference about their values 75 

complicated. Also, the log likelihood estimates of these do not come with standard errors 76 

attached and also cannot be determined by traditional methods as argued by [10] and [11]. A 77 

related method is Corrected Ordinary Least Squares (COLS) where OLS is used to estimate the 78 

parameter vectors and the intercept value concurrently. Even though this method is relatively 79 

simple and easy to use, the estimated variables in natural logs of the production are parallel to 80 

OLS regression as argued in [12]. This means that the structure of the “best practice production 81 

technology” is the same as the structure of “central tendency production technology” yet the 82 

structure of the “best practice production technology” is expected to change from that of central 83 

tendency production technology down in the middle of the data where the other producers are 84 

less efficient than the best practice producers [13]. Similar to the COLS is the Modified Ordinary 85 

Least Squares (MOLS). However, the use of this approach is also limited by possibility of 86 

obtaining a technical efficiency score greater than 1. Aside this limitation, MOLS also shifts the 87 

intercept term so far that no producer is technically efficient and as well MOLS production 88 

frontier is parallel to OLS regression.  89 

The stochastic frontier approaches on the other hand impose a functional form on the production 90 

function and make assumptions about the data. The stochastic frontier method also makes it 91 
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possible to determine the efficiency levels for policy formulation purposes as well as being 92 

useful for identifying the sources of the inefficiencies in the system. The most common 93 

functional forms include the Cobb-Douglas and translog production functions. However, translog 94 

production function can cause multi-collinearity problems [14]. The Cobb-Douglas production 95 

function on the other hand is however not only simple but it is self-dual and has been widely 96 

applied in agricultural production technologies in many developing countries by [15], [16] and 97 

[17]. The Cobb-Douglas production function would be employed in this study to analyze the 98 

technical efficiency of smallholder women farmers. The single step estimation approach 99 

proposed by [18] would be used to compute the relationship between the farm/farmer 100 

characteristics and technical efficiency. 101 

2.2. Previous Studies on Determinants of Technical efficiency 102 

Empirical studies such as [16], [19] in developing countries on the determinants of technical 103 

efficiency of smallholder farmers have considered a broad range of factors. Much ofthis 104 

literature especially by [20] and[21]have classified the determinants into two major groups: (i) 105 

human capital and (ii) structural factors.The Human capital includes variables such as formal and 106 

informal education, literacy, agricultural experience, training and farmer’s age. The structural 107 

factors include family income, family size, access to credit, land tenure status, gender 108 

composition of the labour force, off-farm employment and environmental variables. For age the 109 

impact on technical efficiency is a two way relationship. While some studies find an insignificant 110 

relationship [12], [22] and [21] with technical efficiency others found a significant but negative 111 

relationship [23] and [24]. 112 
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With regards to farm size, some studies established a positive relationship while others 113 

established a negative relationship. For example, a study by [25] indicates a positive impact of 114 

farm size on technical efficiency while [26] and [27] negative impact on efficiency. 115 

The impact of agricultural extension and training, education and agricultural experience on 116 

efficiency has been evaluated in several efficiency studies. An example is provided by [28] who 117 

found that education and experience have significant positive effects on the level of efficiency 118 

and that in some cases these two variables can be treated as substitutes in explaining farm 119 

performance. In Ghana, [21] also examined the technical efficiency of maize production for the 120 

2011/2012 cropping season and found a consistent results with respect to experience. 121 

Furthermore, [29] studied the role of agricultural extension on farm efficiency in Ireland and 122 

found a positive relationship between these two variables. Kalirajan and Shand [30] indicate that 123 

education and training have a strong and positive relationship with TE, especially among low-124 

income farmers. Kuwornu [12] also found similar relationship between technical efficiency and 125 

extension visit, FBO membership, formal training. In [31], the impact of these variables on 126 

technical efficiency is mixed. While club membership have a significant impact on technical 127 

inefficiency of farmers among farming systems in the slash and burn agriculture zone, 128 

educational level has only a significant impact on the technical inefficiency of the farmers 129 

practicing the maize mono cropping system. 130 

The impact of credit assistance on TE has been widely studied and also produces ambiguous 131 

results. Ekanayake [32] found a positive and significant effect of greater access to credit on TE 132 

for rice farmers in Sri Lanka. However, [33] conclude that the availability of credit at the local 133 

level has no impact on efficiency for farmers in Colombia. Similar results are obtained by [34], 134 

and [31] for a sample of farmers in Vietnam, the Ivory Coast and Cameroun respectively. 135 
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A careful perusal of the literature discussed indicates though efficiency of smallholder farmers 136 

has drawn much attention in literature, the technical efficiency of smallholder women has 137 

received much less attention. This study therefore sought to bridge the gap. The rest of the paper 138 

is organized as follows. The next section presents the methodology (study area, sampling method 139 

and sample size, empirical model. In the fourth section, the results are presented and discussed 140 

and the last section draws conclusion and recommendations for policy. 141 

3. METHODOLOGY 142 

3.1. Area of Study 143 

The study is conducted in four regions of Ghana including BrongAhafo, Northern, Upper West 144 

and Upper East. These four regions of Ghana together make up about 57.5% of the country’s 145 

total land area with a total population of 6,459,926 representing 26.7% of the country’s total 146 

population. Of the total population in the area, women population takes about 79.5% and 147 

majority of these women constitute the population of maize farmers. A maximum temperature of 148 

about 42°C is recorded in the Northern part occurring towards the end of the dry season but 32°C 149 

is recorded in Brong-Ahafo region. The rainfall distribution is unimodal in the Northern part of 150 

Ghana (i.e. Northern, Upper West and Upper East regions) giving a single growing season of 180 151 

to 200 days with an annual mean of 1,100 mm but bimodal in Brong-Ahafo region which has an 152 

annual rainfall of 1,197 mm. 153 

Agriculture is predominantly on a smallholder basis.  Although there are some large farms and 154 

plantations, about 90% of farm holdings in this area are less than 2 hectares in size. Main system 155 

of farming is traditional with the hoe and cutlass being the main farming tools. There is little 156 

mechanized farming, but bullock farming is practiced in some places, especially in the North. 157 

Agricultural production varies with the amount and distribution of rainfall. The duration and 158 
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distribution of rainfall coupled with temperatures in this area favour the cultivation of annual 159 

crops such as cereals and legumes. In addition, the soils in this area have good organic matter 160 

and support the cultivation these group of crops. These explain why majority of farmers in the 161 

area embrace maize production. 162 

3.2. Sampling Method and Sample Size 163 

A multistage sampling technique was used to select 320 respondent maize farmers for in depth 164 

interviews during the 2012/2013 cropping season. In the first stage of sampling, four regions 165 

including Brong-Ahafo, Northern, Upper West and Upper East were purposively selected from 166 

the ten regions of Ghana. In the second stage, two districts (one of them being a district where 167 

Action Aid Ghana is operating) were then randomly selected from each region. This includes 168 

Kumbungu and Sagnarigu in the Northern region; Builsa North and Pusiga in the Upper East 169 

Region; Wa West and Jirapa-Lambussie in the Upper West and Tain and Nkoranza South in the 170 

Brong-Ahafo region. Simple random sampling procedure was again employed in the third stage 171 

to select two communities from each district and from which 20 women were also randomly 172 

sampled from each community to get a total of 40 respondents for each district and this 173 

represented the final stage. Each region had a sample size of 80 respondents, thus a total of 320 174 

maize households for the four regions of Ghana1. Data were collected from both primary and 175 

secondary sources. The primary sources of data were obtained using semi-structured 176 

questionnaire and interview schedules. Semi-structured survey questionnaires covering issues 177 

relating to household, farm and institutional characteristics, knowledge and access of farm inputs 178 

and extension service among other livelihood dimension were administered to the women in 179 

households. The findings which reflected in this study are therefore the respondents’ subjective 180 

                                                           
1 The details of the districts and communities sampled in each region can be found in Abdallah and Abdul-Rahaman 
(2016). Table 1 presents a list of sampled districts and the number of women selected in each district for the study 
while Table 2 presents the sample districts and communities selected. 
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view points. In cases where there appear to have discrepancies between respondents’ perceptions 181 

and the reality issues on the ground, the reader is reminded that such discrepancies usually exist 182 

because respondents may be uninformed or misinformed about the issues being investigated. The 183 

household surveys were complemented by focus group discussions at REFLECT circle levels. 184 

The focus groups discussed issues bordering on women’s access to extension services, access to 185 

production resources gender roles in agriculture and crop choices. Discussions were also held 186 

with opinion leaders notably Assembly men, community women leaders also known as 187 

“Mangasias” and Opinion leaders. Opinion leaders’ consultations were intended to help the team 188 

explore alternatives for dealing with access to production resources in the various communities. 189 

Secondary sources of data was collected from textbooks, journals, seminar papers and 190 

conference papers, reports from Ministry of Food and Agriculture (MoFA), publications, and 191 

internet resources. 192 

3.3. Empirical Model 193 

Review of literature showed that Cobb Douglas and Translog production functions are the 194 

widely used forms in agriculture. However, Translog production function specification suffers 195 

from multicollinearity problem as a result of the square and interaction terms of the inputs used 196 

[12]. In this study we use a Cobb-Douglas functional form to specify the stochastic production 197 

frontier. This is specified as: 198 

 199 

Where   represents logarithm to base ,  is the quantity of maize harvested (in Kg);    is 200 

farm size measured in acres, is the labour measures as the number of hours spent on the farm, 201 

 is the quantity of fertilizer used (in Kg); is the quantity of seed used in production (in Kg) 202 
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and  is the volume of agro-chemicals used (in liters);  is a random error that is assumed to be 203 

independently and identically distributed as N(0,σV
2) random variables and  is the non-negative 204 

technical inefficiency effects that are assumed to be independently distributed among themselves 205 

and between the   such that  is defined by the truncation (at zero) of the N(µi, σ2) 206 

distribution, where   is defined by: 207 

 208 

Where    represents the years of formal education of the female farmer,   represents the 209 

household size (number of people),  is the off-farm income measured in GH¢;  is the 210 

farming experience measured as the number of years in farming;  is a dummy variable that 211 

has a value of 1 if the farmer is a member of a farmer association and 0 otherwise (association 212 

dummy) and  is extension contact measured as the number of times a farmer contacted an 213 

extension agent. 214 

For constant returns to scale, the sum of the parameter coefficients, βs must be equal to one (1). 215 

For increasing returns to scale, they must be greater than one, and for decreasing returns to scale 216 

they must be less than one. In mathematical form the returns can be expressed as follows: 217 

 218 

Where βi is the elasticity of production with respect to input used and considered the most 219 

important property of the Cobb-Douglas production function. 220 

4. RESULTS AND DISCUSSIONS 221 

The summary statistics of the variables used for this study are shown in Table 1. With regards to 222 

the variables used in the output function, the results show that the mean output realized by the 223 
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women was 429.37Kg. This was achieved by utilizing on average, 2.74 acres of land, 13.11Kg of 224 

seed, 70.62Kg of fertilizer, 3.16L of agro-chemicals and 5.17 hours of labor on the farm. The 225 

mean total output of maize among women in northern Ghana is quite high considering the fact 226 

that women in this part of the country are marginalized in terms of production resources. 227 

Fertilizer application is also high, considering the generally low fertilizer application in Ghana. 228 

For instance, in 2008, the average inorganic fertilizer use in Ghana was 8kg/ha [35] 229 

For the variables used in the inefficiency model, the results indicate low level of education 230 

among the women as mean schooling years was 3. The mean household size was 7 members.  231 

The annual income realized outside the farm is much lower as the mean annual off-farm income 232 

was found to GH₵ 51.53. The mean farm experience of 10.32 years suggests that the farmers 233 

have gained enough and better managerial skills. Meanwhile, 37.0% of the respondents were 234 

members of associations while 63.0% of them were not members of any associations in the study 235 

area. 236 

Table 1: Summary statistics of variables used for the analysis 237 

Variable  Min. Max. Mean Std. Dev. 

Output (Kg) 0.00 2600.00 149.59 429.37 

Farm size (acres) 0.00 11.0 2.74 1.63 

Labour (Hrs.) 1.00 11.00 5.17 2.18 

Fertilizer (Kg) 0.00 550.00 70.62 101.50 

Seeds (Kg) 0.00 200.00 13.11 21.388 

Chemicals (liters)  0.00 100.00 3.16 8.045 

Education (years) 0.00 16 3.05 4.03 

Household size (number of people) 1 25 7.47 6.08 

UNDER PEER REVIEW



Off-farm income (GH₵) 0.00 600.00 51.53 51.37 

Experience (years) 1.00 45.00 10.32 9.52 

Association (dummy)  0 1 0.37 0.48 

Extension (number of contacts) 0 5 0.21 0.67 

Source: Result from data analysis (2016) 238 

 239 

4.1. Determinants of maize Output 240 

The Maximum Likelihood (ML) estimates of the stochastic frontier (Cobb-Douglas 241 

specification) for women maize farmers are presented in Table 2. The function coefficient which 242 

measures the proportional change in output when all inputs included in the model are changed in 243 

the same proportion is approximately 0.64, which indicates that returns to size are decreasing. 244 

That is, if the women maize farmers in the region increase all resources by 1%, maize output 245 

would also rise by 0.64%. This estimate is consistent with [36] who also obtained a value of 246 

0.86, but contrary to [37] who obtained a value of 1.49 depicting increasing returns to scale. 247 

With the exception of seeds and agro-chemicals, all the conventional inputs were significant and 248 

maintained their expected signs. Farm size and labour were significant at 10% whilst fertilizer 249 

was significant at 1%. The coefficients of these variables were also positive and thus have 250 

significant effect on output. For example, the coefficient on farm size means that when farm size 251 

is increased by 100%, holding all other inputs constant, output would also increase by about 252 

20%. In the same manner, when each of fertilizer and labour are increased by 100%, output 253 

would increase by 19.1% and 21.4%, respectively. 254 

The significance of farm size on output did not come as a surprise. Women in Ghana are 255 

important as food producers. The coefficient of farm size implies that if women farmers in 256 

Ghana had the same access to land as men, they would increase their farm productivity. 257 
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The significant and positive impact of labour on output implies that if a woman farmer has time 258 

for additional labour, she can increase the size of her farm leading to the expansion of output. 259 

This is because food crop production such as maize is labour intensive and therefore will require 260 

more labour especially for weeding, fertilizer application and harvesting operations. This result is 261 

also consistent with [38] who reveal that farmers who had the main objective of income 262 

maximization in food crop production will tend to allocate labour more efficiently. The 263 

significance of fertilizer is also consistent with our a priori expectations. Fertilizer application 264 

replaces crop land nutrients that have been consumed by previous plant growth. It is essential for 265 

economic yields. Therefore, application of more fertilizer would lead to increase in output. 266 

4.2. Determinants of Technical Efficiency  267 

The sources of inefficiency are presented in Table 2. The parameter  is statistically 268 

significant at the 5% level, with an estimated value of 0.41. These results indicate that 269 

inefficiency is less significant among the studied households. This might also be interpreted to 270 

mean that the differences between actual (observed) and frontier output is dominated by factors 271 

outside the farmers’ control. In other words, the relative contribution of noise or factors outside 272 

the control of farmers is very highly significant. From theory, factors outside the control of 273 

farmers include climate drought, floods or bushfires. 274 

From the results presented, only education and off-farm income emerged as the determinants of 275 

technical efficiency of women farmers in the study area. The parameter of education is 276 

statistically significant at 5% while the parameter for off-farm income is statistically significant 277 

at the 1% level. These results provide some evidence of the importance of education and off-278 

farm earnings on women’s Technical efficiency. These variables may therefore be targeted for 279 

specific policy formulation. 280 
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The significance of education supports the premise that an increase in human capital enables 281 

rural households to improve resource utilisation and thus achieve higher technical efficiency. As 282 

found in some studies like [39], education enable farmers update their emerging technologies and 283 

hence become more efficient than their illiterate counterparts. It is often argued that investment 284 

in people, especially the poor and women, is key to the accelerated growth and development of 285 

Ghana. It further stresses that education increases people’s ability to understand issues related to 286 

the adoption of technology, thereby raising their productivity. The importance of education as 287 

argued above is reflected in this study. 288 

Off-farm income is also important as this serve as a supplement to the purchase of farm inputs 289 

such as fertilizer seeds, agro-chemicals and hiring of labour. Farmers with high off-farm incomes 290 

will therefore tend to have access to the resources and hence increase productivity. The result is 291 

consistent with our a priori expectations and that of [23]. 292 

Table 2: Maximum Likelihood Estimates for the parameters of the stochastic frontier 293 

model     294 

Variable Parameter Coefficient Standard 

Error 

Z  

Output function     

Constant   1.8706 0.2906 6.44*** 

LnFarm size  0.1974 0.1071 1.84* 

LnLabour  0.2143 0.1228 1.74* 

LnFertilizer  0.19061 0.0538 3.54*** 

LnSeeds  0.0983 0.0658 1.49 

LnChemicals  -0.0633 0.0752 -0.84 
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Inefficiency Model     

Constant   1.0779 0.2935 3.67 

Education   -0.0569 0.0237 -2.40** 

Household size  -0.0089 0.0175 -0.51 

Off-farm income  -0.0141 0.0050 -2.82*** 

Experience   -0.0130 0.0107 0.38 

Association   0.0820 0.1720 0.48 

Extension   -0.0571 0.2376 -0.24 

Variance 

parameters 

    

Sigma squared   0.4953 0.0948**  

Gamma   0.4134 0.2342*  

Sigma squared of u  0.2048 0.1485*  

Sigma squared of v  0.2905 0.0807*  

Mean technical 

efficiency 

 0.5791   

Function coefficient  0.6373   

Log likelihood  -188.8016   

*, ** and *** are levels of significance at 10, 5, and 1%, respectively. Source: Result from data analysis (2016) 295 

 296 

4.3. Technical efficiency of women maize farmers 297 

The Technical Efficiency of the women in maize production is presented Table 3. Our results 298 

revealed that technical efficiencies vary greatly among the maize farmers in the area. Our results 299 
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also reveal that 4.70% of the farmers have technical efficiency ranging from 21 to 30%. 300 

Additionally, the results indicate that majority of women (about 26.3%) are producing maize on 301 

a lower level of efficiency (31-40). Also, about 11.3% have technical efficiency ranging between 302 

41 to 50%. Further, the results show that few of the farmers (1.6%) are either producing on the 303 

frontier or closely to the frontier (91 to 100%).These results are consistent with [37] who reveals 304 

that only 12.1% of maize farmers in the Central Region of Ghana have technical efficiency of 305 

above 0.8. The predicted mean technical efficiency of the farmers is 0.58. This indicates that the 306 

women in the study area produced 58% of the potential stochastic frontier output based on the 307 

present state of technology as well as the level of inputs. The implication is that the 42% of 308 

potential output is not realized. Possibly, the adoption of the practice of the “best farm” will 309 

increase maize production in the region by an average of 42% to enable these women farmers to 310 

attain the potential stochastic frontier output level. 311 

Table 3: Frequency Distribution of Technical Efficiency of the women maize farmers 312 

Efficiency class Frequency (No. of farmers) Percentage 

21-30 15 4.69 

31-40 84 26.25 

41-50 36 11.25 

51-60 61 19.06 

71-80 69 21.56 

81-90 50 15.63 

91-100 5 1.56 

Total  320 100 

Source: Result from data analysis (2016) 313 

 314 
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5. CONCLUSION AND RECOMMENDATIONS 315 

The study sought to find the technical efficiency of women maize farmers in Northern Ghana 316 

using the stochastic frontier approach. A multi-stage sampling procedure was employed in 317 

gathering data from 320 women maize farmers in the area for the study. The estimated model 318 

showed significant levels of technical inefficiency among the sampled women, which suggests 319 

that opportunity exists to expand production using the current level of inputs and the 320 

technologies already available in the areas included in this study. Specifically, we find that farm 321 

level technical inefficiency or deviations from the frontier is highly caused by factors outside the 322 

farmers’ control. Factors influencing technical efficiency include educational level and income 323 

earned from off-farm activities. We also find that technical efficiency vary greatly among the 324 

women with majority on a technical efficiency range of 31-40%.The mean technical efficiency 325 

was found to be 58%.  326 

Based on our findings, the following recommendations are distilled: 327 

i. Investments in human capital such as education provide the greatest returns in terms of 328 

socioeconomic development. Therefore, rural development and natural resource 329 

management programs in Northern Ghana should strengthen efforts designed to increase 330 

the level of knowledge among smallholder women maize farmers. 331 

ii.  Since off-farm income also improves productivity, women can be supported with credit 332 

to purchase farm inputs or to go into other livelihood activities during the off season. The 333 

returns from these activities can supplement the purchase of production resources to 334 

improve productivity. 335 

 336 

 337 
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