


Effectiveness of Using ICT Tools for Disseminating Rice Production Information among the farmers of Bangladesh 


Abstract
The study was conducted to determine the effectiveness of using ICT tools for disseminating rice production information, to compare among the ICT tools and to explore the contribution of the selected characteristics of the farmers to their use of ICT tools. Data were collected from 340 rice farmers from a population of 2988 from four (4) selected upazillas of Bangladesh. Findings revealed that half of the farmers (50%) perceived moderate effective while 46.5 % and 3.5 % perceived high and low effectiveness of the ICT tools for disseminating rice production information. Based on the descending order of Standardized Effectiveness Index (SEIty) among the ICT tools ‘call center’ ranked first followed by ‘social media’, ‘mobile application’ and ‘internet browsing’. The multiple regression analysis showed that ICT using experience, ICT contact, knowledge of using ICT tools, and attitude towards using ICT tools had significant positive contribution to their perceived effectiveness of using ICT tools for dissemination rice production information. Therefore, it can be concluded that farmers having more favorable perception and knowledge on the effectiveness of using ICT tools for disseminating rice production information need to increase the use of ICT. 
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Introduction
The front level extension agents called Sub-Assistant Agricultural Officers (SAAOs) are the responsible persons to disseminate agricultural technologies to the farmers. Information Communication Technologies (ICTs) could enhance the flow of information in agricultural extension services (Setu et. al., 2022b). But the history of ICT uses in the agriculture of Bangladesh was not so rich while ICT based task force program was launched by the Ministry of Agriculture (MoA) in 2003. In Bangladesh, both private sectors and government do ICT activities for the farmers. The private sectors provide mobile phones, computers, and internet based activities while the government formulates and implements ICT policy for agricultural development (Setu 2022a). Department of Agricultural Extension (DAE) supports farmers by providing educational interventions to enhance farming practices, optimize production efficiency and income, elevate living standards, and uplift social and educational norms in rural areas of Bangladesh (Mishuk et. al., 2021). Conventional extension services in the public sector employ various initiatives to address obstacles to the adoption of technology, but with little effectiveness. ICTs provide potential to expand outreach and enhance the effectiveness and efficiency of many operations within extension systems. The use of mobile phone, mobile application, internet browsing, and social media tools facilitate direct connection between farmers, markets, and merchants, by passing intermediaries and extension officers. Utilized ICT to enable easy access to information and deliver real-time updates through messaging, calls, and broadcasting. ICT services provide critical access to the knowledge, information, and technology that farmers require to improve the productivity and thus improve the quality of their lives and livelihoods (Setu 2022a). Farmers use ICT tools in cultivating various crops specially rice.

Rice is the main food source in Bangladesh, constituting almost 78 percent of the country's total cultivated land. The country attains self-sufficiency by utilizing 11.55 million hectares of farmed land to meet the rice requirements of its population of 169.04 million individuals (Haque et al., 2016). In Bangladesh, ensuring food security is identical to achieving rice security. Rice is grown year-round in three distinct seasons: Aus, Aman, and Boro. Rice production has tripled since independence, rising from around 11 MT in 1971-72 to around 36.6 MT in 2019-20 (BBS, 2020). This revolution has converted the country from being referred to as a 'Bottomless Basket' to a 'Full of Food Basket'. In FY 2022-23 total food grains production target was 484.98 lakh MT, of which Aus 36.90 lakh MT, Aman 163.45 lakh MT, Boro 215.34 lakh MT and wheat 11.60 lakh MT approximately (BER, 2023). 

Over the years, various ICT tools develop in Bangladesh agriculture sector. ‘Krishi Batayon’ is launched to deliver agricultural services to the doorsteps of farmers in the country. Farmers can call hotline number ‘Krishi Call Center (16123)’, ‘Krishok Bondhu Phone Seba-3331’, from any mobile phone to get agriculture information service. Moreover, several mobile and web applications including, Krishoker Digital Thikana, Krishoker Janala, Pesticide Prescriber, Digital Crop Calendar, BAMIS, Rice Knowledge Bank, BRRI Rice Doctor, Fosoli, Krishoker app, and Google lens (Sultana et. al., 2019). Online Fertilizer Recommendation is now being used to offer agricultural information services to the farmers. Though a number of studies have been conducted on ICT and crop production there lacks of study to determine farmers’ effectiveness in using ICT tools. In this context, the objectives of the study is to determine the effectiveness of using ICT tools for disseminating rice production information, compare among the ICT tools regarding use and to identify the determinants of using ICT tools. 

Methodology
Study Location: Four (4) districts of Bangladesh, namely Tangail, Gazipur, Manikganj and Munshiganj were selected purposively. Then four Upazilas (sub-districts), namely Sakhipur, Kaliakoir, Manikganj sadar and Gajaria were selected randomly by taking one from one selected district respectively as the locale of the study.

Population: With assistance from the Sub-Assistant Agriculture Officer (SAAO) of the Upazila Agriculture Office (UAO), the researcher compiled a list of rice farmers of the four selected Upazilas who have utilized ICT tools for rice production information for a considerable amount of time. The list comprised a total of 2988 rice famers which constituted the population of the study.

Sampling Design: From the population, sample size was determined as 340 by using Sample Size Calculator developed by Creative Research System (2023) by taking 95% confidence level and 5 as confidence interval. Sample farmers were selected by proportionate random sample from the four Upazilas.

Collection of Data: Data were collected from the sample farmers with help of a pre-tested interview schedule during the period from March 25th to June 24th, 2023. Both open and close form questions were put in the interview schedule. 

Measuring effectiveness of ICT tools for disseminating rice production information: Effectiveness of ICT tools for disseminating rice production information was the dependent variable of the study. Effectiveness is intended or expected outcome or produces a deep, vivid impression, taken for a particular program ability measurement (Ojha, 2017; Singh, 2012; Chandrashekar, 2010 ). To assess the effectiveness of using ICT tools, four types of ICT tools, like ‘mobile applications’, ‘internet browsing’, ‘call center’, and ‘social media’ were considered for this study in obtaining rice production information. 

The measurement of effectiveness was done based on logical modification of the scales of Praneeth et. al. (2023) and Rahman (2023) with the following steps: 
· Initial collection and Judges’ rating of items: Initially, 13 mobile applications, nine (9) internet browsing websites, two (2) call centers, and five (5) social media tools for rice production information were collected after thorough consultation with relevant experts and literatures. Thus, 29 ICT tools, together with the 9-point continuum against each of the tool was given to 50 Judges for their ratings. The Judges were selected from different related organizations including academicians, researchers, and extension practitioners. Judges were requested to mention their opinion in the 9-point suitability continuum against each tool. Out of 50 judges, 24 replied. Out of 24 replies, three (3) judgements were faulty. Therefore, the responses of 21 Judges were retained for selecting ICT tools for the study. The following formula was developed with slight modification of the scaled used by Ali (2008), Hossain (2018), Ahamed and Adisa (2017), Moonmoon et. al., (2020) and Sayem et. al. (2022) to determine the Suitability Index (SIe) of each ICT tool of effectiveness scale:

      SIe = (9×f9 + 8×f8 + 7×f7 + 6×f6 + 5×f5 + 4×f4 + 3×f3 + 2×f2 + 1×f1)/n

Where,      
SIe = Suitability Index of the effectiveness item
f9 =  No. of Judges mentioned their opinion against the respective tool as most suitable, i.e.,  
        no. of Judges mentioned their opinion in the 9th column of 9-point suitability continuum     
[bookmark: _Hlk146966135]        against the respective ICT tool
f1 = No. of Judges mentioned their opinion as the respective tool was least suitable, i.e., no.  
       of Judges mentioned their opinion in the 1st column of 9-point suitability continuum  
       against the ICT tool
f8, f7, f6, f5, f4, f3, and f2 indicate the No. of Judges mentioned their opinion in the 8th, 7th, 6th, 5th, 4th, 3rd, and 2nd column of the 9-point suitability continuum respectively against the ICT tool
n = No. of Judges (Here, it was 21.)

Thus, the SIe of the items could range from 1-9, where ‘1’ indicated lowest suitable, ‘4.5’ indicated moderate suitable and ‘9’ indicates the highest suitable as the item of ICT tool. Items having an SIe of ≥ 4.5 (≥ half of the highest possible SIe of 9 or ≥ 9/2) were selected for pre-testing. 
· Selection of items after Pre-testing: Selected 28 items of ICT tools after Judges’ rating were administered to 24 farmers by taking six (6) from each of four selected upazillas as pre-test. The farmers for pre-test were chosen randomly from the population but excluded from the original sample. Based on pre-test results, three (3) items were eliminated due to non-response in the pre-tested data. As such, a total of 25 ICT tools were selected under the four types of ICT tools including 10 mobile applications, eight (8) internet browsing websites, two (2) call centers, and five (5) social media tools. 
· Computation of scores of effectiveness against an ICT tool of a rice farmer: Four dimensions of effectiveness of using ICT tools for disseminating rice production information like ‘timeliness of information’, ‘abundance of information’, ‘reliability of information’, and ‘applicability of information’ were measured as perceived by the respondent rice farmers as high, medium, low, and no effective by assigning scores as 3, 2, 1 and 0 respectively for each of the dimension of each of the ICT tool. Effectiveness score of each respondent rice producing farmer against each ICT tool was computed by using the following formula as used by Rahman (2023). 

E= Ti+Abi+Ri+Api
      
      Where,
       E = Score against the respective ICT tool of the respondent
       Ti = Timeliness of information score against the respective ICT
       Abi = Abundance of information score against the respective ICT
       Ri = Reliability of the information score against the respective ICT
       Api = Applicability of information score against the respective ICT
       i = 0, 1, 2, 3 for no, low, medium, and high effectiveness respectively

       Thus, the score of effectiveness against an ICT tool as perceived by the farmers ranged from 0-12, where ‘0’ indicates no effectiveness and ‘12’ indicates the highest effectiveness of the ICT tool. 

· Average effectiveness score against mobile application of a rice farmer: Ten (10) mobile applications like i) Krishoker Digital Thikana, ii) Krishoker Janala, iii) Pesticide Prescriber, iv) Digital Crop Calender, v) BAMIS, vi) Rice Knowledge Bank, vii) BRRI Rice Doctor, viii) Fosoli, ix) Krishoker app, and x) Google lens were selected for the study. Average effectiveness score against all the ten (10) mobile applications of a respondent rice farmer was determined by using the following formula: 

      EAMA =    

Where, 
EAMA = Effectiveness score against average mobile applications of the farmer
EMA = Effectiveness score against a mobile application
n = The number of mobile applications, the respondent used (i.e., n = 0 to 10)

· Average effectiveness score against internet browsing of a rice farmer: Eight (08) internet browsing websites like i) Ministry of Agriculture (www.moa.gov.bd) website, ii) Department of Agriculture (www.dae.gov.bd) website, iii) Agriculture Information System (www.ais.gov.bd) website, iv) Fertilizer Recommendation System (www.frs-bd.com) website, v) BRRI (www.brri.gov.com) website, vi) BADC (www.badc.gov.com) website, vii) Krishi Batayon (www.krishi.gov.com) website, and viii) Department of Food (www.fps.dg.food.gov.com) website were selected for the study. Average effectiveness score against all the eight (08) internet browsing websites of a respondent farmer was determined by using the following formula: 

      EAIB =     

Where, 
EAIB = Effectiveness score against average internet browsing of the farmer
EIB = Effectiveness score against an Internet browsing
n = The number of internet browsing, the respondent used (i.e., n = 0 to 8)

· Average effectiveness score against call centers of a rice farmer: Two (02) call center like i) Krishi Call Center (16213), and ii) Krishok Bondhu Seba (3331) were selected for the study. Average effectiveness score against all the two (02) call centers of a respondent farmer was determined by using the following formula: 

EACC=    
Where, 
EACC = Effectiveness score against average call centers of the farmer
ECC = Effectiveness score against a call center
n = The number of call centers, the respondent used (i.e., n = 0 to 2)

· Average effectiveness score against social media of a rice farmer: Five (05) social media like i) Facebook, ii) You Tube, iii) WhatsApp, iv) Messenger, and v) IMO were selected for the study. Average effectiveness score against all the five (05) social media of a respondent farmer was determined by using the following formula: 

      EASM=    

Where,
EASM = Effectiveness score against average social media of the farmer
ESM = Effectiveness score against a social media
n = The number of social media, the respondent used (i.e., n = 0 to 5)

· Computation of the effectiveness of ICT tools: The effectiveness of using ICT tools as perceived by a respondent farmer was computed by the sum of scores against all four types of ICT tools like mobile applications, internet browsing, call centers, and social media of the farmer by using the following formula:

      EICT =       
Where,
EICT = Effectiveness of ICT tools as perceived by the farmer
EAMA = Effectiveness score against average mobile applications of the farmer
EAIB = Effectiveness score against average internet browsing of the farmer
EACC = Effectiveness score against average call centers of the farmer
EASM = Effectiveness score against average social media of the farmer
n = Number of types of ICT tools used by the respondent farmer (i.e., 1, 2, 3, or 4)

Thus, the effectiveness score of ICT tools for disseminating rice production information as perceived by the farmers ranged from 0-12, where ‘0’ indicates no effectiveness and ‘12’ indicates the highest effectiveness. 

Standardized Effectiveness Index of ICT tools and Types of ICT tools 
A total of 25 ICT tools were selected under four (4) types of ICT tools including 10 mobile applications, eight (8) internet browsing websites, two (2) call centers, and five (5) social media for the study. To compare the effectiveness of each tool within the type, Standardized Effectiveness Index of each tool (SEIt) was determined. Again, to compare the effectiveness among the types of ICT tools, Standardized Effectiveness Index of each type (SEIty) was determined.

Standardized Effectiveness Index of each tool: Effectiveness Index of each tool was calculated by using the following way:

  	EIt = 
Where,
EIt = Effectiveness Index of the tool  
 = Sum of Timeliness score of the tool of all the user farmers
 = Sum of Abundance score of the tool of all the user farmers
 = Sum of Reliability score of the tool of all the user farmers
 = Sum of Applicability score of the tool of all the user farmers
n = Number of user farmers of the tool

Then Standardized Effectiveness Index (SEIt) of each tool was determined by using the following formula for better and quick understanding:

SEIt =  x 100
Where,
SEIt = Standardized Effectiveness Index of the tool
EIt = Effectiveness Index of the tool  
HEIt = Highest possible EIt of the tool = Sum of highest possible score against all the four (4) dimensions like Timeliness, Abundance, Reliability, and Applicability of information of the tool, i.e., 3x4 or 12, as 3 was the highest possible score of each of four (4) dimensions of a tool

Thus, SEIt of the tools ranged from 0-100, where ‘0’ indicating not at all effective and ‘100’ indicating highest effective.

Standardized Effectiveness Index of each type of ICT tools: Standardized Effectiveness Index of each type of ICT tools was calculated by the following way:
  	
SEIty =  

Where,
SEIty = Standardized Effectiveness Index of the type 
SEIt = Standardized Effectiveness Index of a tool under the type  
n = Number of ICT tools under each type (10 for mobile applications, 8 for internet browsing, 2 for call center and 5 for social media) 

Thus, SEIty of the types ranged from 0-100, where ‘0’ indicating not at all effective and ‘100’ indicating highest effective.

Measurement of Selected Characteristics of the Rice Farmers
Eleven socio-demographic attributes of the respondents were considered in this study based on the comprehensive literature review and consultation with resource personnel. Measurement of the socio demographic characteristics is mentioned in Table 1.

Table 1:  Measurement of the independent variables
	Sl No. 
	Characteristics
	Measuring procedures
	Possible range

	1.
	Age
	Actual age in years at the time of interview from the date of birth   
	Unknown

	2.
	Education 
	Year(s) of successful schooling 
	Unknown

	3. 
	Annual rice farming area
	Total rice farming area in hectare in three (Aus, Amon and Boro) rice growing seasons 
	Unknown

	4.
	Rice farming Experience
	Actual year(s) of rice farming experience 
	Unknown

	5. 
	ICT using experience
	Actual year(s) of using ICT tools (Mobile Apps, Internet browsing, Call center, and Social media) for farming experience
	Unknown

	6.
	Agricultural Training Exposure 
	Number of days for receiving training on different agricultural issues 
	Unknown

	7.
	Organizational participation
	By assigning scores as 0, 1, 2 and 3 for participation as no participation, general member, executive member, and executive officer respectively in 11 selected organizations
	0 to 33

	8.
	Non-ICT Extension contact
	By assigning scores as 0, 1, 2, and 3 for no contact, rare contact, occasional contact, and regular contact respectively with 12 selected non-ICT Extension media
	0 to 36

	9. 
	ICT contact
	By assigning scores as 0, 1, 2, and 3 for no contact, rare contact, occasional contact, and regular contact respectively with 25 selected ICT Extension media
	0 to 75

	10.
	Knowledge on using ICT tools
	By assigning a score of two (2) for each of 18 questions related to using ICT tools for receiving rice farming information   
	0 to 36

	11.
	Attitude towards using ICT tools for receiving rice farming information 
	By assigning scores as -2, -1, 0, 1 and 2 for strongly disagree, disagree, no opinion, agree, and strongly disagree respectively for four (4) positive statements regarding receiving rice farming information and by reverse scoring system for five (5) negative statements regarding receiving rice farming information
	-18 to
+18



Results and Discussion
Effectiveness of ICT tools for Disseminating Rice Production Information
The observed score of effectiveness of ICT tools for disseminating rice production information ranged from 2 to 11.75 against the possible range of 0 to 12 with the mean and standard deviation of 7.96 and 1.39, respectively. The respondent rice farmers were classified into three groups as perceived low, medium, and high effectiveness as shown in Table 2. 

Table 2.  Distribution of the rice farmers according to their perceived effectiveness of ICT tools for disseminating rice production information
	Categories
	Basis of categorization (score)
	Frequency
	Percent

	Low effectiveness
	Up to 4
	12
	3.5

	Medium effectiveness
	>  4 to 8
	170
	50.0

	High effectiveness
	>  8
	158
	46.5

	Total
	340
	100



[bookmark: _Hlk149511551]Data contained in the Table 2 indicated that half (50%) of the rice farmers perceived medium effectiveness, compared to 46.5% and 3.5% perceived high and low effectiveness of using ICT tools for disseminating rice production information, respectively. Setu et al. (2022a) revealed that Agricultural Information and Communication Center (AICC) was moderately effective as perceived by overwhelming majority (80%) of the farmers compared to 7.8% and 12.2% perceived as low and high effective for disseminating agricultural information. Sultana et al. (2019) reported that a majority (64.2%) of the farmers evaluated Krisoker Janala (an image-based plant disease detection system) as somewhat successful, compared to 24.5% and 11.3% farmers perceived as less effective and highly effective, respectively. In the present study, effectiveness of ICT tools for disseminating rice production information was determined based on the perception of ICT user rice farmers only. For the reason, it was found that overwhelming majority (96.5%) of the rice farmers perceived medium to high effectiveness of ICT tools for disseminating rice production information.
 
Comparative effectiveness of ICT tools for Disseminating Rice Production Information
To compare the effectiveness of using ICT tools for disseminating rice production information, Effectiveness Index (EIt), Standardized Effectiveness Index (SEIt) of each ICT tools, and Standardized effectiveness Index of each type of ICT tools (SEIty) were computed as described in methodology. Rank order was made based on the descending order of SEIty among the types of ICT tools. Again, rank order was made based on the descending order of SEIt among the ICT tools within each type as shown in Table 3.

[bookmark: _Hlk149506192][bookmark: _Hlk149505623]Table 3. Effectiveness Index (EIt), Standardized Effectiveness Index (SEIt) of ICT tools and Standardized effectiveness Index of each type of ICT tools (SEIty) with rank order                                                                                                                (N=340)
	Sl. No.
	Types of ICT tools
	User Farmers’
	EIt
	SEIt
	SEIty
	Rank Order

	
	
	Number
	Percentage (%)
	
	
	
	Among the types
	Within the type

	A
	Mobile Application
	
	
	
	
	
	
	

	1
	Krishoker Diital Thikana
	157
	46.18
	7.97
	66.45
	




63.77
	




3
	4

	2
	Krishoker Janala
	306
	90
	8.24
	68.73
	
	
	3

	3
	Pesticide Prescriber
	21
	6.18
	6.95
	57.93
	
	
	9

	4
	Digital Crop Calender
	5
	1.47
	6.8
	56.66
	
	
	10

	5
	BAMIS
	87
	25.58
	7.68
	64.08
	
	
	5

	6
	Rice Knowledge Bank
	88
	25.88
	8.27
	68.93
	
	
	2

	7
	BRRI rice doctor
	10
	2.94
	7.00
	58.33
	
	
	8

	8
	Fosoli
	49
	14.41
	7.28
	60.71
	
	
	7

	9
	Krishoker app
	67
	19.70
	7.49
	62.43
	
	
	6

	10
	Google Lens
	75
	22.05
	8.81
	73.44
	
	
	1

	B
	Internet Browsing
	
	
	
	
	
	
	

	1
	Ministry Of Agriculture
www.moa.gov.bd 
	10
	2.94
	7.6
	63.33
	








60.46
	








4
	4

	2
	Department Of Agriculture Extenion (DAE) www.dae.gov.bd 
	26
	7.65
	7.69
	64.10
	
	
	2

	3
	Agriculture Inforation System (AIS) www.ais.gov.bd 
	08
	2.35
	7.00
	58.33
	
	
	6

	4
	Fertilizer Recommendation System (www.frs-bd.com)
	08
	2.35
	6.12
	51.04
	
	
	8

	5
	BRRI (www.brri.gov.com)
	17
	5
	7.47
	62.25
	
	
	5

	6
	BADC (www.badc.gov.com)
	08
	2.35
	8.00
	66.66
	
	
	1

	7
	Krishi Batayon (www.krishi.gov.com)
	12
	3.52
	6.5
	54.16
	
	
	7

	8
	Department of Food (www.dgfood.gov.com)
	09
	2.65
	7.66
	63.88
	
	
	3

	[bookmark: _Hlk148254368]C
	Call Center
	
	
	
	
	
	
	

	1
	Krishi Call Center (16123)
	17
	5
	10.05
	83.82
	84.67
	1
	2

	2
	Krishok Bondhu Seba (3331)
	19
	5.58
	10.62
	85.52
	
	
	1

	D
	Social Media
	
	
	
	
	
	
	

	1
	Facebook
	309
	90.88
	7.94
	66.18
	

64.41
	

2
	2

	2
	You Tube
	334
	98.23
	8.38
	69.88
	
	
	1

	3
	What’s App
	147
	43.23
	7.43
	61.96
	
	
	4

	4
	Messenger
	184
	54.11
	7.23
	60.32
	
	
	5

	5
	IMO
	321
	94.41
	7.64
	63.73
	
	
	3



Based on descending order of SEIty among the types of ICT tools, call center ranked first followed by social media, mobile application, and internet browsing. Comparative effectiveness of each ICT tools under each type are presented below according to the importance of the type: 

[bookmark: _Hlk149506168]Call center: Based on descending order of SEIt of the items under call center, Krishok Bondhu Seba (3331) ranked first followed by Krishi call center (16123). But only 5.58% and 5% respondent rice farmers of the study area used Krishok Bondhu Seba (3331) and Krishi call center (16123) respectively.

[bookmark: _Hlk149506326]Social media: Based on descending order of SEIt You tube ranked first followed by Facebook, IMO, Whatsapp and Messenger. Over whelming majority 98.23%, 94.41 %, 90.88% respondent rice farmers of the study area used you tube, IMO and Facebook respectively. Messenger and Whats app used by 54.11% and 43.23% respondent rice farmers of the study area used respectively.

Mobile application: Based on descending order of SEIt of the items under mobile application, ‘Google lens’ ranked first followed by ‘Rice Knowledge Bank’, ‘Krishoker Janala’, ‘Krishoker Digital Thikana’, ‘BAMIS’, ‘Krishoker app’, ‘Fosoli’, ‘BRRI Rice Doctor’, ‘Pesticide Prescriber’ and ‘Digital Crop Calendar’.

Internet browsing: Based on descending order of SEIt of the items under internet browsing, ‘BADC (www.badc.gov.com)’ ranked first followed by ‘Department of Agriculture Extension (DAE) (www.dae.gov.bd)’, ‘Department of Food (www.dgfood.gov.com)’, ‘Ministry of Agriculture (www.moa.gov.bd)’, ‘BRRI (www.brri.gov.com)’, ‘Agriculture Information System (AIS) (www.ais.gov.bd)’, ‘Krishi Batayon (www.krishi.gov.com)’, ‘Fertilizer Recommendation System (www.frs-bd.com)’ websites. 

Selected characteristics of the rice farmers
Specific features or characteristics of human behavior have an impact on decision-making process concerning the practical actions undertaken in their life. The objective of this section is to provide a comprehensive description of 11 selected characteristics of the rice farmers which might have contribution to their perception on the effectiveness of ICT tools for disseminating rice production information. Salient features (Mean and Standard Deviation) of these 11 characteristics and distribution of the farmers according to these characteristics are presented in Table 4. 

Table 4. Distribution of the farmers according to their characteristics
	Characteristics
	Categories
	Basis of Categorization
	Respondents
	Mean
	S.D.

	
	
	
	Frequency
	Percentage
	
	

	Age
	Young aged
	up to 35 years
	97
	28.5
	
42.27
	
10.83

	
	Middle aged
	36-50 years
	168
	49.4
	
	

	
	Old aged
	above 50 years
	75
	22.1
	
	

	Education
	Illiterate 
	0
	7
	2.0
	

9.52

	

3.13



	
	Primary Education
	1-5
	36
	10.6
	
	

	
	Secondary education
	6-10
	188
	55.3
	
	

	
	Higher secondary education
	11-12
	62
	18.3
	
	

	
	Tertiary education 
	0
	7
	2.0
	
	

	Rice farming area
	Small 
	up to 1 ha.
	227
	66.8
	
0.97
	
0.79

	
	Medium 
	>1 to 3 ha.
	102
	30
	
	

	
	Large 
	>3 ha.
	11
	3.2
	
	

	Rice farming experience
	Low 
	up to 10 years
	131
	38.5
	
16.30
	
9.92

	
	Medium 
	>10 to 20 yrs
	123
	36.2
	
	

	
	High 
	>20 years
	86
	25.3
	
	

	ICT using experience
	Low 
	up to 5 years
	271
	79.7
	
4.12
	
2.54

	
	Medium
	6 to 10 years
	56
	16.5
	
	

	
	High 
	>10 years
	13
	3.8
	
	

	Agricultural training exposure
	No Training exposure
	0 day
	198
	58.2
	
1.13
	
2.57

	
	Low Training exposure
	1 to 5 days
	131
	38.5
	
	

	
	Medium Training exposure
	>5 days
	11
	3.3
	
	

	Organizational Participation
	No participation
	0
	57
	16.8
	
3.42
	
3.99

	
	Low participation
	1 to 7
	245
	72.0
	
	

	
	Medium participation
	8 to 14
	24
	7.1
	
	

	
	High participation
	>14
	14
	4.1
	
	

	Non-ICT extension contact
	Low contact
	1 to 12
	73
	21.5
	
18.24
	
6.32

	
	Medium contact
	13 to 24
	205
	60.3
	
	

	
	High contact
	>24
	62
	18.2
	
	

	ICT extension contact
	Low contact
	1 to 25
	315
	92.6
	
15.45
	
5.90

	
	Medium contact
	26-50
	25
	7.4
	
	

	Knowledge on using ICT tools
	Low knowledge
	Up to 12
	71
	20.9
	
17.44
	
5.69

	
	Medium knowledge
	13 to 24
	240
	70.6
	
	

	
	High knowledge
	>24
	29
	8.5
	
	

	Attitude towards using ICT tools
	Low favorable attitude 
	Up to 12
	325
	95.6
	
2.73
	
1.62

	
	Medium favorable attitude
	13 to 24
	15
	4.4
	
	

	
	Total
	340
	100
	
	



[bookmark: _Hlk148868622]Results revealed that majority (77.9 %) of the farmers were young and middle-aged aged. Majority (55.3%) of farmers had secondary level of education compared to 18.3% and 13.8% had higher secondary and tertiary education and 10.6% had primary level of education. Only 2.0% of farmers were illiterate. Overwhelming majority (96.80 %) of the farmers had small to medium rice farming area. Majority (61.5%) of them had medium to high rice farming experience. Overwhelming majority (96.2%) of the farmers had low to medium ICT using experience. Majority (58.2%) of the farmers didn’t attain any training compared to 38.5 % and 3.3 % had low and medium agricultural training experience respectively. Majority (72.0 %) of the farmers had low level of organizational participation, followed by 16.8 % of them had no participation, 7.1 % of them had medium level of organizational participation and 4.1 % of them had high level of organizational participation. Overwhelming majority (81.8%) of them had low to medium non-ICT extension contact. Overwhelming majority (92.6%) of the farmers had low ICT contact and rest 7.4% of them had medium ICT contact. Majority (79.1%) of the farmers had medium to high knowledge of using ICT tools. All (100%) the farmers had low to medium favorable attitude towards using ICT tools for receiving rice farming information. Overwhelming majority (95.6%) of them had low favorable attitude, and rest 4.4% of them had medium favorable attitude towards using ICT tools for receiving rice farming information. 

[bookmark: _Hlk148989541]Contribution of the selected characteristics of the farmers to their perceived effectiveness of using ICT tools for disseminating rice production information
Full model multiple regression analysis was run by involving 11 selected characteristics of the rice farmers like age (X1), education (X2), rice farming area (X3), rice farming Experience (X4), ICT using experience (X5), agricultural training exposure (X6), organizational participation (X7), non-ICT extension contact (X8), ICT contact (X9), knowledge on using ICT tools (X10) and attitude towards using ICT tools for receiving rice farming information (X11) as independent variables with their perceived effectiveness of using ICT tools for disseminating rice production information as the dependent variable (Y) for determining the extent of contribution of the selected characteristics of the farmers to their effectiveness of using ICT tools for disseminating rice production information. It was observed that out of 11 selected characteristics of the respondent rice farmers, four (4) namely ICT using experience (X5), ICT contact (X9), knowledge of using ICT tools (X10), and attitude towards using ICT tools (X11) had significant positive contribution to their perceived effectiveness of using ICT tools for dissemination rice production information. Other seven (7) characteristics had non-significant contribution to their perceived effectiveness of using ICT tools for dissemination rice production information (Table 5).  

In Collinearity Statistics, it was found that the Tolerance of the independent variables (selected characteristics of the farmers) were >0.383 and the Variance Inflation Factor (VIF) of the independent variables were <2.611. Miles (2014) suggested that generally, a Tolerance of <0.25 or VIF of >4 indicates that multicollinearity might exist, and further investigation is required. When Tolerance is lower than 0.1 or VIF is higher than 10, there is significant multicollinearity that needs to be corrected. James et al. (2013) also reported that VIF of 5 or less is not problematic for collinearity in a multivariable (linear or logistic) model. In the full model regression analysis results, it was found that Tolerance and VIF of all the independent variables were in the acceptable range, i.e., there were acceptable multicollinearity among the independent variables. Malek (2021), and Hossain, et al. (2023) used this procedure to determine the acceptable range of multicollinearity. On these considerations, the results of the full model regression analysis were accepted.

Table 5. Summary of full model regression analysis showing the contribution of the farmers to their perceived effectiveness of using ICT tools for disseminating rice production information
	Model
	Standardized Coefficients `b’
	Value of `t’
	Sig.
	Collinearity Statistics

	
	
	
	
	Tolerance
	VIF

	Constant
	4.790
	10.400
	0.000
	
	

	Age (X1)
	0.108
	1.643
	0.101
	0.407
	2.458

	Education (X2)
	0.029
	0.581
	0.562
	0.715
	1.399

	Annual rice farming area (X3)
	0.001
	0.030
	0.976
	0.885
	1.130

	Rice farming Experience (X4)
	0.015
	0.228
	0.820
	0.383
	2.611

	ICT using experience (X5)
	0.172**
	2.977
	0.003
	0.522
	1.917

	[bookmark: _Hlk146458440]Agricultural Training Exposure (X6)
	0.063
	1.417
	0.157
	0.898
	1.114

	Organizational participation (X7)
	0.036
	0.604
	0.546
	0.490
	2.043

	Non-ICT Extension contact (X8)
	0.021
	0.442
	0.659
	0.804
	1.244

	ICT extension contact (X9)
	0.136**
	2.649
	0.008
	0.661
	1.513

	Knowledge on using ICT (X10)
	0.146**
	3.025
	0.003
	0.753
	1.329

	[bookmark: _Hlk149505838]Attitude towards using ICT tools for receiving rice farming information (X11)
	0.329**
	5.473
	0.000
	0.485
	2.062

	R= 0.653
R2 = 0.427
Adjusted R2 = 0.408
F-ratio = 22.198 at 0.000level 


**Significant at 1 % level, *Significant at 5 % level, NSnon-significant

Data presented in Table 4. indicated that multiple R, R2, adjusted R2 in the multiple regression analysis were 0.653, 0.427, 0.408, respectively. The corresponding F-ratio of 22.198 was significant at 0.000 level. The regression equation so obtained is as follows:

Y = 4.79 + 0.172X5 + 0.136X9 + 0.146X10 + 0.329 X11

The findings demonstrated that the comprehensive model consisting of 11 independent variables accounted for 40.8 percent of the overall variability in the effectiveness of using ICT technologies to disseminate rice production information among farmers. However, given that the standardized regression coefficient of four variables formed the equation and was statistically significant, it may be concluded that any impact observed was solely attributable to these four variables.

Conclusions
[bookmark: _Hlk149507960]Use of ICT tools is helpful to increase crop productivity. However, effective use of ICT tools is required to boost productivity. Findings indicated that half (50%) of the respondent rice farmers perceived medium effectiveness compared 46.5% and 3.5% perceived high and low effectiveness of using ICT tools for disseminating rice production information, respectively. Therefore, it can be concluded that farmers’ lower and moderate perceived effectiveness of using ICT tools for disseminating rice production information need to be improved. Based on descending order of SEIty among four (4) types of ICT tools, call center ranked first followed by social media, mobile application, and internet browsing. Under call center, Krishok Bondhu Seba (3331) ranked first followed by Krishi call center (16123). But only 5.58% and 5% respondent rice farmers of the study area used Krishok Bondhu Seba (3331) and Krishi call center (16123) respectively. Therefore, it may be concluded that attempt should be taken to increase the effective use of call centers for information dissemination. Attempts should also be taken to increase effective use of social media, mobile applications, and internet browsing. ICT using experience, ICT contact, knowledge of using ICT tools, and attitude towards using ICT tools had significant positive contribution to their perceived effectiveness of using ICT tools for dissemination rice production information. Therefore, it may be concluded that attempts should be taken to increase the use of ICT by the farmers, so that they could be increase their knowledge and experience on using ICT and favorable attitude towards using ICT tools for disseminating rice production information which ultimately could increase their perception on effectiveness of using ICT tools for disseminating rice production information.
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