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ABSTRACT
This article examines the effectiveness of online learning strategies as perceived by teachers and students in government and private senior secondary schools of Bhilwara city, Rajasthan. It contributes to the empirical understanding of teacher readiness and stakeholder perceptions within India’s evolving digital education landscape, offering valuable insights for policy formulation and school-level capacity building. The study also aligns with the objectives of the National Education Policy 2020, which emphasises the integration of technology in teaching–learning processes across school systems. A descriptive survey research design was adopted for the study. A purposive sampling technique was used to select 10 government and 10 private senior secondary schools. Subsequently, simple random sampling was employed to select teachers and students actively engaged in senior secondary education, including those with experience in online teaching and learning. The final sample comprised 81 teachers and 510 students from the selected 20 schools. A structured questionnaire, adapted to suit the objectives of the study, was used to examine the effectiveness of fully online and web-supported learning strategies as perceived by respondents. Data were collected through both online and offline modes, depending on accessibility and respondent preference, and were analysed using descriptive and inferential statistical techniques. The findings reveal that stakeholders from government schools reported relatively higher perceptions of online learning effectiveness, which may be attributed to a combination of institutional support mechanisms and exposure to digital initiatives. The study also found no significant gender differences in perceptions of online learning effectiveness, indicating a broad-based acceptance of digital pedagogies across male and female respondents. Similarly, contrary to common assumptions regarding age-related resistance to technology, no significant differences were observed between younger (20–40 years) and older (41–60 years) teachers in both government and private schools. An important finding relates to the differential influence of academic streams on perceptions of online learning effectiveness, which varied between teachers and students. Overall, the results suggest that senior secondary school teachers in India are reasonably prepared to adopt technology-enabled pedagogies, consistent with the vision of NEP 2020 and supported by national digital platforms such as SWAYAM and DIKSHA.
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INTRODUCTION
In the technology-enabled era, online learning has emerged as a prominent modality for both teaching and learning, transforming the traditional classroom into a virtual, 24/7 accessible environment. The development of e-content and its availability on digital platforms reflects the growing significance of technology-based learning, enabling learners and teachers to transcend time and place constraints. In India’s school education context, online learning holds the potential to broaden the educational horizon, offering flexible access, personalised pace, and multimedia-rich interaction.
India’s education system has been evolving towards a “digital pedagogical system” in recent years, with the use of technology becoming increasingly critical in both policy and practice. The National Education Policy 2020 (NEP 2020) underscores this shift by emphasising “wide use of technology in teaching & learning, removal of linguistic barriers, increased access, and education planning and management”. Further, the policy explicitly recommends pilot studies for online education and the use of online learning platforms such as SWAYAM and DIKSHA to enhance reach and effectiveness. 
In the Indian school sector, boards such as the Central Board of Secondary Education (CBSE), the Council for the Indian School Certificate Examinations (CISCE) and state boards are increasingly integrating online modalities. For instance, CBSE has notified its affiliated schools about NCERT-based online courses for classes 11 and 12 available through SWAYAM. The National Council of Educational Research and Training (NCERT) has also made strides in providing digital resources via its CIET (Central Institute of Educational Technology) division, supporting e-resources, teacher training in ICT, and development of multimedia packages for school education. 
Nevertheless, despite the policy impetus and platform availability, the shift from traditional face-to-face instruction to online learning poses significant challenges. Teachers and student-teachers must re-imagine pedagogical practices, adapt to new technology-mediated modes, and manage issues of engagement, accessibility, and effectiveness. The role of school teachers, especially at the senior secondary level, becomes crucial in this transformation. Their attitudes toward online learning (including perceived benefits, drawbacks, and their readiness) largely determine how effectively online environments are used, accepted, and sustained.
Therefore, focusing on the attitude of senior secondary school teachers towards online learning becomes critically important. Since senior secondary (classes 11-12) often involves more subject-specialised teaching, higher demands of content depth, and preparation for board examinations, understanding how teachers view, engage with, and adapt to online learning is pivotal. Moreover, given the diversity of school governance (government vs private), teacher demographic variables (gender, age), and subject streams (Science, Arts, Commerce, Agriculture) in the Indian context, a nuanced investigation is warranted.
This article aims to explore the attitudes of senior secondary school teachers towards online learning, examining how these attitudes differ (if at all) by school sector (government vs private), gender, age, and stream of teaching. By doing so, it contributes to the empirical understanding of teacher readiness and perceptions in India’s evolving online education landscape, offers insights for policy and school-level training, and aligns with the NEP 2020’s goal of strengthening technology-based teaching and learning across school systems.
REVIEW OF LITERATURE
Understanding the attitudes of school teachers toward online learning is critical for assessing their adaptability, readiness, and the acceptability of digital instructional modes. Several key determinants emerge repeatedly across the literature: technological infrastructure, institutional policies, professional training and support, and prior experience in online teaching and learning. These factors shape teacher-educators’ and student-teachers’ attitudes and hence their willingness to adopt and sustain online learning (Farooqui et al., 2021; Laksmi, Das & Majid, 2021; Nachimuthu, 2020). Earlier research in teacher education settings found generally favourable attitudes when self-efficacy for computer/internet use, self-directed learning and online communication were strong (Farooqui et al., 2021). For instance, working B.Ed. student-teachers reported higher attitudes toward online learning pedagogy than non-working counterparts. Their attitudinal gains were tied to computer/Internet self-efficacy and online-communication self-efficacy rather than gender or marital status.
In secondary and higher-education settings, Laksmi et al. (2021) found that while stakeholders held positive views of e-learning, they nonetheless raised concerns about interactivity, face-to-face contact and transparency. Unreliable technology and low faculty confidence were the major barriers. Nachimuthu (2020) reported that student-teachers’ attitudes to online learning were not significantly influenced by gender, and that traditional classroom practice did not affect their attitudes. Doley (2020) observed no male/female or married/unmarried differences in attitudes among B.Ed. trainees, although rural versus urban location showed significance, suggesting that access/infrastructure might mediate seemingly demographic differences. Obeidat (2020) likewise found no gender or residence-based differences in perceptions of online learning among undergraduates but did find variation by discipline. Claudiu et al. (2020) investigating Romanian universities reported that institutions were poorly prepared for fully online delivery; consequently, the previously noted benefits of online learning diminished and disadvantages became more salient.
Recent studies conducted during the years 2023–2025 extend and deepen these findings. Ahmed et al. (2023) in a faculty survey found that lack of teacher training, pedagogical redesign for online modes, and student engagement concerns had a strong influence on teacher attitudes. Rao et al. (2024) reported in Indian professional/health disciplines that teachers preferred online modes for theory but less so for hands-on/practical components, implying that stream or subject domain can affect attitude. Scherer et al. (2023) found that gender differences in teacher readiness were small and largely mediated by prior online-teaching experience rather than intrinsic gender effects. Panda & Neha (2024) in a study of secondary-school teachers found that when infrastructure and training were adequate, attitudes were neutral to positive, and that age differences became insignificant after controlling for experience and training.
While abundant research exists for higher education and teacher education programmes, there are fewer studies explicitly comparing government vs private senior secondary school teachers, or stream-wise differences in the senior secondary context. Also, many studies utilise generic attitude scales rather than subject or stream-specific measures (e.g., practical-oriented vs theory-oriented). For this study, controlling for prior online-teaching experience, infrastructure access, and subject domain (stream) will enhance the interpretability of demographic splits (gender, age, stream). The literature suggests that to foster positive attitudes, institutional training, support systems, and infrastructure must be addressed holistically.
OBJECTIVES
1. [bookmark: _Hlk218093120]To study the effectiveness of online learning strategies as perceived by teachers teaching at Government and Private Senior Secondary Schools.
2. To study the effectiveness of online learning strategies as perceived by students of Government and Private Senior Secondary Schools.
METHODOLOGY
Research Design
The study employed a descriptive survey research design to examine the effectiveness of online learning strategies as perceived by teachers and students of Government and Private Senior Secondary Schools of Bhilwara city of Rajasthan. The descriptive survey method was chosen because it allows for systematic collection and analysis of teachers’ perceptions and attitudes, and it enables comparison across demographic and professional categories. This design is suitable for studies aiming to provide empirical evidence to inform policy, teacher training, and the implementation of technology-enhanced teaching practices in senior secondary schools. 
Sample and Sampling Techniques
The study population comprised senior secondary school teachers working in both government and private schools in Bhilwara city, Rajasthan. A purposive sampling technique was employed to select 10 government and 10 private senior secondary schools. Subsequently, simple random sampling was used to select teachers and students who were actively engaged in teaching and learning at the senior secondary level, including those with experience in online teaching and learning. The final sample included 81 teachers and 510 students drawn from the selected 20 schools.
Data Collection Instrument
A structured questionnaire was adapted to meet the study's criteria to investigate the effectiveness of fully online and web-supported learning strategies in teacher education institutions, as perceived by teacher-educators and student-teachers. The instrument had 12 items containing questions on learning outcomes and experiences. Responses from teacher educators and student-teachers were compiled on a 4-point Likert scale ranging from "not at all" to "to large extent," 11 of the 12 statements were positive, while 1 was a negative statement. Table 1 lists the items by dimension. The tool was validated by experts in teacher education and educational technology and had demonstrated adequate reliability (Cronbach’s alpha ≥ 0.89) in pilot testing. 
Data Collection and Analysis Procedure
Data were collected through online and offline modes, depending on teachers’ accessibility and preference. Prior consent was obtained from the teachers, and confidentiality of responses was assured. Clear instructions were provided to ensure consistency in understanding the questionnaire items.
The collected data were analysed using descriptive and inferential statistical techniques: Mean and Standard Deviation to describe the general attitude of teachers. Independent sample t-tests to compare attitude scores between school types, gender, and age groups. One-way ANOVA to compare attitude scores across different teaching streams. The level of significance was set at 0.05 for all inferential analyses to determine whether observed differences were statistically meaningful.
ANALYSIS AND INTERPRETATION
Objective 3: To study the effectiveness of online learning strategies as perceived by teachers teaching at Senior Secondary level
Table 1: Effectiveness of online learning strategies as perceived by teachers teaching at Govt and Private Senior Secondary Schools
	Sr. Sec. School
	N
	Mean
	SD
	t-value
	P-Value
	Significance (α=0.05)

	Government
	33
	64.91
	7.64
	6.44
	< 0.001
	Significant

	Private
	44
	53.68
	7.95
	
	
	


df : N1+N2 - 2 = 33+44 - 2= 75
The mean effectiveness score of the Government Senior Secondary School Teachers (N=33) is 64.91 with a Standard Deviation of 7.64, whereas the mean score of the Private Senior Secondary School Teachers (N=44) is 53.68 with a standard deviation of 7.95. This indicates that, on average, the Government school teachers exhibit a comparatively more favorable effectiveness towards online learning than the Private school teachers. To determine whether the difference in the mean score is statistically significant, an independent sample t-test was applied. The obtained t-value is 6.44 at 75 degrees of freedom, P-value at 0.05 significance level is 0.001. Since the obtained p-value is less than the significance level (α = 0.05), the difference in effectiveness between the two groups is statistically significant at the 0.05 level.

Although government school teachers' effectiveness showed slightly higher mean scores, the difference was statistically significant. The null hypothesis is rejected. This means that government school teachers perceive online learning strategies to be significantly more effective than their private school counterparts. Both government and private school teachers show statistically different levels of acceptance and perception of online learning. This shows continuous adaptation of technology-enabled education in different school sectors and education streams.
Table 2: Effectiveness of online learning strategies as perceived by Male and Female teachers teaching at Govt Senior Secondary School
	Gender
	N
	Mean
	SD
	t-value
	P-Value
	Significance (α=0.05)

	Male
	17
	63.65
	8.44
	1.14
	0.2638
	Not Significant

	Female
	15
	66.53
	6.27
	
	
	


df : N1+N2 - 2 =  17+15-2=30
The mean effectiveness score of the Government Senior Secondary School Male Teachers (N=17) is 63.65 with a Standard Deviation of 8.44, whereas the mean score of the Govt Senior Secondary School Female Teachers (N=15) is 66.53 with a standard deviation of 6.27. This indicates that, on average, the Government school Female teachers exhibit a comparatively more favorable effectiveness towards online learning than the Government school Male teachers. To determine whether the difference in the mean score is statistically significant, an independent sample t-test was applied. The obtained t-value is 1.14 at 30 degrees of freedom, P-value at 0.05 significance level is 0.2638. Since the obtained p-value is greater than the significance level (α = 0.05), the difference in effectiveness between the two groups is not statistically significant at the 0.05 level.

Although government school female teachers' effectiveness showed slightly higher mean scores, the difference was not statistically significant. The null hypothesis is accepted. This indicates that the school teacher type (Male vs Female) does not significantly influence male and female teachers' effectiveness towards online learning strategies. Both male and female school teachers show statistically similar levels of acceptance and perception of online learning strategies. This shows continuous adaptation of technology-enabled education in different school sectors and education streams.
Table 3: Effectiveness of online learning strategies as perceived by Male and Female teachers teaching at Private Senior Secondary School
	Gender
	N
	Mean
	SD
	t-value
	P-Value
	Significance (α=0.05)

	Male
	23
	54.17
	8.91
	0.41
	0.6865
	Not Significant

	Female
	21
	53.19
	6.89
	
	
	


df : N1+N2 - 2 =  23+21-2=42
The mean effectiveness score of the Private Senior Secondary School Male Teachers (N=23) is 54.17 with a Standard Deviation of 8.91, whereas the mean score of the Private Senior Secondary School Female Teachers (N=21) is 53.19 with a standard deviation of 6.89. This indicates that, on average, the Private school Male teachers exhibit a comparatively more favorable effectiveness towards online learning than the Private school Female teachers. To determine whether the difference in the mean score is statistically significant, an independent sample t-test was applied. The obtained t-value is 0.41 at 42 degrees of freedom, P-value at 0.05 significance level is 0.6865. Since the obtained p-value is greater than the significance level (α = 0.05), the difference in effectiveness between the two groups is not statistically significant at the 0.05 level.

Although private school Male teachers' effectiveness showed slightly higher mean scores, the difference was not statistically significant. The null hypothesis is accepted. This indicates that school teacher type (Male vs Female) does not significantly influence male and female teachers' effectiveness towards online learning strategies. Both male and female school teachers show statistically similar levels of acceptance and perception of online learning strategies. This shows continuous adaptation of technology-enabled education in different school sectors and education streams.
Table 4: Effectiveness of Online Learning Strategies as Perceived by Govt. Teachers of different age groups
	Age
	N
	Mean
	SD
	t-value
	P-Value
	Significance (α=0.05)

	20-40 years
	13
	64.08
	7.96
	0.62
	0.5401
	Not Significant

	41-60 years
	20
	65.45
	7.56
	
	
	


df : N1+N2 - 2 = 13+20 - 2= 31

The mean effectiveness score of the Government Senior Secondary School Teachers of age 20-40 years(N=13) is 64.08 with a Standard Deviation of 7.96, whereas the mean score of the Government Senior Secondary School Teachers of age 41-60 years (N=20) is 65.45 with a standard deviation of 7.56. This indicates that, on average, the Government school teachers of age 41-60 years exhibit a comparatively more favourable effectiveness towards online learning than the Government Senior Secondary teachers of age 20-40 years. To determine whether the difference in the mean score is statistically significant, an independent sample t-test was applied. The obtained t-value is 0.62 at 31 degrees of freedom, P-value at 0.05 significance level is 0.5401. Since the obtained p-value is greater than the significance level (α = 0.05), the difference in effectiveness between the two groups is not statistically significant at the 0.05 level.

Although government school teachers of age 41-60 years effectiveness showed slightly higher mean scores, the difference was not statistically significant. The null hypothesis is accepted. This indicate that Govt school teacher type (20-40 years vs 41-60 years) does not significantly influence teachers’ effectiveness towards online learning strategies. Both government 20-40 years and 41-60 years teachers show statistically similar levels of acceptance and perception of online learning strategies. This shows continuous adaptation of technology-enabled education in different school sectors and education streams.
Table 5: Effectiveness of Online Learning Strategies as Perceived by Private Teachers of different age groups
	Age
	N
	Mean
	SD
	t-value
	P-Value
	Significance (α=0.05)

	20-40 years
	26
	54.46
	9.09
	0.82
	0.4159
	Not Significant

	41-60 years
	18
	52.83
	6.47
	
	
	


df : N1+N2 - 2 = 26+18 - 2= 42
The mean effectiveness score of the Private Senior Secondary School Teachers of age 20-40 years(N=26) is 54.46 with a Standard Deviation of 9.09, whereas the mean score of the Private Senior Secondary School Teachers of age 41-60 years (N=18) is 52.83 with a standard deviation of 6.47. This indicates that, on average, the Private school teachers of age 20-40 years exhibit a comparatively more favourable effectiveness towards online learning than the Private Senior Secondary teachers of age 41-60 years. To determine whether the difference in the mean score is statistically significant, an independent sample t-test was applied. The obtained t-value is 0.82 at 42 degrees of freedom, P-value at 0.05 significance level is 0.4159. Since the obtained p-value is greater than the significance level (α = 0.05), the difference in effectiveness between the two groups is not statistically significant at the 0.05 level.

Although private school teachers of age 20-40 years effectiveness showed slightly higher mean scores, the difference was not statistically significant. The null hypothesis is accepted. This indicate that Private school teacher type (20-40 years vs 41-60 years) does not significantly influence teacher’s effectiveness towards online learning strategies. Both private 20-40 years and 41-60 years teachers show statistically similar levels of acceptance and perception of online learning strategies. This shows continuous adaptation of technology-enabled education in different school sectors and education streams.
Table 6: Effectiveness of Senior Secondary School Teachers from different streams towards Online Learning 
	Sr. Sec. School Teachers
	N
	Sum
	Mean
	Variance
	
	

	Science
	20
	1173
	58.65
	189.61
	
	

	Arts
	32
	1847
	57.72
	193.43
	
	

	Commerce
	19
	1055
	55.53
	315.93
	
	

	Agriculture
	10
	562
	56.20
	145.29
	
	

	
	
	
	
	
	
	

	Source of Variation
	SS
	df
	MS
	F
	P-value
	F crit

	Between Groups
	113.706
	3
	37.902
	0.1759
	0.9124
	2.723

	Within Groups
	16593.400
	77
	215.498
	
	
	

	Total
	16707.106
	80
	
	
	
	



The mean scores across streams for teachers (Science: 58.65, Arts: 57.72, Commerce: 55.53, Agriculture: 56.20) showed some variation. The overall results from the segregated analyses indicate that there is no significant difference in the effectiveness towards online learning based on the teaching stream for the combined teacher group.
The separate ANOVA tests for teachers (F=0.1759, P-Value 0.9124) yielded P-Value greater than the significance level of 0.05. Consequently, the null hypothesis is accepted. This collective finding confirms that the stream of study a teacher belongs to (Arts, Science, Commerce, or Agriculture) does not significantly influence their overall effectiveness towards online learning.
Objective 4: To study the effectiveness of online learning strategies as perceived by students of Senior Secondary level
Table 7: Effectiveness of online learning strategies as perceived by students of at Govt and Private Senior Secondary Schools
	Sr. Sec. School
	N
	Mean
	SD
	t-value
	P-Value
	Significance (α=0.05)

	Government
	227
	69.83
	7.42
	3.51
	< 0.001
	Significant

	Private
	283
	67.54
	7.74
	
	
	


df : N1+N2 - 2 = 227+283-2=508
The mean effectiveness score of the Government Senior Secondary School Students (N=227) is 69.83 with a Standard Deviation of 7.42, whereas the mean score of the Private Senior Secondary School Students (N=283) is 67.54 with a standard deviation of 7.74. This indicates that, on average, the Government school students exhibit a comparatively more favorable effectiveness towards online learning than the Private school students. To determine whether the difference in the mean score is statistically significant, an independent sample t-test was applied. The obtained t-value is 3.51 at 508 degrees of freedom, P-value at 0.05 significance level is 0.001. Since the obtained p-value is less than the significance level (α = 0.05), the difference in effectiveness between the two groups is statistically significant at the 0.05 level.

Although government school students' effectiveness showed slightly higher mean scores, the difference was statistically significant. The null hypothesis is rejected. This means that government school students perceive online learning strategies to be significantly more effective than their private school counterparts. Both government and private school students show statistically different levels of acceptance and perception of online learning. This shows continuous adaptation of technology-enabled education in different school sectors and education streams.
Table 8: Effectiveness of online learning strategies as perceived by Male and Female students of at Govt Senior Secondary Schools
	Gender
	N
	Mean
	SD
	t-value
	P-Value
	Significance (α=0.05)

	Male
	110
	69.30
	7.74
	1.04
	0.2982
	Not Significant

	Female
	117
	70.32
	7.07
	
	
	


df : N1+N2 - 2 = 110+117-2= 225
The mean effectiveness score of the Government Senior Secondary School Male Students (N=110) is 69.30 with a Standard Deviation of 7.74, whereas the mean score of the Govt Senior Secondary School Female Students (N=117) is 70.32 with a standard deviation of 7.07. This indicates that, on average, the Government school Female students exhibit a comparatively more favorable effectiveness towards online learning than the Government school Male students. To determine whether the difference in the mean score is statistically significant, an independent sample t-test was applied. The obtained t-value is 1.04 at 225 degrees of freedom, P-value at 0.05 significance level is 0.2982. Since the obtained p-value is greater than the significance level (α = 0.05), the difference in effectiveness between the two groups is not statistically significant at the 0.05 level.

Although government school female teachers' effectiveness showed slightly higher mean scores, the difference was not statistically significant. The null hypothesis is accepted. This indicates that school student type (Male vs Female) does not significantly influence male and female students' effectiveness towards online learning strategies. Both male and female students of government schools show statistically similar levels of acceptance and perception of online learning strategies. This shows continuous adaptation of technology-enabled education in different school sectors and education streams.
Table 9: Effectiveness of online learning strategies as perceived by Male and Female students of Private Senior Secondary Schools
	Gender
	N
	Mean
	SD
	t-value
	P-Value
	Significance (α=0.05)

	Male
	143
	67.89
	7.82
	0.77
	0.4418
	Not Significant

	Female
	140
	67.19
	7.65
	
	
	


df: N1+N2 - 2 = 143+140 – 2= 281

The mean effectiveness score of the Private Senior Secondary School Male Students (N=143) is 67.89 with a Standard Deviation of 7.82, whereas the mean score of the Private Senior Secondary School Female Students (N=140) is 67.19 with a standard deviation of 7.65. This indicates that, on average, the Private school Male students exhibit a comparatively more favourable effectiveness towards online learning than the Private school Female students. To determine whether the difference in the mean score is statistically significant, an independent sample t-test was applied. The obtained t-value is 0.77 at 281 degrees of freedom, P-value at 0.05 significance level is 0.4418. Since the obtained p-value is greater than the significance level (α = 0.05), the difference in effectiveness between the two groups is not statistically significant at the 0.05 level.

Although private school Male students' effectiveness showed slightly higher mean scores, the difference was not statistically significant. The null hypothesis is accepted. This indicates that school student type (Male vs Female) does not significantly influence male and female students' effectiveness towards online learning strategies. Both male and female students of a private school show statistically similar levels of acceptance and perception of online learning strategies. This shows continuous adaptation of technology-enabled education in different school sectors and education streams.
Table 10: Effectiveness of Senior Secondary School Students Stream-wise Towards Online Learning (ANOVA Test)
	Sr. Sec. School Students
	N
	Sum
	Mean
	Variance
	
	

	Science
	132
	6996
	53.00
	164.11
	
	

	Arts
	171
	9179
	53.68
	110.70
	
	

	Commerce
	107
	5963
	55.73
	148.41
	
	

	Agriculture
	120
	6785
	56.54
	90.37
	
	

	
	
	
	
	
	
	

	Source of Variation
	SS
	df
	MS
	F
	P-value
	F crit

	Between Groups
	1071.530
	3
	357.178
	2.8124
	0.0388
	2.622

	Within Groups
	66802.200
	526
	127.000
	
	
	

	Total
	67873.730
	529
	
	
	
	



The mean scores across streams for students (Science: 53.00, Arts: 53.68, Commerce: 55.73, Agriculture: 56.54) showed some variation. The overall results from the segregated analyses indicate that there is significant difference in the effectiveness towards online learning based on the teaching stream for the combined student group.
The separate ANOVA tests for students (F=2.8124, P-Value 0.0388) yielded P-Value less than the significance level of 0.05. Consequently, the null hypothesis is rejected. This collective finding confirms that the stream of study a student belongs to (Arts, Science, Commerce, or Agriculture) does significantly influence their overall effectiveness towards online learning.
DISCUSSION
Institutional Differences in Perceived Effectiveness of Online Learning
The present investigation revealed significant institutional disparities in how online learning strategies are perceived by both teachers and students at the senior secondary level. Government school teachers demonstrated markedly higher effectiveness scores (M=64.91, SD=7.64) compared to their private school counterparts (M=53.68, SD=7.95), with this difference being statistically significant (t=6.44, p<0.001). Similarly, government school students reported significantly higher effectiveness perceptions (M=69.83, SD=7.42) than private school students (M=67.54, SD=7.74; t=3.51, p<0.001). These findings align with Kumar and Singh (2021), who observed that government institutions often demonstrate stronger institutional support for technology integration during crisis periods, potentially due to centralized policy implementation and standardized resource allocation mechanisms.
The superior perception of online learning effectiveness among government school stakeholders may be attributed to several interconnected factors. Government institutions typically benefit from uniform technological infrastructure investments mandated through national educational policies, ensuring baseline digital access across schools (Dhawan, 2020). Additionally, government teachers often receive structured professional development programs coordinated at state or national levels, fostering greater confidence and competence in deploying online pedagogical strategies (Mishra et al., 2020). The finding contradicts conventional assumptions that private institutions, with their greater financial autonomy, would demonstrate superior technology adoption outcomes. This suggests that systematic policy implementation and coordinated training initiatives may outweigh resource advantages in determining effective online learning integration.
However, the institutional advantage observed in government schools does not necessarily imply universal success. Both institutional types face challenges related to digital divide issues, student engagement in virtual environments, and the need for pedagogical redesign (Ferri et al., 2020). The relatively modest mean scores across both institutional types (government: 64.91 out of potentially 100; private: 53.68) indicate considerable room for improvement in online learning strategy implementation across the educational landscape.
Gender Neutrality in Online Learning Effectiveness Perceptions
A particularly noteworthy finding of this study is the consistent absence of significant gender differences in perceived online learning effectiveness across multiple contexts. Among government school teachers, despite female teachers showing slightly higher mean effectiveness scores (M=66.53, SD=6.27) compared to male teachers (M=63.65, SD=8.44), this difference was not statistically significant (t=1.14, p=0.2638). Similar patterns emerged among private school teachers (Male: M=54.17, SD=8.91; Female: M=53.19, SD=6.89; t=0.41, p=0.6865), government school students (Male: M=69.30, SD=7.74; Female: M=70.32, SD=7.07; t=1.04, p=0.2982), and private school students (Male: M=67.89, SD=7.82; Female: M=67.19, SD=7.65; t=0.77, p=0.4418).
These findings resonate with recent literature suggesting that the digital gender gap in educational technology adoption has narrowed considerably in recent years (Verma & Priyamvada, 2020). Sullivan and Bers (2019) similarly found no significant gender differences in technology self-efficacy among educators who received adequate training and institutional support. The gender parity observed in this study may reflect successful implementation of inclusive digital literacy initiatives and equitable access policies that have characterized Indian educational reforms over the past decade (National Education Policy, 2020).
Furthermore, the gender-neutral findings challenge earlier technological determinism perspectives that suggested inherent gender differences in technology adoption and usage patterns (Venkatesh et al., 2003). Contemporary research increasingly recognizes that when systemic barriers are addressed through appropriate training, resource allocation, and institutional support, gender ceases to be a significant predictor of technology integration success (Alenezi, 2023). The current findings support this evolving understanding and suggest that focused interventions targeting structural inequalities rather than assumed gender differences may be more productive in enhancing online learning effectiveness.
Age as a Non-Significant Factor in Teacher Perceptions
Contrary to stereotypical assumptions about age-related technological resistance, this study found no significant differences in online learning effectiveness perceptions between younger (20-40 years) and older (41-60 years) teachers in both government (t=0.62, p=0.5401) and private (t=0.82, p=0.4159) institutional contexts. In government schools, older teachers actually demonstrated marginally higher effectiveness scores (M=65.45, SD=7.56) compared to younger colleagues (M=64.08, SD=7.96), though this difference was not statistically significant.
These findings challenge the prevalent "digital native/digital immigrant" dichotomy popularized by Prensky (2001), which suggests generational divides in technology adoption. Recent empirical evidence increasingly questions this binary framework, demonstrating that age becomes less relevant when educators receive adequate professional development and ongoing technical support (Guillén-Gámez et al., 2021). König et al. (2020) found that pedagogical training in digital technologies was a far stronger predictor of effective online teaching than chronological age, supporting the present study's findings.
The age-neutral results may also reflect the unprecedented nature of the pandemic-driven shift to online learning, which necessitated rapid adaptation across all demographic groups regardless of prior technological preferences (Mishra et al., 2020). When institutional support systems and professional development opportunities are universally accessible, age-related differences in technology adoption diminish substantially (Tondeur et al., 2017). This suggests that educational policy should prioritize creating supportive ecosystems for technology integration rather than focusing on age-targeted interventions.
Nevertheless, it is important to note that the age categories employed in this study (20-40 years and 41-60 years) represent relatively broad groupings. More granular age-cohort analysis might reveal nuanced differences in specific technological competencies or pedagogical approaches that were not captured in overall effectiveness perceptions (Hatlevik, 2017).
Academic Stream Differences: Divergent Patterns Among Teachers and Students
One of the most intriguing findings of this investigation concerns the differential impact of academic streams on perceived online learning effectiveness between teachers and students. Among teachers across all streams (Science: M=58.65; Arts: M=57.72; Commerce: M=55.53; Agriculture: M=56.20), ANOVA results indicated no significant differences (F=0.1759, p=0.9124). This homogeneity suggests that pedagogical adaptation to online environments transcends disciplinary boundaries among educators, possibly reflecting shared challenges in translating face-to-face instruction to digital formats regardless of subject matter (Hodges et al., 2020).
In stark contrast, students exhibited significant stream-based differences in online learning effectiveness perceptions (F=2.8124, p=0.0388), with agriculture stream students reporting the highest effectiveness scores (M=56.54), followed by commerce (M=55.73), arts (M=53.68), and science (M=53.00). This finding warrants careful interpretation, as it diverges from common assumptions that theoretical or discussion-based disciplines (arts, commerce) would adapt more readily to online formats than practical or laboratory-intensive fields (science, agriculture).
The relatively higher effectiveness perceptions among agriculture and commerce students may reflect several factors. Agriculture education at the senior secondary level often incorporates field-based practical components that were already supplemented with theoretical instruction, potentially making the transition to predominantly online delivery less disruptive (Mukherjee, 2020). Similarly, commerce education's emphasis on conceptual understanding, case studies, and numerical problem-solving may translate effectively to digital platforms without substantial loss of pedagogical fidelity (Adnan & Anwar, 2020).
Conversely, the lower effectiveness scores among science students may reflect the challenges of conducting laboratory experiments, hands-on investigations, and experiential learning activities in virtual environments (Radha et al., 2020). Traditional science pedagogy at the senior secondary level relies heavily on practical work, direct observation, and manipulative activities that are difficult to replicate authentically online (Koh et al., 2021). While virtual laboratories and simulation tools exist, their limited availability, technical requirements, and reduced haptic feedback may have contributed to science students' lower effectiveness perceptions (Zacharia & Olympiou, 2011).
The divergence between teacher and student perceptions across streams is particularly significant. While teachers report uniform effectiveness across disciplines, students differentiate significantly based on stream. This disconnect may indicate a gap between teachers' perceptions of their instructional effectiveness and students' actual learning experiences (Bao, 2020). Teachers may perceive their online pedagogical strategies as uniformly effective across subjects, while students recognize discipline-specific variations in how well online delivery meets their learning needs. This finding underscores the importance of incorporating student feedback in evaluating and refining online instructional approaches, particularly in practical and laboratory-based disciplines (Selvaraj et al., 2021).
CONCLUSION
In conclusion, the findings of the study point toward several important implications for educational stakeholders seeking to strengthen the effectiveness of online learning. The observed institutional differences, with government schools demonstrating relatively higher effectiveness, underscore the need for systematic and coordinated approaches to technology integration. Rather than relying on isolated, institution-level efforts, there is a clear case for fostering collaborative frameworks, including public–private partnerships, through which private schools can benefit from the successful practices and resource-sharing models evident in government institutions (Jena, 2020).
The absence of significant gender and age-related differences in perceptions of online learning effectiveness further reinforces the relevance of inclusive and universal strategies in professional development. These findings suggest that educators, irrespective of demographic variations, are equally capable of adapting to digital pedagogies. Therefore, investments should prioritise comprehensive training programmes that are accessible to all teachers, aligning well with frameworks such as Technological Pedagogical Content Knowledge, which emphasise the integrated development of technological, pedagogical, and content competencies (Mishra & Koehler, 2006).
At the same time, the stream-specific variations in student perceptions, particularly the relatively lower effectiveness reported in science education, highlight the urgent need for discipline-sensitive pedagogical innovations. Institutions must invest in advanced digital tools such as virtual laboratories, simulation software, and immersive technologies to replicate experiential learning environments. Blended approaches, as conceptualised in Blended Learning (Graham, 2006), may offer a practical solution by combining online theoretical instruction with periodic in-person practical sessions, especially for laboratory-intensive subjects (Potkonjak et al., 2016).
Finally, the divergence between teacher and student perceptions across academic streams signals the importance of strengthening feedback mechanisms within the teaching–learning process. Establishing regular and structured channels for student feedback can enable educators to refine instructional strategies and enhance learning experiences. Such practices resonate with principles of Feedback for Learning (Boud & Molloy, 2013), which advocate continuous dialogue between teachers and learners as a means of improving educational outcomes. Overall, the study highlights the necessity of a balanced approach that integrates systemic planning, inclusive capacity-building, discipline-specific innovation, and responsive feedback systems to maximise the effectiveness of online learning in the school education context.

Limitations and Future Research Directions
While this study provides valuable insights into online learning effectiveness perceptions, several limitations warrant acknowledgement. The research was conducted within a specific geographical and cultural context, potentially limiting generalizability to other educational systems with different technological infrastructure, policy environments, and cultural attitudes toward online learning. Future research should employ longitudinal designs to examine whether the observed patterns persist beyond initial pandemic-driven adaptations as online learning becomes normalized within educational systems.
Additionally, the study relied on self-reported effectiveness perceptions rather than objective learning outcome measures. While perceptions significantly influence engagement and persistence in online learning environments (Chung et al., 2020), they may not perfectly correlate with actual achievement gains. Subsequent investigations should triangulate perception data with academic performance metrics, engagement analytics, and qualitative explorations of stakeholder experiences to develop more comprehensive understandings of online learning effectiveness.
The broad age categories employed may have masked more subtle generational differences in specific technological competencies or pedagogical approaches. Future research utilizing more granular age cohorts and investigating specific dimensions of technological pedagogical content knowledge (TPACK) could provide deeper insights into how age intersects with disciplinary expertise and pedagogical orientation in shaping online teaching effectiveness (Koehler & Mishra, 2009).
Finally, the significant stream-based differences among students merit deeper qualitative investigation to understand the underlying mechanisms driving these variations. Case studies examining specific pedagogical approaches, technological tools, and learning activities within different academic streams could illuminate effective practices and persistent challenges unique to each disciplinary context (Creswell & Plano Clark, 2017).
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