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INTRODUCTION

“More than 65% of children entering primary school today will ultimately end up working in completely
new job types that do not yet exist” (World Economic Forum, 2016, p. 3). Today’s Pre-K-12 students
need to develop the college and career readiness skills that will enable them to be successful in the
technologically driven jobs of the future. “To be successful in their lives beyond school, students need
to develop skills and abilities that enable them to become proficient creators, collaborators, communica-
tors, and critical thinkers” (Grimes & Cohen, 2022, para. 3). The Partnership for 21st Century Learning
(P21) refers to these skills as the 4Cs: creativity, collaboration, communication, and critical thinking
(Battelle for Kids, n.d.). Additionally, Pre-K-12 students will need to have advanced technology skills
to be problem solvers, content creators, and multi-taskers as they work on complex and multi-faceted
projects. The best way that today’s students will be prepared for the jobs of tomorrow is if Pre-K-12
teachers engage in the use of digital learning tools across all content areas in the Pre-K-12 curriculum.

Technological innovation over the past two decades has forever altered today’s Pre-K-12 education
landscape. “Revolutionary advances in information and communications technology (ICT)—particularly
disciplines associated with computers, mobile phones, and the internet—have precipitated a renaissance
in education technology (ed-tech), a term used here to refer to any ICT application that aims to improve
education” (Escueta et al., 2017, p. 2). ICT and content-neutral technologies will empower Pre-K-12
teachers to change the way they teach their students throughout the 21st Century. Ed-tech tools range
from the use of artificial intelligence, virtual reality, augmented reality, and apps to specific digital
learning tools. Teachers and students in high-needs Pre-K-12 schools will require the greatest support
to implement and use these existing ed-tech tools to foster digital equity in education. Additionally,
schools and teachers will need support and innovative ideas for navigating remote instruction without
universal internet access or devices for their students—particularly those in high-poverty schools in rural
and urban school districts. The creation and use of ed-tech tools and apps that do not require internet ac-
cess, or that could be downloaded while in a connected school environment, could be a start in creating
more equity for all Pre-K-12 students attending schools in urban, suburban, and rural districts. States
and individual school districts should seek out and review innovative ICT options and ed-tech tools to
help teachers provide high-quality instruction even when internet access is not possible for students in
their home environments.
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Educational Technology and the Pre-K-12 Environment

BACKGROUND
Content-Neutral Technologies in Pre-K-12 Teaching

For several decades, many scholars have argued that ICT as educational devices facilitate the adaptation
of teaching to each student, even during the remote learning that took place during the COVID-19 pan-
demic. Some have indicated that this is because they can promote collaboration, interactivity, the use of
multimedia codes, and greater control of learning by the learner (Collins & Halverson, 2010; Jaffee, 1997).
When ICT are used in this way, their integration into the curriculum would contribute to the acquisition
of 21* Century competencies (autonomy, collaboration, critical thinking, and problem-solving) that the
Organization for Economic Cooperation and Development (OECD) (Ananiadou & Claro, 2009) links
to “global competence” that should define current education throughout the world (Ertmer et al., 2015).

Content-neutral technology is multi-disciplinary and can be used across many subjects and content
areas in the Pre-K-12 teaching environment. Content-neutral technologies include “‘communication and
collaboration tools as well as web-based digital media, and these technologies increase students’ access
to information, ideas, and interactions that can support and enhance sense making, which is central to
the process of taking ownership of knowledge” (National Council of Teachers of Mathematics, 2011,
para. 1). Literature further suggests using content-neutral and content-specific approaches to technology
integration in teaching content-based curricula in schools (NCTM, 2011). Content-neutral technologies
include communication and collaboration tools and web-based digital media that are more open-ended and
promote an inquiry environment while content-specific technologies promote prompting and meaningful
subject knowledge (Harris et al., 2009; Lin et al., 1999; NCTM, 2011). The creation of a Pre-K-12 virtual
classroom library or reading room can be an effective way to engage students in the subject matter that
is being taught and can be done in a content-neutral or content-specific way. This can be accomplished
using Google Slides and Bitmoji (Fuentes & Grimes, 2020; Van Pate, 2022). These virtual classroom
libraries and reading rooms can be organized around author studies, by subject/topic, around genre stud-
ies, student reading levels/decodable text based on skill, and include stuffed animals or character rooms
(specific to elementary levels only). Another content-neutral technology that can be used by teachers is
digital binders and notebooks to assist students in note taking, essay writing, and creating checklists for
project-based learning assignments.

Moving beyond the concept of virtual classroom libraries, reading rooms, and digital binders/
notebooks, interactive instruction either live or self-paced can be implemented across grade levels and
content areas through Google Slides with NearPod and PearDeck as well as by using Hyperdocs. Google
Slides is a free presentation web application that includes nearly all the capabilities of a traditional
presentation program such as Microsoft PowerPoint and offers the benefit of cloud storage (Computer
Hope, 2021). A HyperDoc is a digital document—such as a Google Doc—where all components of a
learning cycle have been pulled together into one central hub (Gonzalez, 2018). Within a single docu-
ment, students are provided with hyperlinks to all of the resources they need to complete that learning
cycle (Gonzalez, 2018). In addition, virtual wall displays on a Google slide classroom can serve as an
effective way to engage students in phonics (consonant and vowel sounds), vocabulary words, as well
as engaging in anchor charts or displays. There are myriad ways to recreate the physical classroom into
a virtual classroom environment appropriate for Pre-K-12 students.

To encourage student participation in the virtual classroom environment, Pre-K-12 teachers should
consider implementing a classroom management reward/incentive system. One way this can be done
is through supporting and encouraging students’ engagement in the remote learning environment. This



reward/incentive system is backed by the implementation of the Positive Behavioral Interventions and B
Supports (PBIS), a 3-tiered behavior management system (Center on PBIS, 2022) and can use digital
stickers, dollars, tickets, certificates and even include a virtual or in-person award ceremony.

SOLUTIONS AND RECOMMENDATIONS

Use of Content-Specific and Content-Neutral
Technologies in Pre-K-12 Education

Technology in education should be both content-specific and content-neutral. Content-specific technol-
ogy means that the technology is specific to the subject area (e.g. English Language Arts) that is being
taught. Content-neutral technology is multi-disciplinary and can be used across many subject and content
areas as well as across grade levels. It includes communication and collaboration platforms, which can
help students share knowledge, work cooperatively with others, provide feedback to their teacher, and
ask questions remotely. The benefit of using content-neutral technologies is they encourage students
who are otherwise hesitant to participate in a live classroom discussion, as well as students who learn
better visually rather than auditorily, to become more engaged in the learning process (SchoolMart,
2017). Traditional learning does not always encourage teamwork, but online social media-style learn-
ing platforms create bridges to link students of different learning styles and abilities, allowing them to
work together virtually to solve problems, find solutions, check answers, and encourage one another to
succeed (SchoolMart, 2017).

Content-neutral technologies should be used in all Pre-K-12 schools, especially in America’s high-
needs schools. Most high-needs schools are in urban educational settings, which make up 29% of the
student population in the United States today (National Center for Education Statistics, 2013). The five
largest urban and high-needs districts in the United States are the New York City Public Schools, Los
Angeles Unified School District, Chicago Public Schools, Miami-Dade County Public Schools, and
Clark County Public Schools (National Center for Education Statistics, 2019). High-needs schools also
exist in many rural areas (Monk, 2007). A growing teacher shortage, especially in high-needs urban
and rural schools and in fields like special education, is becoming a pressing concern for the United
States and many other countries (Gorard et al., 2007; Guarino et al., 2006; Ingersoll, 2001; White &
Smith, 2005). Content-neutral technologies hold the potential to help teachers in high-needs schools
create a more equitable learning environment and provide technology-rich experiences for their Pre-
K-12 students. Resilience strategies for new teachers, such as help-seeking, problem-solving, managing
difficult relationships, and seeking rejuvenation/renewal, are key to supporting the success of teacher
practitioners, especially in their first few years (Castro et al., 2010). Content-neutral technologies can
enhance the teaching and resilience strategies of teacher practitioners and help with teacher retention,
particularly in high-needs schools.

Educational Technology During the COVID-19 Pandemic

During the COVID-19 pandemic, teachers in high-poverty schools were more likely to report that their
students lacked internet access at home. “Only 30% of teachers in high-poverty schools reported that
all or nearly all of their students had access to the internet at home, compared with 83% of teachers in
low-poverty schools” (Stelitano et al., 2020). Clearly, the digital divide affected marginalized students
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in high-needs schools at a far greater rate than students in all other types of schools. Even having access
to the best ed-tech tools while in a school environment does not guarantee that students in high-needs
schools will have access to those same tools in the home environment (Stelitano et al., 2020).

Prior to the COVID-19 pandemic, most professional development opportunities centered on technol-
ogy for Pre-K-12 teachers focused on supporting face-to-face instruction in a traditional classroom setting
(Liao et al., 2017). Furthermore, much of the research and implications for educational technology over
the past 20-plus years centered on face-to-face instruction in the traditional classroom setting. In the last
few years, because of the COVID-19 pandemic, education researchers were given their first opportunity
to research and assess teachers and students’ remote teaching and learning experiences (Hebebci et al.,
2020; Onyema et al., 2020). Providing instruction to Pre-K-12 students in a remote learning environment
during the COVID-19 pandemic was unprecedented and extremely challenging for Pre-K-12 teachers
(Carrillo & Flores, 2020; Ferdig et al., 2020). Additionally, students in predominantly low-income
schools and in urban locations suffered learning loss at higher rates during the pandemic than their peers
in high-income rural and suburban schools (Dorn et al., 2020). As a whole, low-income families were
less likely to have access to the technology required to fully participate in online learning (Polikoff et
al., 2020; Stelitano et al., 2020) and their parents were more likely to be essential workers (Berube &
Bateman, 2020), with less time to devote to their children’s online learning experiences. Both parents and
their children were overwhelmed throughout the course of the COVID-19 pandemic. Minority students
might also have been disproportionately affected due to existing racial inequalities in Pre-K-12 school
spending (Sosina & Weathers, 2019) and unequal access to high-quality teachers trained in the use of
digital tools and educational technology (Clotfelter et al., 2005; Goldhaber et al., 2015).

A systematic review of literature regarding K-12 online teaching and learning in the United States
was conducted to inform the work of policy makers, researchers, teacher educators, teachers, and admin-
istrators, as they negotiated the changing role of online instruction in our nation’s educational systems
(Johnson et al., 2022). The review revealed a set of contextual conditions that are foundational to student
learning in K-12 online settings. These contextual conditions included prepared educators, technology
access and autonomy, students’ developmental needs and abilities, and students’ self-regulated learning
skills (Johnson et al., 2022). The literature also pointed to seven pillars of instructional practice that
support student learning in these settings including evidence-based course organization and design,
connected learners, accessibility, a supportive learning environment, individualization, active learning,
and real-time assessment (Johnson et al., 2022).

Digital learning platforms have become central to communication, social interaction, and participation
in contemporary societies. While many schools and districts continue to use other learning management
systems, such as Blackboard, Canvas, Moodle, and Schoology, Google Classroom use has increased
widely in recent years as a learning management system used by K-12 schools and teachers. Launched
in August 2014, Google Classroom has grown to be used by a majority of K-12 schools and teachers
across the United States (Education Week, 2017). Further, Google Chromebooks are currently the
number one selling device in the United States, Canada, Sweden, New Zealand, and the Netherlands for
the K-12 community (Mainelli & Marden, 2015). Google-powered Chromebooks, enabled with Google
Classroom, have streamlined the way that Google and its many applications are used in the K-12 envi-
ronment. For example, in August 2016, a guardian summary feature was added that allows parents to
receive updates on students’ work, missing assignments, or classroom announcements. Additionally, in
2021, Google rolled out over 50 updates for Classroom, Meet, and other online education tools (Perez,
2021). In future years, improvements are expected to continue to be made in Google Classroom as its
usage continues to grow in the Pre-K-12 community across the United States and the world (Perez, 2021).



Perotta et al. (2021) presents a conceptual framework and an original analysis of Google Classroom as
an essential infrastructure for pedagogy. Furthermore, Google for Education (which includes Google
Classroom) can connect Pre-K-12 schools and districts with over 4000 experts globally through their
education directory (Google, 2023a). This certainly will continue to influence Pre-K-12 school leaders
and teachers using Google Classroom and Google for Education throughout the United States and many
other countries in the world.

Many districts in America and throughout the world before and after the COVID-19 pandemic have
used Google Classroom as a means of providing a virtual learning environment beyond the traditional
physical classroom-learning environment. As a result of the pandemic, and the proliferation of Google
products in U.S. K-12 schools, many K-12 teachers have turned to Google Classroom as a means of
recreating traditional classroom settings in a digital learning environment (Bryant et al., 2022). At the
onset of the pandemic, teachers had to deliver instruction virtually as a result of school closings and
learning shifting to the remote learning environment. The vast majority of K-12 schools and districts
in the United States asked teachers to turn to Google Classroom in support of their teaching and learn-
ing. Unfortunately, disadvantaged or low-income families in high-needs schools could not afford the
broadband access needed for students’ online learning experiences in the home environment, which has
created a digital divide that continues to affect communities of color at a disproportionate rate (Auxier
& Anderson, 2020). Internet and broadband access will continue to be an issue of equity in education
until it is addressed by government at the federal, state, and local levels in the U.S., as well as by govern-
ments throughout the rest of the world.

The movement for school districts across America to provide a 1:1 ratio of one laptop or comput-
ing device per student was accelerated with the shift to full remote instruction due to the COVID-19
pandemic. School districts and schools were finally given the necessary funding to help to implement
1:1 computing so that teaching and learning could continue throughout the course of the pandemic. By
its definition, “1:1 computing” refers to “the level at which access to technology is available to students
and teachers” (Bebell & O’Dwer, 2010, p. 6). The definition; however, fails to say anything about the
importance of educational practices or use of educational technology and digital learning tools. Access
to the individual computing devices and the use of educational technology is the first step to studying or
measuring any educational impact that the educational technology would have over time on instructional
practices (teaching) and student achievement (learning) (Norris et al., 2003; O’Dwyer et al., 2004). To
further support 1:1 initiatives in schools, Digital Promise created a Device Rollout Toolkit (Verizon, 2022)
which shares best practices from Verizon Innovative Learning Schools (Doersch, 2022). The Toolkit can
help support students, staff, and families throughout the school year. Moving beyond what was learned
while teachers and students engaged in remote learning during the COVID-19 pandemic, it is clear that
districts and schools with 1:1 computing with trained teachers in the use of educational technology and
digital learning tools or apps will give Pre-K-12 students the greatest opportunity to learn.

Importance of TPACK and TIPC Frameworks in Technology Integration

As technology has advanced, various constructs and models have been advanced as ways to conceptualize
teachers’ use of technology and how they learn to integrate technology with instructional content and
pedagogy. The Technological Pedagogical Content Knowledge (TPACK) framework (Mishra & Kohler,
2006; Shulman, 1986) was established as a way to frame efforts aimed at developing the knowledge
and skills related to technology integration. TPACK provides a neutral and unbiased way of examining
teachers’ knowledge and skills related to teaching with technology without favoring specific learning
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theories or instructional practices (Misra & Kohler, 2006). Swallow and Morrison (2021) address the
importance of TPACK and the 4Cs: critical thinking, communication, collaboration, and creativity when
it comes to technology integration by teachers across content and grade levels. Niess and Gillow-Wiles
(2021) address the importance of developing teachers’ knowledge for teaching in a virtual context us-
ing TPACK. While the TPACK framework is widely used by teachers today, some scholars have cited
skepticism in its use (Brantley-Dias & Ertmer, 2013; Kopcha et al., 2014).

There are clear elements of effective in-person instruction that carry over into virtual instruction such
as establishing relationships, clarity of instruction, student engagement, and assessment practices (Fisher
et al., 2021) when integrating content-neutral technologies in the virtual environment. Teachers need to
be supported in how to organize virtual learning through high-quality instructional planning. This can
be accomplished through the use of the Technology Integration Planning Cycle (TIPC) (Hutchinson
& Woodward, 2014, 2018). TIPC was originally designed to help teachers as they sought to integrate
digital tools into their in-person instruction. Now, TIPC, which is grounded in the TPACK framework
(Mishra & Kohler, 2006; Shulman, 1986), supports teachers in selecting tools for digital learning and
virtual instruction. The TIPC model is comprised of seven elements that support teachers as they plan
instruction that integrates technology to instructional goals. The seven elements are: instruction goals,
instruction approach, digital tool, contributions to instruction, constraints, and planning instruction
(Woodward & Beschorner, 2021). Karchmer-Klein (2020) noted that instructional design must be at the
forefront of collaborative and interactive online learning that is present in the TIPC framework. Although
teachers’ access to digital tools and resources for purchasing them varies widely, there are several free
and low-cost digital tools that could be used for a variety of instruction purposes. However, the number
of options for interesting new digital tools to use can be overwhelming for teachers, at times (Schwartz,
2020). This is why there is a need for Pre-K-12 teachers to engage in Technological Play Theory (Byker,
2017) to alleviate their stress and anxiety when it comes to using any of the many existing digital tools
that are available to be used in the current educational environment.

Creating a Sense of Belonging in the Online Learning Environment

Integrating technology into instructional content and pedagogy also requires creating a sense of belonging
for Pre-K-12 students in the online learning environment. Garrison et al. (1999) introduced the Com-
munity of Inquiry (Col) construct as a way of understanding students’ sense of belonging. This construct
consists of three interrelated concepts: social presence, cognitive presence, and teaching presence, along
with the interplay between them to characterize the online educational learning experience. For students
to be successful in this type of environment, they must be highly self-regulated and motivated (Garrison
& Cleveland-Innes, 2005; Garrison et al., 1999). However, many younger students do not yet have the
skills to navigate the distance-learning (remote) environment without the support of a parent, guardian,
or adult (Gillow-Wiles & Niess, 2021). One way to create a sense of belonging in the online learning
environment can be accomplished by using Google Slides and Bitmoji (Fuentes & Grimes, 2020; Van
Pate, 2022). The more students feel comfortable and connected to the online learning environment and
their classroom teacher, the more likely they will be to be engaged in their virtual learning experiences.
Creating a sense of belonging for Pre-K-12 students may even involve teachers creating an online virtual
learning space that supports the needs of individual, small group, and whole class learning experiences
in an ongoing manner.



FUTURE RESEARCH DIRECTIONS
Educational Technology: Moving Forward

Pozo et al. (2021) provides definitive research as to the lessons learned from the uses of digital technolo-
gies during school lockdowns throughout the COVID-19 pandemic. Among the lessons learned from
their research study were that the proposed activities varied depending on the learning being promoted
(reproductive or constructive), the learning outcomes (verbal, procedural, or attitudinal), the type of
assessment to which the activities were directed, and the presence of cooperative activities. Teaching
remotely during the pandemic taught a valuable lesson to all educators across the United States and
the world. That lesson was that school administrators, teachers, and librarians need to have the neces-
sary technology skills to support learning and provide access to learning resources in today’s Pre-K-12
classrooms, libraries, and schools. Post-COVID-19 pedagogy requires Pre-K-12 school administrators,
teachers, students, and families to become familiar with various digital technologies used in and out
of schools to promote in-person as well as distance (remote) and virtual learning. District and school
administrators need to have the necessary understanding of the ISTE Standards framework and the role
that technology will play in the Pre-K-12 learning environment in 21 Century teaching and learning. To
assist administrators and teachers in understanding how the ISTE Standards framework connects with
teaching, Dousay (2020) presents an integrated map of the ISTE Standards for Educators while making
the connections to the Danielson Framework for Teaching, and the Interstate Teacher Assessment and
Support Consortium (InTASC) Standards. Case study findings from Miller (2022) include how pre-K-12
school administrators can benefit from the ISTE Standards’ framework to provide future-ready learning
environments, how the standards serve as a technology guide to increase equity, inclusion, and digital
citizenship, and how school leaders benefit from participating as co-learners.

In June of 2022, the U.S. Department of Education and the International Society for Technology in
Education (ISTE) (Brooks-Young, 2016) began pressing colleges of education across the United States to
publicly commit to better preparing future teachers, librarians, and administrators to be good consumers
of technology in order to support the learning needs of today’s students. As part of this commitment,
teacher preparation programs nationwide are being called on to sign a pledge, called the Digital Equity
and Transformation Pledge. This reflects the increasing urgency for colleges to better prepare future
Pre-K-12 educators, librarians, and school administrators for the evolving technology needs in America’s
schools. “Knowing how to use technology to support student learning is an essential skill for teachers to
thrive in a post-COVID world,” according to ISTE CEO Richard Culatta (Fittes, 2022).

While it is hard to predict the future of teaching and learning in the 21% Century, many education
leaders expect K-12 school districts to continue their investment in classroom technology and ed-tech
tools. Overall, worldwide technology in the education market is projected to reach $285.2 billion by
2027 (Grand View Research, 2021). School administrators, teachers, and librarians should provide a
transformative education to their students, which provides the necessary college and career readiness
skills to meet the needs of future jobs and industries that are currently being driven by technology.

Unfortunately, all across the United States distance learning models have had the unintended conse-
quence of increasing achievement gaps in schools. This can be attributed to the existing digital divide,
which increased in the Pre-K-12 environment by the forced move to remote instruction in March of
2020 (Dorn et al., 2020; Norris, 2003). As stated previously, high-needs schools in urban and rural areas
across America were impacted more than other schools during this time. The desire to meet the needs of
today’s digital learners can lead to Pre-K-12 school administrators, teachers, and librarians earning ongo-
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ing micro-credentials in the latest ed-tech tools and digital pedagogies that empower student learning.
Micro-credentials have become an emerging approach to teachers’ professional learning where individuals
earn a digital certification upon completion of competency-based course objectives (National Education
Association, 2022). They allow teachers to learn new skills and develop competencies in several subjects
including STEM subjects, computer science, and other content areas in an ongoing way.

Educators need to be lifelong learners to prepare students for higher education and their future ca-
reers. The National Education Association (NEA) currently offers over 175 micro-credentials (National
Education Association, 2022) with many colleges and universities beginning to offer their own micro-
credentials for Pre-K-12 teachers on topics such as character education and digital teaching (Tooley &
Hood, 2020; Western Governors University, 2021). Teachers practice skills and are evaluated on dis-
crete topics or practices by demonstrating competence before they are awarded micro-credentials by an
individual organization or institution. Colleges, universities, and even companies like Apple, Google,
and Microsoft (Apple, 2023; Google, 2023b; Microsoft, 2023) have embraced the movement towards
developing specific and ongoing professional development and/or micro-credentials to meet the needs
of today’s teachers and students in the Pre-K-12 environment. It is becoming more commonplace for
Pre-K-12 teachers to become Google-certified. In terms of Google certification for Pre-K-12 educators,
there are currently three levels: Google Educator Level 1, Google Educator Level 2, and Google Certified
Trainer (Sowash, 2022). Each Google certification focuses on practical applications of Google products
such as Gmail, Google Drive, and YouTube to be used in classroom settings (Sowash, 2022). School
districts and school administrators will have to decide on the level of expertise required of its Pre-K-12
teachers. Sowash (2022) estimates that 60% of teachers in the United States are currently ready to pass
the Google Educator Level 1 certification exam with the remaining 40% needing training, support, and
encouragement as they build confidence and experience using Google Workspace for education.

Governments, schools, and families increasingly value technology as a central part of the education
process and invest accordingly. Technological innovation over the past two decades has forever altered
today’s education landscape. ICT and content-neutral technologies will continue to empower Pre-K-12
teachers to change the way they teach their students in the 21st Century. Teachers and students in high-
needs schools will continue to need the greatest support to implement and use the latest ed-tech tools.
Teachers will need support and innovative ideas for navigating remote instruction without universal
Internet access or devices for their students—particularly those in rural, high-poverty schools. States
and school districts should seek innovative options and look to forming partnerships for professional
development training in ed tech and digital learning tools with the 78% of colleges and universities in the
United States where there are 1,206 teacher education programs that prepare all of our future Pre-K-12
teachers (Levine, 2007). Currently, there are 800 schools of education that are institutional members
in the American Association of Colleges of Teachers of Education (AACTE) (AACTE, 2022). These
partnerships should be formed with the schools of education at the colleges and universities that are
also members of the AACTE. The partnerships can support current and future teachers in providing a
high level of quality instruction to their students. Furthermore, partnerships with schools of education
at college and universities can lead to the development and creation of teacher micro-credentials to meet
the digital learning needs of today’s students while exploring ed-tech tools that could be used with or
without internet access.

AACTE member institutions as well as all colleges and universities with teacher education programs
should also consider supporting pre-service teachers to become Google certified and helping current
Pre-K-12 educators obtain their Google certification. Higher education faculty at AACTE member
institutions should explore ways that traditional classroom pedagogies and learning experiences can be



transferred to a digital learning environment using the latest ed-tech and digital learning tools. Addition-
ally, school districts across the United States should look to the approaching merger of the International
Society for Technology in Education (ISTE) and the Association for Supervision and Curriculum De-
velopment (ASCD) in January 2023, for future guidance in providing ongoing professional development
and innovation in education. ISTE’s CEO, Richard Culatta, believes that the merger will be beneficial
in the long run, saying that “the conversations around effective use of technology and innovation and
redesigning and rethinking education just can’t be a separate conversation from how we are running and
leading schools” (Young, 2022, para. 7).”

Today’s Pre-K-12 educators create dynamic physical and digital learning environments providing
access, equity, and experiences for Pre-K-12 students to think, create, share, and grow. Effective Pre-
K-12 educators promote cultures of learning and the thoughtful and creative use of digital resources. The
COVID-19 pandemic thrust Pre-K-12 educators into a situation where they needed to become experts in
remote instruction and using digital tools. Furthermore, the pandemic indicated that today’s Pre-K-12
educators needed to be able to teach in both physical and virtual learning environments using current
ICT. To help support current and future Pre-K-12 educators learn how to use the latest ICT and digital
ed-tech tools, the author recommends checking out the Cult of Pedagogy, a website created by Jennifer
Gonzalez to support teachers engaged in learning about and how to use ed-tech tools (Gonzalez, 2023b).
The Cult of Pedagogy contains a blog, podcasts, videos, and the option to purchase their annual edition
of the Teacher’s Guide to Tech, an encyclopedia of over 650 educational technology tools which are
grouped into over 50 categories, including tools for assessment, note taking, parent engagement, inter-
active lessons, and much more (Gonzalez, 2023a). The 2023 Edition of the “Teacher’s Guide to Tech”
would benefit all education students and Pre-K-12 teacher practitioners as it first gives a description of
what the tool does in clear, simple language, and then shows a screenshot of the tool in action, with a
link to the tool’s website and a play button that takes the student straight to a video showing how the
tool works (Gonzalez, 2023a).

Governments, schools, and families increasingly value technology as a central part of the education
process and invest accordingly. For all the challenges that came with COVID-19 school closures, they
have been a windfall to the educational technology marketplace. According to the Learning Counsel,
a research firm, “K-12 districts in the U.S. alone spent $35.8 billion in 2020 on hardware, software,
curriculum resources, and networks, representing a more than 25% increase over 2019” (Paykamian,
2021, para. 1). While it is hard to predict the future of teaching and learning in the 21st Century, many
education leaders expect school districts to continue their investment in teacher professional develop-
ment, classroom technology, and digital ed-tech tools. In the coming years, emerging technologies like
machine learning, big data, and artificial intelligence will continue to increase the range of available
education products while speeding up the cycles of learning for students (Escueta et al., 2017).

Importance of Technological Play for Pre-K-12 Educators

Technology supports both teaching and learning. However, it must be carefully examined and evaluated
to understand the extent it should be used with learners in Pre-K-12 contexts and learning environments
(Brooks-Young, 2016; Ross, 2020). Students need to have access to and develop their technology skills at
earlier grade levels than previous generations to be college and career ready. Technology is most effective
when it provides students with opportunities to engage in activities that focus on higher order thinking
skills over simple drill and practice activities (Freeman et al., 2017; Ross, 2020). Pre-service teachers and
current Pre-K-12 educators need to focus on specific related processes when learning how to teach with
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technology (Kopcha et al., 2020) and need best practices/examples modeled for them by other educators
(Polly et al., 2020, 2021; Polly et al., 2020; Tondeur et al., 2017). In addition, pre-service teachers and
current Pre-K-12 educators need to have authentic opportunities to practice using new technologies to
teach with support in low-risk environments (Tondeur et al., 2017, 2011). Modeling combined with op-
portunities for practice provides a “technological apprenticeship of observation” (Byker et al., 2018, p.
135) for pre-service teachers and current Pre-K-12 educators about the purpose behind the technology
integration as well as the affordances and overall constraints of the technology. Technological Play Theory
(Byker, 2017) serves as an instructive framework in supporting technological apprenticeship in teaching
and learning. Overall, technological play can support and expand the capacity of pre-service teachers
and teacher practitioners to utilize instructional technology for effective outcomes in their professional
practice as Pre-K-12 teachers. Technological play can enhance the level of comfort and familiarity of
the new ed-tech tool in implementation in the traditional physical or remote classroom environment. The
purpose of using technological play theory with pre-service teachers and teacher practitioners would be
to introduce them to Google Classroom, various education apps, and other digital tools in preparation
for their student teaching and ongoing professional practice in the Pre-K-12 education environment.

The Metaverse: The Next Learning Frontier in Pre-K-12 Education

The metaverse is a virtual version of the real world that leverages artificial intelligence, augmented real-
ity, virtual reality, and “Web3” to create immersive, 3-D, real-time, and interactive social environments
(Driscoll, 2022). It is the next learning frontier and lives in a network of interconnected computers and
includes a range of free, accessible, and decentralized games, communities, and venues for interaction.
In the metaverse, anyone can join or create interactive digital spaces. Metaverse users can interact with
each other in virtual spaces, build things (in groups or alone), play games, and interact with avatars and
3-D digital objects (Driscoll, 2022). Broadly speaking, the metaverse will enable students to learn in fully
immersive and multimedia environments that leverage both the physical and digital worlds (Driscoll,
2022). The Tlili et al. (2022) study conducted a systematic literature review of the Metaverse in educa-
tion. This study then applied both content and bibliometric analysis to reveal the research trends, focus,
and limitations of this research topic with over 20,000 researchers viewing the findings of this study.

Currently, the metaverse only partially exists. There are existing online interactive worlds that provide
a “metaverse experience,” but these are not interconnected and provide only a limited social interaction.
“The metaverse infrastructure is largely still under construction, with tech companies like Meta and gam-
ing platforms like Roblox experiencing growing pains as they expand the space (Salman, 2022, para. 8).”
Ed-tech companies like STEMuli, Labster, and even Roblox, offer VR learning experiences, but “no one
as of yet is offering the kind of technology” that Glenn Platt, professor of emerging technology at Ohio’s
Miami University says “makes the metaverse really revolutionary” (Salman, 2022, para. 9). In a policy
brief by Hirsh-Pasek et al. (2022), researchers explored how to bring the best educational practices into
the metaverse as it is being created. Many experts believe the metaverse will become ubiquitous in the
not-so-distant future.

Underlying metaverse technologies, including virtual reality (VR) and augmented reality (AR), have
also been in use in education for some time. VR enables the creation of immersive learning experiences
that can help enhance student understanding of a topic. VR enables users with VR headsets to become
immersed in an array of real-world or fictional environments that allow students to experience virtual
field trips and alternate realities. A recent Price WaterhouseCoopers (2020) study found that VR learners
could be trained four times faster than classroom learners and found that VR learners were more focused
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than basic remote e-learners. With AR, one can overlay images, videos, and sounds onto an existing
environment to “augment” a real-world scenario. Living Popups Bookspace is currently using AR to
create interactive and engaging literacy experiences for elementary, middle school, and high school
students, where the illustrations in select titles will interact with students as they engage in reading (Liv-
ing Popups, 2022). AR powered books developed by Living Popups Bookspace are meant to improve
student engagement, comprehension, retention and test scores for students in the K-12 environment
(Living Popups, 2022). This is just one example of many in how AR is being used in education. Beyond
experiencing virtual immersive environments and augmented literacy engagement, VR and AR are being
used to create more engaging and interactive learning experiences for Pre-K-12 students.

Artificial Intelligence

Roose (2023) believes that despite the risks that ChatGPT, a platform that uses artificial intelligence
(A.L) raises, schools should thoughtfully embrace ChatGPT as a teaching aid and as a digital learning
tool that could unlock student creativity, offer personalized tutoring, and better prepare students to work
alongside A.I. systems as adults. Artificial intelligence can improve Pre-K-12 education by creating
more equitable learning outcomes for students in the United States. Overall, there are many benefits to
using A.L for students, teachers, and administrators. It can help to close learning gaps between students
in lower-income schools and those in wealthier ones, as well as improve educational outcomes for all
students. For students, A.I. can provide a personalized learning experience tailored to their individual
preferences and needs, immediate feedback on their work, answers to their questions, and increased ac-
cess to tutoring and other educational materials. For teachers, it can help automate some of their work-
load, design better interventions, and reduce burnout. For administrators, A.l. can monitor the student
body and provide preemptive interventions with the help of predictive analytics (Diebold & Han, 2022).
Researchers believe that the U.S. Department of Education should take the following steps to promote
A.L deployment and use:

e  Develop a 10-year plan for A.L. in education, keeping in mind the challenges many schools face
with limited digital capacity and resources, data quality, and stakeholder resistance.

e  Develop A.L grants to foster the adoption of A.IL in education and explore the creation of a model
data-driven school district.

e  Support A.IL. product procurement for schools by strengthening information repositories that re-
view A.IL products in education (Diebold & Han, 2022, p. 2).

Ultimately, A.I. can be used to support students in all subjects, but especially in the subjects of math
and reading, given the recent low scores of American students on the 2022 Nation’s Report Card, which
was administered by the National Assessment for Educational Progress (NAEP). Students reached lows
in these national achievement tests in the subjects of reading and mathematics not seen since the 1990s
(National Assessment for Educational Progress, 2022; Sparks, 2022). Clearly, A.L. and other technolo-
gies will play a key role in advancing the educational achievement of students across America in the
decades to come as it helps to individualize students’ learning experiences as well as drive more equitable
educational outcomes for America’s schools. Educational technology will continue to shape and reshape
the teaching and learning that goes on in America’s Pre-K-12 schools and in schools all over the world
now and well into the future.
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CONCLUSION

Prior to the COVID-19 pandemic, most professional development opportunities centered on technology
for pre-K-12 teachers focused on supporting face-to-face instruction in a traditional classroom setting
(Liao et al., 2017). Polly et al. (2021) outlines for educators the future directions for K-12 technology-
enhanced learning environments. Polly et al. (2021) believes that supporting teachers’ capacity to teach
with technology through collaboration and the sharing of expertise will result in positive outcomes for
both Pre-K-12 teachers and students. Efforts to redesign schools have led to more opportunities for
learner-centered models of education that are more compatible with distance learning (An & Reigeluth,
2011; Chou, 2004; Cullen et al., 2012; Lee et al., 2018; Reigeluth & Karnopp, 2013). These models have
focused more on student learning and less on time spent in a classroom setting and are made possible
by current ICT as well as technological and societal advances. Professional development that fits within
the learner-centered models of education could cover setting up routines and digital technology tools for
learning within a Pre-K-12 school environment during the beginning of the school year.

Future professional development should support teachers in helping students take better ownership of
their learning using technology tools and resources (An & Reigeluth, 2011; Fancom et al., 2021; Reige-
luth et al., 2016). A more blended learning approach requires school and district technology leadership
to adopt open attitudes toward using ICT, digital learning tools, and digital resources so schools can be
better prepared for academic continuity during future school closings in the post-COVID-19 era (Fran-
com, 2021). Content-neutral technologies in pre-K-12 teaching and proven instructional practices hold
the promise and potential of more robust teaching and learning experiences in the pre-K-12 environment
for all schools now and well into the future. Technological Play Theory (Byker, 2017) will continue to
serve as an instructive framework in supporting technological apprenticeship and expertise in teaching
and learning as Pre-K-12 teachers embrace the idea of being lifelong learners and engaging students
in more student-driven individualized learning experiences. Teachers seeking expertise in incorporat-
ing new educational technology into their professional practice may pursue micro-credentials offered
through the NEA, their state education association, or from colleges and universities who are member
institutions in the American Association of Colleges for Teacher Education (AACTE). AACTE member
institutions who develop centers for digital learning and have experienced instructors using cutting edge
ICT technologies to train pre-service and current Pre-K-12 teachers will have the greatest impact on the
teaching profession and the 21* Century learning experiences of students.

As Pre-K-12 teachers in the United States begin to learn how to use new ed-tech digital tools, how to
incorporate VR, AR, Al, and how to introduce the metaverse experience to students in their professional
practice, they will begin to transform student learning experiences both nationally and internationally.
While it is difficult to predict the future of teaching and learning in the 21st Century, many education
leaders expect school districts to continue their investment in professional development, classroom
technology, and ed-tech digital tools, as ICT continues to shape the skills and learning experiences of
Pre-K-12 students on a national and international level, as they prepare to become college and career
ready in order to meet the demands and specific needs of industry and the jobs of the future.

12



REFERENCES B

American Association of Colleges for Teacher Education (AACTE). (2022). About AACTE - American
Association of Colleges for teacher education (AACTE). American Association of Colleges for Teacher
Education (AACTE) - Serving Learners. https://aacte.org/about-aacte/

An, Y. J., & Reigeluth, C. (2011). Creating technology-enhanced, learner-centered classrooms: K—12
teachers’ beliefs, perceptions, barriers, and support needs. Journal of Digital Learning in Teacher Edu-
cation, 28(2), 54-62. doi:10.1080/21532974.2011.10784681

Ananiadou, K., & Claro, M. (2009). 21st Century skills and competences for new millennium learners
in OECD countries. Academic Press.

Apple. (2023). K-12 education - Professional learning. https://www.apple.com/education/k12/profes-
sional-learning/

Auxier, B., & Anderson, M. (2020). As schools close due to the coronavirus, some US students face a
digital ‘homework gap’. Pew Research Center, 16, 1-8.

Battelle For Kids. (n.d.). Frameworks & Resources. https://www.battelleforkids.org/networks/p21/
frameworks-resources

Bebell, D., & O’Dwyer, L. (2010). Educational outcomes and research from 1: 1 computing settings.
The Journal of Technology, Learning, and Assessment, 9(1).

Bebell, D., Russell, M., & O’Dwyer, L. (2004). Measuri ng teachers’ technology uses: Why multiple-
measures are more revealing. Journal of Research on Technology in Education, 37(1), 45-63. doi:10.1
080/15391523.2004.10782425

Berube, A., & Bateman, N. (2020, April 3). Who are the workers already impacted by the COVID-19
recession? Brookings. https://www.brookings.edu/research/who-are-the-workers-already-impacted-by-
the-covid-19-recession/

Brantley-Dias, L., & Ertmer, P. A. (2013). Goldilocks and TPACK: Is the construct’ just right?’. Journal
of Research on Technology in Education, 46(2), 103—-128. doi:10.1080/15391523.2013.10782615

Brooks-Young, S. (2016). ISTE standards for students: A practical guide for learning with technology.
International Society for Technology in Education.

Bryant, J., Dorn, E., Hall, S., & Panier, F. (2022, August 1). Reimagining a more equitable and resilient
K—12 education system. McKinsey & Company. https://www.mckinsey.com/industries/education/our-
insights/reimagining-a-more-equitable-and-resilient-k-12-education-system

Byker, E. J. (2017). I play I learn: Introducing technological play theory. In Handbook of research on
teacher education and professional development (pp. 297-306). IGI Global. doi:10.4018/978-1-5225-
1067-3.ch016

Byker, E. J., Putman, S. M., Polly, D., & Handler, L. (2018). Examining elementary education teach-
ers and pre-service teachers’ self-efficacy related to technological pedagogical and content knowledge
(TPACK). In Self-efficacy in instructional technology contexts (pp. 119-140). Springer. doi: 10.1007/978-
3-319-99858-9_8

13


https://aacte.org/about-aacte/
https://www.apple.com/education/k12/professional-learning/
https://www.apple.com/education/k12/professional-learning/
https://www.battelleforkids.org/networks/p21/frameworks-resources
https://www.battelleforkids.org/networks/p21/frameworks-resources
https://www.battelleforkids.org/networks/p21/frameworks-resources
https://www.brookings.edu/research/who-are-the-workers-already-impacted-by-the-covid-19-recession/
https://www.brookings.edu/research/who-are-the-workers-already-impacted-by-the-covid-19-recession/
https://www.brookings.edu/research/who-are-the-workers-already-impacted-by-the-covid-19-recession/
https://www.mckinsey.com/industries/education/our-insights/reimagining-a-more-equitable-and-resilient-k-12-education-system
https://www.mckinsey.com/industries/education/our-insights/reimagining-a-more-equitable-and-resilient-k-12-education-system
https://www.mckinsey.com/industries/education/our-insights/reimagining-a-more-equitable-and-resilient-k-12-education-system
https://www.mckinsey.com/industries/education/our-insights/reimagining-a-more-equitable-and-resilient-k-12-education-system

Educational Technology and the Pre-K-12 Environment

Carrillo, & Flores, M. A. (2020). COVID-19 and teacher education: a literature review of online teach-
ing and learning practices. European Journal of Teacher Education, 43(4), 466-487. doi:10.1080/026
19768.2020.1821184

Castro, A. J., Kelly, J., & Shih, M. (2010). Resilience strategies for new teachers in high-needs areas.
Teaching and Teacher Education, 26(3), 622—629. doi:10.1016/j.tate.2009.09.010

Center on PBIS. (2022). Getting started. Center on PBIS. https://www.pbis.org/pbis/getting-started

Chou, C.C. (2004). A model of learner-centered computer-mediated interaction for collaborative distance
learning. International Journal on E-Learning, 3(1), 11-18.

Clotfelter, C. T., Ladd, H. F., & Vigdor, J. (2005). Who teaches whom? Race and the distribution of
novice teachers. Economics of Education Review, 24(4),377-392. doi:10.1016/j.econedurev.2004.06.008

Collins, A., & Halverson, R. (2010). The second educational revolution: Rethinking Education in the
Age of Digital Technology. Journal of Computer Assisted Learning, 26(1), 18-27. doi:10.1111/j.1365-
2729.2009.00339.x

Computer Hope. (2021, August 16). What is Google Slides? https://www.computerhope.com/jargon/g/
google-slides.htm

Cullen, R., Harris, M., & Hill, R. R. (2012). The learner-centered curriculum: Design and implementa-
tion. John Wiley & Sons.

Diebold, G., & Han, C. (2022, April). How Al can improve K-12 education in the United States. https://
www?2.datainnovation.org/2022-ai-education.pdf

Doersch, D. (2022, July 12). What to consider when rolling out 1:1 devices. Digital Promise. https://
digitalpromise.org/2022/07/12/what-to-consider-when-rolling-out-11-devices/

Dorn, E., Hancock, B., Sarakatsannis, J., & Viruleg, E. (2020). COVID-19 and learning loss—dispari-
ties grow and students need help. McKinsey & Company.

Dousay, T. A. (2020, April). An integrated map of the ISTE Standards for Educators, Danielson Frame-
work for Teaching, and Interstate Teacher Assessment and Support Consortium (INTASC) Standards.
In Society for Information Technology & Teacher Education International Conference (pp. 992-996).
Association for the Advancement of Computing in Education (AACE).

Driscoll, T. (2022, September 29). Making sense of the metaverse in education. EdTechTeacher. https://
edtechteacher.org/making-sense-of-the-metaverse-in-education/

Education Week. (2017, April). EdWeek market brief: K-12 intel for business leaders. Retrieved Febru-
ary 6, 2023, from https://marketbrief.edweek.org/

Ertmer, P. A., Ottenbreit-Leftwich, A. T., & Tondeur, J. (2015). Teachers’ beliefs and uses of technology to
support21st-Century teaching and learning. International Handbook of Research on Teacher Beliefs, 403.

Escueta, M., Quan, V., Nickow, A. J., & Oreopoulos, P. (2017). Education technology: An evidence-
based review.https://www.povertyactionlab.org/sites/default/files/research-paper/NBER-23744-EdTech-
Review.pdf

14


https://www.pbis.org/pbis/getting-started
https://www.computerhope.com/jargon/g/google-slides.htm
https://www.computerhope.com/jargon/g/google-slides.htm
https://www2.datainnovation.org/2022-ai-education.pdf
https://www2.datainnovation.org/2022-ai-education.pdf
https://digitalpromise.org/2022/07/12/what-to-consider-when-rolling-out-11-devices/
https://digitalpromise.org/2022/07/12/what-to-consider-when-rolling-out-11-devices/
https://digitalpromise.org/2022/07/12/what-to-consider-when-rolling-out-11-devices/
https://edtechteacher.org/making-sense-of-the-metaverse-in-education/
https://edtechteacher.org/making-sense-of-the-metaverse-in-education/
https://edtechteacher.org/making-sense-of-the-metaverse-in-education/
https://marketbrief.edweek.org/
https://www.povertyactionlab.org/sites/default/files/research-paper/NBER-23744-EdTech-Review.pdf
https://www.povertyactionlab.org/sites/default/files/research-paper/NBER-23744-EdTech-Review.pdf
https://www.povertyactionlab.org/sites/default/files/research-paper/NBER-23744-EdTech-Review.pdf

Ferdig, R. E., Baumgartner, E., Hartshorne, R., Kaplan-Rakowski, R., & Mouza, C. (Eds.). (2020).
Teaching, technology, and teacher education during the COVID-19 pandemic: Stories from the field.
Association for the Advancement of Computing in Education.

Fisher, D., Frey, N., & Hattie, J. (2021). The distance learning playbook: Grades K-12. Corwin.

Fittes, E. K. (2022, June 7). Teacher colleges pressed to commit to improving future educators’ tech
skills. Market Brief. Retrieved July 8, 2022, from https://marketbrief.edweek.org/marketplace-k-12/
teachers-colleges-pressed-commit-improving-future-educators-tech-skills/

Francom, G. M., Lee, S. J., & Pinkney, H. (2021). Technologies, challenges and needs of K-12 teach-
ers in the transition to distance learning during the COVID-19 pandemic. TechTrends, 65(4), 589-601.
doi:10.100711528-021-00625-5 PMID:34223560

Freeman, A., Becker, S. A., & Cummins, M. (2017). NMC/CoSN horizon report: 2017 K. The New
Media Consortium.

Fuentes, D., & Grimes, N. (2020, October). Creating Google Classrooms Using Bitmoji and Google
Slides: An early Pandemic Pedagogical Response. In SITE Interactive Conference (pp. 114-119). As-
sociation for the Advancement of Computing in Education (AACE).

Garrison, D. R., Anderson, T., & Archer, W. (1999). Critical inquiry in a text-based environment: Com-
puter conferencing in higher education. The Internet and Higher Education, 2(2-3), 87-105. doi:10.1016/
S1096-7516(00)00016-6

Garrison, D.R., & Cleveland-Innes, M. (2005). Facilitating cognitive presence in online learning: Interaction
isnotenough. American Journal of Distance Education, 19(3),133-148.d0i:10.120715389286ajde1903_2

Gillow-Wiles, H., & Niess, M. L. (2021). Is There Recess on Mars?: Developing a Sense of Belonging
in Online Learning. In Handbook of Research on Transforming Teachers’ Online Pedagogical Reasoning
for Engaging K-12 Students in Virtual Learning (pp. 1-18). IGI Global.

Goldhaber, D., Lavery, L., & Theobald, R. (2015). Uneven playing field? Assessing the teacher qual-
ity gap between advantaged and disadvantaged students. Educational Researcher, 44(5), 293-307.
doi:10.3102/0013189X15592622

Gonzalez,J. (2023a, January 30). Books. Cult of Pedagogy. https://www.cultofpedagogy.com/store/books/
Gonzalez, J. (2023b, May 9). Start here. Cult of Pedagogy. https://www.cultofpedagogy.com/start-here/
Google. (2023a). Google for Education. https://edudirectory.withgoogle.com/

Google. (2023b). Training & Professional Development. Google for Education. https://edu.google.com/
intl/ALL_us/get-started/professional-development/

Gorard, S., See, B. H., Smith, E., & White, P. (2007). What can we do to strengthen the teacher work-
force? International Journal of Lifelong Education, 26(4), 419—437. doi:10.1080/02601370701417194

Grandview Research. (2021). Education technology market size & share report, 2021-2028. https://www.
grandviewresearch.com/industry-analysis/education-technology-market?utm_source=prnewswire&utm_
medium=referral&utm_campaign=ict_20-july-20&utm_term=education-technology-market&utm_
content=rd

15



https://marketbrief.edweek.org/marketplace-k-12/teachers-colleges-pressed-commit-improving-future-educators-tech-skills/
https://marketbrief.edweek.org/marketplace-k-12/teachers-colleges-pressed-commit-improving-future-educators-tech-skills/
https://marketbrief.edweek.org/marketplace-k-12/teachers-colleges-pressed-commit-improving-future-educators-tech-skills/
https://www.cultofpedagogy.com/store/books/
https://www.cultofpedagogy.com/start-here/
https://edudirectory.withgoogle.com/
https://edu.google.com/intl/ALL_us/get-started/professional-development/
https://edu.google.com/intl/ALL_us/get-started/professional-development/
https://edu.google.com/intl/ALL_us/get-started/professional-development/
https://www.grandviewresearch.com/industry-analysis/education-technology-market?utm_source=prnewswire&utm_medium=referral&utm_campaign=ict_20-july-20&utm_term=education-technology-market&utm_content=rd
https://www.grandviewresearch.com/industry-analysis/education-technology-market?utm_source=prnewswire&utm_medium=referral&utm_campaign=ict_20-july-20&utm_term=education-technology-market&utm_content=rd
https://www.grandviewresearch.com/industry-analysis/education-technology-market?utm_source=prnewswire&utm_medium=referral&utm_campaign=ict_20-july-20&utm_term=education-technology-market&utm_content=rd
https://www.grandviewresearch.com/industry-analysis/education-technology-market?utm_source=prnewswire&utm_medium=referral&utm_campaign=ict_20-july-20&utm_term=education-technology-market&utm_content=rd
https://www.grandviewresearch.com/industry-analysis/education-technology-market?utm_source=prnewswire&utm_medium=referral&utm_campaign=ict_20-july-20&utm_term=education-technology-market&utm_content=rd
https://www.grandviewresearch.com/industry-analysis/education-technology-market?utm_source=prnewswire&utm_medium=referral&utm_campaign=ict_20-july-20&utm_term=education-technology-market&utm_content=rd
https://www.grandviewresearch.com/industry-analysis/education-technology-market?utm_source=prnewswire&utm_medium=referral&utm_campaign=ict_20-july-20&utm_term=education-technology-market&utm_content=rd

Educational Technology and the Pre-K-12 Environment

Grimes, N. D., & Cohen, D. M. (2022). Power and possibilities of partnerships for schools and students.
Knowledge Quest, 51(1), 36—43.

Guarino, C. M., Santibanez, L., & Daley, G. A. (2006). Teacher recruitment and retention: A
review of the recent empirical literature. Review of Educational Research, 76(2), 173-208.
doi:10.3102/00346543076002173

Harris, J., Mishra, P., & Koehler, M. (2009). Teachers’ technological pedagogical content knowledge
and learning activity types: Curriculum-based technology integration reframed. Journal of Research on
Technology in Education, 41(4), 393-416. doi:10.1080/15391523.2009.10782536

Hebebci, M. T., Bertiz, Y., & Alan, S. (2020). Investigation of views of students and teachers on distance
education practices during the Coronavirus (COVID-19) Pandemic. International Journal of Technology
in Education and Science, 4(4), 267-282. doi:10.46328/ijtes.v4i4.113

Hirsh-Pasek, K., Zosh, J. M., Hadani, H. S., Golinkoff, R. M., Clark, K., Donohue, C., & Wartella, E.
(2022, March 9). A whole new world: Education meets the metaverse. Brookings. https://www.brook-
ings.edu/research/a-whole-new-world-education-meets-the-metaverse/

Hutchison, A., & Woodward, L. (2014). A planning cycle for integrating digital technology into literacy
instruction. The Reading Teacher, 67(6), 455-464. doi:10.1002/trtr. 1225

Hutchison, A. C., & Woodward, L. (2018). Examining the technology integration planning cycle model of
professional development to support teachers’ instructional practices. Teachers College Record, 120(10),
1-44. doi:10.1177/016146811812001002

Ingersoll, R. M. (2001). Teacher turnover and teacher shortages: An organizational analysis. American
Educational Research Journal, 38(3), 499-534. doi:10.3102/00028312038003499

Jaffee, D. (1997). Asynchronous learning: Technology and pedagogical strategy in a distance learning
course. Teaching Sociology, 25(4), 262-277. doi:10.2307/1319295

Johnson, C. C., Walton, J. B., Strickler, L., & Elliott, J. B. (2022). Online teaching in K-12 education in the
United States: A systematic review. Review of Educational Research. doi:10.3102/00346543221105550

Karchmer-Klein, R. (2020). Improving online teacher education: Digital tools and evidence-based
practices. Teachers College Press.

Kopcha, T.J., Neumann, K. L., Ottenbreit-Leftwich, A., & Pitman, E. (2020). Process over product: The
next evolution of our quest for technology integration. Educational Technology Research and Develop-
ment, 68(2), 729-749. doi:10.100711423-020-09735-y

Kopcha, T. J., Ottenbreit-Leftwich, A., Jung, J., & Baser, D. (2014). Examining the TPACK framework
through the convergent and discriminant validity of two measures. Computers & Education, 78, 87-96.
doi:10.1016/j.compedu.2014.05.003

Lee, D., Huh, Y., Lin, C. Y., & Reigeluth, C. M. (2018). Technology functions for personalized learning
in learner-centered schools. Educational Technology Research and Development, 66(5), 1269-1302.
doi:10.100711423-018-9615-9

Levine, A. (2007). Educating researchers. Education Schools Project.

16


https://www.brookings.edu/research/a-whole-new-world-education-meets-the-metaverse/
https://www.brookings.edu/research/a-whole-new-world-education-meets-the-metaverse/
https://www.brookings.edu/research/a-whole-new-world-education-meets-the-metaverse/

Liao, Y. C., Ottenbreit-Leftwich, A., Karlin, M., Glazewski, K., & Brush, T. (2017). Supporting change
in teacher practice: Examining shifts of teachers’ professional development preferences and needs for
technology integration. Contemporary Issues in Technology & Teacher Education, 17(4), 522-548.

Lin, X., Hmelo, C., Kinzer, C. K., & Secules, T. J. (1999). Designing technology to support reflection.
Educational Technology Research and Development, 47(3), 43—-62. doi:10.1007/BF02299633

Living Popups. (2022). LP BookSpace. Living Popups. https://www.livingpopups.com/Ip-bookspace

Mainelli, T., & Marden, M. (2015). The economic value of Chromebooks for educational institutions.
IDC White Paper. Retrieved February 6, 2023, from https://webobjects.cdw.com/webobjects/media/pdf/
google/CB-EconomicValue-Whitepaper.pdf

Microsoft. (2023). Microsoft K—12 education showcase. https://www.microsoft.com/en-us/K12EDU-
Showcase/

Miller, C. (2022). A Case Study of How Pre-K-12 School Leaders’ Knowledge, Skills, and Dispositions
of the ISTE Standards Affect Learning Environments [Doctoral dissertation]. Louisiana Tech University.

Mishra, P., & Koehler, M. J. (2006). Technological pedagogical content knowledge: A framework for
teacher knowledge. Teachers College Record, 108(6), 1017-1054.d0i:10.1111/j.1467-9620.2006.00684.x

Monk, D. H. (2007). Recruiting and retaining high-quality teachers in rural areas. The Future of Children,
17(1), 155-174. doi:10.1353/foc.2007.0009 PMID:17407927

National Assessment of Educational Progress. (2022). The nation’s report card. The Nation’s Report
Card. https://www.nationsreportcard.gov/

National Center for Education Statistics. (2013). The status of Rural Education. https://nces.ed.gov/
programs/coe/pdf/Indicator_TLA/coe_tla_2013_07.pdf

National Center for Education Statistics. (2019). Digest of Education Statistics, 2019. National Center
for Education Statistics (NCES) Home Page, a part of the U.S. Department of Education. https://nces.
ed.gov/programs/digest/d19/tables/dt19_215.30.asp

National Council of Teachers of Mathematics. (2011, October). Strategic Use of Technology in Teach-
ing and Learning Mathematics. https://www.nctm.org/Standards-and-Positions/Position-Statements/
Strategic-Use-of-Technology-in-Teaching-and-Learning-Mathematics/

National Education Association. (2022). Micro-credentials. NEA. https://www.nea.org/professional-
excellence/professional-learning/micro-credentials

Niess, M. L., & Gillow-Wiles, H. (2021). Developing Teachers’ Knowledge for Teaching in Virtual Con-
texts: Lessons From the Pandemic of 2020-2021. In Handbook of Research on Transforming Teachers’
Online Pedagogical Reasoning for Engaging K-12 Studentsin Virtual Learning (pp. 643-664).1GI Global.

Norris, C., Sullivan, T., Poirot, J., & Soloway, E. (2003). No access, no use, no impact: Snapshot surveys
of educational technology in K# x2013; 12. Journal of Research on Technology in Education, 36(1),
15-27. do0i:10.1080/15391523.2003.10782400

Norris, P. (2003). Digital divide: Civic engagement, information poverty, and the internet worldwide.
Cambridge University Press.

17


https://www.livingpopups.com/lp-bookspace
https://webobjects.cdw.com/webobjects/media/pdf/google/CB-EconomicValue-Whitepaper.pdf
https://webobjects.cdw.com/webobjects/media/pdf/google/CB-EconomicValue-Whitepaper.pdf
https://webobjects.cdw.com/webobjects/media/pdf/google/CB-EconomicValue-Whitepaper.pdf
https://www.microsoft.com/en-us/K12EDUShowcase/
https://www.microsoft.com/en-us/K12EDUShowcase/
https://www.nationsreportcard.gov/
https://nces.ed.gov/programs/coe/pdf/Indicator_TLA/coe_tla_2013_07.pdf
https://nces.ed.gov/programs/coe/pdf/Indicator_TLA/coe_tla_2013_07.pdf
https://nces.ed.gov/programs/coe/pdf/Indicator_TLA/coe_tla_2013_07.pdf
https://nces.ed.gov/programs/digest/d19/tables/dt19_215.30.asp
https://nces.ed.gov/programs/digest/d19/tables/dt19_215.30.asp
https://nces.ed.gov/programs/digest/d19/tables/dt19_215.30.asp
https://www.nctm.org/Standards-and-Positions/Position-Statements/Strategic-Use-of-Technology-in-Teaching-and-Learning-Mathematics/
https://www.nctm.org/Standards-and-Positions/Position-Statements/Strategic-Use-of-Technology-in-Teaching-and-Learning-Mathematics/
https://www.nctm.org/Standards-and-Positions/Position-Statements/Strategic-Use-of-Technology-in-Teaching-and-Learning-Mathematics/
https://www.nctm.org/Standards-and-Positions/Position-Statements/Strategic-Use-of-Technology-in-Teaching-and-Learning-Mathematics/
https://www.nea.org/professional-excellence/professional-learning/micro-credentials
https://www.nea.org/professional-excellence/professional-learning/micro-credentials
https://www.nea.org/professional-excellence/professional-learning/micro-credentials

Educational Technology and the Pre-K-12 Environment

Onyema, E. M., Eucheria, N. C., Obafemi, F. A., Sen, S., Atonye, F. G., Sharma, A., & Alsayed, A. O.
(2020). Impact of Coronavirus Pandemic on Education. Journal of Education and Practice, 11(13),
108-121.

Paykamian, B. (2021, May 10). What’s driving growth in the Ed Tech Market? GovTech. https://www.
govtech.com/education/k-12/whats-driving-growth-in-the-ed-tech-market.html

Perez, S. (2021, February 17). Google to roll out slate of over 50 updates for classroom, meet and other
online educationtools. TechCrunch. https://techcrunch.com/2021/02/17/google-to-roll-out-slate-of-over-
50-updates-for-classroom-meet-and-other-online-education-tools/

Perrotta, C., Gulson, K. N., Williamson, B., & Witzenberger, K. (2021). Automation, APIs and the
distributed labour of platform pedagogies in Google Classroom. Critical Studies in Education, 62(1),
97-113. doi:10.1080/17508487.2020.1855597

Polikoff, M., Saavedra, A. R., & Korn, S. (2020, May 8). Not all kids have computers—And they’re
being left behind with schools closed by the coronavirus. Conversation. https://theconversation.com/not-
all-kids-have-computers-and-theyre-being-left-behind-with-schools-closed-by-the-coronavirus-137359

Polly, D., Byker, E. J., & Colonnese, M. W. (2021). Future directions for K-12 technology-enhanced
learning environments. TechTrends, 65(3), 240-242. doi:10.100711528-021-00602-y PMID:33817701

Polly, D., Byker, E. J., Putman, S. M., & Handler, L. K. (2020). Preparing elementary education teacher
candidates to teach with technology: The role of modeling. Journal of Digital Learning in Teacher
Education, 36(4), 250-265. doi:10.1080/21532974.2020.1795953

Pozo, J. L., Pérez Echeverria, M. P., Cabellos, B., & Sanchez, D. L. (2021). Teaching and learning in
times of COVID-19: Uses of digital technologies during school lockdowns. Frontiers in Psychology,
12, 1511. doi:10.3389/fpsyg.2021.656776 PMID:33995217

PricewaterhouseCoopers. (2020). What does virtual reality and the metaverse mean for training? PwC.
https://www.pwc.com/us/en/tech-effect/emerging-tech/virtual-reality-study.html

Reigeluth, C. M., Beatty, B., & Myers, R. (2016). The learner-centered paradigm of instruction. In
Instructional-Design Theories and Models (Vol. 4, pp. 5-32). Routledge.

Reigeluth, C. M., & Karnopp,J. R. (2013). Reinventing schools: It’s time to break the mold. R&L Education.

Roose, K. (2023). A.IL., Once the Future, Has Become The Present. What Do We Do Now? The New
York Times. https://advance.lexis.com/api/document?collection=newsé&id=urn:contentltem:679J-4BD1-
JBG3-604M-00000-00&context=1516831

Ross, S. M. (2020). Technology infusion in K-12 classrooms: A retrospective look at three decades of
challenges and advancements in research and practice. Educational Technology Research and Develop-

ment, 68(5), 2003-2020. doi:10.100711423-020-09756-7

Salman, J. (2022, October 27). What does the ‘metaverse’ mean for education? The Hechinger Report.
https://hechingerreport.org/what-does-the-metaverse-mean-for-education/

SchoolMart. (2017, May 2). Why integrate technology into classrooms. SchoolMart. https://www.school-
mart.com/2017/05/02/why-integrate-technology-into-classrooms/

18


https://www.govtech.com/education/k-12/whats-driving-growth-in-the-ed-tech-market.html
https://www.govtech.com/education/k-12/whats-driving-growth-in-the-ed-tech-market.html
https://www.govtech.com/education/k-12/whats-driving-growth-in-the-ed-tech-market.html
https://techcrunch.com/2021/02/17/google-to-roll-out-slate-of-over-50-updates-for-classroom-meet-and-other-online-education-tools/
https://techcrunch.com/2021/02/17/google-to-roll-out-slate-of-over-50-updates-for-classroom-meet-and-other-online-education-tools/
https://techcrunch.com/2021/02/17/google-to-roll-out-slate-of-over-50-updates-for-classroom-meet-and-other-online-education-tools/
https://techcrunch.com/2021/02/17/google-to-roll-out-slate-of-over-50-updates-for-classroom-meet-and-other-online-education-tools/
https://theconversation.com/not-all-kids-have-computers-and-theyre-being-left-behind-with-schools-closed-by-the-coronavirus-137359
https://theconversation.com/not-all-kids-have-computers-and-theyre-being-left-behind-with-schools-closed-by-the-coronavirus-137359
https://theconversation.com/not-all-kids-have-computers-and-theyre-being-left-behind-with-schools-closed-by-the-coronavirus-137359
https://theconversation.com/not-all-kids-have-computers-and-theyre-being-left-behind-with-schools-closed-by-the-coronavirus-137359
https://www.pwc.com/us/en/tech-effect/emerging-tech/virtual-reality-study.html
https://www.pwc.com/us/en/tech-effect/emerging-tech/virtual-reality-study.html
https://advance.lexis.com/api/document?collection=news&id=
https://hechingerreport.org/what-does-the-metaverse-mean-for-education/
https://hechingerreport.org/what-does-the-metaverse-mean-for-education/
https://www.schoolmart.com/2017/05/02/why-integrate-technology-into-classrooms/
https://www.schoolmart.com/2017/05/02/why-integrate-technology-into-classrooms/
https://www.schoolmart.com/2017/05/02/why-integrate-technology-into-classrooms/

Schwartz, S. (2020, March 25). Flood of Online Learning Resources Overwhelms Teachers. Education
Week. https://www.edweek.org/teaching-learning/flood-of-online-learning-resources-overwhelms-
teachers/2020/03

Shulman, L. S. (1986). Those who understand: Knowledge growth in teaching. Educational Researcher,
15(2), 4-14. doi:10.3102/0013189X015002004

Sosina, V. E., & Weathers, E. S. (2019). Pathways to inequality: Between-district segregation and
racial disparities in school district expenditures. AERA Open, 5(3). Advance online publication.
doi:10.1177/2332858419872445

Sowash, J. (2022, January 19). Should your professional development plan include Google Certifications?
Google Certification Academy. https://www.geducator.com/professional-development-22/

Sparks, S. D. (2022, November 1). Two decades of progress, nearly gone: National math, reading scores
hit historic lows. Education Week. https://www.edweek.org/leadership/two-decades-of-progress-nearly-
gone-national-math-reading-scores-hit-historic-lows/2022/10

Stelitano, L., Doan, S., Woo, A., Diliberti, M. K., Kaufman, J. H., & Henry, D. (2020, September 24).
The Digital Divide and COVID-19. RAND Corporation. https://www.rand.org/pubs/research_reports/
RRA134-3.html

Swallow, M. J., & Morrison, M. L. (2021). Intersections of micro-level contextual factors and technologi-
cal pedagogical knowledge. In Handbook of Research on Transforming Teachers’ Online Pedagogical
Reasoning for Engaging K- 12 Students in Virtual Learning (pp. 170-193). IGI Global. doi:10.4018/978-
1-7998-7222-1.ch009

Tlili, A., Huang, R., Shehata, B., Liu, D., Zhao, J., Metwally, A. H. S., Wang, H., Denden, M., Bozkurt,
A., Lee, L. H., Beyoglu, D., Altinay, F., Sharma, R. C., Altinay, Z., Li, Z., Liu, J., Ahmad, F., Hu, Y.,
Salha, S., ... Burgos, D. (2022). Is Metaverse in education a blessing or a curse: A combined content
and bibliometric analysis. Smart Learning Environments, 9(1), 1-31. doi:10.118640561-022-00205-x

Tondeur, J., Roblin, N. P., van Braak, J., Voogt, J., & Prestridge, S. (2017). Preparing beginning teach-
ers for technology integration in education: Ready for take-off? Technology, Pedagogy and Education,
26(2), 157-1717. doi:10.1080/1475939X.2016.1193556

Tondeur, J., van Braak, J., Sang, G., Voogt, J., Fisser, P., & Ottenbreit-Leftwich, A. (2012). Preparing
pre-service teachers to integrate technology in education: A synthesis of qualitative evidence. Computers
& Education, 59(1), 134—144. doi:10.1016/j.compedu.2011.10.009

Tooley, M., & Hood, J. (2020, September 14). Schools take a lesson from the tech industry to develop
and retain strong teachers. New America. https://www.newamerica.org/education-policy/edcentral/
tech-microcredentials-develop-and-retain-strong-teachers/

Van Pate, E. (2022). Evaluating the use and sustainability of Bitmoji classrooms within online elementary
classrooms. scholarworks.iu.edu

Verizon. (2022, July 26). Device rollout toolkit. Verizon Innovative Learning Schools. https://verizon.
digitalpromise.org/rollout-toolkit

19


https://www.edweek.org/teaching-learning/flood-of-online-learning-resources-overwhelms-teachers/2020/03
https://www.edweek.org/teaching-learning/flood-of-online-learning-resources-overwhelms-teachers/2020/03
https://www.edweek.org/teaching-learning/flood-of-online-learning-resources-overwhelms-teachers/2020/03
https://www.geducator.com/professional-development-22/
https://www.edweek.org/leadership/two-decades-of-progress-nearly-gone-national-math-reading-scores-hit-historic-lows/2022/10
https://www.edweek.org/leadership/two-decades-of-progress-nearly-gone-national-math-reading-scores-hit-historic-lows/2022/10
https://www.edweek.org/leadership/two-decades-of-progress-nearly-gone-national-math-reading-scores-hit-historic-lows/2022/10
https://www.edweek.org/leadership/two-decades-of-progress-nearly-gone-national-math-reading-scores-hit-historic-lows/2022/10
https://www.rand.org/pubs/research_reports/RRA134-3.html
https://www.rand.org/pubs/research_reports/RRA134-3.html
https://www.newamerica.org/education-policy/edcentral/tech-microcredentials-develop-and-retain-strong-teachers/
https://www.newamerica.org/education-policy/edcentral/tech-microcredentials-develop-and-retain-strong-teachers/
https://www.newamerica.org/education-policy/edcentral/tech-microcredentials-develop-and-retain-strong-teachers/
http://scholarworks.iu.edu
https://verizon.digitalpromise.org/rollout-toolkit
https://verizon.digitalpromise.org/rollout-toolkit

Educational Technology and the Pre-K-12 Environment

Western Governors University’s Teachers College announces launch of new character education mi-
crocredentials. (2021, June 15). Western Governors University. https://www.wgu.edu/newsroom/press-
release/2021/06/wgu-character-education-microcredentials.html

White, P., & Smith, E. (2005). What can PISA tell us about teacher shortages? European Journal of
Education, 40(1), 93-112. doi:10.1111/j.1465-3435.2005.00212.x

Woodward, L., & Beschorner, B. (2021). Using the technology integration planning cycle to select digital
tools for virtual instruction. In Handbook of Research on Transforming Teachers’ Online Pedagogical
Reasoning for Engaging K-12 Students in Virtual Learning (pp. 109—125). IGI Global. doi:10.4018/978-
1-7998-7222-1.ch006

World Economic Forum. (2016). Chapter 1: The Future of Jobs and Skills. Future of Jobs. https://www?3.
weforum.org/docs/WEF_Future_of_Jobs.pdf

Young, J. R. (2022, November 15). ASCD and ISTE to merge in partnership aimed at reducing educa-
tion silos. EdSurge News. https://www-edsurge-com.cdn.ampproject.org/c/s/www.edsurge.com/amp/
news/2022-11-14-ascd-and-iste-to-merge-in-partnership-aimed-at-reducing-education-silos

ADDITIONAL READING

Barlow, A. T., Edwards, C. M., Robichaux-Davis, R., & Sears, R. (2020). Enhancing and transforming
virtual instruction. Mathematics Teacher: Learning and Teaching PK-12, 113(12), 972-982.

Dick, L. K., McCulloch, A. W., & Lovett, J. N. (2021). When Students Use Technology Tools, What Are
You Noticing? Mathematics Teacher: Learning and Teaching PK-12, 114(4), 272-283.

Lyons, S. (2022). Cooperative Games in Education: Building Community Without Competition, Pre-
K-12. Teachers College Press.

Shonfeld, M., Cotnam-Kappel, M., Judge, M., Ng, C. Y., Ntebutse, J. G., Williamson-Leadley, S., &
Yildiz, M. N. (2021). Learning in digital environments: A model for cross-cultural alignment. Edu-
cational Technology Research and Development, 69(4), 2151-2170. doi:10.100711423-021-09967-6
PMID:33654347

KEY TERMS AND DEFINITIONS

Artificial Intelligence: The ability of a digital computer or computer-controlled robot to perform
tasks commonly associated with intelligent beings.

Augmented Reality: Augmented reality is a system that enhances the real world by superimposing
computer-generated information on top of it.

COVID-19: COVID-19 is the disease caused by SARS-CoV-2, the coronavirus that emerged in
December 2019.

Digital Learning: The acquisition of knowledge or skills of a particular subject using technology.

Educational Technology: Digital technology used to facilitate learning.
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Metaverse: A collective virtual shared space, created by the convergence of virtually enhanced physi-
cal reality and physically persistent virtual space, including the sum of all virtual worlds, augmented
reality, and the internet.

Micro-Credentials: Short, competency-based recognition that allows an educator to demonstrate
mastery in particular areas.

Pre-K-12 Teachers: Professional instructors who aid in the cognitive and social development of
students from pre-school through 12" grade.

Professional Development: A wide variety of specialized training, formal education, or advanced
professional learning intended to help administrators, teachers, and other educators improve their profes-
sional knowledge, competence, skill, and effectiveness.

TIPC: TIPC stands for Technology Integration Planning Cycle. It is a theory grounded in the TPACK
framework that supports teachers in selecting tools for digital learning and virtual instruction as they
plan instruction that integrates technology to instructional goals.

TPACK: TPACK stands for Technological Pedagogical Content Knowledge. It is a theory that was
developed to explain the set of knowledge that teachers need to teach their students a subject, teach ef-
fectively, and use technology.

Virtual Reality: A simulated 3-D environment created with computer hardware and software that
enables users to explore and interact with a virtual surrounding in a way that approximates reality, as it
is perceived through the users’ senses.
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