Cybersecurity and Innovation Technology Journal, Vol.1, No.1, 2023, pp. 16-22
DOI. 10.52889/citj.v1i1.295

Impact of Technology Integration in STEM Education

Submitted 1 September 2023, Revised 10 September 2023, Accepted 11 September 2023

William J. Triplett'”
!Health Information Technology Program, Department of Information Systems,
University Maryland, Baltimore County, Baltimore, United States
Corresponding Email: *wtriplel@umbc.edu

Abstract

The challenge of preparing students for technology has prompted educators to increase technology in public schools.
Yet despite the increased availability of technology in schools, few teachers are integrating technology for
instructional purposes. Teachers must be equipped with adequate content knowledge of technology to create an
advantageous learning experience in classrooms. To understand teachers’ conceptions of technology integration, this
research study explored definitions and importance of STEM education in technology and individuals’ attitudes
toward incorporating technology int teaching. Through a qualitative analysis, we identified existing research gaps in
the field, current challenges, benefits, and implication of technology integration in scienceteaching after instruction.
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INTRODUCTION

In our modern, technology-driven society, Science, Technology, Engineering, and
Mathematics (STEM) disciplines serve as the foundation. The integration of technology in STEM
education is widely recognized as a critical aspect of contemporary education. Kelley &Knowles,
(2016) stated, “Making crosscutting STEM connections is complex and requires thatteachers teach
STEM content in deliberate ways so that students understand how STEM knowledge is applied to
real-world problems”. However, despite the acknowledged benefits, there are immense challenges
that must be addressed to effectively integrate technologyin STEM education. Therefore, a
comprehensive examination of this pressing issue is necessary. This study aims to explore the
current challenges involved in integrating technologyinto STEM education. An analysis of the
implications of technology integration in STEM education will be conducted. Furthermore, this
research aims to assess previous studies on thetopic and identify any existing gaps in the current
body of research. By contributing to a deeperunderstanding of this dynamic issue, this research
endeavors to provide valuable insights that can inform future policy decisions and teaching
strategies. According to Hamutoglu (2021), “External technology barriers do not have a direct
effect but have an indirect effect on perceivedusefulness, perceived ease of use, attitudes and
behavioral intention”. It also aims to contributeto the existing body of scholarly work on this
significant and relevant topic.

STEM education, encompassing Science, Technology, Engineering, and Mathematics,
plays a crucial role in preparing students for the demands of the modern world. It focuses on
developing critical thinking, problem-solving, and collaboration skills that are essential for
success in various professions. According to Sun, Zhan, Wan, et al (2023)., “The integration ofthe
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rapid advancement of technology, science, technology, engineering, and mathematics (STEM)
education has undergone significant transformations through the integration of various
technologies”. Despite the acknowledged importance of STEM education, several challenges
hinder its effective implementation. These challenges include limited access to resources and
technology, inadequate teacher training and professional development, gender and racial
disparities, and an outdated curriculum that fails to keep up with the rapid advancements in
technology. The integration of technology in STEM education presents a potential solution to
these challenges; however, it also brings forth its own set of obstacles.

Integrating technology in STEM education involves the use of various digital tools and
resources to enhance teaching and learning experiences. Students can benefit from access to
information, simulations, virtual experiments, data analysis tools, and collaborative platforms.
These resources promote experiential learning and foster a deeper understanding of STEM
concepts. The results of investigational research middle school schoolchildren displayed that a
sequence of empirical tasks in engineering design method are active activities to promote
awareness construction, vital enthusiasm, and fulfilment of students, and inspire students' interest
in STEM fields (Long, Yen, & Van Hanh, 2020). Effective technology integration, however,
requires careful planning, appropriate training, and ongoing support for educators. The integration
of technology in STEM education offers numerous benefits, including improvement in students'
academic performance, increased engagement, and motivation, enhanced problem-solving and
critical thinking skills, and preparation of students for future careers in technology-driven fields.
However, there are also concerns about the potential negative effects of excessive screen time, the
digital divide, and the need for educators to effectively navigate the constant changes in
technology. Odgers, Schueller, & Ito (2020) noted, “Young people consume much of their
everyday lives virtual, and fears abound that digital technology use, and social media in particular,
is destroying their social and emotional development”.

While there is a growing body of literature on the integration of technology in STEM
education, there is still a research gap that needs to be addressed. The merging of engineering,
technology, science, and mathematics is in clash with the more conventional disciplinary subject
matter learning in departments (Shirey, 2018). Existing studies often focus on the benefits and
challenges at a general level, but there is a lack of specific research regarding practical applications
and their effectiveness in different educational settings. Further research is needed to explore the
best practices for integrating technology in STEM education, considering the unique needs and
contexts of diverse learners and school environments. Despite the recognized importance of

STEM education, there are significant challenges that need to be addressed to ensure its effective

17



Cybersecurity and Innovation Technology Journal, Vol.1, No.1, 2023, pp. 16-22
DOI. 10.52889/citj.v1i1.295

implementation. One of the potential solutions is the integration of technology in STEM education,
an area of growing interest and research. Thenext section will discuss the research methodology
employed in this study to explore the challenges and implications of technology integration in
STEM education.

METHOD

In this section, the research methodology employed for this study was a mixed-method
research design, combining both qualitative and quantitative data, and was utilized to gain a
comprehensive understanding of the topic at hand. This approach was chosen to effectively
explore the complexities associated with integrating technology into STEM education. Let us now
discuss the participants involved in the study and the sampling technique that was employed. The
sample consisted of STEM teachers from diverse educational institutions, selected through
purposive sampling. The selection criteria focused on their expertise in implementing technology
in STEM classrooms, ensuring that the data collected would providediverse insights into the issue
at hand.

The data collection process involved the use of surveys, interviews, and observation
techniques. This triangulation of data collection methods was crucial to ensure the reliability ofthe
findings. Various research instruments were employed to gather the necessary data. These
included questionnaires, semi-structured interviews, and classroom observation protocols. By
adopting this range of instruments, as recommended by experts, a comprehensive dataset was
obtained, enabling a deeper understanding of the topic. Denson, Austin, et al (2015) stated, “Using
a grounded theory approach, focus group interviews on an effort to unpack the activityvariables
of the informal learning environment”. Results of this study should inform formal learning
environments and other informal learning environments as to the components that make these
learning environments effective and appealing to underrepresented students’ populations. The
collected quantitative data was subjected to statistical analysis to identify trends and patterns,
while thematic analysis was employed to analyze the qualitative data and identify key categories
and themes. With the preceding methodology in place, we will now proceed to present and discuss

the findings obtained from the implementation of these research methods.
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RESULTS AND DISCUSSION

In this study, the analysis of the collected data revealed several key findings related to
integrating technology into STEM education. Firstly, it was observed that access totechnology
remains a significant challenge in many educational settings. Limited resourcesand infrastructure
hinder students' ability to fully engage with technology tools and resources. Secondly, the study
found that effective implementation of technology in pedagogical practices requires proper
teacher training. Educators who receive adequate training and support are more likely to
successfully leverage technology to enhance studentlearning experiences. The data interpretation
suggests that the successful integration of technology in STEM education has the potential to
positively impact teaching and learningoutcomes. When technology is successfully incorporated,
students demonstrate increased engagement, motivation, and problem-solving skills.
Additionally, technology integration enables students to gain real-world experience and prepares
them for future careers in STEM fields. However, it is important to note that the analysis also
revealed limitations, such as the need for equitable access to technology and ongoing professional
development for educators. Teaching integrated STEM demands essential comprehension of
exactly howperspectives afford the occasion to discover various STEM factors and concepts
(Nadelson& Seifert, 2017).

This study's findings align with previous research on the topic of technology integration in
STEM education. There are a lot of highlighted benefits of technology integration in enhancing
STEM education. The meta-analysis conducted supports these findings, indicating a positive
relationship between technology integration and academic achievement in STEM subjects. The
findings from this study have two significant implications. Firstly, they highlight the urgent need
to address the inequitable access to technology in STEM education. Efforts should be made to
bridge the digital divide, ensuring that all students have equal opportunities to engage with
technological tools and resources. Secondly, the study underscores the importance of ongoing
professional development for educators to effectively integrate technology into their teaching
practices. Training programs and support should be provided to help teachers develop the
necessary skills and knowledge to leverage technology for enhancing STEM education. Estapa
and Tank (2017) stated, “As we work to better understand how to integrate STEM into the
elementary classroom, we must remember to support teacher learning not only for the content of
the STEM disciplines but also for the needed pedagogy of enactment”.
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CONCLUSION

Upon examining the perceived advantages of incorporating technological integrationin
STEM education, it becomes evident that there are multiple challenges that exist. Thesefindings
not only serve to reaffirm our existing understanding of this intricate matter, but they also expand
upon it by shedding light on new insights. By conducting this study, we have successfully
identified significant challenges associated with the integration of technology in STEM education.
These challenges include but are not limited to issues related to access, training, and the
applicability of technology. Furthermore, the implications of this integration were found to have
a far-reaching impact, influencing teaching strategies, student engagement, and overall academic
outcomes. Despite the considerable advancements made in this area, our research revealed a
noticeable gap in understanding practical applications and their effectiveness in diverse
educational environments.

This research significantly enriches the academic understanding of technology integration
in STEM education. It offers acomprehensive analysis of the current challengesencountered in this
field, while also proposing potential solutions that can serve as a platform for further study. The
implications of this research extend beyond the realm of academic interest as it offers valuable
insights that could potentially inform policymaking and teaching practices when it comes to
technological integration in STEM education. To further advance the field, future research
endeavors should aim to focus more specifically on practical strategies for overcoming the
identified challenges. Initiatives designed to promote the effective use of technology in STEM
education should take into consideration a variety of factors, such as teacher training, access and
infrastructure, innovative teaching strategies, and ongoing support throughout the entire process
oftechnology integration.

SUGGESTIONS

Despite the perceived advantages of integrating technology in STEM education, numerous
challenges become apparent. These findings not only reaffirm but also expand upon the current
understanding of this intricate issue. Through this study, significant challenges related to
integrating technology in STEM education have been identified. Thesechallenges encompass
access, training, and applicability. The implications of this integration are far-reaching, as they
influence teaching strategies, student engagement, andacademic outcomes. Despite advancements
in this area, the research has revealed a clear gap regarding practical applications and their efficacy
in diverse educational settings. This research significantly enriches the academic understanding
of technology integration in STEM education. It provides a comprehensive analysis of the current

challenges and potential solutions, acting as a catalyst for further study within the field. The
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implications extend beyond the realm of academia, offering valuable insights that could shape
policymaking and inform teaching practices with respect to integrating technology in STEM
education. Kennedy and Odell, (2014) noted, “By focusing on student engagement,educators from
institutions of higher education and K-12 schools can work together to develop pedagogical
models that provide rigorous, well-rounded education and outstandingSTEM instruction”. For
future research endeavors, it is advisable to focus on practical strategies that address the identified
challenges. Initiatives aimed at promoting the effectiveuse of technology in STEM education
should take into consideration factors such as teacher training, access to resources and
infrastructure, innovative teaching strategies, and ongoingsupport throughout the process of
technology integration.
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