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ABSTRACT: ICT integration has become an essential factor of making teaching and learning in Science more effective. This study
aimed to determine the teachers’ level of ICT integration in Science classes and the pupils’ level of learning outcomes. It also
evaluated how ICT adoption by teachers impact pupils’ academic performance in Science education. The respondents in this study
were Grade 6 pupils from three sampled schools that have equal access to ICT randomly selected through Slovin’s formula. The
study employed a descriptive-correlational and causal research designs, utilizing a research-made questionnaires that underwent
validity and reliability tests. Mean and Standard Deviation, as well as the Pearson Product Moment Correlation Coefficient and
Multiple Linear Regression Analysis were used to analyzed data gathered. Results showed that level of ICT integration by Science
teachers is high at the emerging and applying stages and low in infusing and transforming stages. Pupils’ learning outcomes in
Science is Very Satisfactory. A significant moderate positive correlation is identified between teachers’ ICT integration and pupils’
learning outcomes in Science. All stages of ICT integration are predictors of pupils’ learning outcomes in Science. Thus, Teachers’
ICT integration in Science is associated with the pupils’ learning outcomes. As teachers use ICT more effectively, pupils tend to
achieve better outcomes. It is recommended that teachers may keep abreast with the latest trends in ICT and its integration to
improve the teaching and learning process.
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I. INTRODUCTION

Educational developments using Information and Communication Technology (ICT) transformed traditional methods of teaching
Science education alongside learning approaches. The modern education system uses ICT as its foundation because its applications
extend beyond creating interactive classrooms. Since Science is primarily an experimental and inquisitive subject, it derives a great
benefit from the opportunities that come with ICT. For example, virtual laboratories, simulations and data analysis software used
by pupils help them to visualize complex Science concepts and have meaningful learning experiences (Hattie, 2019).

The demand for ICT to be integrated in Science education is due to its proficiency in making theory more practical. Most
of the traditional methods in teaching are restricted in providing the learners with practical experience due to constraints such as
resource or safety factors. As a result, ICT comes in to provide more engaging and safe ways of doing these hands-on activities.
For example, virtual labs enable the pupils to do chemical reactions or study biological processes with minimal or no risk of being
exposed to real experiments (Estriégana et al., 2019).

Moreover, the use of ICT in Science learning supports collaborative learning environments in which pupils collaborate on

tasks while sharing information and performing output evaluation as one cohesive unit. The combination of scientific knowledge
growth and teamwork development occurs within these environments, which are highly desirable in STEM (Science, technology,
engineering and Mathematics) fields (Noroozi & Sahin, 2022). This technology enables the pupils to have more interactive and
dynamic approach to Science learning through peer interaction and feedback of learned topics.
Several studies conducted have shown a positive effect of ICT on learning in Science. For instance, Alabidi et al. (2023) discovered
that pupils who used interactive simulations had a better understanding of scientific concepts in a more abstract form. In addition,
the study reported that educational apps and digital tools improve the pupils' performance in areas like physics and chemistry.
These tools are not only used for learning but also for developing critical and problem-solving skills. The research investigated how
curriculum integration of STEM subjects using a blended learning approach results in better academic achievement than a
conventional instructional method.
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Lim and Wardrip (2024) explained how ICTs in Science teaching create opportunities for every pupil to succeed. The research
discovered that implementing digital resources reduces resource inequalities which affect Science education making it possible
for all the pupils to receive high-quality Science education. In addition, (Tribble, 2024) stressed teachers serve as the essential
factor for effective ICT utilization while teachers need training in technological pedagogical content knowledge for preparation.
The benefits of using ICT in Science education are evident yet implementing it faces ongoing challenges. Science education benefits
from ICT functions poorly because teachers need better training and schools need improved infrastructure (Vargas-Montoya,
2023). Additional research must take place to discover successful methods of integrating ICT into Science teaching which produces
enhanced learning outcomes for pupils.

Teachers exhibit diverse methods of integrating ICT into Science instruction which depends on their personal skills alongside
available resources and learning environment conditions (Bhat, 2023). Research into Science teaching practices based on ICT
necessitates understanding because it helps explain alternative digital teaching methods suitable for different educational settings
and learning outcomes.

This study follows the four stages of ICT integration starting from emerging to applying, infusing and transforming. The pupil-
centered approach to deeper learning emerges through the infusing and transforming stages of education, whereas the emerging
and applying stages form the foundation. Thus, Science education empowers the pupils to take an active role in their learning
process, which supports the principles of autonomy and innovation (Faloye & Faniran, 2023).

This research examined ICT integration effects on Science teaching and learning results within the four stages of ICT
implementation. The study analyzed how technology improves pupil engagement, understanding and achievement through its
findings which were expected to be useful to teachers and policymakers. In addition, the study was related to the global focus on
Science and technology education, in order to address the need to prepare pupils for a technological future.

This study was anchored on the four stages of UNESCO-UNEVOC International model for ICT development in education, which are
Emerging, Applying, Infusing, and Transforming. These stages of the development of ICT integration described the process of their
progression from the basic use of technology to the pupil-activated learning environments. This study found ICT to be an essential
component of education, as its integration into the curriculum moves from technology as a tool that serves to transmit information
to technology which brings transformative changes of educational methods to the best way.

Teachers' ICT integration ranges from basic use for static content presentation to more complex applications (Mohamed
et al,, 2021). The framework categorized ICT integration in schools, from the Emerging stage, where technology is primarily used
for presentations with limited interaction, to the Applying and Infusing stages, where ICT is integrated into subject teaching for
more participatory learning. The Transforming stage reflects ICT as a powerful tool for inquiry-based learning and real-life problem
solving, addressing individual pupil needs more effectively.

As technology continues to evolve and become more advanced, pupils move from passive learning to an active
involvement with the material (Itpartners, 2024). In early stages of development, ICT may enhance learning through improved
lesson delivery, while in later stages it allows pupils to explore, collaborate and even develop solutions to complex problems.

The model is very useful to policymakers, curriculum developers and school administrators. Knowing the level of ICT
development in each school, educational managers can in fact develop strategies for teacher professional development to move
them to the next level (Sylvester, 2024). This systematic approach of integrating ICT in teaching ensures that it is not only used to
improve individual lessons but also to change the education system. This is because ICT adoption in schools can be evaluated
periodically to monitor progress, identify gaps and needed amendments to support teachers and learners (Tenaja & Oco, 2023).
It is important to know the connection between ICT usage in education and pupil achievement results to allow analysis of better
teaching approaches and enhanced pupils learning. As ICT is integrated more into teaching, it increases pupil interest, challenges
critical thinking, and fosters group work (Msafiri et al., 2023). This framework describes in general how and what kind of support
ICT needs to enhance learning processes, especially in Science where hands on, simulations and problem solving is vital.

Lastly, this framework provides the perfect guidance for schools, teachers and policymakers on how to effectively use ICT
in Science education. Schools can use this framework to advance their technology adoption processes which leads to improved
teaching and learning methods as well as enhance the achievement of pupils and the creation of learning environments ready for
the future in Science subject.

Il. METHODOLOGY

The research designs used in this study were correlational and causal research designs with content analysis. Bhat (2023)
emphasized how correlational research design is used to examine the relationship between the independent variable to the
dependent variable. This design enabled the interconnections of the relationships between the teachers’ ICT integration in Science
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to the pupils’ learning outcomes. The research design helps identify patterns between the opportunities and challenges that
Science teachers face when using ICT tools in educational settings.

Furthermore, the study employed causal research design to establish the existence of cause-effect relationships between
ICT tool utilization and pupils’ performance in Science. This aspect of the study aims to establish whether particular ICT
intervention can enhance the learning outcomes of the pupils in measurable ways. The content analysis entails the systematic
analysis of pupils' third quarter grades in Science. The grades are analyzed to identify patterns or trends that might suggest
connection between the use of ICT and academic performance.
This section showed the study employed in collecting data for this research, each research questions was linked with the most
suitable statistical analysis for the type of data and the kind of analysis to be made. The first and second research problems applied
descriptive statistics. The Mean and Standard Deviation were used to summarize the data and present the results in a central
tendency and variability of the data. The third research problem was analyzed using the Pearson Product Moment Correlation
Coefficient. This statistical method helped to determine the degree and the type of the relationship between the two variables of
the study. Finally, to address the fourth research problem, Multiple Linear Regression Analysis was carried out. This method helped
to establish how the two variables impact each other, and determined the most important predictors.

lll. RESULTS AND DISCUSSION

Problem 1. What is the level of ICT integration in Science among elementary teachers based on
1.1 emerging stage;

1.2 applying stage;

1.3 infusing stage; and

1.4 transforming stage?

Table 1. ICT Integration in Science

Variables Mean SD Description Interpretation
Emerging Stage 3.17 0.54 Agree High Integration
Applying Stage 2.70 0.54 Agree High Integration
Infusing Stage 2.28 0.54 Disagree Low Integration
Transforming Stage 1.86 0.54 Disagree Low Integration
Note: 3.51-4.00 Very High Integration 2.51-3.50 High Integration
1.51-2.50 Low Integration 1.00-1.50 Very Low Integration

Table 1 showcases the results of each stage of ICT integration in Science among elementary teachers. The variable, Emerging
Stage, was rated the highest with Mean of 3.17 with SD=0.54, described as Agree and interpreted as High Integration. The data
implied that the teachers have the idea and skills in utilizing and introducing technology to the teaching and learning process and
activities in Science. The teachers can identify contents that may be use in their classes and can be use by the pupils in their
studies. According to Dare et al. (2021) technology integration and utilization has been a practice by the teachers at school. They
believe that it can arouse the pupils’ interest. The challenge for them is to find more contents that will be suited to their lessons
and activities.

Meanwhile, the variable, Transforming Stage, was rated the lowest with the Mean of 1.86 with SD=0.54, described as Disagree
and interpreted as Low Integration. The data implied that the teachers have less activities dealing with the highest stage of utilizing
technology in the school and even in connecting the pupils to their neighboring schools. This can be attributed to various reasons
like restrictions for privacy and against abuse and even the availability of computers. According to Parveen and Ramzan (2024)
restrictions for minor is built to protect them from unnecessary harm wherein they might not be able to fight and cope up with it
leading to stress and even depression.

Problem 2. What is the level of pupils’ learning outcomes in Science?

Table 2 on the next presents the pupils’ overall learning outcomes in Science. 89 students which is 65.93% of the total, earned
grades between 85% and 89%, interpreted as Very Satisfactory. The data implied that students are doing well and understand the
concepts in Science resulting to the favorable learning outcomes. Additionally, 28 pupils (20.74%) achieved a grade between 80%
and 84% (Satisfactory) and 16 pupils (11.85%) achieved the highest grade range of 90%—100% (Excellent). Among the pupils, only
2 (1.48%) achieved a score between 75% and 79% interpreted as Fairly Satisfactory and none of the pupils scored below 75%
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(Needs Improvement). The results showed the registered overall Mean of 86.76 with SD=2.28 with the interpretation of Very
Satisfactory.

The data implied that Science education benefits from a wide range of teaching methods, both those that use technology and
those that do not. The good results could be due to effective lessons, active participation in class, using suitable teaching tools
and teachers’ ability to teach Science. According to Badshah et al. (2023), several factors such as teacher readiness, clear
instruction and activities that fit the context all play a big role in pupils’ learning outcomes. It appears that a flexible and holistic
approach in teaching helps maintain and enhance student achievement in Science. Furthermore, the data implied that the pupils
were able to achieve the second highest level of learning outcomes. This data further means that the pupils can either maintain
the level of learning outcomes they receive or even aim for the highest level which is the outstanding level.

Table 2. Pupils’ Learning Outcomes in Science

Grading Scale Frequency Percentage Mean & SD Interpretation
90% - 100% 16 11.85

85% - 89% 89 65.93 86.76 Very Satisfactory
80% - 84% 28 20.74 (2.28)

75% - 79% 2 1.48

74% and below 0 0

Total 135 100

Note: 90% - 100%: Excellent 85%-89%: Very Satisfactory 80%-84%: Satisfactory
75%-79%: Fairly Satisfactory 74% & below: Needs Improvement

Additionally, the data further indicates that the majority of the pupils’ learning outcomes in Science was at very satisfactory level.
There are also pupils with learning outcomes level at satisfactory and fairly satisfactory level respectively. These pupils may need
further assistance and guidance form their teachers as they may be experiencing difficulty. It is important that the teachers provide
remedial activities to the struggling pupils so that they can have the chance to have the same level with their classmates.
According to Harsch and Kendeou (2023) and well as Sucilestari and Ramdhani (2020) providing remedial activities for the pupils
is an opportunity at the same time advantages for the teachers and the pupils. For the teachers, they can create research or
innovation in conducting remedial classes at the same time help minimize or eradicate the struggles of the pupils. In the pupils’
end, they may be able to master the topics and skills they struggled and be able to improve their knowledge and performance as
a whole. This way of teaching and learning help to create an environment where everyone’s needs are met.

Problem 3. Is there a significant relationship between the level of ICT integration in teaching Science and pupils’ learning
outcomes?

Table 3. Test for Correlation Between ICT Integration and Learning Outcomes

Variables r-value p-value Level of Correlation Decision Interpretation
Emerging Stage 0.561 0.001 Moderate Positive Correlation Reject Ho Significant
Applying Stage 0.518 0.002 Moderate Positive Correlation Reject Ho Significant
Infusing Stage 0.541 0.001 Moderate Positive Correlation Reject Ho Significant
Transforming Stage 0.564 0.001 Moderate Positive Correlation Reject Ho Significant

Note: 0.91-1.00 Very High Positive Correlation  0.71 —0.90 High Positive Correlation
0.51 - 0.70 Moderate Positive Correlation 0.31-0.50 Low Positive Correlation
0.00 — 0.30 Negligible Positive Correlation  Significant when computed p-value <0.05

Table 3 shows the test for correlation between ICT integration and learning outcomes of pupils in Science. The independent
variable is ICT integration in terms of Emerging Stage, Applying Stage, Infusing Stage, and Transforming Stage while the
independent variable is on pupils’ learning outcomes in Science.

Emerging Stage registered a computed r-value of 0.561 with computed p-value of 0.001. The computed p-value is less than the p-
critical value at 0.05 level of significance. This imply that significant moderate positive correlation was registered between ICT
integration and learning outcomes in Science when emerging stage is taken into account. Thus, the null hypothesis is rejected.
During the Emerging Stage, the procedure for implementing information and communication technology (ICT) is began with the
building of basic infrastructure, and schools begin to learn how to use the technology for the goal of education and instruction.
Students have noticed that their teachers are using technology into their lessons at a high level, particularly in the field of Science.
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In addition, this indicates that the students were presented with a variety of devices and technologies that have the potential to
improve their capacity for thought and comprehension of the subject matter presented. With the incorporation of technologies
into the classroom setting, both teachers and students have been inspired to work harder in their classrooms. Now more than
ever, educators are beginning to recognize the advantages that come with incorporating various technology into the process of
classroom instruction and education (Msafiri et al., 2023).

Applying Stage registered a computed r-value of 0.518 with computed p-value of 0.002. The computed p-value is less than the p-
critical value at 0.05 level of significance. The data implied that significant moderate positive correlation was registered between
ICT integration and learning outcomes in Science when applying stage is taken into account. Thus, the null hypothesis is rejected.
In the applying stage, instructors make use of the information and communication technology (ICT) that is accessible to them in
order to strengthen or enhance the tasks that are already in place within the leadership and curriculum, where it is being
developed in certain disciplines.

The technology can be utilized by educators in the process of teaching and learning that they are responsible for. Integration of
technology, particularly in the scientific field, is crucial. It is possible for teachers to simply monitor whether or not their students
have understood the concept of the lesson that has been provided to them through the usage of videos. In the past, the utilization
of technology has consistently been advantageous for both the instructors and the students. At the same time that it makes it
easier for professors to create educational materials, it also makes it easier for students to research films on the internet for the
purpose of reviewing them and getting clarifications (Sylvester, 2024).

Infusing Stage registered a computed r-value of 0.541 with computed p-value of 0.001. The computed p-value is less than the p-
critical value at 0.05 level of significance. The data implied that significant moderate positive correlation was registered between
ICT integration and learning outcomes in Science when infusing stage is taken into account. Thus, the null hypothesis is rejected.
During the Infusing Stage, the use of information and communication technology (ICT) is carried out in a manner that is methodical,
collaborative, and comprehensive. It is also included into the curriculum as well as other areas in order to improve both teaching
and learning.

When it comes to the deeper employment of technology in the teaching and learning process as well as activities with students,
teachers have a poor level of integration. This can be due to the fact that there are subjects that require additional instructional
materials and strategies in addition to those that are based on technology, or that the teachers take additional time to adjust to
the new technology. The utilization of additional instructional resources, such as those that are based on technology, requires
teachers to undergo trainings and seminars in order to thoroughly comprehend and execute their utilization. In addition, the
utilization of technology might sometimes necessitate additional time spent designing and preparing, which drive teachers to
avoid its utilization (Bhat, 2023).

Transforming Stage registered a computed r-value of 0.564 with computed p-value of 0.001. The computed p-value is less than
the p-critical value at 0.05 level of significance. The data implied that significant moderate positive correlation was registered
between ICT integration and learning outcomes in Science when transforming stage is taken into account. Thus, the null hypothesis
is rejected.

During the Transforming Stage, technology becomes fully integrated into the school, and it causes a change in the way that
teachers instruct and acquire knowledge. As a result, the classes become more innovative, imaginative, engaging, and adaptable.
The activities that teachers engage in that involve the complete incorporation of technology-based instructional resources into
the activities that they engage in for teaching and learning are very few. This can be ascribed to the fact that even the
computerization program in the department has not yet been fully implemented. This is because the purchase procedure takes a
longer period of time and involves more processes, and there are also fewer money allocated for it by the department.

In contrast to the ease with which it may be implemented in private schools, public schools have a problem when it comes to the
classroom facilities and even the number of students that need to be accommodated. Due to the fact that there are examinations
that need to be completed online, which can have an impact on the students' performance as well as their chances since
manipulating the computer is a struggle for them, public schools are doing everything in their power to ensure that students are
proficient in the use of technology such as computers (Abdel-Salam, 2022).

Problem 4. Which of the independent variable impact/s the level of pupils’ learning outcomes in Science?

Table 4 on the next page presents Regression Analysis if independent variables like emerging stage, applying stage, infusing stage,
and transforming stage predict pupils’ learning outcomes in Science. It is hypothesized that the four (4) predictors will be positively
associated with learning outcomes. Results show that the 64.4% of the variance is explained by the four (4) predictors, F=36.953,
p<.000. Specifically, Emerging Stage (f=0.5671, t-value=4.224, p-value=<.001), Applying Stage (B=0.3673, t-value=4.103, p-
]
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value=0.001), Infusing Stage (B=0.2558, t-value=3.011, p-value=0.003), and Transforming Stage (B=0.7856, t-value=5.865, p-
value=0.001) are positively associated with pupils’ learning outcomes. It can be inferred that if the teacher is able to increase the
ICT integration by 1% it will also increase the pupils’ learning outcomes respectively. This suggest that teacher’s ICT integration
can have better pupils’ learning outcomes in Science.

Table 4 demonstrates that all four levels of ICT integration (Emerging, Applying, Infusing and Transforming) are significantly linked
to pupils’ learning outcomes in Science, since all p-values are less than 0.05. This demonstrates that technology is important when
it is properly used in any learning environment.

At the Emerging Stage, teachers use ICT to display videos or images to introduce Science topics. Even though there is not much
integration at this point, it helps pupils learn by improving their visualization and interest. This suggests that using ICT in any way
helps students relate abstract Science to things they can see and do (Abdel-Salam, 2022). It was clear from the data that schools
could use easy and affordable technologies and still achieve good results. Having just a little ICT tools in the classroom can help
students become more involved and understand better.

Table 4. Regression Analysis Between ICT Integration and Learning Outcomes

uc SC
Variables B SE B t-value Sig. (P-value) Decision Interpretation
Constant 0.7865 0.7766 0.7963 5.477 0.001
Emerging Stage 0.5476 0.6754 0.5671 4.224 0.001 Reject Ho Significant
Applying Stage 0.5658 0.4549 0.3673 4.103 0.001 Reject Ho Significant
Infusing Stage 0.4668 0.4569 0.2558 3.011 0.003 Reject Ho Significant
Transforming Stage  0.8976 0.8978 0.7856 5.865 0.001 Reject Ho Significant

R R? Adjusted R>  f-value Sig. (P-value)

0.548 0.644 0.628 36.953 0.000

Note: UC = Unstandardized Coefficients SC = Standardized Coefficients
Dependent Variable = Cognitive Engagement Significant when computed p-value <0.05.

At the Applying Stage, ICT is used more deliberately to help students learn by using digital quizzes, interactive PowerPoint
presentations and simulations. At this point, students start to use technology to demonstrate their learning. According to Badshah
et al. (2023), learners at this point start to work with information more actively which helps them remember the concepts. Using
ICT with a clear curriculum at the applying stage helps students interact more and learn at their own speed which improves their
Science performance.

At the Infusing Stage, ICT is used in more challenging and group activities. Pupils may carry out group investigations using online
tools, produce digital stories or use apps to look at scientific data. Although the beta value is a little lower than the first two stages,
it is still impactful which suggests that using ICT more deeply encourages critical thinking, creativity and teamwork (Faloye &
Faniran, 2023). At this point, pupils both use and create information which demonstrates their move toward independent inquiry
in Science.

The Transforming Stage had the biggest influence on how much pupils learned in Science. At this point, learning activities are
completely changed, as ICT is now the main way students learn, create and connect with others locally or even internationally.
Virtual experiments, online discussions and making digital Science portfolios are examples of what pupils might do. Rueda and
Cerero (2019) pointed out that using ICT in a transformative way helps students learn how to solve problems and adapt. If ICT is
used everywhere in the classroom, it helps students improve, become more independent and have more interesting Science
lessons.

In conclusion, ICT integration has been continuously studied considering its availability as well as the reach it has. Teachers wanted
to explore this area considering that the pupils spend more of their time on gadgets and surfing the internet (Safi, 2019). They
want that the activities of the pupils will be diverted to more important and productive learning activities that may lead to their
better knowledge and performance. However, there are challenges that makes the teachers hesitant to fully embrace the
integration of ICT to their teaching and learning discussions and activities like the complexity of the procedures and rules that
must be adhered to, as well as the capacity and capability of the educators to make use of technology, as well as their capacity to
filter the exposure of the pupils to adult-related content and to protect them from bullying that is not essential.

On the other hand, there are websites that are extremely permissive and let the activities of minors be posted or published online.
There are also websites that are extremely permissive and might potentially put the students' privacy at risk (Alabidi et al., 2023).
Despite these concerns, the results of this study show that when ICT is used correctly and ethically, it can greatly improve pupils
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learning outcomes in Science. Therefore, technical support, trainings and safety steps should be used together with ICT to make
sure it helps rather than harm pupils.

IV. CONCLUSIONS

Based on the findings presented, the following conclusions can be drawn from the study:

1. Not all Science teachers have the knowledge or expertise to use advanced technology in integrating in the classes.

2. Pupils good learning outcomes in Science do not solely depend on technology.

3. Teachers’ ICT integration in Science is associated with the pupils’ learning outcomes. As teachers use ICT more effectively, pupils
tend to achieve better outcomes.

4. All of the stages of ICT integration by the teachers give impact to the learning outcomes of the pupils in Science. Effective ICT
integration at all stages of ICT integration contributes to better learning outcomes.

V. RECOMMENDATIONS

In light of the findings and conclusions outlined above, the following recommendations are presented:

1. Appropriate trainings and seminars may be provided to teachers to improve the ICT integration practices of teachers especially
for the infusing and transforming stages of ICT integration.

2. Teachers may continue to support and enhance their teaching strategies that complement technology use to further improve
pupils’ learning outcomes in Science.

3. Teachers may sustain the use of ICT integration in Science effectively in their lessons as increased use of technology positively
influences pupils’ learning outcomes in Science.

4. School administrators along with the teachers may develop a structured ICT integration plan in Science that covers all the stages
of ICT integration, ensuring consistent and effective use of technology to boost pupils learning outcomes in Science.
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