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Abstract: The study examined the use of social media among male and female agricultural extension agents (AEAs) in the north central Nigeria. Specifically, we tried to find out if social media use depends on gender, state (location) of the AEAs and media type. The study randomly sampled AEAs from Benue, Plateau, Nassarawa, Kogi, Kwara, and Niger States. The social media studied include Facebook, WhatsApp, ResearchGate, Twitter, Instagram and LinkedIn. Analysis was done using three-way analysis of variance. First, pooled data result, F(1, 455) = 8.08, p =.00, showed that the male AEAs significantly used all the social media more than their female colleagues. This implies that social media use depends on gender. Second, the result, F(5, 2275) = 98.91, p =.00, indicated that regardless of gender of the AEAs, some social media were significantly used more than others across the states. For example, Facebook and WhatsApp were significantly used by the AEAs more than other social media while the least used were Instagram and LinkedIn implying that social media use depends on media type. Third, the result, F(25, 2275) = 2.39, p =.00, showed that there were significant variations in gender use of some of the social media in some states. In other words, there were significant locational differences in the male and female AEAs use of social media for extension work. This also indicates that the location (state) where the extension agents work influences media use in extension. Generally, the grand mean response (1.80) indicated that the use of social media was low in the study area. Based on the findings, it was concluded that the use of social media for extension services depends on gender, type of social media and location (state) of the AEAs in the north central Nigeria. 
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1. Introduction 
Agricultural extension is one of the important subsectors of agriculture. It is organised in different ways across the world thus lending itself to different definitions. For instance, Van den Ban and Hawkins (1996) defined it as a process involving the conscious use of communication of information to help people form sound opinions and make good decisions. In their own view, Anandajayasekeram, Puskur, Sindu, and Hoekstra (2008) see it as the delivery of relevant agricultural information and technologies to farmers. According to Moris (1991) it a mechanism for information and technology delivery to farmers. Israel, Harder and Brodeur (2011) stated that it is a comprehensive set of activities that are intended to bring about a sequence of outcomes among targeted clients. In line with these definitions, FAO (2010) defined it as: “systems that should facilitate the access of farmers, their organizations and other market actors to knowledge, information and technologies; facilitate their interaction with partners in research, education, agribusiness, and other relevant institutions; and assist them to develop their own technical, organizational and management skills and practices”. The above definitions reflect the importance and the expectations of agricultural extension programmes to farmers who are the major beneficiaries in the society.
Globally, the role of agricultural extension workers in technology transfer has been widely acknowledged. Davis and Sulaiman (2014) revealed that extension service delivery performs a vital role in agricultural advancement including decreasing hunger and poverty. In Kenya, the Ministry of Agriculture (2010) indicated that agricultural extension service helped in sharing knowledge, technologies, information as well as linking farmers to other actors in the economy. Agricultural extension does not only provide innovations to end-users but also act as a catalyst to speed up adoption rate (Alemu, Maetens, Deckers, Bauer and Mathijs, 2016). This implies according to Davis (2016) that extension service remains a critical institution for supporting rural livelihoods and sustainable development goals. In developing countries (Nigeria inclusive), there is a 
belief that investment in extension service has the potential to improve agriculture and increase farmers’ income and productivity (Anderson and Feder, 2007). In terms of coverage and practicability, Adejo, Okwu and Ibrahim (2012) acknowledged that agricultural extension remains the most crucial and critical means of reaching farmers in the rural areas across the world.
While the organizational structure of agricultural extension programme varies from one country to another, there are strong evidence that its impact on technology transfer to farmers has drastically improved with the introduction of social media (Ajah and Atewamba, 2018; Maumbe and Okello, 2010). By definition, social media is a collection of online technologies that allow users to share insights, experiences and opinions with one another and it can take place through video, audio, text or multi-media (Safko and Brake, 2009). They refer to user-generated information, opinion, video, audio, and multimedia that are shared and discussed over digital media (Andres and Woodard, 2013). According to Kaplan and Heinlein, (2009), it is a group of internet-based applications that build on the ideological and technological formations of web 2.0 and that allow the creation and exchange of user-generated contents. Suchiradipta and Saravanan (2016) described social media as potential goldmine that can be used to engage all the actors in agricultural innovation system among other benefits. Its impact on technology transfer may be attributed to the fact that it creates an environment for individuals to interact with one another allowing for the creation and maintenance of mutual relationships (Rajagopalan and Subramani, 2003). Social media overcome geographical boundaries and create opportunities for beneficiaries to share information, ideas, e.t.c.
Some studies have been conducted on the use of social media in agricultural extension. For instance, Barau and Afrad (2017) studied social media use in agricultural extension service and showed that it was generally appreciated in agricultural extension service delivery but needed a gender sensitive approach. Similarly, Thakur and Chander (2018) researched on the use of social media in agricultural extension in India and revealed that the potential of social media channels like Facebook, WhatsApp and YouTube among others were not fully exploited by agricultural extension staff to reach out to farmers. Iwuchukwu, Eke and Nwobodo (2019) studied the perception of extension personnel on suitability and benefits of using social media in communicating agricultural information in Nigeria and revealed that majority (81.4%) of the agricultural extension agents (male and female) possessed facilities used in accessing social media. Ifejika, Asadu, Enibe, Ifejika and Sule (2019) studied social media mainstreaming in e-extension by agricultural development programmes in North Central Zone, Nigeria and revealed that there was zero exclusion of social media such as WhatsApp, Facebook, YouTube, Chats and Mobile phone tools in communication strategies. Other scholars (Hassan, Shaffril, Samah, Ali and Ramli, 2010; Rhodes and Aue, 2010) have also carried out similar studies with appreciable results. 
Really, a review of both online and off-line documents attests to the fact that there are abundant literature and empirical studies on the use of social media in agricultural extension services. However, hardly will you see studies addressing use of social media among male and female agricultural extension agents in the north central Nigeria. This has created a knowledge gap that needs to be filled with empirical evidence, hence the study. The study is vital because Lambrecht, Vanlauwe and Maertens (2016) argued that issues about gender are rarely considered in the literature on agricultural extension as well as technology adoption. This calls for attention because Ogbonnah (2011) stated that it is only when the female agricultural extension agents are aware of, have access to, and can use modern ICTs that they can effectively discharge their functions. Again, Njuki, Parkins and Kaler (2016) stated that it is crucial to attend to gender in agricultural extension because gendered inequalities contribute to global hunger and food insecurity. Since gender is essential in understanding the context in which agricultural development is being implemented in a developing country like Nigeria, the questions are: 1) What is the overall utilization of social media by the male and female agricultural extension agents in the study area; 2) Do male agricultural extension agents use all the social media more than their female counterparts or vice versa? 3) Do male agricultural extension agents use each of the social media more than their female counterparts or vice versa? 4) Apart from gender, which of the social media is used more or less by the extension agents? 5) Does the use of social media depends on state (location) where the AEAs are working? 

2. Objectives of the study 
The main objective of the study is to analyse the use of social media among male and female AEAs in the north central Nigeria. The specific objectives are to:
1. assess the overall utilization of social media by AEAs in the study area;
2. determine if the male agricultural extension agents generally use all the social media more than their female counterparts or vice versa; 
3. compare the use of each social medium between the male and female agricultural extension agents;
4. determine the most and least utilized social media by the extension agents; 
5. determine if the use of social media depends on the state where the extension agents are working (i.e, locational differences in the use of social media).

3. Hypotheses
Ho: Irrespective of gender and location, there is no significant difference in social media use by the agricultural extension agents. 
Ho: There is no significant difference in gender use of all the social media across the states.
Ho: There is no significant difference in gender use of each social medium in each state (That is, there is no significant interaction effect of gender, media-type and location).

4. Methodology
Nigeria has six geopolitical zones – North Central, North West, North East, South-South, South East and South West. The study was conducted in the North Central Zone consisting of Abuja, Benue, Kogi, Kwara, Nassarawa, Niger and Plateau States. Abuja, the Federal Capital Territory was not chosen for the study. Simple random sampling technique was used to select a total of 467 respondents from the States’ Agricultural Development Projects (ADPs). That is, Plateau State (56 males 28 females), Benue State (20 males and 16 females), Kwara State (72 male and 15 female), Nassarawa State (76 males and 24 females), Kogi State (49 males and 11 females) and Niger State (53 males and 47 females). Note that the skewness of the sample in favour of the male extension agents is a reflection of male dominance in agricultural extension services in the study area and it may be attributed to purdah (Chikwendu and Arokoyo (2008). This is also supported by Kiplangat and Ocholla (2005) who stated that agricultural extension is male dominated. Male dominance in extension service is not only visible in the study area because Ofuoku (2012) assessed gender representation in agricultural extension workforce in Delta State of Nigeria and found that majority (70%) of the village extension workers were males. In the questionnaires, the AEAs were asked to rate their level of usage of social media (Facebook, WhatsApp, ResearchGate, Twitter, Instagram, LinkedIn) for agricultural extension work in their various states using: Very High (4), High (3), Moderate (2), Low (1) and Not used at All (0). The rating scores were used for analysis in line with methods applied by Ajah and Atewamba (2018), Ajah. (2016), Ajah and Okorie (2016), and Colin and Paul (2011). SPSS 21.0 was used to run the analysis and mean separation was done using Bonferroni model at 5 percent probability level. The three-way ANOVA model is mathematically expressed as: 
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Yijkt = μ + Li + Mj + Gt + LMij + LGit + MGit + LMGijt + eijtk……………………..… 1


Where:
Yijtk = Individual extension agent’s response on his/her usage of each social medium 
- i denotes the level of factor L 
-j denotes the level of factor M 
-t denotes the level of factor G 
- k denotes the kth observation in cell or treatment (i,j,t)
μ = population mean
Li = differences in gender use of social media due to location (Kwara, Kogi, Niger, Nasarawa, Benue, Plateau States). This measures the main effect of location (state) where the extension agent works. 
Mj = Media-type - this measures the main effect of media-type. That is, differences in the usage of social media arising from the nature of the media as a devise (Facebook, WhatsApp, ResearchGate, Twitter, Instagram, LinkedIn). 
Gt = Gender, this measures the main effect of gender. That is, differences in the usage of social media due to the gender of the extension agent (male, female)
LMij = interaction between location and media-type 
LGit = interaction between location and gender
MGit = interaction between media-type and gender
LMGijt = interaction of location, media-type and gender
eijtk = error term
The model hypothesizes that the usage of social media among agricultural extension agents in the north central Nigeria depends on three factors – gender, location (state) and media-type. Gender as a factor has 2 levels (male and female) while location (state) has 6 levels (Kwara, Kogi, Niger, Nasarawa, Benue, Plateau States). Both gender and location are called “between factor variables”. On the other hand, media-type has 6 levels (Facebook, WhatsApp, ResearchGate, Twitter, Instagram, LinkedIn) and it is called “within factor variable”. By implication, the model states that the usage of social media among the male and female extension agents (Yijtk) depends on location (state) of the extension agent in the north central Nigeria (Li), type of social media (Mi), the gender of the extension agent (Gt), both location and type of social media (LMij), both location and gender (LGit), both media-type and gender (MGit), and the joint effects of location, media-type and gender (LMGijt). 

5. Results and discussion 
Table 1 shows the results of the three-way mixed analysis of variance (ANOVA) carried out to assess the use of social media among the male and female agricultural extension agents in the north central Nigeria. The model provides us the opportunity to look at the data in different perspectives. That is, assessing the main effects of the factors and their interaction effects. Each of the factors and their interaction effects are interpreted separately for easy understanding. The p-values indicated that most of the results are significant (p <.01) hence mean separation was done to determine those variables that significantly differed from each other. The results are presented in charts (Figures 1-8).


Table 1: ANOVA results of male and female extension agents’ use of social media
	Sources of variation 
	Df
	SS
	MS
	F-cal
	P-value

	Media-type
	5
	670.79
	134.16
	98.91
	.00

	Media-typelocation
	25
	192.72
	7.71
	5.68
	.00

	Media-typeGender
	5
	19.405
	3.88
	2.86
	.01

	Media-typeLocationGender
	25
	81.02
	3.24
	2.39
	.00

	Error (within subjects)
	2275
	3085.65
	1.36
	
	

	Location 
	5
	379.19
	75.84
	77.59
	.00

	Gender 
	1
	7.898
	7.89
	8.08
	.00

	LocationGender
	5
	9.05
	1.81
	1.85
	.11

	Error (between subjects) 
	455
	444.69
	0.98
	
	


Note: * = sign of interaction


6. Assessing the most and least utilized social media across north central Nigeria
The result of how the agricultural extension agents (AEAs) rated their use of social media is shown in the first row of Table 1. Here, we address the main effect of media-type as expressed in the ANOVA model. The question is: Regardless of gender and location (state), what are the most and least utilized social media by the AEAs in the study area? It tests the hypothesis, which states that there is no significant difference in social media use by the AEAs. The result, F(5, 2275) = 98.91, p =.00, indicated that there are significant differences (p <.05) in the use of social media by the AEAs hence the rejection of the null hypothesis. In other words, regardless of gender and the 
location (state) of the AEAs, some social media were significantly used more than others in the study area. The mean separation (Fig.1) indicated that Facebook and WhatsApp were significantly (p <.05) used more than ResearchGate, Twitter, Instagram and LinkedIn. This agrees with the findings by Boyd and Ellision (2010); Suchiradipta and Saravanan (2016), and Thakur and Chander (2018) which indicated that Facebook and WhatsApp were the most utilized social media. The least utilized social media were Instagram and LinkedIn. This may be attributed to the observation of Suchiradipta and Saravanan (2016) which revealed that LinkedIn, Academia.edu and ResearchGate are utilized more by academicians, researchers and other 
professionals for the purpose of creating peer network. 


Fig. 1: Extension agents’ use of social media, irrespective of gender and location
Note: Mean with same alphabet didnot significantly differ


7. Comparing gender use of all the social media across north central Nigeria
Row seven in Table1 contains the result comparing the male and female extension agents’ use of all the social media. The question is: Do male AEAs use all the social media more than their female counterparts or vice versa? This led to the test of hypothesis which states that, there is no significant difference in gender use of all the social media across the states. The result, F(1, 455) = 8.08, p =.00, showed that there was significant difference (p <.05) in gender use of all the social media in extension services hence the null hypothesis was rejected. Mean separation (Fig. 2) shows that the male AEAs significantly (p <.05) used all the social media more than their female counterparts. This is contrary to apriori expectation because inequality in the use of social media by the male or female AEAs was not expected. However, this tallies with the finding by Ma et al., (2018) which indicated that men far out numbered women in the use of information technology. This may have also resulted in male farmers using social media more than their female counterparts as observed by Barau and Afrad (2017). This gender gap in the use of social media in extension services has to be addressed because Njuki, Parkins and Kaler (2016) stated that it is crucial to address gender issues in agricultural extension because inequalities between male and female AEAs will contribute to global hunger and food insecurity. 


Fig. 2: Comparing gender use of all social media across the states
Note: Mean with same alphabet didnot significantly differ

7. Assessing gender use of social media in each location (state) 
Row four in Table 1 contains the result of gender use of each social medium in each location (state). It shows the result of interaction (Media-typeLocationGender) of gender, media-type and location. The question is: In each of the states sampled, do male AEAs use each of the social media more than their female counterparts or vice versa? Here, we test the hypothesis which states that there is no significant difference in gender use of each social medium in each state. That is, there is no significant interaction effect of gender, media-type and location. The result, F(25, 2275) = 2.39, p =.00, indicates there was significant (p <.05) interaction effect of gender, media-type and location hence the rejection of the null hypothesis. This implies that there was significant variations in gender use of each social medium in some of the states. For a better understanding of the results, the mean separation was done state-by-state and are shown in Figures 3-8. This is one of the advantages of using ANOVA because it breaks the data down to state level.

8. Use of WhatsApp by the extension agents
The results of how the agricultural extension agents (AEAs) rated their use of WhatsApp in all the states are presented in Figures 3-8. The mean responses showed that out of the six states studied, the male and female AEAs’ use of WhatsApp significantly (p <.05) differed only in Kogi State (Fig. 4) in favour of the male gender. This is agrees with the report by Hafkin and Huyer (2007) which showed that, on average, men in Africa (Nigeria inclusive) have greater chances than women in benefitting from information communication technologies. On the other hand, this is contrary to the observation of Pew Research Center (2012) which showed that women are more likely to use social media than men. Although there was no significant difference in the use of WhatsApp among the male and female AEAs in the other states, the mean responses clearly indicated that the male AEAs relatively used WhatsApp more than their female counterparts in Nasarawa (Fig.6), Benue (Fig.7) and Plateau (Fig. 8) States while the reverse is the case in Kwara (Fig. 3) and Niger (Fig. 5) States. However, in-spite of the relative differences, Suchiradipta and Saravanan (2016) observed that the use of social media is picking up in rural areas of developing and least developed countries in the world.

9. Use of Facebook by the extension agents
Facebook is one of the social media that was utilized more by the agricultural extension agents (AEAs). The results of how the AEAs rated their use of Facebook are shown in Figures 3-8. The mean separation indicated that the male AEAs significantly used Facebook more than their female colleagues in Kogi (Fig. 4) and Plateau (Fig. 8) States. There was no significant difference in their use of Facebook in other states but the male AEAs relatively used Facebook more than their female counterparts in Niger (Fig. 5), Nasarawa (Fig.6) and Benue (Fig.7) States while the reverse is the case in Kwara State (Fig. 3). Overall, it can be seen that the male AEAs either significantly used or relatively used Facebook more than their female counterparts across the states. This agrees with finding of White, Meyers, Doerfert and Irlbeck (2014) which indicated that there were some differences in gender use of social media in agricultural marketing. This called for attention because according to Kingsley (2010), social media platforms such as Facebook offer enormous potential to agricultural extensionists for reaching their audience. 

10. Use of ResearchGate by the extension agents
The results showing how the extension agents rated their use of ResearchGate are shown in Figures 3-8. Apart from Kogi State (Fig. 4), there was no significant difference in the use of ResearchGate among the male and female AEAs in other States. In a similar study using farmers as respondents, Balkrishna and Deshmukh (2017) found that male farmers had more time to use social media compared to their female counterparts. However, the male AEAs relatively used ResearchGate in Nasarawa (Fig.6), Benue (Fig.7) and Plateau (Fig. 8) States while the reverse is the case in Kwara (Fig. 3) and Niger (Fig. 5) States. The magnitude of the mean responses showed that it was hardly used by the extension agents in Kwara (Fig. 3) and Benue (Fig.7) States. 

11. Use of Twitter by the extension agents
The use of Twitter for information communication has proliferated with the increase in smartphones across the world. The mean separation on the use of Twitter among the male and female agricultural extension agents in the study area is shown in Figures 3-8. There was no significant difference (p >.05) in the use of Twitter among the male and female AEAs in all the States sampled. This is in line with the apriori expectation because education and exposure are reducing gender imbalance in the society. It corroborates the fact that extension services in many nations function with greater gender balance in reaching out to male and female decision makers (Quisumbing, et al. 2014; Rola‐Rubzen et al. 2020). Nevertheless, the male AEAs relatively used Twitter in Kogi (Fig. 4), Niger (Fig. 5) and Nasarawa (Fig.6) States while the female AEAs relatively used Twitter in Kwara (Fig. 3), Benue (Fig.7) and Plateau (Fig. 8) States. The magnitude of the mean responses indicated that Twitter was hardly used by both male and female extension agents in Kwara (Fig. 3) and Kogi (Fig. 4) States. This has to be addressed because Mills, Reed, Skaalsveen, and Ingram (2019) showed that it was very useful for knowledge exchange on sustainable soil management under EU research project called SoilCare.

12. Use of Instagram by the extension agents
The results of mean separation on the use of Instagram among the male and female AEAs across the states are shown in Figures 3-8. Apart from Benue State (Fig.7) where the male farmers significantly used Instagram more than their female AEAs, mean separation indicated that there was no significant difference in the use of Instagram among the male and female AEAs in other States sampled. However, the male AEAs relatively used Instagram in Niger (Fig. 5), Benue (Fig.7) and Plateau (Fig. 8) States while the reverse is the case in Kwara (Fig. 3) and Nasarawa (Fig.6) States. The magnitude of mean responses revealed that Instagram was hardly used in Kwara (Fig.3), Kogi (Fig. 4), Nasarawa (Fig.6) and Benue (Fig.7) States. The low usage may be due lack of skill and other issues because Suchiradipta and Saravanan (2016) stated that many extensionists and experts have not started using social media due to lack of technical skills and other issues. 

13. Use of LinkedIn by the extension agents
The results of mean separation on the use of LinkedIn among the male and female AEAs are shown in Figures 3-8. There was significant difference (p <.05) in the use of LinkedIn among the male and female AEAs in Kogi (Fig. 4) and Benue (Fig.7) States. While there was no significant difference in the use of LinkedIn in other States, it should be noted that the male AEAs relatively used LinkedIn more than their female counterparts in Plateau State (Fig. 8) while the reverse is the case in Kwara (Fig. 3) and Niger (Fig. 5) States. The magnitude of the mean responses indicated that LinkedIn was hardly used by both gender in Kwara (Fig. 3), Kogi (Fig. 4), Nasarawa (Fig.6) and Benue (Fig.7) States. This justifies the finding of Isiaka, Lawal-Adebowale and Oyekunle (2009) which indicated that many extension workers are not really conscious of the fact that information communication devices can be used efficiently to accomplish numerous functions in extension service delivery. This calls for further attention to find out why it is not used by the AEAs. 
Generally, judging from the mean responses, the usage of all the social media among the male and female agricultural extension agents in Niger State is very encouraging. Notwithstanding, there is still room for improvement. While WhatsApp and Facebook maintained the lead in all the states as the most utilized social media, it can be seen that the usage of each social medium depends on state (location), gender and media type. 

14. Conclusions 
The importance of social media in agricultural extension services cannot be over emphasized and it has triggered-off research in different areas. Against this backdrop, the study assessed the use of social media among male and female agricultural extension agents in the north central Nigeria. The study covered six states making it possible to carry out analysis using pooled data as well as stepping it down to the state level. First, when the male and female AEAs were compared in their use of all the social media (pooled data), finding showed that the male AEAs significantly used all the social media more than their female colleagues. In this regard, more research should be conducted to identify reasons for the gender gap in order to address it. 
Second, finding indicated that some social media were significantly used by both male and female AEAs more than others across the states. This is expected because each of the social media has its own comparative advantage over the other especially with respect to technical skill and knowledge. Third, at the state level, there were significant variations in gender use of some social media. This is also expected because the socio-political environment under which the extension agents work are not the same. Some extension agents may have more opportunities to access social media facilities in their respective states more than others. Generally, the grand mean response indicated that the use of social media for agricultural extension services was low in the study area. The paper, therefore, recommends capacity building for the extension agents in order to enhance their use of social media in agricultural technology transfer. 


Fig 3: Gender use of Social media in Kwara State
Note: Mean with same alphabet (for each social medium) didnot significantly differ


Fig 4: Gender use of Social media in Kogi State
Note: Mean with same alphabet (for each social medium) didnot significantly differ 


Fig 5: Gender use of Social media in Niger State
Note: Mean with same alphabet (for each social medium) didnot significantly differ 


Fig 6: Gender use of Social media in Nasarawa State
Note: Mean with same alphabet (for each social medium) didnot significantly differ


Fig 7: Gender use of Social media in Benue State
Note: Mean with same alphabet (for each social medium) didnot significantly differ



Fig 8: Gender use of Social media in Plateau State
Note: Mean with same alphabet (for each social medium) didnot significantly differ
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