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Abstract: Research paper aims to explore the relevance and effectiveness of STEM approach through virtual learning 

for membrane formation in biology in the Indian context. In present scenario, it observed conventional approaches have 

very limitation for biology learning. Presently STEM approach give opportunity through virtual learning to promote 

collaborating and inquiry based learning. STEM is emerging as one of the most effective approach for learning. The 

present study was conducted to explore the effectiveness of STEM approach for understanding membrane formation  in 

Biology. The main purpose of this study was to investigate the effectiveness of STEM approach for understanding of 

concepts of biology. The findings of the present study clearly revealed that student understand the concept of membrane 

formation through STEM approach in a better way as compared to conventional approach. This paper is a humble 

attempt to discuss position of STEM approach, initiatives of Government of India, and the impact it has on student learning 

and overall educational outcomes in India.  
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1. INTRODUCTION 
 
1.1 Rationale  

After the pandemic it realised that education system should be innovative and integrated to real life problems.  

UNESCO says that STEM education are considered an imperative part of competency – based curricula. 

The goal of STEM (science, Technology, Engineering, Mathematics) approach is to prepare students for the 

21st-century workforce, which increasingly demands skills in these domains. The STEM approach in 

education refers to an interdisciplinary approach that integrates the subjects of Science, Technology, 

Engineering, and Mathematics. It aims to foster critical thinking, problem-solving, and creativity among 

students by connecting these subjects through project-based learning and real-world applications.  

STEM is based on the belief that these subjects play a crucial role in our everyday lives and are 

interconnected. Through the STEM approach, students are encouraged to explore the natural connections 

between these disciplines and apply their knowledge in practical ways. By doing so, they develop not only a 

deeper understanding of the subjects but also the ability to transfer their learning into different contexts. The 

concept of STEM education has gained significant attention in recent years due to the growing need for a 

technologically skilled workforce. Many industries today require professionals who can apply scientific and 

mathematical principles to solve complex problems. The STEM approach in education aims to nurture the 

skills and competencies needed by future generations to thrive in these fields. One of the key aspects of the 

STEM approach is its emphasis on hands-on learning and inquiry-based activities. Students are encouraged 

to actively explore and investigate real-world problems, fostering a deep sense of curiosity and engagement. 

By engaging in projects and experiments, students learn to think critically, solve problems, and collaborate 

effectively, skills that are essential in STEM fields. 

Additionally, the STEM approach emphasizes the integration of technology and engineering with science 

and mathematics. Technology plays a crucial role in our society, and students need to develop technological 

literacy and understand how to leverage technology as a tool for problem-solving. Similarly, engineering 

principles play a vital role in designing and building solutions to real-world problems. By integrating 

technology and engineering into the STEM curriculum, students gain a holistic understanding of the interplay 

between these disciplines. 

Furthermore, the STEM approach underlines the importance of diversity and inclusion. STEM education 

seeks to create an inclusive learning environment where students from diverse backgrounds can collaborate 
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and contribute their unique insights. By fostering inclusivity in STEM education, we can encourage a broader 

participation in these fields and promote equity and diversity in STEM careers. 

1.2 Why STEM Approach? 

We are in a period in which education system realise to change all education system developing stamp 

approach that are relevant and futuristic. education cannot occur in space every discipline has their unique 

feature but they will understand and grasp buy the interlinking of concepts and principles of other discipline. 

The integrated approach of STEM approach in education involves connecting the concepts and principles from 

science, technology, engineering, and mathematics to enhance students' understanding of biology. Rather 

than teaching these disciplines in isolation, the integrated approach seeks to demonstrate the 

interconnectedness and real-world application of STEM subjects. In the context of biology, the integrated 

approach encourages students to explore concepts through interdisciplinary projects and activities that 

incorporate elements from various STEM fields. For example, students may investigate the impact of 

environmental factors on plant growth by collecting and analyzing data (science), designing and testing 

prototypes for a controlled environment system (engineering), using technology tools for data visualization 

and analysis (technology), and applying mathematical models to understand the growth patterns 

(mathematics). Similarly, if students are acquiring knowledge of function of human eye, they might aware 

the function of lance (Physics), calculation of power of eye (Mathematics), using technology for identification 

of defective eye. This parallel approach will encourage critical, logical thinking, decision making and 

collaboration, and communication skills. They can see how concepts and principles from different STEM fields 

are interconnected and how they work together to provide a holistic understanding of biological phenomena. 

These skills provide the foundation of success in students’ life.  

 

Figure -1.1 

STEM Approach 

1.3 STEM Approach in India 

“Bharat” has been the centre of learning since ancient period. In Bharat STEM is not a new approach in 

education. If we analyse, the basic principles of STEM we find that these subjects are taught in a such a 

way that student learn to apply the concept in real life situation. we can also say that transdisciplinary 

approach which based on integrated approach of 4Cs, that is creativity, critical thinking, collaboration, and 

communication. In ancient education system in Bharat they all are incorporated in terms of 64 Kalas and 14 

Vidhyas ie known as skills and vocational education. Students could adopt these Kalas and Vidhyas according 

to their capabilities, interest and attitude which is now days known as CBCS (Choice Based Credit System). 

The education model of was largely student centric with focus on multidisciplinary education including the study 

of ancient scriptures, law, medicine, astronomy, military science and the eighteen silpas or arts (20). The 
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Upanishads provides enough evidences of Gurukul traditions of teaching learning methodologies of ancient 

times, seemingly providing basis for many of the teaching learning concepts of contemporary times. 

Now in present era NEP-2020 (National Education Policy 2020, Government of India ) emphasis on the 

holistic development of learner and multidisciplinary approach in education. The fundamental principles of 

NEP-2020 India, correlate well with the concept of STEM. the Government of India accelerate constructivist 

approach in education system spending major part of its research budget on stamp program for school student. 

However, in order to collinear image, STEM has grown to represent a unique approach of teaching and 

learning that promotes transdisciplinary approach in education. Initiatives taken by Government of 

India(GOI) by collaboration with IBM to improve STEM opportunities for girls in October 2020.Vigyan Jyoti, 

Vigyan Prasar, Atal Tinkering Lab are very innovative initiative taken by GOI. 

1.4 What Researches say about effectiveness of STEM through virtual Learning? 

Research studies have indicated that visualization of phenomena through computer simulations can 

contribute to student’s understanding of physics concepts at the molecular level by attaching mental images 

to these concepts (Cadmus, 1990).  

In this way, students contribute not only to learning but also to the economic development of countries by 

understanding how to use this information (Gonzalez & Kuenzi, 2012). Furthermore, STEM education aims 

to raise a productive, scientifically literate society by adopting rapidly developing technological, and scientific 

changes (Bray, 2010) .In other hand the  effect of STEM education on students’ academic success was 

statistically higher in the random-effects model. (İbrahim Yaşar 2021). Oner and Capraro (2021) suggested 

that STEM education should collaborate four subjects according to their application context. Similarly , Delen 

&Uzun (2018) emphasise that STEM is strongly  correlated to applied aspects of engineering context. In 

other hand, some studies also focussed on well-designed interrogation of content (Moore et al., 2020), 

Guzey et al. (2020). On other hand review the studies (Cotabish et al., 2014; Çetin, 2019; Dedetürk, 2018; 

Ercan, 2014; Gülen, 2016; Irkıçatal, 2016; İnce et al., 2018; İzgi, 2020; Olivarez,) explore that STEM approach 

enhance academic success.  

Even though there are so many meta – analysis study in the literature demonstrate that (Angelo et al., 

2014; Ayverdi & Öz-Aydın, 2020; Becker & Park, 2011; Belland et al., 2017; Saraç, 2018; Yücelyiğit & Toker, 

2021), there is not a comprehensive international meta-analysis for the period 2014-2021(Ibrahim Yaşar & 

Yalcin 2021).  

Therefore, no conclusions can be arrived at on the basis of previous researches hence some more 

researches are needed in Indian context. The present study was conducted with this aim in mind. The main 

purpose of this study is to investigate the effectiveness of STEM approach for understanding of membrane 

formation in biology. 

1.4.1 Objectives of the Study 

1. To identify and design virtual activity from the available resources (online) for STEM approach. 

2. To Study the effectiveness of STEM approach for understanding of science concepts. 

1.5 Research Design of the Study  

The present study employed pre- post experimental design. This experimental design enables the 

manipulations of the variables to be observed under the control of the researcher in order to investigate cause 

and effect relations. The variables under study are:  

• Dependent Variable: Achievement Gains  
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 • Independent Variable: Virtual activity on STEM  

• Intervening Variable: Previous achievement in Science 

1.5.1 Teaching Pedagogy and Procedures 

a. Virtual Learning 

There are various ways of defining virtual learning. A virtual learning is particularly useful when some 

physical constrain are involve between learning and teaching. Experiments may involve hazardous chemicals 

and risky equipment. Virtual learning also, is used in the system aiming to replace physical machine with 

virtual machines on one host server. They eliminate the limitation of physical appearance so that students 

are able to complete security exercises on the local operating system with their own time and space. In this 

there are certain advantage- It is very easy to learn how to use them, the leaning objectives is more clearly 

defined.  

In this study, virtual learning environment was created to examine effectiveness of STEM Approach. 

NetLOGO 6.0.3 virtual setup were taken as an activity for experimental group learning. 10th  grade biology 

topic membrane formation  was taken for activity of STEM. The researcher of the present study has gone 

through this website and found a virtual activity on membrane formation fitting in to the purpose of the study 

and therefore, decided to employ the same. This virtual activity allows students to control inputs such as 

percentage, concentration, and reactions, and it allows them to receive immediate feedback on the results of 

changes to the experimental set-up. With proper guidance, students can use the simulation to construct a 

mental model of the activity. The, NetLOGO virtual setup shown in Fig. 1.2, is downloaded from the 

NetLOGO website.  

 

Figure 1.2 

Screen Capture of  NetLOGO virtual setup 

This virtual activity also allows students to interactively construct the graphs commonly found in textbooks 

and students are able to see the relationship between the graphs and the experiment more clearly than they 

see when viewing static and dynamic images.  For this activity, individual and group assessment tools are 

prepared by researchers. In other hand, detailed guideline was provided to explain how and what they used 

STEM approach in problem solving.  

b. Sample of the study - Looking in to the nature of the study, Purposive sample was selected. The 

participants of the study were 50 , students of 10th  grade  ranging in age from 14 to 16  in Bhopal city India  of 

2021-2022 academic year. Pre and post achievement test on the above topic through an Achievement 

Test”. For both groups were allowed to learn the same concept of science. 
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c. Procedure - The step by step procedure of the followed in the present study can briefly be described 

as below:  

1. 50 students of 10th grade studying were divided in two groups based on their previous achievement 

marks in previous exams and their achievement was evaluated by administered Pre-test through an 

Achievement Test”. For both groups were allowed to develop same concept of Biology . 

2. Participants in the First group, designated as control group, were allowed to conduct face to face class. 

This group were taught by conventional approach. 

3. Participants in the second group, designated as experimental group were provided the facilities of 

virtual activity for conceptual understanding of membrane formation. These participants used virtual setup of 

Net Logo 6.0.3 on a personal accessible mode with STEM approach. 

4. After completing the activity in both the situations, students of both the groups was administered Post 

“Achievement Test” to evaluate the conceptual understanding of membrane concept and achievement gain 

was calculated.  

1.6. Statistical Analysis of Data 

To study the effectiveness of virtual lab, the independent samples t- test, were used for testing the data 

obtained in the study. The SPSS 11.00 (Statistical Package for Social Sciences) statistical program was 

used to evaluate all the data collected from pre-and post-tests. Findings Statistical results about the 

comparison of pre-test and post-test scores of the experimental and the control group students. Students in 

experimental group who learned the concept of membrane formation through STEM approach gained more 

compared to control group, who learned the same through conventional approach. Independent t-test was 

employed to investigate further whether this difference in achievement gains between two groups is really 

significant. Independent t-test results, clearly shows that there is a significant difference between groups, 

scores of the achievement gain (t=1.3) is in favour of experimental group. Therefore, it can safely be 

concluded that student learned concepts of biology through STEM approach in a better way compared to 

conventional approach.  

1.6.1 Findings and Discussions: The present study found that student learned concepts of membrane 

formation through STEM approach in a better way compared to convention approach. The findings of the 

study corroborate with the findings of earlier studies (Moore et al., 2020), Guzey et al. (2020, (Cotabish 

et al., 2014; Çetin, 2019; Dedetürk, 2018; Ercan, 2014; Gülen, 2016; Irkıçatal, 2016; İnce et al., 2018; İzgi, 

2020; Olivarez,) The contradictions in findings of such as(Gonzalez & Kuenzi, 2012),Bary2010 , these 

studies with the present one may be due the nature of concept to be learned, approach of STEM, control of 

intervening variable, different design of the study and statistical analysis etc. Therefore, some more such 

researches are needed to arrive at valid generalization. 

Findings of this study also revealed that to integrate STEM approach with biology teaching, teachers should 

focus on the formation process and the application of the core concepts of life sciences. Teachers can promote 

their students to use inquiry based methods to solve real life problems, and develop their social and moral 

responsibility. 
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