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To evaluate the effectiveness of different nutrition education methodologies in improving nutrition knowledge and eating behaviour among adolescent girls
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ABSTRACT

	Aims: To evaluate the effectiveness of different nutrition education methodologies, particularly technology-based education, in improving nutrition knowledge and promoting healthy dietary practices.
Study design:  An observational study with an educational intervention component.
Place of Study: The study was conducted on females in adolescent age studying in government schools in rural and urban areas of district Jhajjar, Haryana.
Methodology: The study adopted a descriptive approach, collecting both quantitative and qualitative data. It gathered data from two groups of respondents to gain a holistic understanding of the topic. These two groups were a control group and an intervention group. Simple random sampling was done to select the participants. Girls in adolescence between 13-18 years were selected from different government schools situated in urban and rural areas of district Jhajjar, 400 adolescent girls were randomly selected from six different schools located in district Jhajjar. Post-intervention assessments were carried out to determine changes in nutrition knowledge and eating behaviour. Comparative analysis was performed to evaluate the effectiveness of the educational methodologies.
Results: Adolescent girls were found to be nutritionally vulnerable due to rapid physical growth, lifestyle changes, and evolving food preferences. Factors such as rising food prices, limited access to diverse foods, and poor dietary quality adversely affected nutritional intake, particularly in rural settings. Among the educational strategies implemented, technology-based education showed the most significant improvement in nutrition knowledge and awareness, indicating greater potential for facilitating positive behaviour change compared to traditional methods.
Conclusion: Adolescence represents a critical window for establishing healthy eating habits. Technology-based nutrition education emerges as an effective and scalable approach for improving nutrition knowledge and encouraging healthier dietary behaviours among adolescent girls. Such interventions may help address persistent challenges of undernutrition and malnutrition, especially in resource-constrained populations. Further studies are warranted to assess long-term nutritional and behavioural outcomes.
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1. INTRODUCTION 

Adolescents comprised 20.9% of the country's population, with 47.3% of them being female, according to the 2011 Indian census (UNFPA, 2014).  Height increases by 15% to 20% and weight increases by 25% to 50% throughout adolescence, a period of fast physical growth accompanied by increasing nutritional demands. Adolescent girls are often advised to consume 2200 kcal per day with a daily protein requirement of 44–46 g. Additionally, adolescence is a time when the reproductive system develops, sexual maturation occurs, and identity and gender roles are formed (Chulani & Gordon, 2014). Difficulties among urban adolescents can be classified into academic, physical growth and development, health and nutrition, and related problems (Sunitha & Gururaj, 2014). Adolescence’s fast physical growth is linked to higher nutritional demands, making the establishment of appropriate eating habits crucial. Numerous research on the food and nutritional consumption of young adults and adolescents in the industrialized world have revealed diets rich in refined carbohydrates and fats (Akseer et al., 2017). Consuming “junk” meals high in fat, along with lack of exercise or outdoor activities, are the main causes of obesity among adolescents in wealthier populations (Mistry & Puthussery, 2015). Children who eat a diet heavy in calories, sugar, saturated fat, and salt may develop obesity, hypertension, dyslipidemia, and impaired glucose tolerance at a young age (Mukhopadhyay et al., 2020). Teenagers show similar eating habits, including frequent snacking on energy-dense foods, skipping meals (especially breakfast), irregular eating, heavy fast-food use, and low fruit and vegetable intake.

India achieved food self-sufficiency in the early 1980s (Konwar et al., 2019). However, there has been little change in per capita food availability; the National Sample Survey Office’s estimate of 185 g of cereal per person remains at early 1980s levels. Rural calorie intake even fell from 2240 kcal to 2147 kcal between 1983 and 2010 (Kumar et al., 2019). Despite increased food production, this decline highlights persistent challenges in ensuring adequate nutritional consumption. Rising food prices, changing dietary choices, and restricted access to diverse foods have contributed to stagnant per capita food availability. Food nutritional quality has not improved significantly, complicating efforts to combat undernutrition and malnutrition, particularly in rural areas (Saxena, 2018). Gender discrimination in food distribution within families further affects adolescent girls, perpetuating an intergenerational cycle of malnutrition that leads to poor reproductive outcomes and illness (Konwar et al., 2019). Monitoring the nutritional status of female teenagers is essential, as they represent the next generation and act as sentinels for evaluating progress in public health (Das et al., 2018).

Fast food culture has quickly taken over as a popular trend among youth, drastically changing eating habits (Ghai & Jha, 2019). Peer pressure, aggressive marketing, low cost, easy availability, and enticing flavors make fast food highly appealing, while its energy density exceeds daily caloric recommendations for children (Powell & Nguyen, 2013). Its accessibility and affordability, especially in cities, reinforce poor eating habits (Forsyth et al., 2012). Fast-food consumption has grown globally and in India, where the industry’s annual growth rate approaches 40% (Ghai & Jha, 2019). This shift has significant health consequences, including rising obesity, heart disease, and diet-related illnesses (Scaglioni et al., 2018; Putra et al., 2024). Aggressive marketing on digital platforms further normalizes fast-food intake among children (Bankole et al., 2023). Addressing this requires coordinated efforts by parents, schools, and policymakers to promote balanced diets, regulate advertising, support home-cooked meals, and limit fast-food availability in schools. The purpose of this study is to identify the factors affecting nutritional status and eating behaviour of adolescent girls.

2. methodology 

The study adopted a descriptive approach, collecting both quantitative and qualitative data. It gathered data from two groups of respondents to gain a holistic understanding of the topic. These two groups were a control group and an intervention group. The control group were not exposed to any nutrition education, however, the intervention group were exposed to nutrition education among adolescent girls. The details for gathering primary data for the study are discussed in the sections below.
The study was conducted on females in adolescent age studying in government schools in rural and urban areas of district Jhajjar, Haryana. Simple random sampling was done to select the participants. Girls in adolescence between 13-18 years were selected from different government schools situated in urban and rural areas of district Jhajjar, 400 adolescent girls were randomly selected from six different schools located in district Jhajjar.
The adolescent girls who were getting nutrition education were chosen from all surveyed girls. There were four hundred females chosen in all and the respondents were initially divided into urban, sub-urban, and rural areas based on their geographic location.


3. results and discussion

The demographic divisions of the 400 datasets collected are presented in Table 1.

Table 1: Demographic Statistics of the respondents:

	Variable
	Category
	Frequency
	Percent
	Cumulative Percent

	Group
	Control Group
	200
	50.0%
	50.0%

	
	Intervention Group
	200
	50.0%
	100.0%

	Age
	10–12 years
	145
	36.3%
	36.3%

	
	13–15 years
	125
	31.3%
	67.5%

	
	16–18 years
	130
	32.5%
	100.0%

	Grade
	6th–8th grade
	129
	32.3%
	32.3%

	
	9th–10th grade
	142
	35.5%
	67.8%

	
	11th–12th grade
	129
	32.3%
	100.0%

	Mother's Education
	No formal education
	99
	24.8%
	24.8%

	
	Primary school
	103
	25.8%
	50.5%

	
	Secondary school
	91
	22.8%
	73.3%

	
	Higher education (college/university)
	107
	26.8%
	100.0%

	Father's Education
	No formal education
	115
	28.8%
	28.8%

	
	Primary school
	83
	20.8%
	49.5%

	
	Secondary school
	95
	23.8%
	73.3%

	
	Higher education (college/university)
	107
	26.8%
	100.0%

	Family Income
	Less than ₹10,000
	105
	26.3%
	26.3%

	
	₹10,000 – ₹30,000
	106
	26.5%
	52.8%

	
	₹30,001 – ₹50,000
	91
	22.8%
	75.5%

	
	₹50,001 and above
	98
	24.5%
	100.0%

	Family Size
	2–3 members
	128
	32.0%
	32.0%

	
	4–5 members
	142
	35.5%
	67.5%

	
	6 or more members
	130
	32.5%
	100.0%

	Type of Residence
	Urban area
	132
	33.0%
	33.0%

	
	Suburban area
	134
	33.5%
	66.5%

	
	Rural area
	134
	33.5%
	100.0%

	Living Arrangement
	Both parents
	102
	25.5%
	25.5%

	
	Mother/guardian
	98
	24.5%
	50.0%

	
	Father/guardian
	94
	23.5%
	73.5%

	
	Extended family (grandparents, aunts, uncles, etc.)
	106
	26.5%
	100.0%


 

The demographic data (Table 1) show a balanced sample of 400 adolescent girls divided equally between control and intervention groups. Participants were evenly distributed across age (13-18 years), school grades, family income levels, and residential settings. Parental education ranged from no formal schooling to higher education, and family sizes varied from small to large. Living arrangements included both parents, single parents, or extended families, ensuring diverse social and economic representation for assessing nutrition-related behaviours. The regression analysis was conducted, where independent variables were Interactive Learning Method (IV1), Technology-Based Learning Methods (IV2), Experiential Learning Methods (IV3), the factor Effectiveness of Teaching Methods (ETM) was the dependent variable, Student Interest & Motivation (SIM) was the mediating variable and Accessibility & Resource Availability was the moderating variable.
The regression analysis was conducted to examine the impact of three independent variables Interactive Learning Method (IV1), Technology-Based Learning Methods (IV2), and Experiential Learning Methods (IV3) on the dependent variable, Effectiveness of Teaching Methods (ETM). Additionally, Student Interest & Motivation (SIM) was included as a mediating variable, and Accessibility & Resource Availability was considered as a moderating variable.
From the Model Summary (Table 2), two models were tested. Model 1, which included only the three independent variables (IV1, IV2, IV3), explained a substantial amount of variance in ETM with an R Square of 0.944, indicating that 94.4% of the variability in the effectiveness of teaching methods is accounted for by these learning methods alone. The model was highly significant (F = 2216.607, p < .001). Model 2, which added the mediating variable SIM and the moderating variable Accessibility & Resource Availability, increased the explained variance slightly to 96.1% (R Square = 0.961). This additional 1.7% increase was statistically significant (F change = 86.686, p < .001), indicating that SIM and accessibility factors further improve the model’s explanatory power.
Table 2: Model Summary

	Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate
	Change Statistics

	
	
	
	
	
	R Square Change
	F Change
	df1
	df2
	Sig. F Change

	1
	.971a
	.944
	.943
	.34196
	.944
	2216.607
	3
	396
	.000

	2
	.980b
	.961
	.960
	.28568
	.017
	86.686
	2
	394
	.000

	a. Predictors: (Constant), IV3, IV1, IV2

	b. Predictors: (Constant), IV3, IV1, IV2, Accessibility_Resources, SIM

	c. Dependent Variable: ETM



The ANOVA results (Table 3) confirm that both models are statistically significant predictors of ETM, with very high F-values (2216.607 for Model 1 and 1940.189 for Model 2) and p-values less than .001, meaning the models reliably predict the effectiveness of teaching methods.
Table 3: ANOVA results

	ANOVA

	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	777.597
	3
	259.199
	2216.607
	.000b

	
	Residual
	46.306
	396
	.117
	 
	 

	
	Total
	823.904
	399
	 
	 
	 

	2
	Regression
	791.747
	5
	158.349
	1940.189
	.000c

	
	Residual
	32.156
	394
	.082
	 
	 

	
	Total
	823.904
	399
	 
	 
	 

	a. Dependent Variable: ETM

	b. Predictors: (Constant), IV3, IV1, IV2

	c. Predictors: (Constant), IV3, IV1, IV2, Accessibility_Resources, SIM


 

Looking at the Coefficients table (Table 4) for Model 1, all three independent variables significantly and positively predict ETM: Technology-Based Learning Methods (IV2) has the strongest effect (β = 0.449, p < .001), followed by Experiential Learning Methods (IV3, β = 0.300, p < .001) and Interactive Learning Method (IV1, β = 0.252, p < .001). This suggests that while all three contribute meaningfully, technology-based methods have the greatest influence on teaching effectiveness.
Table 4: Coefficients results 

	Coefficientsa

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	95.0% Confidence Interval for B

	
	B
	Std. Error
	Beta
	
	
	Lower Bound
	Upper Bound

	1
	(Constant)
	-.285
	.042
	 
	-6.744
	.000
	-.368
	-.202

	
	IV1
	.253
	.033
	.252
	7.745
	.000
	.189
	.318

	
	IV2
	.489
	.041
	.449
	11.941
	.000
	.409
	.570

	
	IV3
	.325
	.033
	.300
	9.915
	.000
	.260
	.389

	2
	(Constant)
	-.199
	.040
	 
	-4.964
	.000
	-.278
	-.120

	
	IV1
	.078
	.031
	.077
	2.525
	.012
	.017
	.138

	
	IV2
	.290
	.042
	.266
	6.844
	.000
	.207
	.373

	
	IV3
	.101
	.032
	.094
	3.122
	.002
	.037
	.165

	
	SIM
	-.009
	.061
	-.009
	-.145
	.885
	-.129
	.112

	
	Accessibility Resources
	.571
	.058
	.571
	9.830
	.000
	.457
	.685

	a. Dependent Variable: ETM


 

In Model 2, after adding SIM and Accessibility & Resource Availability, the influence of IV1, IV2, and IV3 decreases but remains significant (p < .05). Accessibility & Resource Availability shows a very strong and significant positive effect on ETM (β = 0.571, p < .001), highlighting its crucial role in enhancing teaching effectiveness. Interestingly, Student Interest & Motivation (SIM) does not significantly predict ETM (β = -0.009, p = 0.885), suggesting it may not have a direct impact in the presence of other variables.
The Excluded Variables table (Table 5) shows that SIM and Accessibility & Resource Availability were significant when tested separately but SIM lost significance in the full model, possibly due to collinearity or mediation effects.
 Table 5: Excluded Variables

	Excluded Variables

	Model
	Beta In
	t
	Sig.
	Partial Correlation
	Collinearity Statistics

	
	
	
	
	
	Tolerance

	1
	SIM
	.419b
	7.860
	.000
	.368
	.043

	
	Accessibility Resources
	.565b
	13.183
	.000
	.553
	.054

	a. Dependent Variable: ETM

	b. Predictors in the Model: (Constant), IV3, IV1, IV2




The regression analysis indicates that Interactive, Technology-Based, and Experiential Learning Methods are significant predictors of teaching effectiveness, with technology-based methods having the strongest influence. Accessibility and resource availability also play a critical moderating role in enhancing teaching effectiveness, while student interest and motivation do not show a significant direct effect when these other factors are accounted for. This suggests that ensuring adequate resources and access is key to maximizing the effectiveness of diverse teaching methods.
  

4. DISCUSSION

This study examined the variables that influence the effectiveness of how teaching strategies help adolescents in gaining knowledge about nutrition education. It also focuses on interactive and technology-oriented learning methods in effectively imparting knowledge on nutrition intake. Adolescents are naturally at greater nutritional risk. Therefore, any method which may promote a better nutritional status among them should be actively pursued. Administering a nutrition education is an effective way to introduce healthy eating habits to these adolescents (Meiklejohn et al., 2016). The findings of this objective indicated that technology-based teaching has the most significant effectiveness in the teaching process. This finding aligns with studies conducted by Kalyani, (2024) and Tallon et al., (2021), emphasizing on how nutrition education would benefit from a technology-based delivery. The results support previous studies demonstrating that school and community-based interventions could enhance nutritional outcomes by demonstrating that comprehensive nutrition education can have a profound impact on dietary habits among adolescents (Meiklejohn et al., 2016; Krishnaswami et al., 2012). Since adolescents are becoming more and more dependent on technology and are seeking to learn competencies to become self-sufficient (Rathi, 2017), it is important to impart nutrition education in a manner that will be more easy for adolescent to learn. Although they may have somewhat less influence than the other approaches, interactive learning methods are still important for promoting peer-to-peer discussion and active participation, both of which are critical to adolescent learning (Maia et al., 2024). 
The findings of the present study are consistent with earlier research by Nagi et al. (1995), who reported a high prevalence of nutritional inadequacies among adolescent girls, attributed to rapid growth demands, poor dietary diversity, and inadequate nutrient intake. Nagi et al. (1995) further highlighted that inadequate nutrition knowledge and unhealthy eating patterns significantly contribute to compromised nutritional status among adolescent girls. This supports the present study’s observation that improvements in nutrition knowledge following educational interventions are closely associated with positive changes in eating behaviour. Beals (2002), reported that adolescent girls often exhibit suboptimal eating behaviours and compromised nutritional status, even among physically active populations. The study highlighted that inadequate dietary intake and poor nutrition knowledge during adolescence can adversely affect overall health and physiological functioning, underscoring the importance of targeted nutrition education during this critical developmental period. These findings further emphasize the necessity of context-specific treatments that optimize reach and retention by fusing traditional classroom-based techniques with digital platforms. Additionally, by fostering circumstances that promote healthy eating choices at home, community and parental participation may enhance technology-based methods. Adolescents who get interactive tools in addition to parental advice have improved nutrition information retention and a stronger desire to adopt healthy eating habits, according to evidence from related initiatives.  Therefore, in order to guarantee inclusion, future initiatives should give priority to hybrid models that strike a balance between technology innovation and human engagement, especially in rural or low-resource areas where internet access may still be restricted.

5. Conclusion

Adolescents have greater nutritional risks associated with their speedy growth, altered lifestyles, and changing food cultures, making this phase of life particularly vital for creating healthy habits. The dependency of adolescents on online platforms during their day-to-day lives makes technology-driven interventions accessible and desirable, promoting greater participation and retention of knowledge. Meanwhile, interactive learning methods, although less effective by a few percentages, are still beneficial by generating possibilities for peer dialogue, cooperative learning, and active engagement. The incorporation of technology-driven strategies and participatory methods is the most efficient route to enhancing adolescents' nutritional knowledge. By equating pedagogical approaches with the circumstances of adolescent learning styles, schooling can reinforce more beneficial diet patterns well into adulthood.
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