 CHAPTER 3

METHODOLOGY

Research is a systematic and intensive process of carrying out a scientific method of analysis. As per Creswell (2008), “Research is a process of steps, used to collect and analyze information, to increase our understanding of a topic or issue.” Research methodology is a structured set of guidelines or activities to generate valid and reliable research results (Mingers, 2001). Methodology deserves cautious consideration in any scientific research. The process enables the researcher to collect valid and reliable information related to the hypotheses or researchable questions, which can be analyzed in order to arrive at correct conclusions. This Chapter has been divided into 13 sections. The first one deals with the locale of the study, the 2nd section describes the population and sampling procedure, and the 3rd section depicts the study’s research design. The development of the interview schedule and methods of data collection are described in 4th and 5th sections, respectively. The data collection and scale construction are described in 6th and 7th section, respectively. The 8th section deal with the variables and their measurement. Constraints in agricultural diversification, FGD, case study and data processing, categorization and statistical analysis are described in sections 9th, 10th, 11th and 12th, and finally the formulation of hypotheses is described in the last section (13th). 
3.1 Locale of the Study

The study was conducted in the Rangpur division of northern Bangladesh, which consists of eight districts. This division is vulnerable to natural disasters such as floods, flash floods, river erosion, droughts, and cold waves because it is in the Barind Tract and the Tista & Jamuna-Brahmaputra River basins. The livelihood base of the people suffers considerably from exposure to diverse natural hazards. This division encompasses agro-ecologically disadvantaged areas, including Upland, Charland, and parts of the medium Barind Tract regions
Charland refers to land that emerges inside rivers or on floodplains as a result of sediment deposition (accretion) during floods. Chars may be “island chars” (surrounded by water) or “attached chars” (connected to the mainland under normal river flow). Once vegetated and stabilized, these lands can be used for settlement or farming. There are many charlands associated with major rivers such as the Brahmaputra, Teesta, Dharla, and Jamuna, which cover vast areas of the Lalmonirhat, Kurigram, Gaibandha, and Nilphamari districts. The soil is typically fertile due to the alluvial deposits, although it can be sandy with low to medium organic matter, and the pH is low.  

Upland is older, more stable land that is relatively elevated compared to floodplains and chars, which are mostly found in districts like Thakurgaon, Panchagarh, and parts of Rangpur and Dinajpur.  The soil is often older alluvium ("old floodplain/terrace") rather than the recent alluvium of char land. Upland areas are less prone to seasonal flooding and erosion than char lands, making them more stable for permanent settlement and agriculture.

Barind Tract is the largest Pleistocene terrace in the country, in the northwestern part of Bangladesh, covering parts of northwestern Bangladesh including Dinajpur and Rajshahi districts. It is characterized by its relatively higher elevation, which keeps it from flooding during the monsoon season, unlike the surrounding floodplains.  The Barind Tract in Rangpur Division is limited, mainly covering parts of Dinajpur and some parts of Rangpur District.

Therefore, this study was conducted in the Kurigram, Thakurgaon, and Dinajpur districts, purposively selected to represent the three primary zones: Charland, Upland, and Barind Tract. One upazila (sub-district) from each district was also purposively selected, as mentioned in Figure 3.1 of the map. The basic information of the selected three upazila (sub-district) namely Kurigram Sadar, Thakurgaon Sadar and Hakimpur, is given below:
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Figure 3.1 Map of study area
The Kurigram Sadar upazila (sub-district) covers an area of 276.43 sq km and consists of one municipality, eight union parishads, and 266 villages. According to the Population and Housing Census 2022 (BBS, 2023c), the total population of this upazila is 361,408, and the average literacy rate is 64.11 percent. The total cultivable land area is 21,246 hectares, of which 3,186 hectares are used for single crops, 11,400 hectares for double crops, 5,423 hectares for triple crops, and 46 hectares for quadruple crops. The cropping intensity of this upazila is 211.6 percent. There are a total of 68,391 farm families in this upazila, including 13,421 landless families, 23,578 marginal families, 26,915 small families, 4,188 medium families, and 289 large families. The main sources of income are: agriculture 53.32 percent, non-agricultural labor 10.12 percent, industry 0.57 percent, commerce 13.01 percent, transport and communication 3.15 percent, service 8.97 percent, construction 1.17 percent, religious service 0.21 percent, rent and remittance 0.24 percent, and others 9.24 percent. This upazila experiences heavy rainfall during the rainy season, with an average annual rainfall of about 3,000 millimeters. Several rivers flow through the center of Kurigram. The major rivers are the Brahmaputra (now called the Jamuna), Dharla, and Teesta. There are a total of 1,244 ponds, and the total fish production is 2,000 MT against a demand of 4,750 MT. There are a total of 136,532 cows, 61,465 goats, and more than 0.5 million poultry birds, including 1,706 livestock farms and 109 poultry farms.

The Thakurgaon Sadar upazila occupies an area of 654.95 square kilometers and consists of one municipality, 22 union parishads, and 326 villages. According to the Population and Housing Census 2022 (BBS, 2023c), the total population of this upazila is 656,792, and the average literacy rate is 76.85 percent. There are a total of 55,105 hectares of cultivable land, with a single-cropped area of 9,603 hectares, a double-cropped area of 96,186 hectares, and a triple-cropped area of 46,613 hectares. The cropping intensity of this upazila is 239 percent. The distribution of farmers is as follows: 17,800 landless, 47,800 marginal, 45,200 small, 17,200 medium, and 7,400 large farmers. The total number of fish farmers in this upazila is 5,138, and fish ponds number 8,437, of which public ponds number 110 and private ponds number 8,327. The main sources of income of the people are: agriculture 65.07 percent, non-agricultural labor 3.75 percent, industry 0.49 percent, commerce 11.94 percent, transport and communication 4.87 percent, service 6.97 percent, construction 1.32 percent, religious service 0.14 percent, rent and remittance 0.22 percent, and others 5.23 percent. The main rivers are Tangon, Nagar, Kulik, and Pathari. The climate is temperate; the highest average temperature is 33.5°C, while the lowest average is 10.05°C, and the average annual rainfall is 2,536 mm. The total fish production is 14,893 MT, with a demand of 13,026 MT. There is one government fish hatchery and six private fish hatcheries. There are a total of 278,846 cows, 104,230 goats, and more than 2 million poultry.

The Hakimpur upazila covers an area of 99.92 sq km and consists of one municipality, three union parishads, and 83 villages. According to the Population and Housing Census 2022 (BBS, 2023c), the total population of this upazila is 95,972, and the average literacy rate is 64.11 percent. The total cultivable land area is 8,371 hectares, of which 201 hectares are used for single crops, 4,729 hectares for double crops, 3,370 hectares for triple crops, and 80 hectares for quadruple crops. The cropping intensity of this upazila is 225 percent. There are a total of 14,342 farm families in this upazila. The main sources of income of the people are: agriculture 54.26 percent, non-agricultural labor 2.85 percent, industry 0.64 percent, commerce 23.74 percent, transport and communication 4.91 percent, service 4.82 percent, construction 0.69 percent, religious service 0.15 percent, rent and remittance 0.26 percent, and others 7.68 percent. Although Hakimpur Upazila is mainly in the Barind region, the soil of this region is classified as Tista Meander Floodplain, Level Barind, based on soil quality. The soils in this region are mainly loamy, bunnett, and acidic. The main crops are paddy, wheat, potato, jute, sugarcane, and oilseeds. No major river flows through Hakimpur Upazila, but two tributaries, named Tulsiganga and Chhota Jamuna, flow through it. There are a total of 62,313 cows, 40,000 goats, and more than 0.7 million poultry birds, including 1,233 livestock farms and 181 poultry farms.

3.2 Population and Sampling Procedure

This study employed a multi-stage sampling procedure to select the sample in line with the research objectives. In the first stage, three districts—Kurigram, Thakurgaon, and Dinajpur—of northern Bangladesh were purposively selected to capture agro-ecological variation. In the second stage, one upazila from each district was purposively chosen to represent differences in farming systems. In the third stage, one union from each selected upazila was randomly selected, followed by two villages from each union (total six villages), which were also selected randomly.

At the final stage, farm households were selected using simple random sampling within the selected villages, ensuring that every household had an equal chance of inclusion (Olken & Rotem, 1986). The total population comprised 2,720 farm households from the six villages, each with at least three years of farming experience and involved in multiple agricultural activities. The sample size was determined using Yamane’s (1967) formula, a widely adopted method in agricultural research:
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Where, 

n = sample size being determined, 

N = refers total population in the areas, 

1= is constant and 

e = refers the error term perceived to be 0.05 level of precision. 

The number of farm households from each village and upazila was determined using the Population Proportional Sampling Method (PPSM), adopted from Borku et al. (2024). Consequently, 348 farm households were selected, with the sample size for each village proportionally allocated according to its population. The relatively large sample size (>200) further ensures the validity of the population estimates (Kline, 2005). The detailed distribution of the population and sample size with sampling procedure of the study are presented in Table 3.1.
Table 3.1 Distribution of population and sample of the farmers in the study area 

	Purposive
	Random
	PPSM

	Situation
	District
	Upazila
	Union
	Village
	Population
	Sample

	Charland
	Kurigram
	Sadar
	Jatrapur
	Char Jatrapur
	564
	72

	
	
	
	
	Garuhara
	490
	63

	Upland
	Thakurgaon
	Sadar
	Nargun
	Uttar Bochapukur
	410
	52

	
	
	
	
	Purbo Nargun
	468
	60

	Barind Tract

	Dinajpur

	Hakimpur

	Alihat

	Alihat
	476
	61

	
	
	
	
	Koktara
	312
	40

	
	
	
	
	Total
	2720
	348


PPSM = Population Proportional Sampling Methods 
3.3 Research Design of the Study
The design of research is the most important and critical aspect of research methodology. In a broad sense, research design is the process of planning and carrying out research. The research design enables the researcher to answer research questions as objectively, accurately, and economically as possible. The research design refers to the overall plan or structure used to conduct the study (Shaughnessy et al., 2006). The research design followed in the present study was ex-post-facto, because of uncontrollable and non-manipulating variables. The ex-post-facto research being a systematic empirical inquiry the scientist has no direct control over independent variables.   
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Figure 3.2 Flow-diagram of the research design 

Robinson (1976) defined an ex-post-facto design as “systematic empirical inquiry in which the independent variables have not been directly managed because they already occurred or because they are inherently not manageable”. Again, a mixed-method approach was chosen for the study. This study was employed both quantitative and qualitative research approaches. Thus, this study also uses data from a survey using structured questionnaires as well as from Focus Group Discussions (FGDs) and Case studies.

3.4 Developing the Interview Schedule

The interview schedule was designed on the basis of objectives as well as independent variables, and dependent variables considered for the study. The schedule consists of different types of questions related to this study and the questions framed were simple, clear and directly related to the purpose of the study and were arranged in logical sequence. To facilitate the respondents, the interview schedule was translated in ‘Bengali’. Each question was thoroughly examined and discussed with the experts before finalizing the interview schedule. Adequate precautions and care were taken into consideration to formulate the questions in a manner that they were well understood by the respondents and would find it easier to respond. Before using prepared interview schedule for collection of data, it was pretested by 30 non-sample respondents (10 from each of the unions) and also checked its reliability and validity. On the basis of experience gained in pre-testing and judge rating the necessary modifications and suggestions were incorporated in the schedule. After that the finalized schedule was used for data collection. The final interview schedule is given in Appendix I.
3.4.1 Validity

Validity refers to “the degree to which the data collection instrument measures what it is supposed to measure rather than something else” (Hasan et al., 2018). In other words, it is best available approximation to the truth or falsity of a given inference, proposition or conclusion. The validity of interview schedule used for this study was maximized by taking following steps:

· The interview schedule was thoroughly discussed with the concerned scientists and member of supervisory committee and their suggestions were incorporated.

· Pre-testing of interview schedule provided an additional check for improving the instrument.

· The relevancy of each question in terms of objectives of study, their logical order and wordings of each question was checked carefully.

3.4.2 Reliability

Reliability of an interview schedule refers to the extent to which a questionnaire, test, observation or any measurement procedure produces the same results on repeated trials. In short, it is the stability or consistency of scores obtained from the respondents over time (Hasan et al., 2018). The reliability of interview schedule used in the investigation was tested by using test-retest method of estimating reliability. A total of 20 non-respondent farmers of the study area were randomly selected and interviewed and again they were re-interviewed after 2 to 3 weeks with the same schedule used at the time of first interview. Since same responses were observed, the reliability of the interview schedule was ensured.

3.5 Methods of Data Collection

The present study considered both qualitative and quantitative data, collected from primary as well as secondary sources. Primary data were collected through personal interviews using a structured interview schedule conducted at the respondents’ homes. The interviews were carried out by the researcher personally. Prior to the interviews, respondents were informed of the actual purpose of the study, and careful efforts were made to establish good rapport in order to secure their full cooperation.

Respondents were assured that the information they provided would remain confidential. The interviews were conducted in a formal yet friendly atmosphere to ensure smooth communication. The researcher took necessary precautions before data collection to ensure the validity and reliability of the information. In addition, focus group discussions (FGDs) and case studies were employed as complementary data collection methods.

3.6 Data Collection

Both quantitative and qualitative methods were used to collect data for the study. The data were gathered personally by the researcher. The survey was conducted using a structured questionnaire through face-to-face interviews. In addition, focus group discussions (FGDs) and case studies were employed as complementary data collection methods. The researcher established good rapport with the respondents to ensure they provided accurate and honest responses. Necessary precautions were taken before data collection to ensure the validity and reliability of the information. Data were collected from August to December 2024.

3.6.1 Quantitative data gathering method

The household survey was conducted to gather data in a systematic way from the farmers to test the hypothesis formulated and gain an understanding of the agricultural diversification for livelihood security of the farmers. This method was also be used to establish relationships. 

3.6.2 Qualitative data gathering methods

Qualitative methods are appropriate when the phenomena of the study are complex and social in nature (Liebscher, 1998) and in a situation in which one needs to first identify the variables that might later be tested quantitatively (Hoepfl, 1997). These methods are increasingly used in effectiveness measurement (Alam, 2018). In this study, Focus Group Discussions (FGDs) and Case Studies were employed to capture the real situation of agricultural diversification and livelihood security among farmers. The purposes of these methods, along with their corresponding target groups, are summarized in Table 3.3.
Table 3.3 Purposes of application of qualitative methods on different target groups

	Type of methods
	Purposes
	Target groups

	Focus Group Discussion
	To gain a deeper understanding of the context, meanings, and nuances behind quantitative findings
	Respondents

	Case Study
	To understand in depth a particular phenomenon and its associated issues
	Particular farm family 


3.7 Scale Construction

Meaning of scaling: In social sciences, scaling is the process of measuring or ordering entities with respect to quantitative attributes. Scaling involves creating a continuum upon which measured objects are located. It refers to the procedures used to assign numbers to various degrees of opinion, attitude, or other abstract concepts. This can be done in two ways: (i) by making a judgment about certain characteristics of an individual and placing them directly on a scale defined in terms of those characteristics, or (ii) by constructing questionnaires such that the scores of an individual’s responses assign them a position on a scale.

A scale can be described as a continuum, consisting of the highest point (in terms of some characteristic, e.g., preference or favorableness) and the lowest point, along with several intermediate points between these two extremes. These scale points are arranged such that when the first point represents the highest degree of a given characteristic, the second point indicates a lower degree compared to the first, the third point indicates a lower degree than the second, and so on. Numbers are thus assigned to individuals corresponding to their positions on the scale, reflecting distinctions in the intensity of their attitudes or opinions. The concept of scaling becomes clearer when considered in the context of specific scaling techniques. The term scaling is applied to procedures that attempt to determine quantitative measures of subjective and abstract concepts. Scaling has been defined as a “procedure for the assignment of numbers (or other symbols) to a property of objects in order to impart some of the characteristics of numbers to the properties in question” (Kothari, 2004).

Scale construction techniques: Scale construction refers to the creation of empirical measures for theoretical constructs; these measures usually consist of several items. The process of measurement involves the assignment of numbers to empirical realizations of the variables of interest. Following are the five main techniques, by which scales can be developed.
1. Arbitrary approach: It is an approach where scale is developed on ad hocbasis. This is the most widely used approach. It is supposed that such scales measure the concepts for which they have been designed, although there is little evidence to support such an assumption.
2. Consensus approach: Here a panel of judges evaluates the items chosen for inclusion in the instrument in terms of whether they are relevant to the topic area and ambiguous in implication.

3. Item analysis approach: Under it a number of individual items are developed into a test which is given to a group of respondents. After administering the test, the total scores calculated for everyone. Individual items are then analyzed to determine which items discriminate between persons or objects with high total scores and those with low scores.

4. Cumulative scales: Cumulative scales are chosen on the basis of their conforming to some ranking of items with ascending and descending discriminating power. For instance, in such a scale the endorsement of an item representing an extreme position should also result in the endorsement of all items indicating a less extreme position.

5. Factor scales: Factor scales may be constructed on the basis of inter correlation of items which indicate that a common factor accounts for the relationship between items. This relationship is typically measured through factor analysis method (Kothari, 2004). 

3.8 Variables and their Measurement

The researcher took adequate care in selecting the variables of the study. Considering personal, economic, social, and psychological factors of farmers, the time and resources available to the researcher, reviewing relevant literature, and consulting with relevant experts, the researcher selected the independent variables, the primary dependent variable, and an associated outcome variable for the study.

An independent variable is a factor that is manipulated or observed by the researcher to ascertain its relationship with a phenomenon. The 15 selected characteristics of the farmers were considered as independent variables in this study, namely: age, educational qualification, family size, farming experience, farm size, non-agricultural income, irrigation intensity, farm mechanization, decision-making ability, risk orientation, attitude towards agricultural diversification, social participation, credit-seeking behaviour, extension media contact, and market accessibility.

A dependent variable is a factor that appears, disappears, or varies as the researcher introduces, removes, or varies the independent variables (Townsend, 1953). In this study, the primary dependent variable is agricultural diversification, which is directly predicted or explained by the independent variables. The study also examines livelihood security as an associated outcome variable. This variable is not directly predicted by the 15 independent variables; rather, the study explores its association with agricultural diversification. Livelihood security is treated as an outcome of interest whose variation may relate to the primary dependent variable without implying direct causation from all independent variables. The variables were operationalized through direct questions, developing relevant scales by the researcher, and adopting scales developed by others, as shown in Table 3.4.   

Table 3.4 Information about variables and their empirical measurement
	Sl. No.
	Variables
	Measuring Unit
	Operationalization

	
	Independent variables
	
	

	1.
	Age
	Actual years
	Direct question

	2.
	Educational qualification  
	Score (Schooling)
	Direct question

	3.
	Family size
	Number
	Scale developed for this study

	4.
	Farm size
	Hectare
	Scale developed for this study

	5.
	Farming experience
	Number of years
	Scale developed for this study based on Islam (2020)

	6.
	Non-agricultural income
	Score 

(“000” Taka)
	Scale developed for this study based on Islam (2020)

	7.
	Irrigation intensity
	Score
	Scale developed for this study

	8.
	Farm mechanization
	Score
	Scale developed for this study with help of Bharadwaj (2019)

	9.
	Decision-making ability
	Score
	Scale developed for this study with the help of Islam (2020)

	10.
	Risk orientation
	Score
	Scale developed for this study with the help of Kumari (2021)

	11.
	Attitude towards agricultural diversification
	Score
	Scale developed for this study with the help of Rai (2015)

	12.
	Social participation
	Score
	Scale developed for this study with the help of Islam (2020)

	13.
	Credit seeking behaviour
	Score
	Scale developed for this study with the help of Bagri (2020) and Rai (2015) 

	14.
	Extension media contact
	Score
	Scale developed for this study

	15.
	Market accessibility
	Score
	Scale developed for this study with the help of Savitha (2009)

	
	Dependent Variable
	
	

	16.
	Agricultural Diversification
	Value ranges between 0 and 1
	Simpson Index of Diversification (SID) 

(Simpson, 1949) followed by Rai (2015)

	
	Outcome Variable
	
	

	17.
	Level of Livelihood Security
	Score
	Index developed by Karuna Jeba Mary and Karthikeyan (2013) with slide modifications


3.8.1 Measurement of independent variables

The measurements of various independent variables included in the study are given below:

3.8.1.1 Age

It refers to the chronological age of a respondent at the time of interview rounded off to the nearest year. It also plays a vital role in acquiring knowledge about agricultural innovations, methods, strategies thereby; it leads to adopt agricultural diversification for livelihood security of the farmers. Age of a respondent was measured in terms of complete years from his/her birth to the time of interview. A score of 1 was given for each year of age.

3.8.1.2 Educational qualification
Education is the process of bringing the desirable changes in one’s behaviour. It is one of the important factors which affect to adopt agricultural diversification for livelihood security of the farmers. Educational qualification here refers to the number of years of formal schooling completed by the respondents. It was measured by the year of schooling. If a respondent did not attain formal education and cannot read and write, his/her score was assigned as zero (0); if he/she could sign only his/her score was assigned as one-half (0.5). A score of one (1) was assigned for each year of completed schooling. This characteristic appears in item number 2 of the interview schedule, as presented in Appendix I.

3.8.1.3 Family size

Size of family refers to the total number of members residing in the family of the respondent. The family size of the respondent was determined on the basis of the number of members in his family including himself, his wife, children and other dependents, living in a nuclear family. Family size of a respondent was measured by computing a ‘family size score’ on the basis of total number of members in a respondent’s family. The total number of family members was considered as his/her family size score. If a respondent had 6 members in his family the score of family size was taken as six.

3.8.1.4 Farm size

Farm size of a respondent refers to the total area of land on which his family carried out by operations by benefit. Farm size of a respondent included the areas of homestead, own land under own cultivation, cultivated area, pond area, and others (if any) to the family and it expresses in terms of hectares by using the following formula:

FS = A+B+C+D

Where,

FS = Farm size

A= Homestead 

B= Cultivated area
C= Pond area 

D= Others (If any)

The data is collected in local unit at the time of data collection and then converted to hectare. 

3.8.1.5 Farming experience

Farming experience refers to the number of years from which the farmer is engaged in farming. Farming experience helps an individual to think in a better way and makes a person more mature to take right decision. This is a period from which farmer is actually cultivating land with his own experience. It was recorded in completed years as reported by the farmers. This variable appears in item number 5 of the interview schedule (Appendix I).

3.8.1.6 Non-agricultural income

Non-agricultural income was operationalized as the total income in taka of the respondent from other subsidiary occupations in a year at the time of enquiry. Non-agricultural income earned by the respondent from all available resources was assessed considering from non-agricultural sources (Business, Service, transporting, day labour, machinery rental, land lease, and others). Thus, yearly earnings from non-agricultural sources were added together to obtain non-agricultural income of a respondent. Average non-agricultural income was calculated by multiply the monthly income with 12.  Family income of an individual was expressed in thousand Taka and 1 score was given for one thousand taka. 

3.8.1.7 Irrigation intensity

It is characterized as net agriculture area irrigated throughout the year. All possible mode of irrigation like low lift pump, shallow tube well, deep tube well, solar pump, manual & artesian well, and others (if any) are considered for calculation of irrigation intensity by using following formula (Reddy & Reddy 1992).
Irrigation intensity =[image: image7.png]__ Grossirrigated area (hac.)
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3.8.1.8 Farm mechanization
Farm mechanization has been defined as the use of labour saving (human and animal), time-saving and efficient working devices for farm operations and was measured. For calculating farm mechanization index, the number of years each farm/machine/implement used by the farmer was multiplied by its weightage and was added up for all farm machines/implements the farmer had used. The total score indicated the level of farm mechanization of the particular farmer. Bharadwaj (2019) used the similar measurement technique to measure the farm mechanization. 

3.8.1.9 Decision-making ability

Decision-making process was operationalized as the nature of the decision-making (individual, joint or collective) that the farm family has resorted to, while performing farming activities. Decision-making related to farming was considered in the study. To determine decision-making ability of the respondents 10 items were considered and measured on 3-point continuums with slight modification of Islam (2020). The score of 3, 2 and 1 were given to ‘individual’, ‘joint with spouses’ and ‘collective’ style of decision making, respectively. Higher the score indicates more the individual decisions and lesser the score indicate the more the collective decisions. The total decision-making ability score of a respondent was computed by adding his scores for all the three aspects. Thus, the decision-making score ranged 10 to 30 where 10 indicate a low-level decision making and 30 indicate high-level decision-making ability.

3.8.1.10 Risk orientation

Risk orientation refers to degree to which farmer was oriented towards risks and uncertainty in accepting new ideas in agricultural diversification. It is the degree to which a farmer is oriented towards risk and the problems in farming. Risk orientation scales having eight statements were constructed to measure risk orientation of the respondents. The Likert method of summated rating was used in this study for measuring risk orientation of the respondents (Likert, 1932). The respondents were asked for each statement of the scale whether they strongly agree, agree, undecided, disagree and strongly disagree. Weight assigned to the above five alternative responses were 5, 4, 3, 2, and 1 respectively for positive statements and the weight system was reversed for the negative statements. Finally, the risk orientation score of a respondent was determined by adding up the scores for his responses to all the statements. Scores for risk orientation of the respondents could range from 8 to 40, where 8 indicating very low risk orientation and 40 very high-risk orientations of the respondents. Kumari (2021) used the similar measurement of scale to measure the risk orientation.
3.8.1.11 Attitude towards agricultural diversification

Aiken (1982) refers attitude as a tendency to react positively or negatively to some person, object, situation, institution or event. In present study it is operationally defined as the degree of favourable or unfavourable feeling of respondents towards agricultural diversification. Attitudes is gained through experiences and have a strong impact on the behaviour exerted by an individual. Further, it also helps the individual in decision making skills efficiently. Attitude determines the outcome. Attitude is a multi-dimensional component of personality, beliefs, values, behaviours, and motivations. It plays vital role in providing internal cognitions or beliefs and thoughts about people and objects and help us to behave in a particular way toward an object or person. Attitude is learned and enduring which means it is acquired as a result of socialization and not subject to easy change. It is a good indicator of human behaviour. Therefore, it becomes essential to study individuals’ attitude towards new agriculture practices as it involves both belief and emotional component of human personality. Based on this attitude-behaviour relationship, people may develop positive or negative attitude towards new agriculture practices. 
To measure attitude of farmers towards agricultural diversification, scale was developed and standardized and same was used in the present study for measuring the attitude of farmers towards agricultural diversification (Rashid et al., 2025). The scale consisted of 14 statements out of which 8 statements were positive and 6 statements were negative. The schedule was administered to the respondents with five-point continuum viz., strongly agree, agree, undecided, disagree and strongly disagree with 5, 4, 3, 2, and 1 score. For this variable the score of a respondent could range 14 to 70, where 14 indicating strongly disagree and 70 indicating strongly disagree. Rai (2015) used the similar measurement scale to measure the attitude towards the agricultural diversification.
3.8.1.12 Social participation

Social participation refers to the degree of involvement of the respondent in the activities of formal and informal social organizations as member. Social participation of farmers was studied by considering their membership and extent of participation. It denotes the extent to which an individual is actively involved in the community affairs. It also plays pivotal role in influencing the behaviour of farmers for profit maximization, risk reduction and securing livelihood of family. The social participation of a respondent was measured on the basis of the nature of participation in various local formal and informal groups or organizations and duration of participation. The variable appears in item number 7 of the interview schedule (Appendix I). The researcher identified five (5) groups and organizations in the study area. Scores against the status of participation of an individual in group were 0 for ‘not involved’, 1 for ‘ordinary member’, 2 for ‘executive committee member’ and 3 for ‘president/secretary’. Scores obtained by respondent on each of the group, which indicated status of participation, were summed-up to get the social participation score. Islam (2020) used the similar measurement of scale to measure the social participation.
3.8.1.13 Credit seeking behavior

It is operationally defined as the frequency with which a respondent comes in contact with credit agencies personnel i.e. friends and relatives, money leaders, cooperatives, NGOs and Bank within a specific period of time. It was measured by asking each respondent the source and frequency of receiving credits. The responses of the farmers were obtained against each source in three continuums viz; frequently, sometimes, never with score of 3, 2, and 1 respectively. The total score obtained after sum up the response. Thus, the possible score of this variable could range from 5 to 15. Bagri (2020) and Rai (2015) used the similar measurement of scale to measure the credit seeking behaviour.
3.8.1.14 Extension media contact

Extension media contact is operationalzed as the awareness of the respondents about various extension agencies and their frequency of contact with them to acquire information or seek advice related to farming. The extension contact of respondents was measured with the help of structured schedule. This variable was measured on 3-point rating scale viz. regular, occasional and never. For measuring the extension media contact score was assigned for the extension media 2, 1 and 0 for the extent of contact ‘regular’, ‘occasional’ and ‘never,’ respectively. The extension media contact score was computed for each respondent on the basis of his/her extent of contact with 11 selected extension media covering equal proportion of personal, group and mass media category. Extension contact score was determined by summing the scores of all the 11-communication media. Extension media contact score could range from 0 to 22, where 0 indicated no extension contact and 22 indicated the highest extension contact. The variable appears in item number 11 of the interview schedule (Appendix I).
3.8.1.15 Market accessibility
It was operationalized as the respondent’s access to individual produce markets, various service providers and nearby town or city. It is measured in five aspects i.e., distance to the market, transport facility to the market, opinion on market facility and to whom you sell the product, demand of diversified produces from the farmers point of view. Schedule developed by Savitha (2009) with suitable modifications are used for the study. The maximum and minimum obtainable scores are 15 and 5 respectively. 
3.8.2 Measurement of dependent variable

3.8.2.1 Measurement of agricultural diversification

The measurement of agricultural diversification is closely linked to the number of agricultural activities in which a farmer is involved. However, diversification is not determined solely by the number of activities, but also by the proportion and distribution of those activities. Consistent with the Adapted Framework for Agricultural Diversification developed in the literature review, this study conceptualizes agricultural diversification at the farm household level, where diversification reflects the combination and relative contribution of multiple agricultural sub-sectors to household income. Several indices and methods have been used to quantify agricultural diversification, among which diversity indices and simple counting of crops and livestock are common approaches, particularly in agricultural and ecological studies. Diversity indices, such as the Shannon Index and Simpson’s Index, capture both the variety and the relative abundance of different crop types or agricultural activities. In contrast, counting crops and livestock provides a simpler but less comprehensive measure, as it considers only the number of activities without accounting for their relative importance.

Various indices have been employed to measure agricultural diversity, including the Herfindahl Index, Transformed Herfindahl Index, Ogive Index, Entropy Index, Modified Entropy Index, Composite Entropy Index, Gini Coefficient, and Simpson’s Diversity Index (Pal & Kar, 2012). Among these, the most prominent methods used in agricultural studies are the Herfindahl Index (HI), Simpson Diversity Index (SDI), Ogive Index (OI), Entropy Index (EI), and Modified Entropy Index (MEI) (Narmadha & Karunakaran, 2022). In this region, these indices have been applied in a number of studies to measure crop diversification (Nandi et al., 2025; Islam et al., 2024; Nahar et al., 2024; Uddin, 2019; Rahman & Kazal, 2015). However, most of these indices rely on the proportion of land allocated to different crops to assess diversity, which may not be appropriate when livestock, fisheries, or other non-land-based agricultural activities—identified as key components in the adapted framework—are included in the production bundle (Miah et al., 2013).

In this context, Simpson’s Index of Diversity (SID) has been widely used to measure farm diversification (Singh et al., 2023; Rehan, 2020; Tung, 2017), agricultural diversification (Rathod, 2023; Dudhatara et al., 2022; Kumari, 2021; Bagri, 2020; Bharadwaj, 2019; Sen et al., 2017; Rai, 2015), and livelihood diversification (Anang et al., 2024; Minyiwab et al., 2024; Nirmala et al., 2024; Alemu, 2023; Mittra et al., 2021; Akter et al., 2020; Shan & Ahmed, 2020; Challa et al., 2019; Reddy, 2019; Addisu, 2017; Ahmed et al., 2015; Saha & Bahal, 2014). These studies consider both the number of income sources and the evenness of income distribution across those sources (Agyeman et al., 2014), which is consistent with the income-based structure of the adapted framework.

The present research focuses on agricultural diversification rather than crop diversification alone and follows the Adapted Framework for Agricultural Diversification, which identifies crops, livestock, and fisheries as the principal agricultural sub-sectors relevant to farm households in Bangladesh. Accordingly, fisheries—comprising both culture and small-scale capture fisheries—were included alongside crops and livestock in the measurement of agricultural diversification. Therefore, Simpson’s Index of Diversity was considered an appropriate measure due to its computational simplicity, robustness, and wider applicability across multiple agricultural sub-sectors (Khatun & Roy, 2012; Dudhatara, 2021). Moreover, farmers in different locations may diversify their agricultural activities in different ways and may earn varying levels of income even from similar activities. Thus, this study employed Simpson’s Index of Diversity to estimate the extent of agricultural diversification among the selected farm households in Northern Bangladesh.

Following Addisu (2017), Simpson’s Index of Diversity is influenced by both the number of income sources and the proportion of income derived from each source. In line with the adapted framework, income from agricultural activities was categorized into five groups: cereals, field crops, horticultural crops, livestock, and fisheries for the computation of agricultural diversification. The fisheries category included income from both culture fisheries and small-scale capture fisheries, reflecting their complementary role in farm household agricultural livelihoods. Income from crops, livestock, and fisheries included both marketed produce and the imputed value of produce consumed by the household. The Simpson’s Index of Diversity (SID) was calculated using the following formula:

SID=1 - [image: image9.png]
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Where, SID is Simpsons Index of Diversity, n is number of income sources, 𝑝𝑖 is proportion of income coming from the 𝑖𝑡ℎ income source. Accordingly, Agricultural Diversification Index (ADI) was estimated using equation as follows:
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Where, Ti = Total household income, A = Income from cereal crops, B = Income from field crops, C = Income from horticulture crop, D Income from livestock and E = Income from fisheries. ADI scores range between 0 and 1. Thus, value zero (0) represents perfect specialization and value one (1) represents perfect agricultural diversification. 

3.8.2.2 Pattern of agricultural diversification  

The percentage share of income generated from various agricultural activities adopted by farmers in the three selected locations was captured under thirteen categories according to the agricultural diversification framework (Table 2.1). This information revealed the pattern of agricultural diversification in the study region. In addition, the different agricultural activities practiced by the farmers were computed to understand the proportion of farm households participating in different categories of agricultural activities. A similar approach to presenting the pattern of livelihood diversification was followed by Pathak and Amardeep (2024) as well as by Jackson et al. (2025), Nirmala et al. (2024), and Ahmed et al. (2015).

3.8.3 Measurement of associated outcome variable
3.8.3.1 Level of livelihood security
Livelihood security has been defined as adequate and sustainable access to income and other resources to enable households to meet basic needs like access to food, portable water, health facilities, educational opportunities, housing and time community participation and social integration (Frankenberger, 1996). For the present investigation the index developed by Karuna Jeba Mary and Karthikeyan (2013) was used to measure livelihood security with modification to maintain uniformity in scoring. This index was also used by Shivaji, et al., 2024; Abhishek, 2023; Harshitha and Prasad, 2018. The index comprising of seven components and 35 items was administered to the respondents along with a three-point continuum representing ‘High’, ‘Low’ and ‘No’ with weightage of 2, 1 and 0, respectively. The livelihood security score of a respondent was calculated by adding up the scores obtained by her on all items. Thus, the minimum and maximum score one could get is 0 and 70 respectively. Higher score on this index indicates that the respondent has higher level of livelihood security. Based on the total cumulated score obtained, the livelihood security of farmers was categorized into poor, average and better according to Shwetha & Shivalingaiah (2019).
Components of Livelihood Security Index: Baby (2005) identified following seven different components of livelihood security which were operationalized as given here.
· Food security:  It was operationalized as availability and access to balanced food at household level.

· Financial security: The ability to access and manage income, savings, and other financial resources to cover basic needs and cope with shocks. 
· Habitat security: Having a safe, secure, and decent place to live, including access to safe drinking water and sanitation facilities.

· Educational security: Having access to educational opportunities and educational facilities including higher education. 

· Health security: Having access to necessary health services, preventative care, and the ability to manage illness without jeopardizing other resources

· Social security:  It involved social participation, community support and social status of the family.

· Environmental security:  It included a pollution free environment, access to water resources, eco-friendly farm management practices and protection of soil health.

3.9 Constraints Faced by the Farmers in Adopting Agricultural Diversification and Proposed Suggestions 

3.9.1 Constraints in agricultural diversification

In measuring the constraints faced by the farmers in total 10 constraints were selected. The selected items were measured on a four-point rating scale. Scores were assigned as 3, 2, 1 and 0 for ‘high’, ‘medium’, ‘low’, and ‘no’ constraints faced, respectively. The overall constraints in agricultural diversification were computed by adding together all the individual scores obtained by him/her for all the constraints. Therefore, the possible overall constraints score of a respondent could range from ‘0 to 30’ where 0 indicating no constraint faced and 30 indicating high constraint faced by the respondents (Nayan, 2017).

On the other hand, it was ascertained by extent of severity of different constraints faced by using Constraints Faced Index (CFI) for each constraint and was computed by using the following formula: 

Constraints Faced Index (CFI)= Ch×3+ Cm×2 + Cl×1+ Cn×0 

Where, 

Ch = Percentage of farmers expressed ‘high’ constraint

Cm = Percentage of farmers expressed ‘medium’ constraint

Cl = Percentage of farmers expressed ‘low’ constraint

Cn = Percentage of farmers expressed ‘no’ constraint

Thus, CFI of any constraint could range from 0 to 300, where ‘0’ indicating no constraint faced and ‘300’ indicating highest constraint faced. Almost similar formula was also used by Islam (2020), Sarmin and Hasan (2020), Uddin et al. (2014) in preparing Constraints Facing Index (CFI).

3.9.2 Suggestions to overcome the mentioned constraints

These are the ways to overcome the constraints faced by the respondents. The respondents were asked to give their suggestions to overcome these constraints. The frequency and percentage of each suggestion was worked out and ranking was given in descending order from highest to lowest percentage of the suggestion.
3.10 Focus Group Discussions

A Focus Group Discussion (FGD) is a qualitative research method and data collection technique in which a selected group of people discusses a given topic or issue in-depth, facilitated by a professional, external moderator. FGDs refer to group discussion on certain issues involving persons who are associated with the particular issue e.g. group discussion on agriculture with persons involved in agriculture (Huda, 2005). A focus group (FGD) is a research method that brings together a small group of people to answer questions in a moderated setting. It involves gathering people from similar backgrounds or experiences together to discuss a specific topic of interest. FGDs are facilitated discussions, held with a small group of usually 8 to 12 people who have specialist knowledge or interest in a particular topic.  It is led by a moderator (interviewer) in a loosely structured discussion of various topics of interest. FGD was employed to generate information on reasons for agricultural diversification and constraints of agricultural diversification realized by the respondents and suggestions to overcome these constraints. A total six FGDs (one/village) were carried out in November to December 2024. One session was conducted in each village each group comprising 8 to 10 participants, respectively. A semi-structured questionnaire was used to conduct FGDs. Different adaptation strategies due to climate change were identified through this method. In FGD sessions, the researcher acted as facilitator and was supported by one assistant. A check list was adopted previously and administered for facilitation the group discussion and recording the response of particulars as well. The additional information gathered from the FGD was used for interpreting the results of the survey. 
3.11 Case Study
A case study is an empirical inquiry that investigates a contemporary phenomenon within its real-life context (Yin, 1984). Case study is a qualitative method of in-depth and comprehensive analysis of a situation or case of a social unit. It tends to examine a social unit as a whole. The unit may be a person, a family, social institution or even a community (Best & Khan, 1998). A case study is a detailed study of a specific subject, such as a person, group, place, event, organization, or phenomenon (Okowa & Odero, 2024). It is an intensive and qualitative study through which one can know precisely the factors and causes of a particular phenomenon from the social reality. It tends to examine a social unit as a whole. It places more emphasis on the full analysis of a limited number of events or conditions and their interrelations regarding the social unit being studied. Three case studies were conducted after completion of personal interview and FGD, especially in view to have a data on agricultural diversification. Three case studies were taken from three unions of the selected three upazilas. The case study helped the researcher to get an in-depth understanding of agricultural diversification taken by the villagers from various perspectives. Several visits were made to conduct the case studies during December 2024.
3.12 Data Processing, Categorization, and Statistical Analysis

3.12.1 Data processing and categorization

The collected raw data were examined thoroughly to detect errors and omissions. Having consulted with the research Supervisors, the Investigator prepared a detailed coding plan. In case of qualitative data, putting proper weight against each of the traits to transfer the data into quantitative forms followed suitable scoring techniques. 

For describing the different characteristics, the respondents were classified into several categories. These categories were developed by considering the nature of distribution of data, general understanding prevailing in the social system and possible scores system. However, most of the cases categorization were made based on mean plus minus standard deviation. 
3.12.2 Statistical analysis

The coded data were put into the computer for statistical analysis. Statistical packages IBM SPSS (version 26) along with Analysis of Moment Structure (AMOS), and Microsoft Excel were used for analyzing the data. Various statistical measures such as number and percentage distribution, range, mean, standard deviation and rank order were used in describing the variables of the study. Tables and figures were used in presenting data for clarity of understanding. For exploring the relationship and testing the hypothesis, Pearson’s Product Moment Correlation Co-efficient (r) was computed. Stepwise regression analysis was used for exploring the contribution of selected characteristics. Path analysis was also done for finding out the direct and indirect effects. Besides, chi-square (χ²) test was used to assess the association between two categorical variables. Thus, the influence of selected characteristics (independent variables) of the farmers on agricultural diversification (dependent variable) was determined through the following steps (adapted from Sayem, 2023; Rahman, 2021):

Step-1: Correlation analysis was done to determine the relationships between the selected characteristics of farmers with their agricultural diversification.

Step-2: Linear multiple regression model with independent variables that were found significant in Step 1 (i.e., in correlation analysis) to determine the contribution of these variables on the dependent variable.

Step-3: Stepwise regression model with significant independent variables in Step 2 as there is no or less problem of multicollinearity and to determine the unique contribution of these variables to the dependent variable.

Step-4: Path analysis with the significant independent variables in the stepwise regression model to determine the direct and indirect effects of the independent variables on the dependent variable.

3.12.2.1 Correlation analysis
Correlation is a statistical tool used to study the relationship between any two variables. For the purpose of this study Karl Pearson’s coefficient of correlation (r) was used to measure the relationship between dependent variables and independent variables. The computed ‘r’ values were calculated then compared with the table values of coefficient of correlation at one and five percent levels of probability for their significance at n-2 degrees of freedom.
3.12.2.2 Regression analysis

To find out the contribution of various independent variables to dependent variable regression analysis was done. In other words, the influence of various independent variables on the dependent variable was obtained by regression analysis.

3.12.2.3 Multiple linear regression analysis (MLR)

It was defined as the average expected change in the dependent variable to a unit change in each independent variable put together. MLR was used to study the combined effect of selected independent variables over dependent variable. MLR provides amount of relation among two or more predicted variables and the single criterion variable. The regression co- efficient b1x1 may be interpreted as the change in Y corresponding to a unit increase in x1 when all the other variables are held constant. The Multiple Linear Coefficient ‘R’ is the highest possible constant between least squares of the independent variables and the squares of the independent variables and the observed dependent variable and R2 is the portion of the variation on the criterion variable. The regression equation may be written as below.

y = a+ b1x1 + b2 x2 + b3x3+……. + bkxk
Where,


a= intercept

b1 = the partial regression coefficient represents the amount of change in Y that can be associated with a unit change in x1 when the remaining independent variables held constant

xk = kth independent variable for k = 1, 2
3.12.2.4 Stepwise multiple regression model

In the case of multiple independent variables, for reaching an optimum model of prediction it is appropriate to use stepwise regression (Bardsiri et al., 2014; Jorgensen, 2004; Shepperd & Mac Donell, 2012). Stepwise regression is a method that iteratively examines the statistical significance of each independent variable in a linear regression model. This is an appropriate analysis when there are many variables and it is important to identify a useful subset of the predictors. The stepwise regression technique aims to maximize the estimation power using the minimum number of independent variables. Stepwise regression is a combination of forward and backward selection that involves an automatic process for selecting independent variables and can be briefly described as follows: 

a) A starting model is set, which contains predefined terms;

b) The limits for the final model is set, i.e., what type of model is needed, whether the linear terms are used, squared terms, or vice versa;

c) The evaluation threshold is set (in this case, this is whether the Sum of Squared Errors  have significantly decreased);

d) After adding or removing the terms, the model is retested; and

e) The stepwise regression is to be halted when no further estimation improvement occurs.

There is a modification of forward selection such that, after each step in which a variable is added, all the candidate variables in the model are checked to note whether their significance has been reduced below a specified tolerance threshold. Forward selection starts without any variables in the model and then iterates to add each variable. When a non-significant variable is found, it is removed from the model. The backward selection works similarly but removes variables when those are found to be non-significant. Therefore, the stepwise regression requires two significance levels: the first for the adding variables, and the second one for the removing variables. In this study, the forward selection approach was considered which started with nothing but adds each new variable incrementally, testing for statistical significance.

3.12.2.5 Path analysis

In the present study Pearson’s Product Moment Correlation test, multiple regression, and stepwise multiple regression model were conducted. It is not possible to find out the direct effects and indirect effects separately through these tests. But, in path analysis, it is possible to get direct effects and indirect effects separately. 

Path coefficient is simply a standardized partial regression coefficient and as such measures, the direct influence of one variable upon another and permits the separation of the correlation coefficient into components of direct and indirect effects (Dewey & Lu, 1959). This allows the direct effect of an independent variable and its indirect effect through other variables on the dependent variable (Sasmal & Chakrabarty, 1978).

The direct effect of an independent variable on the dependent variable is the standardized beta coefficient (value of ‘b’ of regression analysis) of the respective independent variable. Whereas the indirect effect of an independent variable through a channeled variable is measured by the following formula:
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Here, e = Total indirect effect of an independent variable

b = Direct effect of the variable through which indirect effect is channeled

r = Correlation coefficient between respective independent variables, and variables through which indirect effect is channeled.

Path coefficient analysis was employed to obtain a clear understanding of the direct and indirect effects of selected independent variables. Path analysis was done involving the significant variables of the final model of stepwise multiple regression analysis.

3.12.2.6 Chi-square test

The Chi-square test was used to measure the association between two variables. Chi-square (χ²) test was worked out to know whether there was any association between the variables. The formula used for Chi-square (χ²) test was:
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Where, 

∑= Summation, O= Observed data or frequency

E= Expected observation

C= Number of columns in the table

r= Number of rows in the table

The χ² value, thus obtained by using the formula, was referred to the table value of χ² for the corresponding degree of freedom to test whether the association was significant or not.
3.13 Hypothesis of the Study
Hypothesis is a tentative answer to research question or a statement of the relationship among the variables that research intends to study. According to Kerlinger (1973) a hypothesis is a conjectural statement of the relation between or more variables. Hypotheses are always in declarative sentence form and they are related, either generally or specifically from variables to variables. In broad sense hypothesis are divided into two categories: (a) Research hypothesis, and (b) Null-hypothesis. 

3.13.1 Research hypothesis (Ha)
It states anticipated relationships between concerned variables. Based on review of literature and development of conceptual framework, the research hypotheses are “there are relationship of age, educational qualification, family size, farm size, farming experience, non-agricultural income, irrigation intensity, farm mechanization, decision making ability, risk orientation attitude towards agricultural diversification, social participation, credit seeking behaviour, extension media contact, and market accessibility of the farmers to their agricultural diversification”. There is association between agricultural diversification and livelihood security.

3.13.2 Null hypothesis (Ho)
It states that there is no relationship between the concerned variables. Therefore, the null hypothesis of this study is “there are no relationship of age, educational qualification, family size, farm size, farming experience, non-agricultural income, irrigation intensity, farm mechanization, decision making ability, risk orientation attitude towards agricultural diversification, social participation, credit seeking behaviour, extension media contact, and market accessibility of the farmers to their agricultural diversification”. Moreover “there is no association between agricultural diversification and livelihood security”. 
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