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Annotation 

This study titled technology integration and science students’ learning outcomes at secondary 

school level. The study was guided by three research questions: How does different levels of 

technology integration affect student learning outcomes? What is the effect of horizontal 

technology integration on student learning outcomes? What is the effect of vertical technology 

integration on student learning outcomes? Descriptive survey design was used for this study. The 

sample size of 90 was made up of thirty (30) teachers and 60 students from three selected schools 

within the Bamenda municipality. Two four-point Likert scale questionnaire were used to collect 

the data from the respondents. One for students and the other for teachers. The quantitative data 

obtained were subjected to descriptive statistical analysis, using SPSS 23.0 package program. The 

findings of this research show that. 
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Introduction: 

In a society that is rapidly becoming digitalized, and the use of technology has become a 

necessity. D'Angelo (2018), and Yılmaz (2021) are of the view that students need to use 

technology to have a good understanding of course content and to acquire knowledge, skills and 

competences that they need to belong to the work force. The use of technology in the classroom 

enables learners to be motivated, highly engaged and promotes learning in the classrooms. Using 

technology as a teaching tool to increase students desire to learn and this can result in better 

learning outcomes. According to Higgins et al. (2012), technology enables teachers present 

concepts more efficiently which makes students to learn with ease. Learners are surrounded by 

technology, at school and at home says Kouser & Majid (2021), and they are always using one 

type of technology or the other. Technology used for learning is a combination of teaching 

methods and different digital tool that work together to improve the teaching and learning process. 

Incorporating technological tools and resources promotes student engagement, promotes 

creativity, critical thinking, and problem-solving. Kaya & Adiguzel (2021) points out that 

improving students learning capabilities requires integrating technology into the curriculum.  

Science nurtures curiosity in students' and helps them to make sense of their learning environment 

(Dantic Atrero & Rogayan 2023). In this study, it is divided into sub-branches such as physics, 

chemistry and biology. Science is necessary to enable students acquire scientific process skills, 
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gain systematic working habits, and to find solutions to problems encountered in daily life. Atrero 

Dantic & Rogayan (2023) are of the view that it helps to improve analytical, critical, reflective 

and creative thinking in students. Science also enables easy integration of technology and to have 

alternatives for adapting course content to technology (Yılmaz 2021). The benefits of technology-

enhanced learning are many hence understanding the impact of technology integration on science 

student learning outcomes in schools is important for educational practices. It is therefore 

necessary for technology to be used in the curriculum to provide instructors with an invaluable 

opportunity to enhance student engagement and learning outcomes (Dinc 2019). 

Literature Review 

Technology is used to enhance the outcomes of teaching and learning in schools. Kalyani (2024), 

opines that technology has increased innovation in the teaching and learning process and 

according to South & Stevens (2017), it is used to personalize learning and give students the 

opportunity to decide how they learn and at what pace. Technology tools increase flexibility and 

learning supports. According to Wang (2017), it helps to produce an interactive way of learning 

by providing hypertexts which help extend and enrich the content to be studied. This enhances 

students’ motivation and interest in learning, and makes learning to be active. Alvarado-Barboza 

(2023), is of the view that teachers need to yield to the explosion of knowledge brought about by 

technological tools and devices by using them in the teaching and learning process. This requires 

the modification of existing teaching methods according to students needs since they find the use 

of technology particularly helpful Kim and Kim (2017). Teachers therefore need to make use of 

technological devices and tools which according to Timotheou et al. (2023) are agents of change 

both in the nature and scope of education. They have brought about new strategies and policies to 

be adopted for their integration in schools and educational systems worldwide. 

Technology integration 

Technology integration in schools is an ongoing process which requires attention from all stake 

holders. Kimmons (2020), sees it as the meaningful use of technology to achieve learning 

objectives. This involves incorporation of digital tools, resources, and devices into educational 

practices to support teaching and learning. Nana (2007), describes technology integration as the 

use of technology resources such as computers, mobile devices like smartphones and tablets, 

digital cameras, power point devices networks, software applications in daily classroom practices, 

and in the management of a school. Integrating technology into the classroom is often challenging 

and presents teachers with some difficulties. In order to make learning more engaging and 

effective, it is necessary to have technology in the classroom. Bhat (2023) is of the view that 

technology integration in schools is a dynamic process that enables educators to purposefully 

incorporate technological and digital tools and resources into teaching in order to enhance 

learning. Kaya & Adiguzel (2021) says that when students are taught by integrating technological 

tools, they have the ability to critically and cognitively analyze problems. Technology integration 

also encourages the development of skills such as communication, critical thinking, collaboration, 

problem solving and computational thinking (Tripett, 2023; Ali et al (2023); Scalise, 2016; 

Shaltry, Henriksen, Wu, & Dickson, 2013). In addition, technology integration creates exciting 

teaching and learning environment which fosters the enhancement of motivation of learners and 

desirable learning outcomes. Technology integration can empower teachers and learners in the 

teaching-learning processes to develop their creativity, problem-solving abilities, informational 

reasoning skills, communication skills, and other higher-order thinking skills. Pascale, Gorghiu & 

Gorghiu (2017) are of the view that the inclusion of technology into teaching methods and 

activities will improve learning in schools. Tripett (2023) describes the process of integrating 

technology into the teaching and learning of STEM subjects which includes science subjects as 

having many benefits. According to Chongwain (2024), both science teachers and students a have 

great adaptability and enriched collaboration, to make learning more motivating, when technology 
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devices are used around the school and in the classroom. Ali et al (2023), suggest that the 

integration of technology has a favorable influence on mathematics students' motivation, attitudes, 

engagement and academic achievement.  

Technology integration brings about modifications in the teaching and learning process, which 

makes learning fun and effective (Pascale et al. 2017; Dancsa et al. 2023). Hence using 

technology in the classroom can bring about many benefits (Mittha 2021; Tripett, 2023). Some of 

the benefits of using technology include; enhanced feedback between teachers and learners, better 

connections between teachers and students, parents, and other key stakeholders, improves 

adaptability especially to accommodate different learning styles. Technology also promotes 

enriched collaboration from peer discussions to formal group project work for both teachers and 

learners, D'Angelo (2018). 

In a world filled with technological tools and devices, Dede (2009) & Nair (2021) are of the view 

that the availability technological devices and use of technical skills is a requirement for using 

technology in the classroom. Technology integration needs to be introduced into the teaching and 

learning process gradually with focus on curriculum content. The integration of technology into 

the teaching and learning process does not only make the teacher to be at ease when teaching, but 

it is also used to enhance learning. Roblyer & Hughes (2018). It is also important for to ensure 

that students get the full advantages of educational technology. Thus, technology integration will 

may promote both teachers’ activities and students learning outcomes. 

Levels of technology integration 

Levels of technology integration include entry, adoption, adaptation, infusion and 

transformational levels. Entry level of technology integration involves active learning and 

students receive information from the teacher or from other sources passively. Sources of 

information can range from instructional video on a website to using a computer program for 

“drill and practice” activities. The teacher may be the only one actively using technology Ain et al 

(2019). This may include using presentation software to support delivery of a lecture. The teacher 

may also have the students complete “drill and practice” activities on computers to practice basic 

skills (Kalyani, 2024 & Haelermans, 2017). At the adoption level of technology integration, the 

teacher directs students in the conventional and procedural use of technology devices. At this 

level, the devices are used in conventional ways. The teacher decides what technology device that 

the students will use. They are expected to carry out work that involve procedural understanding 

(Haelermans, 2017; Fahadi et al. 2022). The adaptation level of technology integration, the 

teacher selects appropriate technology tools to complete set teaching and learning activities that 

have a meaningful context beyond the instructional setting. Students regularly use technology 

tools, and are comfortable in choosing and using the tools that best match the assigned task which 

enables them to achieve individual interests (Kalyani, 2024). The transformation level allows for 

innovative use of technology devices to carry out higher-order learning activities that may not be 

possible without the use of technology. At this level students use technology tools flexibly to 

achieve specific learning outcomes. This leads to students having a good understanding of 

concepts and what technological devices to use. The teacher at this level is a facilitator or mentor, 

who models technologyusage (Haelermans, 2017).  

Horizontal technology integration  

Horizontal technology integration involves using technology to connect different aspects of the 

curriculum and learning environment. This approach focuses on utilizing technology to enhance 

communication, collaboration, creativity, critical thinking, and assessment within a specific grade 

level. The horizontal integration occurs between parallel contents taught at the same stage or level 

of the curriculum. According to Keengwe et al. (2019), communication and collaboration in the 

classroom enhances horizontal technology integration. Technology facilitates communication 
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between teachers, and students, which improves connected learning environment. Lee & Lee, 

(2018) are of the view that it increases creativity and critical thinking resulting in acquisition of 

problem-solving, and higher-order thinking skills. Learners diverse learning styles and needs 

according to Chu et al. (2020) are also taken care of when allowed to participate in individualized 

instruction, using horizontal technology integration; they gain personalized learning experiences. 

Teachers can create a more engaging and effective learning environment by engaging in 

horizontal technology integration to enhance teaching and learning. This will result in improved 

learner outcome. The use of horizontal technology integration increases communication, 

collaboration, creativity, critical thinking, and personalized learning experiences, among students 

at the same level of learning.  

Vertical technology integration  

Vertical technology integration focuses on aligning technology use and learning experiences 

across different educational levels and between disciplines traditionally taught in different phases 

of the curriculum. Vertical technology integration according to Lai & Hwang (2016) facilitates a 

smoother transition between educational levels by ensuring familiarity with technology tools and 

expectations. Boswell, Gersten, & Dimino (2017) opine that vertical technology integration 

enhances curriculum alignment, and aligning technology use across levels helps ensure that 

students build upon previously learned skills and knowledge, fostering a more coherent learning 

experience. Bhat (2023), states that technology integration promotes improved learning outcomes. 

When teachers from different grade levels are involved in planning and implementing technology 

integration, alignment and continuity as well as collaborative planning is ensured. This according 

to Acemoglu et al. (2010) also enhances their understanding and skills development in using 

technology effectively thereby encouraging the professional development of the teachers. Vertical 

technology integration has the potential to enhance teaching and learning by creating a more 

cohesive and progressive learning experience. By aligning technology use and learning objectives 

across educational levels, educators can prepare learners for success. (Mittha 2021, Higgin Xiao 

& Katsipataki 2012).  

Learning outcomes 

Learning is viewed as a process of acquiring, organizing, and retrieving information, guided by 

cognitive structures and strategies. Learning outcomes are statements of the knowledge, skills and 

abilities individual students should possess and can demonstrate upon completion of a learning 

experience or sequence of learning experiences and are similar to learning objectives (Zama & 

Endeley, 2023; Sc.edu, 2024). They can also be seen as measurable skills, abilities, knowledge or 

values that students can demonstrate at the end of a period of study. Learning outcomes can be 

defined according to Bhat (2023) as the end result of what the learner is expected to do or produce 

by the end of any course. These outcomes hold enormous value for educators, administrators, and 

students. It allows instructors or educators to assess the students’ understanding. Goh et al. (2017), 

are of the notion that interaction with other students makes the strongest contributions to learning 

outcomes especially with technological devices. Among all learning activities and experiences 

that learners participate in, while at school, technology integration and improved learning 

outcomes in areas like literacy, numeracy, and social-emotional development (Wong, 2017).  

Theoretical Review 

Theoretically, technology integration in this study is based on connectivism and social 

constructivism theories. Social constructivism theory postulates that learners actively construct 

their knowledge through interactions with more knowledgeable others and within their social 

environment. According to Vygotsky (1978), the student can learn through social interaction with 

a skillful person. This perspective offers valuable insights for the integration of technology. 

Technology integration in the classroom is based on social constructivist principles. Vygotsky 
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refers to this as cooperative or collaborative dialogue. It involves co-construction of knowledge 

between the students and teachers allowing them to engage in shared learning experiences, 

exchange ideas, and collectively solve problems (Saleem Kausar & Deeba (2021). Social 

constructivism is also based "zone of proximal development, (ZPD)" which promotes the learners’ 

acquisition of knowledge skills and attitudes with the guidance and support of more capable 

individuals. Studies have shown that when students seek to understand technology guided 

instruction provided by the teacher, and they master the concepts, they can use it to regulate their 

learning outcome. Social interaction, therefore, supports learners in the ZPD, leading to a higher 

level of reasoning. Chen, Law & Huang (2023); Chang & Yang (2023); Wang, Gao, & Chen 

(2024). Connectivism theory focuses on connecting information sources and technological devices 

in the learning process through group interaction and conversation, which allows learners to 

express their opinions when making choices, solving problems Pappas (2023). Connectivism 

according to Downes (2022) focuses on learning which occurs throughout human and non-human 

networks and also on the learner’s capacity to function within a wider interconnected community. 

Learners therefore need knowledge is the network that is grown and developed from interactions 

with other entities in the network. Pappas (2023) is also of the view that connectivism also 

encourages education through online communities, blogs, and other public spaces. 

Technology integration promotes and supports collaborative learning environments. And teachers 

require adequate training and support to effectively integrate technology and leverage the 

principles of connectivism in their classrooms (Alvarado-Barboza 2023; Pascale et al. 2017; 

Kropf, 2013; Higgins et al. 2012). Hence the objective of teaching is to stimulate interactions, 

collaborative and constructivist learning which can be achieved by technology integration. 

Statement of the Problem 

The use of technology in education, makes teaching easier for the teacher and motivates students 

in the learning process. Technology tools and resources can offer new opportunities to engage 

students, foster creativity, and promote skill development in areas such as literacy, numeracy, 

critical thinking, problem-solving skills among others. Understanding the impact of technology 

integration on student learning outcomes for optimizing educational practices and preparing 

science students for success is paramount in this technological age. Despite the growing emphasis 

on technology integration into schools, gaps exist in the understanding of the impact of 

technology on student learning outcomes. The effectiveness of technology tools in enhancing 

learning, the benefits of technology integration, and the optimal strategies for incorporating 

technology into the teaching and learning process remains unclear. This study intends to provide 

valuable insights into the impact of technology in shaping educational experiences of students. 

The integration of technology devices, such as computer, telephone and television, has 

significantly impacted the teaching methods in recent years. However, the levels of technology 

integration and the extent to which these technologies have impacted the learning outcome of 

science students is not very clear. Some institutions have incorporated and used various 

technological tools to enhance learning experiences. Yet, the integration of these technologies has 

not been consistent leading to concerns about the potential for widening the gap in educational 

outcomes. This research therefore aims at investigating the impact of technology integration and 

science students’ learning outcomes at secondary school level. 

Objective of the Study 

The specific objective of this study is to: 

➢ Find out the effect of levels of technology integration on science students learning outcomes 

(entry, adoption, adaptation, infusion and transformational level)  

➢ Examine the effect of horizontal technology integration on science students learning 

outcomes. 
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➢ Find out the effect of vertical technology integration on science students learning outcomes. 

Research Questions 

➢ How does different levels of technology integration affect student learning outcomes? 

➢ What is the effect of horizontal technology integration on student learning outcomes? 

➢ What is the effect of vertical technology integration on student learning outcomes? 

Methodology 

A quantitative research design specifically, descriptive survey design was used for this study. the 

purposive sampling technique and simple random sampling technique were used. Purposive 

sampling to select the level or class and simple random to select the teachers and students who 

responded to the questionnaire. The accessible population comprised of secondary school science 

teachers and students and the sample size of 90 was made up of thirty (30) teachers and 60 

students from three selected schools within the Bamenda municipality 

Data Collection and Analysis  

A four-point Likert scale questionnaire for teachers and a “Yes/No” questionnaire for students 

were used to collect the data from the respondents. One for science students and the other for 

science teachers The respondents were to rate on four points Likert scale as follows ; strongly 

agree (SA), Agree (A), Disagree (D) and Strongly Disagree (SD). The simple random sampling 

technique was used in this study and descriptive statistics were used for data analysis using SPSS 

version 23.  

Table 1: Different levels of technology integration (science teachers) 

S/N SA A No % D SD No % 

1 11 16 27 90.0 2 1 3 10.0 

2 12 15 27 90.0 3 0 3 10.0 

3 13 16 29 96.7 1 0 1 3.3 

4 14 13 27 90.0 0 3 3 10.0 

5 16 11 27 90.0 3 0 3 10.0 

6 0 2 2 6.7 13 15 28 93.3 

 

Figure 1: Different levels of technology integration (science teachers) 

The table 1 above shows that out of the 30 science teachers who took part in this survey, 90% 

were of the option that, exposure to basic technologies like computer for word processing or 
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accessing the internet for research builds learners literacy skills and 10% were against. Majority of 

the respondents (90%) agreed that broad use of technology like phones for communication 

improves students’ communication skills and barely 10% thought otherwise. 96.7% of the 

respondents were of the fact that using technology for specialized functions, helps improve 

students learning while 3.3% hold the contrary view on this aspect. A good majority of the 

respondents who took part in this survey 90% accepted that introducing technologies to students 

impact their thinking abilities and overall learning outcomes meanwhile 10% refuted the fact. A 

majority of the respondents 90% holds that the practice of using computers improves on students 

typing skills and their overall learning outcomes. Likewise, 10% of the respondents disputed the 

fact. 

Majority of the respondents 93.3% are of the view that technology integration has an effect on 

students while a minority 6.7% agreed that technology integration does not have any effect on 

them. From the data analysis above, it is evident that quite a significant number of the respondents 

(91.6%) confirmed that, different levels of technology integration have a positive influence on 

students learning outcomes.  

Table 2: Levels of technology integration (science students) 

S/N YES Percentage NO Percentage 

1 53 88.3 7 11.7 

2 55 91.7 5 8.3 

3 49 81.7 11 18.3 

4 52 86.7 8 13.3 

5 50 83.3 10 16.7 

6 5 8.3 55 91.7 

 

Figure 2: Levels of technology integration (science students) 

From table 2 above we can see that out of the 60 science students who took part in this survey, 

88.3% were of the option that, exposure to basic technologies like computer for word processing 

or accessing the internet for research builds their literacy skills and 11.3% were against. Majority 

of the respondents (91.7%) agreed that broad use of technology like phones for communication 

improves their communication skills and barely 8.3% thought otherwise. 81.7% of the 

respondents were of the fact that using technology for specialized functions, helps improve on 

their learning outcomes while 18.3% hold the contrary view on this aspect. A good majority of the 
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respondents who took part in this survey 86.7% accepted that introducing technologies to students 

impact their thinking abilities and overall learning outcomes meanwhile 13.3% refuted the fact. A 

majority of the respondents 83.3% holds that the practice of using computers improves on their 

typing skills and their overall learning outcomes. Likewise, 16.7% of the respondents disputed the 

fact. Majority of the respondents 91.7% holds that technology integration have an effect on 

students while a minority 8.3% accepted that technology integration does not have any effect on 

students. Judging from the data analysis above, different levels of technology integration used for 

science students has a positive influence on their learning outcomes. Generally, from the above 

analysis, it can be concluded that different levels of technology integration for science students 

have a significant impact of 87.2% on their learning outcomes.  

Table 3: Horizontal technology integration for science teachers 

S/N SA A No % D SD No % 

7 15 14 29 97.7 0 1 1 3.3 

8 16 13 29 97.7 1 0 1 3.3 

9 15 14 29 97.7 0 1 1 3.3 

10 16 13 29 97.7 1 0 1 3.3 

11 8 16 24 80.0 6 0 6 20.0 

12 14 12 26 86.7 4 0 4 13.3 

 

Figure 3: Horizontal technology integration for science teachers 

The table 3 above reveals that, the use of technology across subjects such as Chemistry, Physics, 

and Biology improves their learning outcomes represented by 96.7% agreement and 3.3% 

otherwise.96.7% of the respondents confirmed that the use of computers and multimedia 

resources improves learners thinking abilities. With only 3.3% against this view. The majority of 

the respondents agreed that the use of technology tools and resources to support learning in 

different concepts leads to improved learning outcomes in students. Meanwhile, barely 3.3% of 

the respondents objected this view. 96.7% of the respondents were of the fact that the use of 

technology for students promotes understanding of concepts and subjects by students. Minority 

(3.3%) of the respondents were of the contrary view. A good majority (80%) of the respondents 

who took part in this survey holds that, integrating technology into learning increases students’ 

interest and engagement in learning activities. Unlike, 20% of the respondents who disagreed on 

this fact. 86. 7% of the respondents agreed that the use of digital technology in learning enhances 

students learning experience while 13.3% disagreed on this point. From the analysis above, most 
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of respondents (91.4%) are of the opinion that horizontal technology integration has a positive 

impact on students learning outcomes. 

Table 4: Horizontal technology integration (students) 

S/N YES Percentage NO Percentage 

7 52 86.7 8 13.3 

8 46 76.7 14 23.3 

9 49 81.7 11 18.3 

10 51 85.0 9 15.0 

11 50 83.3 10 16.7 

12 56 93.3 4 6.7 

 

Figure 4: Horizontal technology integration (students) 

The table 4 above shows that, technology integration in science subjects such as Chemistry 

Physics, and Biology improves students learning outcomes. This is represented by 86.7% 

agreement and 13.3% otherwise. 76.7% of the respondents confirmed that the use of television 

motion pictures improves their thinking abilities. With only 23.3% against this view. The majority 

81.7% of the respondents agreed that the use of technology tools and resources to support learning 

in different concepts leads to improved learning outcomes in them. Meanwhile, barely 18.3% of 

the respondents objected this view. 85% of the respondents were of the fact that the use of 

technology across different levels of technology promotes understanding of concepts and subjects 

by students. Minority (15%) of the respondents were of the contrary view. A good majority 

(83.3%) of the respondents who took part in this survey hold that, integrating technology into 

learning increases their interest and engagement in learning activities. Unlike, 16.7% of the 

respondents who disagreed on this fact. 93.3% of the respondents agreed that the use of digital 

technology in learning enhances students learning experience while 6.7% disagreed on this point. 

It is very clear from the analysis above that, a good number of respondents (84.45%) are of the 

opinion that horizontal technology integration has a positive impact on science students learning 

outcomes. 
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Table 5: Vertical technology integration for science teachers 

S/N SA A No % D SD No % 

13 5 18 23 76.7 7 0 7 23.3 

14 10 19 29 96.7 1 0 1 3.3 

15 11 18 29 96.7 1 0 1 3.3 

16 13 15 28 93.3 1 1 2 6.7 

17 15 13 28 93.3 2 0 2 6.7 

18 0 4 4 13.3 7 19 26 86.7 

 

Figure 5: Vertical technology integration for science teachers 

The above table 5 indicates that, out of the 30 science teachers who took part in this survey, 

76.7% are of the opinion that using technology vertically across different levels facilitates a 

transition and progression in science students learning while 23.3% disagreed on this view. 

96.7% of the correspondents hold on the fact that, vertical technological integration helps build 

strong foundation of knowledge and skills that align with the developmental stage of students. 

Meanwhile, 3.3% are of the contrary view. A good majority (96.7%) of the respondents agreed 

that, the use of technology across different concepts and subjects improves on students learning 

while a minority of 3.3% disagreed on this view. 93.3% of the respondents confirmed that practice 

of online learning using technologies exposes students to new methods of learning while 6.7% 

were against the view. 93.3% of the respondents who took part in this study accepted that, 

manipulation with technological tools such as computer keyboard improves on learners typing 

skills and overall learning. Unlike 3.3% who disagreed on this point. Finally, on this table, 13.3% 

of the respondents hold that, vertical integration does not bring about learning outcomes in 

learners while 86.7% disagreed on this view.  

Conclusively, out of the 30 science teachers who took part in this survey, 89.34% are of the view 

that vertical technology integration for science students has a positive impact on their learning 

outcomes. 
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Table 6: Vertical technology integration of science students. 

S/N YES Percentage NO Percentage 

13 57 95.0 3 5.0 

14 52 86.7 8 13.3 

15 56 93.3 4 6.7 

16 52 86.7 8 13.3 

17 50 83.3 10 16.7 

18 2 3.3 58 96.7 

 

Figure 6: Vertical technology integration of science students. 

Table 6 revels that, out of the 60 students who took part in this survey, 95% are of the option that, 

using technology vertically across different levels facilitates a transition and progression in their 

learning while 5% disagreed on this view. 86.7% of the correspondents hold on the fact that, 

vertical technological integration helps build strong foundation of knowledge and skills that align 

with their understanding of concepts. Meanwhile, 13.3% are of the contrary view. A good 

majority (93.3%) of the respondents agreed that, the use of technology across different concepts 

and subjects improves their learning outcomes while a minority of 6.7% disagreed on this view. 

86.7% of the respondents confirmed that practice of online learning using technologies exposes 

them to new methods of learning while 13.3% were against the view. 83.3% of the respondents 

who took part in this study accepted that, manipulation with technological tools such as computer 

keyboard improves on their typing skills and overall learning. Unlike 16.7% who disagreed on 

this point. Finally, on this table, 3.3% of the respondents hold that, vertical integration does not 

bring about improved learning outcomes in science students while 96.7% disagreed on this view. 

From the above data gathered, we can conclude that vertical technology integration for science 

students has a positive impact (92.2%) on their learning outcomes. 

Summary of findings 

Findings are: 

➢ Different levels of technology integration like entry level, adoption level, adaptation level, 

infusion level, and transformation level for science students has a significant positive impact 

on science students’ learning outcomes. 

➢ Secondly, horizontal technology integration for science students has a significant positive 

impact on science students’ learning outcomes.  



                                                                    ( American Journal of Technology Advancement) 

 

American Journal of Business Practice  12 

➢ Lastly, vertical technology integration for science students has a positive impact on science 

students’ learning outcomes.  

Discussion 

➢ Objective One: Find out the effect of levels of technology integration on science students 

learning outcomes (entry, adoption, adaptation, infusion and transformational level)  

From data analysis on different levels of technology integration and its effect on students’ 

learning outcomes, it was discovered that quite a significant number of respondents 91.6% 

teachers and 87.2% students confirmed that different levels of technology integration have a 

positive effect on science students’ learning outcomes. This finding is in conformity with Bhat 

(2023). Level 1and 2: Entry/Adoption: Technology is introduced by the teacher at the entry level 

to deliver curriculum content. Adoption involves directing students in the procedural use of 

technology but limited impact on deeper learning or skill development.  

Level 3 and 4: Adaptation/Infusion: The teacher facilitates students in exploring and 

independently using technology. For infusion, the teacher provides the learning context and the 

students choose the technology which is incorporated into existing activities and curriculum.  

Level 5: Transformation: At this level, technological devices are used to facilitate higher order 

learning activities. Technology is used to fundamentally change teaching and learning through 

pedagogical practices. It has significant potential for enhancing cognitive skills, creativity, higher-

order thinking and problem-solving. This promotes learning of concepts and personalized learning 

Schwier & Misfeldt (2017) Lai & Hwang (2016). Vertical 

➢ Objective Two: Examine the effect of horizontal technology integration on science students 

learning outcomes. 

The findings show that horizontal technology integration for science students has a significant 

positive impact on science students’ learning outcomes. Horizontal technological integration 

refers to using technology across different subject areas and learning activities within a classroom. 

It allows for a more holistic and connected learning experience. Ali et al (2023) & Boswell et al 

(2017) are in agreement with the above finding. Horizontal integration for science students 

according to Chu et al. (2020) can enhance learning by making connections between different 

subject areas and fostering a more comprehensive understanding of concepts It was observed that 

horizontal integration can improve communication and collaboration skills for students. 

Technology can facilitate laboratory work, group projects, shared learning activities, and 

communication with peers and teachers. It also suggests that horizontal integration can promote 

creative thinking and problem-solving. Students can apply their knowledge from different subject 

areas to solve complex problems or create innovative solutions. Keengwe et al (2019). 

➢ Objective Three: Find out the effect of vertical technology integration on science students 

learning outcomes. 

Findings show that a substantial number of respondents (92%) are of the opinion that vertical 

technology integration for science students has a significant impact on their learning outcomes. 

(Mittha 2021, Lai & Hwang 2016; & Higgin, Xiao & Katsipataki 2012) are in agreement with this 

finding, Vertical integration involves using technology to connect learning across different grade 

levels, fostering a seamless learning progression. Results show that vertical integration can 

promote a sense of continuity and connectedness in learning, making it more meaningful and 

engaging for learners. Technology use across levels helps ensure that students build upon 

previously learned skills and knowledge, fostering a more coherent learning experience. This also 

enhances their understanding and skills development in using technology effectively thereby 

encouraging the professional development of the teachers. By aligning technology use and 

learning objectives across educational levels, educators can prepare learners for success. Finally  
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Conclusion 

Technology integration for science students has the potential to significantly enhance their 

learning outcomes, particularly when implemented strategically. Moving beyond basic entry level, 

to adoption, adaptation to infused and transformation levels is essential for both teachers and 

students. Horizontal integration across subject areas and vertical integration across grade levels 

can promote a more holistic and connected learning outcomes for students. However, it is 

important to address more availability of technology devices, provide ongoing teacher training, 

and ensure that technology complements rather than replaces traditional teaching methods. It is 

equally very important for policy makers to provide technological resources for all levels of 

learning. 

Recommendations 

➢ Teachers are encouraged to integrate technology devices into lesson plans and activities to 

enhance students’ engagement and learning outcomes.  

➢ Students are encouraged to show more interest in class activities that are based on technology 

integration so as to improve their learning outcomes 

➢ Policymakers should ensure that more classrooms have adequate access to devices, software, 

and connectivity. Periodic programing of training to equip teachers with knowledge and skills 

necessary to integrate technology effectively should be done. 

References 

1. Acemoglu D., Griffith R., Aghion P., & Zilibotti F., (2010). Vertical Integration and 

Technology: Theory and Evidence. Journal of the European Economic Association 

September 2010 8(5):989–1033  

2. Ain Q., Shahid F., Aleem M., Islam M. A., Iqbal M. A., Yousaf M.M. (2019). A Review of 

Technological Tools in Teaching and Learning Computer Science. EURASIA Journal of 

Mathematics, Science and Technology Education, 2019, 15(11), em1773 ISSN:1305-8223  

3. Ali M. S. B., Yasmeen R., & Munawar Z. (2023). The Impact of Technology Integration on 

Student Engagement and Achievement in Mathematics Education: A Systematic Review. 

International Journal on Integrated Education. Volume 6, Issue 3 |pp 222 

https://journals.researchparks.org/index.php/IJIE e-ISSN: 2620 - 3502  

4. Alvarado-Barboza, M.A. (2023). Technological Tools to Develop Competences for the 21st 

Century: A Project to Empower Students in the English Teaching Major at UNED. Revista 

Espiga, vol. 22, no. 46, pp. 91-108, 2023.  

5. Atrero C. J., & Dantic M. J., & Rogayan J. D. (2023). Benefits and relevance in learning 

science in the contemporary times among grade 10 students: a narrative inquiry. Global 

Research Review in Business and Economics. 09. 116-123. 10.56805/grrbe.23.9.5.42.  

6. Bhat R. A. (2023). The impact of technology integration on student learning outcomes: a 

comparative study. International Journal of Social Science, Educational, Economics, 

Agriculture Research, and Technology (IJSET). Volumes 2 No. 9 (2023) E-ISSN: 2827-7660 

pp592  

7. Bibi, S., & Khan, S. H. (2017). TPACK in action: A study of a teacher educator’s thoughts 

when planning to use ICT. Australasian Journal of Educational Technology, 33(4). 

8. Boswell, K., Gersten, R., & Dimino, J. (2017). The effects of vertical alignment on student 

outcomes: A meta-analysis. Educational Evaluation and Policy Analysis, 39(1), 123-145. 



                                                                    ( American Journal of Technology Advancement) 

 

American Journal of Business Practice  14 

9. Brian A. (2009). What is Technology Integration? Retrieved on 04/08/2024 from 

https://techparticipation.blogspot.com/2009/09/technology-integration-definition.html  

10. Chang C. C. & Yang S. T. (2023). Interactive effects of scaffolding digital game‑based 

learning and cognitive style on adult learners’ emotion, cognitive load and learning 

performance International Journal of Educational Technology in Higher Education (2023) 

20:16 https://doi.org/10.1186/s41239-023-00385-7 

11. Chen C. H., Law V., & Huang K. (2023). Adaptive scaffolding and engagement in digital 

game-based learning. Volume 71, pages 1785–1798, (2023) 

12. Chongwain L. O. J. (2024). STEM education teaching approach and secondary school 

students learning in the Buea municipality. Journal of Research in Innovative Teaching and 

Inclusive Learning. Volume: 2 Issue: 4 Year: 2024. http://journals.proindex.uz 

13. Chu, S. K. W., Lau, V. W. Y., & Li, D. C. (2020). Horizontal technology integration in 

kindergarten science: Exploring learning affordances through the technological pedagogical 

content knowledge (TPACK) framework. Australasian Journal of Early Childhood, 45(3), 

47-57. 

14. Dede, C. (2009). Comparing frameworks for examining technology integration in education. 

Computers & Education, 52(1), 129-146. 

15. Dancsa D., Stempelova I., Takac O., & Annus N. (2023). Digital Tools in Education. 

International Journal of Advanced Natural Science and Engineering Researches Vol. 7, pp. 

289-294, 4, 2023 IJANSER. ISSN: 2980-0811 DOI: 10.59287/ijanser.717 

16. D'Angelo C. B. (2018). The Impacts of Technology Integration. Technology and the 

Curriculum. Retrieved from https://pressbooks.pub/techandcurriculum/chapter/engagement-

and-success/ on 08/09/2024 

17. Dantic M. J. P., Atrero C. J., & Rogayan Jr D. V. (2023). Benefits and relevance in learning 

science in the contemporary times among grade 10 students: A narrative inquiry. Global 

Research Review in Business and Economics [GRRBE] ISSN (Online) 2454-3217, ISSN 

(Print) 2395-4671 | Open-Access | Volume 09, Issue 05, Pages 116-123 (2023). www.grrbe.in 

CrossRef DOI: https://doi.org/10.56805/grrbe Page 116  

18. Dinc E. (2019). Prospective Teachers’ Perceptions of Barriers to Technology Integration in 

Education. Contemporary Educational Technology, 2019, 10(4), 381-398 DOI: 

https://doi.org/10.30935/cet.634187  

19. Downes S. (2022). Connectivism. Asian Journal of Distance Education Volume 17, Issue 1, 

2022. Asian Society for Open and Distance Education (ASODE), Japan. ISSN 1347-9008 

http://www.asianjde.com/ 

20. Fahadi, M., & Khan, Md. S. H. (2022). Technology-enhanced teaching in engineering 

education: Teachers’ knowledge construction using TPACK framework. International 

Journal of Instruction, 15(2), 519-542. https://doi.org/10.29333/iji.2022.15229a  

21. Goh C., Leong C., Kasmin K., Hii P., Tan O. (2017), Students’ Experiences, Learning 

Outcomes 

and Satisfaction in e-Learning, Journal of e-Learning and Knowledge Society, v.13, n.2, 117-

128. ISSN: 1826-6223, e-ISSN:1971-8829 DOI: 10.20368/1971-8829/1298 

22. Gulbahar, Y., & Guven, I. (2008). A survey on ICT usage and the perceptions of social 

studies teachers in Turkey. Journal of Educational Technology & Society, 11(3). 

23. Haelermans C. (2017). Digital Tools in Education. On Usage, Effects and the Role of the 

Teacher. Stockholm. SNS Förlag. ISBN 978-91-86949-96-9 



                                                                    ( American Journal of Technology Advancement) 

 

American Journal of Business Practice  15 

24. Higgin S., Xiao Z. & Katsipataki M. (2012). The Impact of Digital Technology on Learning: 

A Summary for the Education Endowment Foundation. Retrieved on 06/09/2024 from 

files.eric.ed.gov › fulltext › ED612174 

25. Jenkins, H., Purushotma, R., Weigel, M., Clinton, K., & Robison, A. J. (2009). Confronting 

the challenges of participatory culture: Media education for the 21st century. MacArthur 

Foundation. 

26. Jones, A. B., et al. (2018). The Effects of Educational Apps on Preschoolers' Literacy Skills. 

Journal of Educational Technology & Society, 21(2), 208-220. 

27. Kalyani L. K. (2024). The Role of Technology in Education: Enhancing Learning Outcomes 

and 21st Century Skills. International Journal of Scientific Research in Modern Science and 

Technology. IJSRMST | Vol. 3 | Issue 4 | April 2024. ISSN: 2583 -7605 (Online). DOI: 

https://doi.org/10.59828/ijsrmst.v3i4.199 

28. Kaya M. H. & Adiguzel T. (2021). Technology Integration Through Evidence-Based 

Multimodal Reflective Professional Training. Contemporary Educational Technology, 2021, 

13(4), p323. https://doi.org/10.30935/cedtech/11143  

29. Keengwe, J., & Onchwari, G. (2019). Handbook of Research on Literacy and Digital 

Technology Integration in Teacher Education. In IGI Global. 

https://books.google.com.my/books?id=QKTDDwAAQBAJ 

30. Kim, H. J., & Kim, H. (2017). Investigating teachers’ pedagogical experiences with tablet 

integration in Korean rural schools. The Asia-Pacific Education Researcher, 26(1-2), 107-

116. https://doi.org/10.1007/s40299-017-0331-8  

31. Kimmons R. (2020). Technology Integration: Effectively Integrating Technology in 

Educational Settings. The K-12 Educational Handbook. 

https://edtechbooks.org/k12handbook/technology_integration 

32. Kouser S. & Majid I. (2021). Technological Tools for Enhancing Teaching and Learning 

Process. Towards Excellence: An Indexed, Refereed & Peer Reviewed Journal of Higher 

Education. March, 2021. VOL.13. ISSUE NO. 

1https://www.researchgate.net/publication/352017703 DOI: 10.37867/TE130133 

33. Kropf D.C. (2013) Connectivism: 21st Century’s New Learning Theory. European Journal of 

Open, Distance and e‐Learning – Vol. 16 / No. 2 pp13 ISSN 1027‐5207 

https://files.eric.ed.gov/fulltext/EJ1017519.pdf  

34. Laferrière, T., Hamel, C., & Searson, M. (2013). Barriers to successful implementation of 

technology integration in educational settings: A case study. Journal of Computer Assisted 

Learning, 29(5), 463-473. https://doi.org/10.1111/jcal.12034 

35. Lai, C. L., & Hwang, G. J. (2016). The effects of vertical alignment of technology-enhanced 

learning environments on student learning outcomes: A meta-analysis. Computers & 

Education, 102, 136-150. 

36. Lee, S. Y., & Lee, M. J. (2018). Exploring the effects of technology-integrated play-based 

learning on creativity and critical thinking in level two students. Educational Technology 

Research and Development, 66(3), 779-799. 

37. Maulet, A., Admiraal, W., Algozhaeva, N., & Balta, N. (2024). School teachers’ perceived 

knowledge and affordances for using technology in teaching. Contemporary Educational 

Technology, 16(3), ep515. https://doi.org/10.30935/cedtech/14713 



                                                                    ( American Journal of Technology Advancement) 

 

American Journal of Business Practice  16 

38. Mdhlalose D. & Mlambo G. (2023). Integration of Technology in Education and its Impact 

on Learning and Teaching. Asian Journal of Education and Social Studies Volume 47, Issue 

2, Page 54-63, 2023; Article no. AJESS.101584 ISSN: 2581-6268  

39. Mishra, P., & Koehler, M. J. (2006). Technological pedagogical content knowledge: A 

framework for teacher knowledge. Teachers College Record, 108(6), 1017-1054. 

40. Mittha C. (2021). 7 Benefits of Technology in The Classroom. Retrieved on 29/08/2024 

from: https://blog.adobe.com/en/publish/2021/08/23/7-benefits-of-technology-in-the-

classroom 

41. Mustafa F. Nguyen H.T.M., & Gao X. A. (2024). The challenges and solutions of technology 

integration in rural schools: A systematic literature review. International Journal of 

Educational Research Volume 126, 2024, 102380 

42. Nair R. S. (2021). Students Perception in Technology Integration and its Alignment within 

the ISTE Standards. The Educational Review, USA, 5(12), 460-469. DOI: 

10.26855/er.2021.12.002 

43. Nana G. (2007). Well-integrated use of technology resources by thoroughly trained teachers 

makes twenty-first-century learning possible. Retrieved on 31/08/2024 from: 

https://www.edutopia.org/technology-integration-guide-description 

44. Pappas C. (2023). Everything You Need to Know About the Connectivism Learning Theory. 

Retrieved on 12/09/2024 from: https://elearningindustry.com/everything-you-need-to-know-

about-the-connectivism-learning-theory# 

45. Pandey A. (2021). Information Communication Technology Tools. International Journal of 

Creative Research Thoughts 2021 IJCRT | Volume 9, Issue 9 | ISSN: 2320-2882 (IJCRT) 

www.ijcrt.org c307 IJCRT2109247 

46. Pascale L., Gorghiu G., & Gorghiu L. (2017). Enriching the ICT Competences of University 

– a Key Factor for their Success. 3rd Central and Eastern European LUMEN Conference 

NASHS 2017 

47. Pennington, R. G. (2010). Computer-assisted instruction for teaching academic skills to 

students with autism spectrum disorders: A review of the literature. Focus on Autism and 

Other Developmental Disabilities, 25(4), 239-248. 

48. Ramaila S. & Molwele A. J. (2022). The Role of Technology Integration in the Development 

of 21st Century Skills and Competencies in Life Sciences Teaching and Learning. 

International Journal of Higher Education Vol. 11, No. 5; 2022. http://ijhe.sciedupress.com 

ISSN 1927-6044 E-ISSN 1927-6052 

49. Rehmat, A. P. & Bailey, J. M. (2014). Technology integration in a science classroom: 

Preservice teachers’ perceptions. Journal of Science Education and Technology, 23(6), 744-

755.  

50. Roblyer, M. D., Hughes, J. E. (2018). Integrating educational technology into teaching: 

Transforming learning across disciplines. Eighth Edition. New York. Pearson Education, Inc. 

ISBN 9780134746418 | ISBN 0134746414 

51. Saleem A., Kausar H., & Deeba F. (2021). Social constructivism: A new paradigm in 

teaching and learning environment. Perennial Journal of History (PJH) Vol. II No. II 2021) 

PP-403-421 ISSN: 2707-6709 (print) ISSN: 2788-693X (online) 

https://doi.org/10.52700/pjh.v2i2.86  



                                                                    ( American Journal of Technology Advancement) 

 

American Journal of Business Practice  17 

52. Sc.edu (2024). Learning Outcomes. University of South Carolina Center for Teaching 

Excellence. Retrieved on 12/ 09/2024 from: 

https://sc.edu/about/offices_and_divisions/cte/index.php 

53. Scalise, K. (2016). Student collaboration and school educational technology: technology 

integration practices in the classroom. Journal on School Educational Technology, 11(4), 53-

63.  

54. Schwier, J., & Misfeldt, C. (2017). Exploring young children's engagement during tablet-

based learning. Journal of Research on Technology in Education, 49(2), 140-159. 

55. Shaltry, C., Henriksen, D., Wu, M. L., & Dickson, W. P. (2013). Teaching pre-service 

teachers to integrate technology: Situated learning with online portfolios, classroom websites, 

and Facebook. TechTrends: Linking Research & Practice to Improve Learning, 57(3), 20-25.  

56. Siemens, G. (2005). Connectivism: A Learning Theory for the Digital Age. International 

Journal of Instructional Technology and Distance Learning, 2(1), 3-10. 

57. Simin G. Thanusha K. Logeswary R. Annreetha A. (2015). Teaching and Learning with ICT 

Tools: Issues and Challenges from Teachers’ Perceptions. Malaysian Online Journal of 

Educational Technology. Volume 4, Issue 2 

58. South J. & Stevens K. (2017). Reimagining the Role of Technology in Education: 2017 

National Education Technology Plan Update. Office of Educational Technology U.S. 

Department of Education. http://tech.ed.gov  

59. Timotheou, S., Miliou, O., Dimitriadis, Y. Sobrino S. V., Giannoutsou N., Cachia R. Monés 

A. M., & Ioannou A. (2023). Impacts of digital technologies on education and factors 

influencing schools' digital capacity and transformation: A literature review. Educ Inf Technol 

28, 6695–6726 https://doi.org/10.1007/s10639-022-11431-8 

60. Tripett W. J. (2023). Impact of Technology in STEM Education. Cybersecurity and 

Innovation Technology Journal, Vol.1, No. 1,2023, pp16-22. DOI. 10.52889/citj.v1i1.295 

61. Vygotsky, L. S. (1978). Mind in society: The development of higher psychological processes. 

Cambridge, MA: Harvard University Press. 

62. Wang C.Y., Gao B. L., & Chen S. J. (2024). The effects of metacognitive scaffolding of 

project-based learning environments on students’ metacognitive ability and computational 

thinking. Education and Information Technologies. Volume 29, pages 5485–5508,  

63. Wang X. C. Z. (2017). The Advantages and Challenges of Using ICT Tools in Education. 

Trends in Education. DOI: 10.5507/tvv.2017.022  

64. Weaver, G. C., & Sturtevant, H. G. (2015). Design, implementation, and evaluation of a 

flipped format general chemistry course. Journal of Chemical Education, 92(9), 1437-1448. 

https://doi.org/10.1021/acs.jchemed.5b00316 

65. Wong, K. K., & Looi, C. K. (2017). The impact of horizontal technology integration on 

young children's learning outcomes: A meta-analysis. Computers & Education, 113, 1-14. 

66. Yılmaz A. (2021). The Effect of Technology Integration in Education on Prospective 

Teachers' Critical and Creative Thinking, Multidimensional 21st Century Skills and 

Academic Achievements. Participatory Educational Research (PER). Vol. 8(2), pp.163-199, 

April 2021. Available online at http://www.perjournal.com. ISSN: 2148-6123. 

http://dx.doi.org/10.17275/per.21.35.8.2 

67. Zama M. & Endeley M. (2023). General Pedagogy: A guide to effective teaching. Denver Co. 

SPEARS Books. ISBN: 9781957296050 [P] 


