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ABSTRACT 

	[bookmark: _Hlk214404380]Atal Tinkering Lab (ATLs) is a significant initiative of NITI Aayog, Government of India, and it aims to foster critical thinking, creative thinking, experiential learning and innovation in STEM education, which is aligned with the goals of the National Education Policy, 2020. ATLs promote an innovation and entrepreneurship culture in schools and prepare learners to become 21st-century learners. This study has examined the status of Atal tinkering labs (ATL) operating in schools of the Western Region from the perspective of students and ATL in-charges. The study used a survey method based on questionnaires to determine the status of ATL in schools of four states of the western region. The data was collected from 509 students and 16 ATL in-charges from different schools of the four states (Chattisgarh, Madhya Pradesh, Gujarat, Goa) of the Western Region of India by the use of stratified random sampling based on urban and rural settings. The study utilised self-developed questionnaires (validated by various experts) to gather the opinions of students and ATL in-charge on the usage of ATL in schools. The data was analysed by the use of quantitative approach, such as percentages. The results highlight that the highest daily usage of ATL is in urban schools in Chhattisgarh, with a significant number of students participating weekly. It was also found that most students engage in ATL activities for 1-2 years and receive consistent support from ATL in-charges. Accessibility of ATL facilities beyond school hours is relatively high, particularly in rural Madhya Pradesh. Regarding the motivational factors for participation, a strong interest in science and technology was the highest contributing factor, and it was also found that there was a moderate positive influence of ATL engagement on students' career choices. The findings of this study also revealed that most ATL in-charge have favourable or positive views regarding the various dimensions of functions of ATL in their respective schools, such as availability of functional infrastructure, receiving grants (tranche 01), thematic integration of science and technology, and academic leadership influencing ATL implementation. However, most of the ATL in-charges have a negative perspective on various dimensions of the function of ATL, such as very few schools have an MOU with other institutions, and they did not receive the tranche 02 and tranche 03 grant. Therefore, it is a need of the hour to integrate ATL in STEM education at the secondary level, and there is a need for capacity building of teachers, curriculum modification, providing adequate resources and financial support, and effective monitoring, etc., to effectively implement on the ground level.	Comment by bambanng subali: dd what has not yet been previously studied about ATL, particularly in the Western Region of Indi 	Comment by bambanng subali: Specify the validation and reliability testing methods (for example: expert judgment, Cronbach’s Alpha). 
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1. INTRODUCTION 	Comment by bambanng subali: The research gap needs to be made more specific to the Western Region of India.
The discussion of the benefits of ATL should be consolidated to avoid redundancy.
Real-world implementation issues of ATL should be explicitly presented.
The research objectives must be clearly and explicitly stated at the end of the Introduction.
The scholarly contribution of the study should be explicitly articulated.

There is much emphasis on STEM (Science-Technology –Engineering –Arts – Mathematics) education and STEM learning environment have gained much prominence. The major reason behind this is the integrated and interdisciplinary approach that is being followed in this approach. STEM activites bridge the gap between theory and practice and help the students to make real world connections of different concepts. Several countries across the globe are now embracing and promoting this approach to shape the future workforce. Several countries like United Sciences, Germany and Singapore have already taken the lead in this direction by promoting innovative STEM programs. Asian countries are also encouraging STEM related programs however research studies on the status and effectiveness of these programs are very few. A study by Cheng et al. (2022) on the STEM education practices in Asia analyzed several factors such as administration support, resources, assessment approaches which are important in the success of the programs. Another study by Kazu et al. (2021) reviewed quantitative studies between 2014 and 2021. They concluded that STEM programs have a positive impact on academic performance of the students. 
Meta-analytic evidence shows that students participating in integrated STEM programs perform significantly better on academic achievement measures than peers in traditional settings. Some international research studies have been conducted to examine the impact of STEM education programs. One such study was conducted in the United States at the K–12 school level by the National Academy of Engineering and National Research Council (2014). This study examined the impact of integrated STEM education on students' interest, motivation, and achievement. The findings of this project revealed that it can support interest development, positive impact on learning achievement in science subjects, and have other valuable outcomes. Studies revealed that the impact of integrated STEM education helps build knowledge within and across disciplines, and enabling students to make meaningful connections across STEM subjects, which helps to foster higher-order thinking among them. Bybee, R. W. (2013) recommended the use of longitudinal research to monitor the impact of STEM practices on student outcomes and to identify specific barriers faced by the teachers. It was also suggested that mentorship and collaboration initiatives, along with the integration of educational technology tools, should be used to support teachers in optimizing their practices. The results of the study draw implications, along with impacting student learning outcomes, teacher confidence, and retention. The study emphasized that pedagogical preparedness of teachers can bridge achievement gaps, promote educational equity, and lead to policies mandating ongoing professional development. 
[bookmark: _Hlk213940550]The Indian traditional education system has often been criticized for its focus on rote learning and lack of emphasis on creativity and innovation. The rapid pace of technological change and the increasing demand for skilled workers in the global economy have highlighted the need for a more dynamic and innovative approach to education. ATLs address this need by providing students with the opportunity to engage in hands-on learning and develop the skills needed to thrive in the 21st century. The establishment of ATLs is also aligned with the broader goals of the National Education Policy (NEP) 2020, which emphasizes the importance of experiential learning, critical thinking, and innovation in education (NEP, 2020). The establishment of ATLs is supported by a robust policy framework under the Atal Innovation Mission (AIM), which was launched by NITI Aayog in 2016 to promote an innovation and entrepreneurship culture nationwide. The mission aligns with the broader goals of the National Education Policy (NEP) 2020, which emphasizes the importance of experiential learning and innovation in education. ATLs have been established to cater to the following objectives: to make learning more meaningful through hands-on learning or experiential learning, to foster innovative skills among students' minds, to promote higher-order thinking for development of twenty-first-century skills, such as critical thinking, creative thinking, design thinking, etc. so that students can find out creative solution for India's particular problems which make India as a knowledge economy country (Pandey et al., 2024). 



ATLs provide a space to young minds for active learning through hands on activities and experimentation. This helps in developing curiosity, scientific temper, creativity leading to holistic development of the learners. Students are equipped with several skills and competencies to face the global challenges while participating in different ATL activities. ATL is the only structured STEM program of India and will be expanded to more and more schools of India in the coming years. ATL is empowering children by encouraging them to take entrepreneurship projects. ATL incorporates technology and promotes STEM (Science, Technology, Engineering, Mathematics) education and fosters a scientific temper among young minds (Vajpayee, 2025). The Atal Tinkering Labs foster or embrace a new curriculum approach that talks about new ways of engagement and interaction with content that aligns with the needs of twenty-first-century challenges (Dey & Sarkar, 2025). It aims to create new and better job opportunities, produce innovative products, reduce unemployment, and contribute to the nation's development.
It promotes hands-on learning experience or learning-by-doing experience (AIM website). It encourages students to engage in ATLs and also facilitates collaboration, networking, or partnerships with industry professionals, entrepreneurs, and other stakeholders, which gives exposure to the students to the start-up ecosystem or entrepreneurship process. It helps them develop entrepreneurial skills and become successful entrepreneurs. It facilitates or promotes risk-taking learning opportunities where every failure is a learning step toward success, which is an essential attribute for a successful entrepreneur. Therefore, all these factors create or develop innovation and entrepreneurial skills among students (Tripathi, 2024). ATL provides a wide array of cutting-edge tools like 3D printers, robotics kits, coding platforms (e.g., Scratch, Arduino), and sensors. These technologies enable students to engage in hands-on activities that build practical skills in STEM fields (NITI Aayog, 2017). ATL aims to encourage students to explore science, technology, engineering, and mathematics (STEM) fields and become problem-solvers for the future (Chandak & Mohare, 2025). ATL labs provide a model for TPACK in action because they encourage teachers to blend content knowledge (science, mathematics, and engineering) with pedagogical knowledge (project-based learning, inquiry-based learning) and technological knowledge (using coding platforms, robotics kits, etc.). In these labs, students are not passive recipients of information but active creators of knowledge through experimentation, exploration, and collaboration (Angeli & Valanides, 2009). Teachers can leverage ATL resources to cater to different levels of understanding and learning preferences (Sharma & Tewari, 2020).
By aligning with India's Make in India vision, fostering entrepreneurial mindsets, and nurturing climate-conscious innovations, ATL plays a pivotal role in shaping a resilient and future-ready India. Now, it is time to review the strengths and limitations to further refine the policy framework to bring higher efficacy to this project. According to Vyas (2024) ATL has helped students to develop new skills and to apply them to real-world problems and has helped more than 1.1 crore students to create more than 16lakh innovative projects through 10,000 Atal tinkering labs in 35 states and union territories in 722 districts by engaging more than 6200 mentors of change,96% of which are established in government schools (Khanna, 2022) ATL can serve as a catalyst for STEM education by providing students with hands-on learning opportunities and fostering an innovation-driven mindset (Mishra and Gupta, 2023). However, there is limited research conducted on the status of functioning of ATLs on the ground. Therefore, the researcher's investigation is justifiable to study the status of ATL from students' and teachers' perspectives to fill the existing gap.
2. Research Objectives            
· To examine the status of Atal tinkering labs (ATL) from students' perspectives in schools of the Western Region.
· To examine the status of Atal tinkering labs (ATL) from the perspectives of ATL in-charges in schools of the Western Region. 

3. Delimitation

· The study was delimited to four states of the western region, such as Chhattisgarh, Goa, Madhya Pradesh, and Gujarat.

4. methodology	Comment by bambanng subali: The research methodology should be clarified by explicitly stating that the study employs a descriptive quantitative survey design in order to strengthen the methodological framework. Furthermore, although the research instruments are reported to have been validated by experts, the procedures for validity and reliability testing should be described in greater detail, for example through expert judgment and reliability testing using Cronbach’s Alpha, to ensure the scientific rigor of the instruments. In addition, the data analysis technique, which relies solely on percentage analysis, remains relatively limited; therefore, it is recommended that additional descriptive statistical analyses such as mean scores or urban–rural comparisons be incorporated to enhance the robustness and meaningfulness of the finding 

Research Design

The present study was conducted in the Western Region of India, covering the states of Madhya Pradesh, Chhattisgarh, Goa, and Gujarat. A survey method was used for the study to examine the status of ATL in the Western Region.

Sample and sampling technique

From the four states of the western region, the researchers collected data from 4 schools in each state, and 2 schools from rural areas and 2 schools from urban areas. Therefore, a total of 16 schools with functional ATLs were selected for the study. The sample comprised 509 students and 16 ATL in-charges, selected through stratified random sampling techniques (based on urban and rural settings). 

Tools

The data was collected through two questionnaires, which were developed by researchers and validated by various experts. One questionnaire was for students where various dimensions were included such as included frequency of use of ATL, duration of engagement with ATL, support from ATL in-charge, accessibility of ATL facilities beyond school hours, degree of Participation in ATL in-charge, scope of opportunity for peer collaboration, motivational factors to participate in ATL activities, interest in ATL activity, effectiveness of mentor of change (MOC), influence of ATL engagement on carrier choices. A separate questionnaire was prepared for the ATL in-charge. This questionnaire included various dimensions such as available functional infrastructure, level of grant received, level of thematic integration of science and technology with ATL, degree of understanding of specified concepts compliance with ATL, MOU with other academic partnerships, influence of ATL on students' attitude towards higher education, academic leadership influencing ATL implementation and engagement in ATL activities.

Data Analysis

The researchers used a quantitative approach to analyse the collected data and used percentage analysis.

5. results and DISCUSSION	Comment by bambanng subali: The Results and Discussion section should be more integrated, not merely presenting data descriptively, but directly linking each key finding to relevant theories and previous research to strengthen the analytical value.
The discussion on differences between urban and rural schools needs to be deepened, particularly regarding access to facilities, funding support, and their influence on the intensity of ATL usage and students’ career choices.
Findings concerning the low uptake of Tranche 2 and Tranche 3 should be addressed as a critical policy issue, as this has direct implications for the sustainability of the ATL program in schools.
Student motivation factors, especially the limited role of teachers and peers, should be discussed more critically, including their implications for strategies to enhance student engagement in ATL activities.
The Discussion section should be reinforced with practical implications and evidence-based recommendations, so that the research outcomes are not only evaluative but also provide guidance for the future development of ATLs.

The findings are presented in two sub-sections that include the status of ATLs from students' perspectives and the status of ATLs from the perspectives of ATL in-charges.

A. Status of ATLs from students' perspectives
Figures 1 to 10 show the status of ATL from different perspectives such as frequency of use of ATL, duration of engagement with ATL, support from ATL in-charge, accessibility of ATL facilities, participation in ATL in-charge, opportunity for peer collaboration, motivational factors to participate in ATL activities, interest in ATL activity, effectiveness of Mentor of change (MOC) and influence of ATL engagement on carrier choices.
For the frequency of use of ATL for different states of the western region, it was found that the highest daily usage of ATL was in urban schools of Chhattisgarh state (50%). The overall percentage of daily visits by students of all rural schools is 25.24% and for urban schools it is 21.98%. On comparing the frequency of students' visits to the ATL lab, it is found that for both rural and urban schools, the highest percentage (45.71% for urban and 61.05% for rural) is weekly.  
Most of the students are engaged in ATL activities for a period of 1-2 years for all states, including both rural and urban schools. Regarding support from the ATL in-charge, most of the students get support from the ATL in-charge always (60.66% for urban and 69.80% for rural) of all states. Accessibility of ATL facilities beyond school hours is available always in 49.54% schools with Madhya Pradesh rural in the top list (90%). The degree of participation in ATL in-charge is available always in 53.78% schools with Gujarat rural in the top list (82.76%). The scope of opportunity for peer collaboration is available to about half of the students (56.64%) always. Concerning motivational factors to participate in ATL activities (a) interest in science and technology- 61.63% of urban students and 57.86% of rural students reported that they are motivated to take part in ATL activities due to their interest in science and technology, (b) around 23.96% urban and 33.23% rural students reported that they were participated in ATL activities to learn new skills, (c) only 10.04% urban and 6.35% rural students stated that encouragement from teachers was factors to participation in ATL activities,  (d) and followed by influence of peers (4.36% urban and 2.55% rural students) was least factor to participate in ATL activities. Goa is the highest in terms of interest in science and technology, 78.05% for urban and 88.24% for rural. For urban areas of Gujarat state, 65% students had the desire to learn new skills from participation in ATL activities, which was the highest among all states. With regards to encouragement from teachers and influence of peers, the percentages are generally low for all states both for urban and rural areas. Most of the students expressed interest in ATL activities from high to very high range (very high =52.97% and 39.53%, high=25.44% and 45.54%) for all the states. Only a few students reported moderate interest (17.54% urban and 8.30% rural students) and low interest (4.03% urban and 5.61% rural students) in ATL activities. Students of Gujarat state reported a very high interest in ATL activities (79.31% rural students) as compared to other states. Effectiveness of mentor of change (MOC) ranged from excellent (urban=29.12% and rural=24.50%) to good (urban= 45.82% and rural=43.59%) for all the states. Most of the students (42.80% urban and 70.2% rural) reported influence of ATL engagement on career choices significantly increased. 

TABLE 1: Response of secondary school students (%) on various aspects of functioning of ATL of four states 
	Aspects of Functioning
	Response of secondary school students (%)

	
	Chhattisgarh
	Gujarat
	MP
	Goa
	overall

	
	U
	R
	U
	R
	U
	R
	U
	R
	U
	R

	1.        Use of ATL

	Daily
	50
	48.0
	11.61
	10.34
	26.32
	25.00
	0.00
	17.6
	21.98
	25.24

	Weekly
	22.5
	31.6
	55.36
	89.66
	51.32
	70.00
	53.6
	52.9
	45.71
	61.05

	Monthly
	15
	13.3
	10.71
	0.00
	12.50
	0.00
	0.00
	11.7
	9.55
	6.26

	Rarely
	12.5
	7.1
	22.32
	0.00
	9.87
	5.00
	46.3
	17.6
	22.75
	7.43

	2.        Duration of engagement with ATL

	1-2 years
	50.00
	42.86
	76.79
	86.21
	73.68
	70.00
	43.9
	64.7
	61.09
	65.94

	2- 3 years
	22.50
	30.61
	14.29
	13.79
	19.74
	30.00
	19.5
	23.5
	19.01
	24.48

	3-4 years
	17.50
	21.43
	2.68
	0.00
	4.61
	0.00
	14.6
	11.7
	9.855
	8.29

	More than 4 years
	10.00
	5.10
	6.25
	0.00
	1.97
	0.00
	21.9
	0.00
	10.04
	1.27

	3.    Support from ATL in-charge

	Always
	52.50
	43.86
	75.89
	96.55
	53.29
	80.00
	60.9
	58.8
	60.66
	69.80

	Often
	15.00
	30.59
	14.29
	0.00
	30.92
	15.00
	36.5
	41.1
	24.2
	21.69

	Rarely
	17.50
	14.29
	7.14
	0.00
	9.87
	5.00
	2.44
	0.00
	9.23
	4.82

	Never
	15.00
	11.26
	2.68
	3.45
	5.92
	0.00
	0.00
	0.00
	5.9
	3.67

	4.        Accessibility of ATL facilities beyond school hours

	Always
	60.00
	44.90
	31.25
	10.34
	34.87
	90.00
	34.1
	52.9
	40.06
	49.54

	Occasionally
	27.50
	34.69
	44.64
	3.45
	46.05
	10.00
	31.7
	35.2
	37.47
	20.85

	Rarely
	10.00
	14.29
	20.54
	0.00
	15.79
	0.00
	26.8
	5.88
	18.29
	5.04

	Never
	2.50
	6.12
	3.57
	86.21
	3.29
	0.00
	7.32
	5.88
	4.17
	24.55

	5.        Degree of Participation in ATL in-charge

	Always
	47.50
	32.65
	42.86
	82.76
	21.71
	35.00
	2.44
	64.7
	28.62
	53.78

	Often
	25.00
	26.53
	30.36
	10.34
	56.58
	55.00
	31.7
	11.7
	35.91
	25.90

	Seldom
	20.00
	27.55
	17.86
	6.90
	13.16
	10.00
	63.4
	17.6
	28.60
	15.52

	Never
	7.50
	13.27
	8.93
	0.00
	8.55
	0.00
	2.44
	5.88
	6.85
	4.78

	6.        Scope of opportunity for peer collaboration 

	Always
	42.50
	37.76
	42.86
	100.00
	21.71
	35.00
	51.2
	58.8
	39.57
	56.64

	Often
	20.00
	26.53
	25.89
	0.00
	42.11
	70.00
	7.32
	23.5
	23.83
	28.76

	Sometimes
	27.50
	26.53
	27.68
	0.00
	30.92
	5.00
	39.0
	17.6
	31.28
	12.29

	Rarely
	10.00
	9.18
	3.57
	0.00
	5.26
	0.00
	2.44
	0.00
	5.31
	2.29

	7.        Motivational factors to participate in ATL activities

	Interest in science and technology
	55.00
	40.82
	56.25
	72.41
	57.24
	30.00
	78.0
	88.2
	61.63
	57.86

	Desire to learn new skills
	20.00
	28.57
	40.18
	27.59
	21.05
	65.00
	14.6
	11.7
	23.96
	33.23

	Encouragement from teachers
	22.50
	20.41
	1.79
	0.00
	8.55
	5.00
	7.32
	0.00
	10.04
	6.35

	Influence of peers
	2.50
	10.20
	1.79
	0.00
	13.16
	0.00
	0.00
	0.00
	4.36
	2.55

	8.        Interest in ATL activity 

	Very high
	62.50
	32.65
	36.61
	79.31
	66.45
	5.00
	46.3
	41.1
	52.97
	39.53

	High
	15.00
	28.57
	41.07
	13.79
	16.45
	85.00
	29.2
	58.8
	25.44
	46.54

	Moderate
	15.00
	16.33
	18.75
	6.90
	14.47
	10.00
	21.9
	0.00
	17.54
	8.30

	Low
	7.50
	22.45
	3.57
	0.00
	2.63
	0.00
	2.44
	0.00
	4.03
	5.61

	9.        Effectiveness of Mentor of change (MOC) 

	Excellent
	47.50
	41.84
	34.82
	0.00
	17.11
	15.00
	17.0
	41.1
	29.12
	24.50

	Good
	25.00
	33.67
	58.93
	6.90
	57.89
	75.00
	41.4
	58.8
	45.82
	43.59

	Average
	22.50
	17.35
	6.25
	0.00
	19.08
	10.00
	2.44
	0.00
	12.56
	6.83

	Poor
	5.00
	7.14
	0.00
	93.10
	5.92
	0.00
	39.0
	0.00
	12.48
	25.06

	10.      Influence of ATL engagement on carrier choices 

	Significant increased
	42.50
	42.86
	49.11
	100.00
	38.16
	85.00
	41.4
	52.9
	42.80
	70.2

	Moderately increased
	32.50
	36.73
	39.29
	0.00
	36.84
	15.00
	46.3
	47.0
	38.74
	24.69

	Slightly increased
	17.50
	12.24
	9.82
	0.00
	22.37
	0.00
	12.2
	0.00
	15.47
	3.06

	Insignificant
	7.5
	8.16
	1.79
	0.00
	2.63
	0.00
	0.00
	0.00
	2.98
	2.04





Figure 1: Showing the use of ATL



Figure 2: Showing duration of engagement with ATL on the basis of locality




Figure 3: Showing support from ATL in-charge



Figure 4: Showing accessibility of ATL facilities beyond school hours




Figure 5: Showing the degree of participation of ATL in-charge


Figure 6: Showing the scope of opportunity for peer collaboration




Figure 7:  Showing motivational factors to participate in ATL activities










Figure 8: Showing students' interest in ATL activities



Figure 9:  Showing the effectiveness of the mentor of change (MOC)



Figure 10: Showing the influence of ATL engagement on carrier choices

B. Status of ATLs from the ATL in-charges' perspectives 
ATL in-charges play a critical role in the success of Atal Tinkering Labs (ATLs), acting as facilitators, mentors, and guides for students exploring innovation, STEM learning, and entrepreneurship. Their perspective on ATL functioning provides valuable insights into challenges, opportunities, and best practices in implementing ATL effectively. The perspective of ATL in-charges on the use of ATL is given in this section.
[bookmark: _Hlk214293334]With respect to the above aspects of the functioning of ATL, data obtained from four states of the western region are presented in Table 2. Under the available functional infrastructure in schools, most of the ATL in-charges have reported the availability of electronics, robotics and IOT (86.95%), rapid prototyping (86.95%), mechanical, electrical and measurement tools (91.30%), power supply, accessories and safety tools (91.30%). All the schools have received the Tranche 1 grant (100%), whereas only 31.3% have received the Tranche 2 grant. None of the schools was successful in receiving the Tranche 3 grant. Teachers or ATL in-charges were able to thematically integrate the concepts of science and technology from the curriculum using ATL; very effectively (52.17%), moderately effective (43.47%), and not at all effective (4.34%).
With regards to the 52.17% ATL in-charges reported that they could integrate the concepts of science and technology from the curriculum with ATL activities in a very effective manner. 43.47% reported that the integration was moderately effective, whereas 4.34% reported that integration was not at all done in an effective manner. With regard to degree of understanding of specified concepts compliance with ATL which covers how effectively children are involved with ATL offered opportunities to work with relevant tools and equipment to understand the concepts of – robotics, IoT, 3-D Printing, basic electronics, product prototyping, and arts and crafts 60.86% find it very effectively done, 34.78% find moderately effectively done and 4.34% find not effectively done at all. Only 26.08% ATL in-charges reported that the school has an MOU with other institutions. The influence of the ATL of the school in helping the students to shape better prospects in terms of attaining higher education, vocational skill development, job, and entrepreneurship (start-ups, influencers, etc.), 69.57% find it to be very effective, 26.09% find it moderately effective, and 4.34% find it not effective at all. 
With regard to the status of academic leadership influencing ATL implementation, 26.08 % ATL in-charges rate their academic leadership excellent in implementing the ATL Project effectively, whereas 65.22% rate their academic leadership to be good in implementing the ATL Project effectively and 8.70%rate their academic leadership to be average in implementing the ATL Project effectively. 
Table 2: Response of secondary schools ATL in-charge of different aspects of functioning of ATL
	Aspects of Functioning
	Response of the ATL in charge of secondary schools 

	
	Overall (in percentage)

	1. Available functional infrastructure

	Electronics, robotics and IOT
	86.95

	Rapid prototyping
	86.95

	Mechanical, electrical and measurement tools
	91.30

	Power supply, accessories and safety
	91.30

	2. Level of grant received

	Tranche 01
	100

	Tranche 02
	31.13

	Tranche 03
	0

	3. Level of thematic integration of science and technology with ATL

	Very effective
	52.17

	Moderate effective
	43.47

	Not effective
	4.34

	4. Degree of understanding of specified concepts compliance with ATL

	Very effective
	60.86

	Moderate effective
	34.78

	Not effective
	4.34

	5. MOU with other academic partnerships

	Having the MOU sign
	26.08

	6. Influence of ATL on students' attitudes towards higher education

	Very effective
	69.57

	Moderate effective
	26.09

	Not effective
	4.34

	7. Status of academic leadership influencing ATL implementation

	Excellent
	26.08

	Good
	65.22

	Average
	8.70



The engagement of students in ATL (Atal Tinkering Lab) programs follows a structured yet flexible pattern, allowing students to explore STEM, innovation, and entrepreneurship through hands-on learning. Their participation varies based on interest, skill level, and exposure to different ATL activities. Different kinds of ATL activities and participation of students from different schools is given in Table 3. Based on the statistics presented in the table, most of the schools have organised workshops and seminars Online Achievement Day. A moderate level of participation was seen in visits undertaken by students to industries, innovations registered with AIM. And Low participation was observed in programs like AIM Hackathon, ATL Tinkerpreneur, Intellectual Property Rights granted and under process. The overall statistics are presented in Table 3.

Table 3: Overall pattern of engagement of the students in different ATL-related programs based on data collected from ATL in-charges

	Activity/Programme
	Nature of participation of schools

	AIM Hackathon
	9 (39.13%)

	ATL Tinkerpreneur
	7 (30.43%)

	Innovations registered with AIM
	10 (43.47%)

	Innovations registered in the top list of marathons with AIM
	8 (34.78%)

	Intellectual Property Rights granted
	2 (8.69%)

	Intellectual Property Rights under process
	4 (17.39%)

	Workshop and seminars conducted
	17 (73.91%)

	Expert talk conducted
	15 (65.21%)

	Online interaction session
	17 (73.91%)

	offline interaction session
	16 (69.56%)

	Participation in exhibition
	17 (73.91%)

	Achievement day celebration
	18 (78.26%)

	Number of visits of ATL team for industry institution programme
	10 (43.47%)




4. Conclusion and recommendations

The study examines the status the ATLs from students' and ATL in-charges' perspectives in the western region. The results point to clear disparities in the functioning and impact of ATLs between rural and urban schools. While infrastructure and essential tools are largely available across regions, gaps in funding (particularly Tranche 2 and 3) and institutional collaborations place rural schools at a disadvantage. Despite this, rural ATL in-charges reported higher perceived effectiveness in integrating curriculum concepts, suggesting that resourcefulness and teacher commitment can partially compensate for limited funding. However, the lower influence of ATL on rural students' career choices indicates that structural barriers—such as reduced access to industry exposure, advanced activities like Hackathons, and external mentorship—constrain the full potential of ATL in these contexts. The following recommendations may be considered to transform ATL from an activity center to knowledge hub.

· Curriculum Alignment and promotion of interdisciplinary learning: ATL should be a part of the existing curriculum and not as a separate activity. Teachers should be encouraged to use ATL resources in their regular classroom. While involving students in ATL activities a stress should be given on establishing interdisciplinary connections. For this help from the allocated ATL mentors may be taken to orient the teachers and students.

· Capacity Building Programs for Teachers or ATL In-Charges- This is a very important area which needs immediate attention for success of ATL.   Many teachers expressed difficulty in using the various components of the ATL kit. Therefore, regular training, workshops may be organized to develop capacity building among teachers so that they can use ATL effectively in their classrooms.

· Transforming ATL into a Knowledge and Innovation Hub - ATL will be a major hub for learning, innovation, and skill development, where students can engage in real-world projects by collaborating with local businesses, farmers, hospitals, and NGOs. All projects should be based on a design-thinking approach to promoting innovation and solving community problems. To convert ATL from a tinkering space to an incubation centre for student start-ups, there will be a need for more industry-academia collaboration, following a research and development approach in executing all projects along with design thinking integration, leveraging emerging technologies, fostering a culture of experimentation and establishing an ATL Alumni Network.
· Provide financial assistance- The government will need to enhance financial grants for advanced ATL infrastructure (AI, IoT, AR/VR, biotech, etc.) and provide state and central government backup funding to scale up successful student projects into start-ups. The government will also have to ensure each ATL has access to high-speed internet, cloud computing resources, and modern prototyping tools.
· Promotion of Sustainability and Climate-Resilient Engagement through ATL- For a sustainable and self-reliant India and to achieve the vision of Viksit Bharat 2047, sustainability is no longer an option but a necessity for long-term economic growth, social well-being, and ecological balance. Students should be encouraged to develop solutions for waste management, renewable energy, and water conservation. Special competitions like Eco-Hackathons may be organized for students, and they should be trained on sustainable product design and green entrepreneurship towards a climate-resilient economy. The importance of resource management and innovation in creating sustainability should be one of the key areas of the ATL curriculum.
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