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Abstract
[bookmark: _Hlk208842370][bookmark: _GoBack]The research focuses on to assess the factors influencing the effectiveness of BIRTAN food-based training on secondary school teachers in Pirgonj Upazila, Rangpur District, Bangladesh. The research used a quantitative approach with a sample of 172 secondary school teachers selected through simple random sampling from a population of 310. Data collection tools included an interview schedule measuring three dimensions of training effectiveness: information received, understanding, and application, each rated on a 4-point scale. Data were analyzed using descriptive statistics, correlation coefficients, and multiple regression with SPSS software.
Findings revealed that most teachers had moderate effectiveness from the training, with 60% showing medium effectiveness levels and only 17.4% achieving high effectiveness. The study identified significant positive relationships between training effectiveness and factors such as educational qualification, physical mobility, training received, and knowledge of food and nutrition, while age had a slight negative effect and professional experience was not significant. The regression model explained 41.6% of the variance in training effectiveness, highlighting the importance of these characteristics in enhancing training outcomes. The study recommends emphasizing educational qualifications, physical mobility, and nutrition knowledge of teachers during planning and implementation of food-based training programs. 
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1. Introduction
The Bangladesh Institute of Research and Training on Applied Nutrition (BIRTAN) was founded to raise awareness among all segments of the population regarding the significance of food-based nutrition, mainly through research and training. Training involves developing human resources in food-based nutrition via trainer education and raising awareness among the broader community. Cereals, largely rice, are the main food in Bangladesh. Nearly two-thirds of the daily diet consists of rice, some vegetables, a little amount of pulses and small quantities of fish if and when available. Milk, milk products and meat are consumed only occasionally and in very small amounts. Fruit consumption is seasonal and includes mainly papaya and banana which are cultivated round the year. The dietary intake of cooking oil and fat is meagre. The typical rural diet in Bangladesh is, reportedly, not well balanced.(Bhattacharjee et al., 2007)
Despite considerable improvement in the national rural health status, the nutritional well-being of rural people continues to be neglected. Children and women in Bangladesh suffer from high levels of malnutrition and micronutrient deficiencies such as low birth weight (LBW), undernutrition (underweight, stunting and wasting), vitamin A deficiency, iodine-deficiency disorders (IDD) and iron-deficiency anemia (IDA). At the same time, new health problems related to over-nutrition such as obesity are emerging (Bhattacharjee et al., 2007). To address the problem of malnutrition, food and nutrition education should be extended to everyone from children to the elderly through both formal and informal education. In the context of formal education, schools play a vital role as appropriate institutions for implementing food and nutrition education. Within the school environment, pedagogical practices can support the learning process and contribute to improving the quality of life. Education serves to shape individuals into informed and critical-thinking citizens, capable of understanding various aspects of life and society, including the essential topics of food and nutrition.(Albuquerque et al., 2013).
Nutrition education must be continuous, providing sufficient duration and intensity to achieve effectiveness (Roseman et al., 2011). It provides youth with the understanding and abilities needed to choose nutritious foods and cultivate enduring eating patterns. Schools provide excellent settings for this education, as they connect with most young people and enable the incorporation of nutrition topics into different subjects like health, science, and consumer studies (Story et al., 2002). Nutrition programs in schools additionally aid wider health-promotion efforts involving students, teachers, and staff (Kupolati et al., 2019).
Teachers play a critical role in implementing nutrition education, either independently or in collaboration with professionals and researchers (Blom-Hoffman et al., 2004). They influence students’ eating behaviors through role modeling, rewards, and their attitudes toward healthy living (Katsagoni et al., 2019). When teachers deliver nutrition lessons, they are responsible for improving students’ nutrition knowledge, self-efficacy, and behaviors similar to their roles in teaching traditional subjects like math or science (Roseman et al., 2011).
Despite their central role, many teachers feel unprepared to teach nutrition effectively. Barriers include a lack of pre-service and in-service nutrition training, limited opportunities for professional development, and perceptions that nutrition education does not align with national curricula (Dunn et al., 2019; Snelling et al., 2016; Thackeray et al., 2002). Teachers with limited nutrition knowledge are less likely to emphasize the subject, and time or curriculum constraints further reduce its classroom presence.
Several studies and reviews have evaluated the effectiveness of school health and nutrition (SHN) programs globally, with findings supporting the impact of multi-component, school-based nutrition interventions (SBNI) in improving nutrition status as well as nutrition-related knowledge, attitudes, and behaviors (Kyere et al., 2020). Nutrition education programs that deliver positive dietary messages have also been shown to increase children’s nutrition knowledge and improve their dietary behaviors (Raby Powers et al., 2005). To ensure effective implementation of such behavior change curricula in the classroom, teacher training should be conceptualized as a behavior change process that includes explicit teacher motivation components. Additionally, forming a collaborative team involving education and health departments comprising educators, nutritionists, and public health experts can be beneficial in designing and testing nutrition education curricula for primary and secondary schools (Pérez-Rodrigo & Aranceta, 2001). Therefore, the study is being undertaken by considering the influence of the selected characteristics of the respondents on food-based training of secondary school teachers.
2. Methodology
Study area
The survey of the research study was executed at the Pirganj upazila of Rangpur district. The proposed study areas are given in the Figure 1.
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Figure 1. Map of the study area (Prepared by QGIS software)

Population and sampling
Teachers from the proposed study areas in School constituted the study's population. A suitable sample and reserve list was established to mitigate the uncertainty associated with sample availability during data collection. Given that the study aims to achieve statistically significant and comparable results for the areas under investigation, the sample size for the research was determined using the formula outlined by Kothari (2004):  

Where,
n= Sample size
Z= 1 the value of the standard normal variable at the chosen (95 percent) confidence level (1.96)
P= Probability (assume 0.5)
Q = Remaining from probability (1-P)
N = Total population
     e = the level of precision (5 percent)
Applying the formula provided, a sample size of 172 school teachers was determined from a population of 310, selected through simple random sampling methods. In addition, a backup list of 17 school teachers was created who would be interviewed only if a participant from the original sample list was not available during data collection.
Measurement techniques of the variables
Effectiveness of food-based training of the school teacher was the dependent variable of the study. The respondents were asked to give their opinion on 25 selected food and nutrition related information regarding their effectiveness. To measure the effectiveness scores of selected three dimensions of information such as information receive, understanding and application were added. The first dimension included involvement of the school teacher in receiving information, the second one ensured understanding of the received information and the third dimension covers the information application on their daily food habit. Each of the dimensions (information received, understanding of the received information and application of the received information) was measured separately with 4- point rating scale (weights assigned to the scale were 0 for ‘not at all’, 1 for ‘low’, 2 for ‘moderate’, and 3 for ‘high’) against the selected food and nutrition related information. Variables considered in this study and their measurement for statistical analysis are done as follows:
List 1. Variables and their measurement for statistical analyses.
	Variable
	Data types
	Measurement and units

	Dependent variable

	Effectiveness of food-based training
	Continuous
	4- point rating scale

	Independent variables

	Age
	Continuous
	No. of year

	Professional experience
	Continuous
	No. of year

	Educational qualification
	Continuous
	Year of schooling

	Physical mobility
	Continuous
	Score

	Training received 
	Continuous
	No. of Day (s)

	Knowledge on food and nutrition
	Continuous
	Score



Preparation and administration of data collection tools
Data collection tool is a device which is used to collect the data. The interview schedule and checklist were developed on various aspects of the objectives considered in the present study. An interview schedule was prepared to collect quantitative data. 
Statistical method employed for data analysis
Statistical analysis of quantitative data is an important aspect of research work, as it facilitates the condensation and interpretation of collected data in simple form helps in predicting future trends, helps in establishing relationship between different variables and provides sound base of policy formulation. After data collection, the data was input concerned SPSS 25.0 version data analyzing software. Then the normality of the data was tested and if any outlier present was removed. Data was analyzed in the light of the objectives set forth for the proposed study. Different types of statistical techniques like frequency, percentage, mean, standard deviation, coefficient of correlation, multiple regression were used for data analysis. 
Data analysis plan
The collected data was analyzed using computer software like SPSS 25.0 version. The primary unit of analysis of the study was individuals, with results summarized for the study areas.
3. Results and Discussion
Descriptive statistics of the selected characteristics
The Table 1 presents descriptive statistics for various characteristics of school teachers in the Rangpur district of Bangladesh (n=172). Below is a description of each characteristic as given in the table:
Age 
Table 1 illustrates the age distribution of school teachers in the Rangpur district of Bangladesh based on survey responses. The respondents are grouped into three age categories. The majority, 51.2%, of school teachers fall within middle age range, reflecting that over half of the teaching workforce in this district is in their mid-career stage. Teachers older than 50 years represent 36.6% of the respondents, showing a significant presence of more experienced and older educators. The young aged (up to 35 years) group comprises 12.2% of the teachers, indicating a relatively small proportion of younger teachers among the respondents.
Professional experience

The distribution of school teachers in Table 1 in the Rangpur district of Bangladesh based on their professional experience. The categories are divided into three groups, low, medium and high. The majority, 52.3%, are in medium range, suggesting that most teachers in Rangpur have a moderate amount of professional experience. 18.0% of teachers have extensive experience, with over 29 years in the profession while 29.7% of the respondents fall into this category, indicating that nearly a third of the teachers have relatively little experience.

Educational qualification
The Table 1 presents the distribution of respondents in the Rangpur district of Bangladesh according to their educational qualification. The findings showed that A substantial majority, 75.0%, possess a master’s degree. 22.1% of respondents hold an honors (bachelor’s) degree. Only 2.9% of the teachers have completed education at the higher secondary level.
In summary, the figure shows that the vast majority of school teachers in the study areas are highly qualified, with three in four holding a master’s degree. This reflects positively on the professional standards and aspirations within the teaching community of the region.
Physical mobility
The Table 1 displays the distribution of respondents based on their physical mobility across four categories: no mobility (0), low mobility (1-9), medium mobility (10-15) and high mobility (>15). 
The largest portion of respondents (69.2%) fall into the "medium" physical mobility category, suggesting that most individuals are able to engage in typical physical activities without major limitations. 18.6% have "Low" mobility, indicating some limitations that may restrict more demanding physical activity. 11.0% are categorized as having "High" mobility, representing those who are likely highly active. A very small percentage, 1.2%, report having "No" physical mobility.
In summary, the majority of respondents possess moderate physical mobility, with smaller proportions having either low or high mobility, and only a minimal group experiencing no mobility at all.






Table 1. Salient features of the selected characteristics of the respondents (n=172)
	Characteristics
	Scoring method
	Categories
	Respondents

	
	
	
	No.
	Percent

	Age
	No. of year
	Young aged (≤35)
	21
	12.2

	
	
	Middle aged (36-50)
	88
	51.2

	
	
	Old aged (>50)
	63
	36.6

	Professional experience

	No. of year
	Low (up to 6)
	51
	29.7

	
	
	Medium (7-29)
	90
	52.3

	
	
	High (>29)
	31
	18.0

	Educational qualification
	Year of schooling
	Higher secondary
	5
	2.9

	
	
	Honors
	38
	22.1

	
	
	Masters
	129
	75.0

	Physical mobility
	Score
	No (0)
	2
	1.2

	
	
	Low (1-9)
	32
	18.6

	
	
	Medium (10-15)
	119
	69.2

	
	
	High (>15)
	19
	11.0

	Training received 
	No. of Day (s)
	Low (up to 3)
	42
	24.4

	
	
	Medium (4-17)
	107
	62.2

	
	
	High (>17)
	23
	13.4

	Knowledge on food and nutrition
	Score
	Low (up to 9)
	39
	22.7

	
	
	Medium (10-17)
	116
	67.4

	
	
	High (>17)
	17
	9.9



Training received
The Table 1 depicts the distribution of respondents based on the duration of training they have received. The respondents are categorized into three groups (low, medium and high) according to the total days attended in training session.
Medium received training is the largest group, comprising 62.2% of respondents. A majority have received a moderate level of training. 24.4% of respondents fall within low group, indicating a smaller segment has received minimal training. High (>17 trainings): 13.4% belong to high received training group, representing those who have participated in a high number of training sessions.
The Figure also shows that most respondents have received a moderate amount of training, with fewer having either very low or very high levels of training exposure. This suggests a central tendency toward moderate food-based training among the group surveyed.



Knowledge on food and nutrition
The Table 1 shows the distribution of respondents based on their knowledge of food and nutrition. The respondents are grouped into three categories according to their knowledge scores. 
The findings revealed that 22.7% of respondents fall in low category, indicating that about one-fifth have a limited understanding of food and nutrition. On contrast, the majority, 67.4%, are in the medium knowledge group. This suggests that most respondents possess a moderate understanding of food and nutrition topics. While only 9.9% of respondents demonstrate a high level of knowledge about food and nutrition.
Overall, the Figure reveals that most respondents have a medium level of knowledge, with fewer individuals at either the low or high ends. This distribution highlights a central tendency toward moderate awareness about food and nutrition among the surveyed group.
Effectiveness of Training Received on Food and Nutrition
Overall effectiveness of training received on food and nutrition
The Figure 2 showing the distribution of school teachers according to their overall effectiveness in food-based training. The effectiveness levels are categorized as follows: ‘Low (up to 75)’, ‘Medium (76-150)’ and ‘High (>150)’.


	Figure 2. Distribution of the respondents according to overall effectiveness
The majority (over 60%) of school teachers in Rangpur district experience a moderate (medium) level of effectiveness from food-based training. This means most gained some positive outcomes, but there is room for improvement. Less than one-fifth (17.4%) achieved high effectiveness, which may indicate that only a small segment could fully utilize or benefit from the training programs, or that the programs could be further tailored to boost outcomes.
About 1 in 5 teachers (22.1%) are in the low effectiveness group, suggesting that current training strategies may not reach or satisfy all participants equally, highlighting the need for further support or revised approaches for these teachers.
Relationships between the Selected Characteristics of the Farmers and Effectiveness 
The Table 2 presents the statistical relationships between selected characteristics (independent variables) of school teachers and the effectiveness of food-based training (dependent variable) in the Rangpur district of Bangladesh. The relationships are expressed as correlation coefficients (“r”).
Table 2. Relationships between the dependent and independent variables
	Dependent variable
	Independent variables
	Computed values of ‘r’ with 170 d.f.

	
	
	

	Effectiveness of food-based training
	Age
	-0.208**

	
	Professional experience
	0.017ns

	
	Educational qualification
	0.381**

	
	Physical mobility
	0.507**

	
	Training received
	0.352**

	
	Knowledge on food and nutrition
	0.377**


**, significant at 1 percent level of significance

According to the computed correlation coefficients (r) among the six selected characteristics of the respondents age, educational qualification, physical mobility, training received and knowledge on food and nutrition showed positive significant relationship with the effectiveness of food-based training; while their professional experience had no significant relationships. 
Multiple Regression Models with Significant Independent Variables on the Extent of Effectiveness of BIRTAN Food-Based Training
The coefficient of correlation indicates that the linear relationships between the two variables. It does not say anything about the contribution of a particular independent variables on the dependent variable. Therefore, linear multiple regression analysis was done to determine the contribution of various characteristics of the secondary teachers on the effectiveness of BIRTAN food-based training. Only those variables which had significant relationship with effectiveness were included in the regression analysis model. Thus, a total of six variables namely age, professional experience, educational qualification, physical mobility, training received, and general knowledge on food and nutrition having relationship with effectiveness of food-based training were used in the model. The findings of the regression analysis are presented in Table 3.
Table 3. Multiple regression analysis of independent variables of school teachers with effectiveness of food-based training
	Independent variables
	Regression Coefficients
	t
	Significant level

	
	Unstandardized coefficient
	Standardized coefficient (β)
	
	

	(Constant)
	120.091
	
	11.527
	.000

	Age
	-0.169
	-.133
	-2.074
	.040

	Professional experience
	-0.018
	-.021
	-.318
	.751

	Educational qualification
	2.293
	.232
	3.734
	.000

	Physical mobility
	1.014
	.347
	5.044
	.000

	Training received
	0.184
	.127
	1.937
	.054

	General knowledge on food and nutrition
	0.550
	.210
	3.346
	.001

	n= 172, df= 171, R= 0.645, R2 = 0.416, F= 19.55, **P<0.01 level, *P<0.05 level



The regression coefficient of five variables namely age, educational qualification, physical mobility, training received, and general knowledge on food and nutrition was statistically significant indicating that these variables had significant contribution to the effectiveness of BIRTAN food-based training. The other variable namely professional experience had no significant contribution to the same. The R2 value was 0.416 and the corresponding F value was 19.55 which were significant at 1% level. The R2   value indicated that 41.6 percent of the total variation in the effectiveness of BIRTAN food-based training was explained by the six variables included in the multiple regression analysis.
In summary, educational qualification, physical mobility, and general knowledge on food and nutrition are strong positive predictors of effectiveness in food-based training among school teachers, while age has a slight negative effect. Professional experience does not significantly affect effectiveness in this model. Training received shows a positive trend but is marginally significant. The model explains a substantial portion of the variation in effectiveness.
4. Conclusions and Recommendations
Based on the computed correlation coefficients and multiple linear regression, it can be concluded that several key characteristics of school teachers namely age, educational qualification, physical mobility, training received, and knowledge on food and nutrition have a significant positive relationship with the effectiveness of food-based training. This indicates that teachers with higher education levels, better physical mobility, more prior training, and greater knowledge in food and nutrition tend to benefit more from the training programs.
There is scope for improvement of effectiveness of food-based training programs so, the concerned authority BIRTAN might take proper program in this regard. In regards to influencing factors, it is recommended that these characteristics need to be emphasized in planning and executing of food-based training program.
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[VALUE]
 [VALUE]
 [VALUE]

Low (up to 75)	Medium (76-150)	High (	>	150)	22.1	60.5	17.399999999999999	
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