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EXECUTIVE SUMMARY AND KEY FINDINGS 

INTRODUCTION 

In this report, Hanover Research identifies best practices in integrating technology into the 
classroom, including ways in which education service agencies and centers (ESAs/ESCs) can 
provide professional development to support technology integration. This information will be 
used to inform various ESAs and ESCs’ future training and professional development offerings. 
This report discusses technology integration in three sections: 
 

 Section I: Practices for Improving Technology Integration describes general best 
practices for integrating technology into K-12 classrooms. 

 Section II: Professional Development for Technology Integration discusses best 
practices in providing professional development related to technology integration, 
including frameworks which can be used to assess levels of technology integration 
within a classroom or school. 

 Section III: Educational Technology Trends summarizes major current and future 
trends in technology use in the classroom, such as redesigned learning spaces, 
adaptive learning, makerspaces, and virtual reality. 

 

KEY FINDINGS 

 School and district leaders must demonstrate concrete support for technology 
integration. School and district leaders should develop clear goals for how technology 
should be used to advance learning and articulate clear technology standards to 
which teachers are held accountable. Administrators must also allocate the resources 
needed for long-term technology use and maintenance, including providing the time 
and costs necessary for regular, ongoing professional development. 

 Technology use in the classroom should be varied, frequent, and align with existing 
curriculum standards and learning goals. Technology should be used on a regular 
basis—preferably daily—and for a variety of purposes, ideally in the context of 
collaborative, project-based learning activities. Rather than building a lesson around 
a specific technological tool, teachers should identify the content and skills they want 
students to learn, and then identify the tools which will help students achieve these 
learning outcomes. Ultimately the goal of technology integration is to transform how 
learning occurs in the classroom, allowing students to learn and solve problems in 
ways that would not be possible without technology. 

 Professional development for technology use should focus on instructional 
practices which integrate technology rather than on building competencies in 
specific tools or software. This focus on instructional practices is typically more 
effective because it allows teachers to adapt lessons using a variety of technological 
tools which meet their students’ needs.  
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 Finally, professional development for technology integration should be frequent, 
ongoing, and relevant to teachers’ learning needs. Rather than a one-time training, 
professional development for technology integration should occur on a regular, 
ongoing basis. To ensure that professional development is relevant to teachers’ 
needs, schools/districts and ESCs can solicit input from teachers and administrators 
and analyze student data to identify priorities for professional learning. In addition, 
learning opportunities which emphasize peer learning and collaboration are often 
more relevant to teachers’ needs than more didactic forms of training. ESCs across 
various states have provided collaborative peer learning opportunities for technology 
integration by creating professional learning networks and hosting interactive, 
teacher-led online training sessions where participants can share strategies for 
integrating technology. 
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SECTION I: PRACTICES FOR IMPROVING 
TECHNOLOGY INTEGRATION 

This section describes general best practices for integrating technology into K-12 classrooms, 
highlighting the role of school/district administrators, teachers, and education service 
agencies in fostering effective technology integration. Technology is a powerful tool which 
can improve student learning, but educators must keep in mind that it is just that—a tool. 
Effective implementation and use of technology in the classroom is critical for ensuring 
positive learning outcomes for students.  
 

SCHOOL TECHNOLOGY APPROACHES 

Technology implementation in schools can take a variety of forms in terms of device 
ownership. As shown in Figure 1.1, some districts may choose to provide each student with a 
device, while others require students to use their own devices at school. Alternatively, a mix 
of device types may be available in a classroom for students to use while at school. No model 
has been identified as more effective than another—rather, each approach has advantages 
and disadvantages, and each can be used to fit the specific needs and resources of a school 
or district.  
 

Figure 1.1: Overview of School Technology Approaches 

BENEFITS CONSIDERATIONS AND CHALLENGES 

One-to-One Device Programs: Each student is issued a computer, laptop, or tablet. 

▪ Increased student engagement and 
opportunities for personalization 

▪ Increased student attendance 

▪ Higher student achievement 

▪ Fosters project-based learning, research, and 
collaboration 

▪ Extends learning beyond the walls of the 
classroom (anytime and anywhere) 

▪ Initial start-up costs are a significant barrier 

▪ Student safety online 

▪ Potential viruses from downloads 

▪ Usage policies (Will students be able to bring 
devices home with them?) and repair policies; 
wireless technology infrastructure 

▪ Classroom management strategies 

▪ Professional learning for teachers 

Bring Your Own Device (BYOD): This approach has the same benefits of a 1:1 program, but each 
student uses their own device, which is more cost-effective for schools. 

▪ Students are ultimately responsible for their 
own technology 

▪ Reduced costs in upgrading, repairing, and 
maintaining school computer labs 

▪ Increased student engagement and 
opportunities for personalization 

▪ Takes advantage of technology that is familiar 
and comfortable for the student, which can 
encourage them to be more active learners 

▪ Infrastructure/network to support multiple 
types of devices 

▪ Usage policies and codes of conduct for usage 
in the classroom 

▪ Plans for providing devices to students who do 
not have access to a mobile device 

▪ Professional learning for teachers to learn 
about the variety of devices and ways to 
support learning with each of the tools 
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BENEFITS CONSIDERATIONS AND CHALLENGES 

Mixed Devices: In this model, districts may support BYOD policies for middle and high school students 
but not in elementary schools, or a school may determine that each classroom will have a set number 

of tablets, computers, e-readers, interactive whiteboards, and/or other devices in each classroom. 

▪ Cost-effective 

▪ Access to a variety of technology tools suited 
to meet different needs and activities 

▪ Increased student personalization of learning 
and differentiation of instruction 

▪ Teachers can take advantage of the 
comparative strengths of each type of device 

▪ Technology support, maintenance, and 
installation of multiple programs, operating 
systems, and platforms 

▪ Professional learning for teachers on the 
variety of devices in the classroom 

▪ Classroom management strategies so that 
students know the routines around using each 
piece of technology in the classroom 

Mobile Laptop Carts or Computer Work Stations: These work stations can be shared across classrooms 
or can be located in every classroom; some schools provide one laptop cart for every classroom on a 

2:1 model (two students to one laptop). 

▪ Cost-effective 

▪ Increased student access to technology tools in 
the classroom 

▪ Lessens scheduling conflicts in the computer 
lab 

▪ System for teachers to “sign up” for the cart 

▪ Classroom management strategies for students 
to access the technology 

▪ Determine how many carts will be provided 

▪ Technical support (e.g., keeping the batteries 
charged) 

Source: Ruedel et al.1 

 

IMPLEMENTATION BEST PRACTICES 

Although the device approach used in school may not affect outcomes, some research has 
found that the student-to-device ratio does matter for learning outcomes. The Project RED 
study, a study of technology implementation in almost 1,000 schools, found that lower 
student-computer ratios resulted in a range of positive outcomes compared to higher ratios. 
Schools with 1:1 student-computer ratios reported increased student engagement; more 
frequent use of technology among students; higher frequency of individualized and small-
group instruction, problem-based learning, and collaborative learning activities in the 
classroom; and increased numbers of students intending to go to college.2  
 
Although a low student-to-device ratio can lead to more positive outcomes, this study also 
found that the ratio did not affect scores on standardized tests. Rather, proper 
implementation was more important predictor of improved test scores. 3  Education 
practitioners and researchers have identified a number of key factors which foster effective 
integration of technology in K-12 schools, described in Figure 1.2 on the following page. 

                                                         
1 Bullet points quoted verbatim and technology descriptions adapted from Ruedel, K. et al. “Technology 

Implementation Practice Guide.” American Institutes for Research, April 2014. pp. 7–8. 
http://ctdinstitute.org/sites/default/files/file_attachments/PowerUp%20Technology%20Implementation%20Prac
tice%20Guide%20FINAL.pdf 

2 Greaves, T. et al. “The Technology Factor: Nine Keys to Student Achievement and Cost-Effectiveness.” The Greaves 
Group, The Hayes Connection, and the One-to-One Institute, 2010. 
https://www.k12blueprint.com/sites/default/files/Project-RED-Technolgy-Factor.pdf 

3 Ibid., p. 95. 
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Figure 1.2: Best Practices for Effective Technology Integration 

 
Source: Greaves et al., 4 Hayes and Greaves,5 Intel Education,6 International Society for Technology in Education, 7 
Ruedel et al.8 

 

LEADERSHIP SUPPORT 

Technology integration in the classroom is often part of a broader school- or district-wide 
plan to enhance and support the use of technology to improve learning. Before investing 
resources in new technologies, schools or districts should first conduct needs assessments to 
determine how technology is currently being deployed in the school/district, asking what 
technology tools are currently available and how often and in what ways teachers and 
students are using these tools. This information allows administrators to identify any 
problems or gaps in its existing approach, which can then inform plans for implementing new 
technology tools and improving technology integration in the classroom.9  
 
Technology implementation is typically a multi-year process that involves “planning, 
implementing, monitoring and evaluating progress, rethinking, more planning, adapting, and 
meeting the needs of the stakeholders in your context,” according to a recent technology 

                                                         
4 Greaves et al., Op. cit. 
5 Hayes, J. and T.W. Greaves. “Project RED’s Tools for Success.” T.H.E. Journal, 40:5, May 2013. Accessed via 

EBSCOhost 
6 “Project RED: A Global Toolkit for Education Transformation.” Intel, 2013. 

http://www.intel.com/content/dam/www/public/us/en/documents/training/project-red-education-global-
toolkit.pdf 

7 “Technology and Student Achievement - The Indelible Link.” International Society for Technology in Education, June 
2008. https://computerexplorers.com/Student-Achievement-Brief.pdf 

8 Ruedel et al., Op. cit. 
9 Ibid. 
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Students use technology 
regularly and in varied ways.
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Teachers receive regular 
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related to technology 
integration.
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implementation guide published by the American Institutes for Research (AIR). 10  This 
comprehensive planning process helps to facilitate consistent use of technology in the 
classroom. After assessing a school’s/district technology needs, administrators should create 
a leadership team to create an implementation plan and guide the process of integrating 
technology throughout the school. The leadership team may consist of administrators and 
staff such as principals, teachers, technology personnel, special education staff, school board 
members, and superintendents. In any school, the principal plays a key role—principals who 
play an active role in change management are more likely to be successful in creating a culture 
of technology use.11 These effective principals guide the leadership team and other school 
stakeholders in developing expectations for technology use in the classroom, modeling 
technology use, providing time and resources for professional development, and using data 
to inform instruction.12  
 
Vital to this process is creating a shared vision of technology use within a school or district. 
The leadership team should develop a clear and concise vision statement which addresses 
how technology should be used to advance learning for all students within a school/district.13 
This vision statement can then be used as a guide for developing more concrete goals and 
objectives. Long-term goals may be to improve student achievement scores, while more 
short-term goals may be related to increasing use of specific technology tools or platforms in 
each classroom.14 Goals should be driven by analysis of existing data—for example, classes 
prioritized for technology integration may be those in which student test scores are the 
lowest or in which there are the largest gaps in achievement between various student sub-
groups.15 
 
Finally, schools and districts should develop long-term, comprehensive budgets which 
provide for the initial costs of technology implementation, long-term maintenance and 
replacement costs, and professional development and training costs.16 Most schools use 
operating/capital budgets and formula grants from state and federal sources to fund 
technology initiatives.17 
 
Figure 1.3 on the following page provides an example of how a Minnesota school followed 
these implementation best practices to develop a plan for increasing technology use in the 
classroom. 
  

                                                         
10 Ibid., p. 9. 
11 Greaves et al., Op. cit., pp. 12, 15. 
12 Ibid., pp. 16, 36. 
13 Ruedel et al., Op. cit., p. 13. 
14 Ibid., pp. 13–14. 
15 Ibid., p. 13. 
16 Ibid., p. 17. 
17 Greaves et al., Op. cit., p. 75. 
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Figure 1.3: Implementation Spotlight - Team Academy, Minnesota 

 
Team Academy, a grades 1-6 charter school in Minnesota, was featured in AIR’s technology 

implementation guide for the comprehensive approach it used to plan for technology integration. The 
school ultimately hoped to use technology to improve student achievement and help all students 

achieve their potential. To achieve this goal, the school created a leadership team (consisting of the 
school director, several teachers, and a media specialist), which met monthly to develop short-term 

and long-term goals, discuss technology issues, and plan staff development days. To assess the current 
state of technology use in the school, the team inventoried all available technology and surveyed 

teachers on how they used the various technologies available in the school, using inventory checklists 
and survey templates provided by PowerUp What Works (an organization which provides resources for 

schools and districts interested in technology integration). The school’s leadership team also worked 
closely with teachers to identify professional learning needs and provide individual coaching to 

improve technology integration and instruction for struggling learners. 
 

Source: Ruedel et al.18 

 

ALIGNMENT WITH STANDARDS 

A second key implementation factor is the alignment of classroom-based technology 
interventions with state and local curriculum standards. The International Society for 
Technology in Education encourages educators to remember that “any lesson plans designed 
to incorporate technology must be as rigorous and relevant in meeting local and state 
curriculum standards as non-technology-based plans.” 19  Similarly, researchers who have 
identified best practices in technology initiatives point out that digital content should “align 
with curriculum, standards, and instructional goals.”20  Fortunately, existing Common Core 
standards easily complement technology integration, as the standards themselves include 
language regarding the use of technology to gather and present information. For example, 
Common Core Language Arts standards include the following:21 

 Integrate and evaluate content presented in diverse media and formats, including 
visually and quantitatively, as well as in words. 

 Use technology, including the Internet, to produce and publish writing and to interact 
and collaborate with others. 

 Gather relevant information from multiple print and digital sources, assess the 
credibility and accuracy of each source, and integrate the information while avoiding 
plagiarism. 

 Make strategic use of digital media and visual displays of data to express information 
and enhance understanding of presentations. 

 

                                                         
18 Ruedel et al., Op. cit., p. 14. 
19 “Technology and Student Achievement - The Indelible Link,” Op. cit., p. 7. 
20 Greaves et al., Op. cit., p. 106. 
21 Bullet points quoted verbatim from “Mobile Devices and the Common Core - Effectively Choosing the Right 

Classroom Technology to Meet New Learning Standards.” Dell, 2012. p. 6. 
http://images.centerdigitaled.com/documents/CDE12+PAPER+Dell+Dots_P.pdf 
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In addition to considering Common Core and other local standards, educators may also wish 
to adopt the technology standards for students developed by the International Society for 
Technology in Education (ISTE). These standards are designed to be used by teachers across 
grade levels to define the skills and qualities needed to “engage and thrive in a connected, 
digital world.” The 2016 ISTE standards for students are listed in Figure 1.4. 
 

Figure 1.4: ISTE Standards for Students (2016) 

DESCRIPTION AND INDICATORS 

Empowered Learner 

Students leverage technology to take an active role in choosing, achieving and demonstrating competency in 
their learning goals, informed by the learning sciences. 

▪ Articulate and set personal learning goals, develop strategies leveraging technology to achieve them and 
reflect on the learning process itself to improve learning outcomes. 

▪ Students build networks and customize their learning environments in ways that support the learning 
process. 

▪ Students use technology to seek feedback that informs and improves their practice and to demonstrate their 
learning in a variety of ways. 

▪ Students understand the fundamental concepts of technology operations, demonstrate the ability to choose, 
use and troubleshoot current technologies and are able to transfer their knowledge to explore emerging 
technologies. 

Digital Citizen 

Students recognize the rights, responsibilities and opportunities of living, learning and working in an 
interconnected digital world, and they act and model in ways that are safe, legal and ethical. 

▪ Students cultivate and manage their digital identity and reputation and are aware of the permanence of their 
actions in the digital world. 

▪ Students engage in positive, safe, legal and ethical behavior when using technology, including social 
interactions online or when using networked devices. 

▪ Students demonstrate an understanding of and respect for the rights and obligations of using and sharing 
intellectual property. 

▪ Students manage their personal data to maintain digital privacy and security and are aware of data-collection 
technology used to track their navigation online. 

Knowledge Constructor 

Students critically curate a variety of resources using digital tools to construct knowledge, produce creative 
artifacts and make meaningful learning experiences for themselves and others. 

▪ Students plan and employ effective research strategies to locate information and other resources for their 
intellectual or creative pursuits. 

▪ Students evaluate the accuracy, perspective, credibility and relevance of information, media, data or other 
resources. 

▪ Students curate information from digital resources using a variety of tools and methods to create collections 
of artifacts that demonstrate meaningful connections or conclusions. 

▪ Students build knowledge by actively exploring real-world issues and problems, developing ideas and theories 
and pursuing answers and solutions. 
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DESCRIPTION AND INDICATORS 
Innovative Designer 

Students use a variety of technologies within a design process to identify and solve problems by creating new, 
useful or imaginative solutions. 

▪ Students know and use a deliberate design process for generating ideas, testing theories, creating innovative 
artifacts or solving authentic problems. 

▪ Students select and use digital tools to plan and manage a design process that considers design constraints 
and calculated risks. 

▪ Students develop, test and refine prototypes as part of a cyclical design process. 

▪ Students exhibit a tolerance for ambiguity, perseverance and the capacity to work with open-ended 
problems. 

Computational Thinker 

Students develop and employ strategies for understanding and solving problems in ways that leverage the power 
of technological methods to develop and test solutions. 

▪ Students formulate problem definitions suited for technology-assisted methods such as data analysis, 
abstract models and algorithmic thinking in exploring and finding solutions. 

▪ Students collect data or identify relevant data sets, use digital tools to analyze them, and represent data in 
various ways to facilitate problem-solving and decision-making. 

▪ Students break problems into component parts, extract key information, and develop descriptive models to 
understand complex systems or facilitate problem-solving. 

▪ Students understand how automation works and use algorithmic thinking to develop a sequence of steps to 
create and test automated solutions. 

Creative Communicator 

Students communicate clearly and express themselves creatively for a variety of purposes using the platforms, 
tools, styles, formats and digital media appropriate to their goals. 

▪ Students choose the appropriate platforms and tools for meeting the desired objectives of their creation or 
communication. 

▪ Students create original works or responsibly repurpose or remix digital resources into new creations. 

▪ Students communicate complex ideas clearly and effectively by creating or using a variety of digital objects 
such as visualizations, models or simulations. 

▪ Students publish or present content that customizes the message and medium for their intended audiences. 

Global Collaborator 

Students use digital tools to broaden their perspectives and enrich their learning by collaborating with others 
and working effectively in teams locally and globally. 

▪ Students use digital tools to connect with learners from a variety of backgrounds and cultures, engaging with 
them in ways that broaden mutual understanding and learning. 

▪ Students use collaborative technologies to work with others, including peers, experts or community 
members, to examine issues and problems from multiple viewpoints. 

▪ Students contribute constructively to project teams, assuming various roles and responsibilities to work 
effectively toward a common goal. 

▪ Students explore local and global issues and use collaborative technologies to work with others to investigate 
solutions. 

Source: ISTE22 

                                                         
22 Quoted verbatim from “ISTE Standards for Students.” International Society for Technology in Education, 2016. 

https://www.iste.org/standards/standards/for-students-2016#startstandards 
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REGULAR AND VARIED USE OF TECHNOLOGY 

An additional strategy which fosters effective integration of technology into the classroom is 
ensuring that technology is used regularly and in a variety of ways. Experts recommend that 
students use technology at a minimum of once per week; ideally, technology should be 
incorporated into learning on a daily basis. 23  In the Project RED study, schools in which 
students used technology on a daily basis had better academic and behavioral outcomes than 
those where students did not use technology as frequently.24 Regular technology use should 
occur in core curriculum classes as well as in intervention classes (i.e., classes such as English 
Language Learning or those which are part of multi-tiered intervention/support systems).25 
Further, students should use technology for a variety of tasks and learning activities. Figure 
1.5 displays examples of some of the ways in which students can use technology in the 
classroom. 
 

Figure 1.5: Ways to Use Technology in the Classroom 

 
Source: Greaves et al.26 

 

                                                         
23 [1] Greaves et al., Op. cit., p. 12. [2] “Technology and Student Achievement - The Indelible Link,” Op. cit., p. 7. 
24 Greaves et al., Op. cit., pp. 14, 18. 
25 Ibid., pp. 18–19. 
26 Ibid., pp. 23–26, 104–106. 
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COLLABORATIVE AND PROJECT-BASED LEARNING 

Relatedly, classroom technology use is most effective when it is used for collaborative and 
project-based learning. ISTE’s review of technology integration research found that 
collaborative technology use results in better outcomes:  

…collaboration with technology elevates student achievement more than individual 
use. Kulik (2003) and others found that student collaboration increased the 
information available to students through a process of sharing and augmented 
critical-thinking skills as students worked to assimilate a range of ideas and 
information from online sources, software, and their peers.27 

 
Project-based learning, a frequently used collaborative learning approach, can integrate 
technology in a variety of ways to allow students to solve problems. Students can use 
technological tools to find information and “become co-creators of content, connect with 
peers via social media, and demonstrate creativity in multimedia presentations, websites, 
blogs, wikis, and webinars.”28  
 
To effectively integrate technology tools into project-based learning activities, teachers 
should keep the end goal of the lesson in mind—rather than building a lesson around a 
specific tool, teachers should identify the content and skills they want students to gain, and 
then identify the technological tools which will help students gain these skills. For example, 
collaborative tools such as wikis and Google documents can be used to allow students to 
create, edit, and share content with one another, while blogging platforms can allow students 
to reflect on their projects and comment on other’s work. In addition, videoconferencing 
tools can allow students to connect with students or experts outside of their school.29 Figure 
1.6 below provides additional examples of how technology tools can be integrated into 
project-based learning activities. 
 
  

                                                         
27 “Technology and Student Achievement - The Indelible Link,” Op. cit., pp. 7–8. 
28 Greaves et al., Op. cit., p. 101. 
29 [1] Lenz, B. and S. Kingston. “Blending Technology into Project Based Learning.” Partnership for 21st Century 

Learning, January 21, 2016. http://www.p21.org/news-events/p21blog/1832-blending-technology-into-project-
based-learning [2] Boss. “Integrating Technology with PBL: Keep the End in Mind.” Partnership for 21st Century 
Learning. http://www.p21.org/news-events/p21blog/1105-integrating-technology-with-pbl-keep-the-end-in-mind 
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Figure 1.6: Examples Technology Tools to Integrate into Project-Based Learning 

PROJECT-BASED LEARNING ELEMENT POTENTIAL TECHNOLOGY TOOLS 

Challenging Problem or Question 
Problems or questions with the right level of 
challenge, structure, and doable steps that 
ignite students’ interest and helps student 
achieve project goals through sustained 

inquiry. 

Videos or photos that provoke interest in a topic can be useful to ignite 
students’ curiosity and frame a problem or question in a way that 

moves students to action.  Consider: TeacherTube or TED Ed, or use 
Skype or Google Hangouts to launch your lesson with a guest speaker. 

Sustained Inquiry 
Carefully orchestrated structures promote 

student engagement in responding to a 
challenging problem or question over the 

course of weeks. 

Teachers can use current news articles to sustain inquiry, using 
Newsela, which offers daily news articles from major publications in 

English and Spanish at five different reading levels for students in 
grades 2-12.   

Authenticity 
Making learning experiences real by creating 
real contexts and tasks; have real; impact, or 

that have personal relevance. 

Teachers can design authentic projects, using NextLesson’s InterestID to 
identify K-12 student’s likes and dislikes for interests in over 30 

categories, ranging from careers to amusement parks. 

Student Voice and Choice 
Opportunities for students to exercise 

judgment, make decisions about how to 
resolve the problem, voice their ideas, and 

make choices about their learning. 

Teachers can use Project Foundry to help students manage, archive, 
and showcase projects. Teachers can sign up for a classroom Google 
account to use Google Docs for students to work collaboratively on 
their projects, archive project documents, and manage their work. 

Reflection 
Opportunities for students to think about their 

thinking in aligned to specific subject-
appropriate thought. 

Student blogging platforms, such as KidBblog, edublogs, and Weebly 
offer students virtual spaces to reflect on their projects in writing 

throughout projects. Students can also comment on one another’s 
posts. 

Critique & Revision 
Built in checkpoints for students to receive 

feedback from teachers or peers and 
opportunities to improve their work. 

Teachers can use Screencast-O-Matic to provide oral feedback on 
students’ writing or work products, a useful strategy for English 

Learners, students with disabilities, or struggling reading. Educurious 
offers students access to project and career experts who can provide 

real-world feedback. 

Public Product 
Public displays of student work products from 
a project that show what a student knows and 

can do based on what they learned in a 
project. 

Biz Movie is a fun and engaging way to assess student learning in a 
project. Students in grades 3-6 show what they know and can do by 

creating animated movies. Students create and run movie companies, 
learning about entrepreneurship and business. 

Source: Partnership for 21st Century Learning30 

 

ADAPTABLE TO STUDENT AND TEACHER NEEDS 

In addition to ensuring that technology is used for collaborative, project-based learning 
activities, technology used in the classroom should “provide individualized feedback to 
students and teachers and…have the ability to tailor lessons to individual student needs.”31 
According to ISTE: 

One major benefit of incorporating technology into instruction is to avoid a one-size-
fits-all approach to learning. Instead, technology applications can be tailored to meet 
individual student needs, provide feedback on student progress, and assist them to 

                                                         
30 Adapted almost verbatim from Lenz and Kingston, Op. cit. 
31 “Technology and Student Achievement - The Indelible Link,” Op. cit., p. 7. 
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reflect on their work. Teachers can use data-driven decision making tools to adapt 
instruction to students’ specific needs. (See, e.g., Kulik 2003, White and Frederiksen 
1998). 32 

 
Authors of the Project RED study similarly emphasize the importance of using technology to 
personalize instruction in small-group and individual learning situations, saying: 

Personalized instruction is one of the strongest benefits of technology and one of the 
most critical factors in 21st century education. To help students achieve, it is essential 
to address their unique learning needs, generally in small-group and one-on-one 
situations, and to move from a teacher-centered to a learner-centered environment. 
Schools with good technology implementations follow these 
practices...Individualized instruction is perhaps the most important use of technology 
in education—students can move at their own pace. Whether advanced or remedial, 
they can engage at exactly the right entry point.33 

 
Teachers can personalize instruction for students by pairing students with the technology 
tools which will most enhance their learning. For example, auditory learners can record 
lectures instead of taking notes during class, while visual learners can use devices to view 
lesson-related pictures and videos. Allowing students to learn using technology tools which 
fit their learning styles helps to increase student engagement: 

When students are allowed to use a tool in an educational setting that for many of 
them is an essential part of their everyday life, it can help enrich the material (for 
example, by supplying animated illustrations with music, colorful or funny examples, 
and interesting film clips) and, thus, make the lesson more enjoyable. ese tools and 
options allow students with different learning styles to become engaged and to 
thrive.34 

 

REGULAR PROFESSIONAL DEVELOPMENT 

A final implementation practice crucial to effective technology integration is regular 
professional development. Professional development is vital for both administrators and 
teachers. Principals may need training on topics such as teacher buy-in, change management, 
and technology best practices, while teachers need regular professional development to 
support them in developing strategies to integrate technology into day-to-day instruction.35 
Section II provides an in-depth discussion of best practices for training in technology 
integration. 
 
 

                                                         
32 Ibid. 
33 Greaves et al., Op. cit., pp. 65–66. 
34 Grant, P. and D. Basye. “Personalized Learning - A Guide for Engaging Students with Technology.” International 

Society for Technology in Education, 2014. p. 17. https://www.k12blueprint.com/sites/default/files/Personalized-
Learning-Guidebook.pdf 

35 Greaves et al., Op. cit., pp. 12, 16. 
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SECTION II: PROFESSIONAL DEVELOPMENT FOR 
TECHNOLOGY INTEGRATION 

This section discusses best practices in providing professional development related to 
technology integration, including frameworks which can be used to assess levels of 
technology integration within a classroom or school. 
 

PROFESSIONAL DEVELOPMENT BEST PRACTICES 

Professional development should be frequent, ongoing, and relevant to administrators’ and 
teachers’ learning needs. The Project RED study found that schools where principals 
scheduled professional learning and collaboration time on at least a monthly basis were more 
successful in integrating technology into the classroom than those that scheduled such time 
less frequently.36 Further, a 2016 analysis of 86 studies of one-to-one laptop programs found 
that when sufficient training, professional development, and support was provided, teachers 
had more positive perceptions of these programs and were able to use technology more 
frequently and efficiently.37 The following sub-sections describe best practices for providing 
professional development related to technology integration. 
 

FREQUENT AND ONGOING DEVELOPMENT OPPORTUNITIES 

Schools and districts can prioritize professional development through providing adequate 
resources and accountability standards. Costs of ongoing professional development should 
be built into short- and long-term plans for technology initiatives.38 Schools should also hold 
teachers accountable for implementing what is learned by developing performance standards 
based on technology use (examples of frameworks and standards which schools or districts 
can use or adapt are described later in this section).39 
 
Rather than a one-time training, professional development should be provided early and 
frequently.40 If purchasing and rolling out new devices or tools, schools and districts may 
want to provide teachers and administrators with these technology tools or devices a full year 

                                                         
36 Ibid., p. 107. 
37 Zheng, B. et al. “Learning in One-to-One Laptop Environments: A Meta-Analysis and Research Synthesis.” Review of 

Educational Research, February 5, 2016.  
38 Oliver, K.M., M. Mollette, and J. Corn. “Administrative Perspectives on the Implementation of One-to-One 

Computing.” Journal of Information Technology and Application in Education, 1:4, December 2012. p. 133. 
http://www.sagefoxgroup.com/_articles/Administrative_perspectives_on_computing.pdf 

39 [1] Argueta, R. et al. “Laptop Initiatives: A Summary of Research Findings Across Seven States.” Friday Institute for 
Educational Innovation, North Carolina State University, March 2011. p. 14. https://www.fi.ncsu.edu/wp-
content/uploads/2013/05/laptop-initiatives-summary-of-research-across-seven-states.pdf [2] Williamson, J. and 
T. Redish. “ISTE’s Technology Facilitation and Leadership Standards.” International Society for Technology in 
Education, 2009. pp. 40–45. http://www.iste.org/docs/excerpts/tlprep-excerpt.pdf [3] Oliver, Mollette, and Corn, 
Op. cit., p. 139. 

40[1]  “The K-12 Computing Blueprint for eLearning Initiatives.” Intel, 2010. p. 11. 
http://www.intel.com/content/dam/doc/how-to-guide/education-virtualization-blueprint-for-elearning-guide.pdf 
[2] Oliver, Mollette, and Corn, Op. cit., p. 137. 
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prior to rollout with students. This allows teachers to become comfortable with the 
technology before they can use it in the classroom.41 Professional development opportunities 
can be provided on an ongoing basis during regular teacher planning periods, on weekends, 
or during the summer.42 Some schools and districts require that teachers complete a certain 
number hours of professional development activities related to technology integration each 
year.43 Figure 2.1 below provides an example of how ESAs can provide ongoing, sustained 
professional development related to technology integration. 
 

Figure 2.1: ESA Spotlight - Arizona ESAs 

 
In Arizona, state grants through the Enhancing Education Through Technology program have funded 

the work of full-time, certified technology integration specialists based in each county’s Education 
Service Agency. These integration specialists provide training for county teachers and staff based on 

the National Staff Development Council’s standards for staff development, which recognize that 
“sustained staff development is vital for everyone who affects learning.” Rather than providing one-off 
workshops on how to use technology, ESAs in the state have begun to offer ongoing opportunities to 

support teachers in integrating technology into the classroom.  
 

The integration specialist at the Cochise County ESA, for example, regularly meets with school 
administrators and teachers to review student data and identify priorities for technology-related 

professional development at each school. The specialist then provides a series of trainings at each 
school, which are complemented by individual coaching, peer modeling, and mentoring sessions to 

deepen learning. The specialist has also assisted teachers in forming professional learning 
communities, which meet regularly throughout the year to discuss technology integration issues. 

 
In another area of the state, the Gila County ESA has sought to provide sustained professional 

development by relying on students as teacher trainers. Through this initiative (which is based on a 
curriculum developed by the nonprofit Generation YES), trained teams of Student Technology Leaders 
provide ongoing professional development and technology support to teachers and staff. The benefits 

of this initiative are twofold—first, these trained students can offer support in the classroom on a 
regular basis, and second, engaging students in technology integration helps to motivate and engage 

teachers in adopting new technologies and instructional practices. 
 

Source: Generation Yes;44 Poplin45 

 

RELEVANT AND COLLABORATIVE CONTENT 

Professional development for technology integration may address a variety of topics relevant 
to the school’s technology tools, such as how to use the school’s network and devices, how 
to use course management systems, how to regulate device use in the classroom, and how 

                                                         
41 [1] “The K-12 Computing Blueprint for eLearning Initiatives,” Op. cit., p. 11. [2] “Planning for Success: The Keys to 

Effective Technology Initiatives.” K-12 Computing Blueprint. 
http://newbay.ebookhost.net/k12/intel/5/index.php?e=59&open=1#reg 

42 Oliver, Mollette, and Corn, Op. cit., p. 138. 
43 Ullman, E. “Redefining Learning in Maine Township, Illinois.” K-12 Blueprint, February 11, 2015. 

http://www.k12blueprint.com/success-stories/redefining-learning-maine-township-illinois 
44 “Generation YES.” Generation YES. http://www.genyes.org/ 
45 Poplin, C.J. “Professional Development :: Arizona.” THE Journal, January 7, 2007. 

https://thejournal.com/Articles/2007/07/01/Professional-Development---Arizona.aspx 
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to support student-centered and individualized instruction. 46  However, specific content 
included in professional development sessions should be based on teachers’ and 
administrators’ learning needs. School principals may need training in a range of leadership 
and technology topics—in the Project RED study, principals in schools with higher degrees of 
technology integration typically received more training in best practices for improving 
student achievement, change leadership, technology-transformed classrooms, and teacher 
buy-in than principals in schools with less technology integration. 47 The ability to model 
technology use is also an important topic to include in administrator training—when 
principals regularly use technology for administrative tasks and school communications, this 
helps to foster a culture of frequent technology use in a school.48 
 
To develop relevant content for teachers, schools should ensure that teachers are involved in 
planning or creating professional development opportunities so that such offerings address 
their learning needs.49 Professional development that does not respond to teachers’ needs 
has been found to be less effective.50 Importantly, training related to instructional practices 
which integrate technology tend to be more relevant to teachers’ learning needs than training 
which focuses solely on a specific technological tool or software. For example, Texas schools 
that experienced barriers to one-to-one laptop implementation tended to focus professional 
development offerings on the use of devices or software, which was less relevant to teachers’ 
needs than the instructional strategies needed to integrate laptops into classroom 
instruction.51 Similarly, teachers in one-to-one programs in other states have reported that 
learning how to integrate technology into instruction is more important than learning the 
technical skills needed to use the technology.52 
 
Figure 2.2 on the following page describes how two Michigan ESAs have developed 
professional development opportunities relevant to teacher and administrators’ needs. 
Agencies may consider teacher and administrator input as well as student achievement data 
to determine priorities for technology-related professional development. 
  

                                                         
46 [1] Oliver, Mollette, and Corn, Op. cit., pp. 137–138. [2] Sell, G.R. et al. “A Meta-Synthesis of Research on 1:1 

Technology Initiatives in K-12 Education.” Institute for School Improvement, Missouri State University, April 30, 
2012. p. 22. https://education.missouristate.edu/assets/clse/Final_Report_of_One-to-One_Meta-
Synthesis__April_2012_.pdf 

47 [1] Ruedel et al., Op. cit., p. 19. [2] Greaves et al., Op. cit., p. 34. 
48 Starr, L. “The Administrator’s Role in Technology Integration.” Education World, 20099. 

http://www.educationworld.com/a_tech/tech087.shtml 
49 Frazier, L.C. “One-to-One Computing Initiatives: Ten Considerations for Funding or Implementing Programs.” 

Marion I. and Henry J. Knott Foundation. p. 7. 
http://www.knottfoundation.org/penn_station/folders/Blog_Post_Documents/One-to-
One_Computing_Initiatives.pdf 

50 Argueta et al., Op. cit., p. 13. 
51 Ibid., p. 14. 
52 Penuel, W.R. “Implementation and Effects of One-to-One Computing Initiatives: A Research Synthesis.” Journal of 

Research on Technology in Education, 38:3, Spring 2006. p. 338. http://files.eric.ed.gov/fulltext/EJ728908.pdf 
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Figure 2.2: ESA Spotlight- Michigan ESAs 

 
ESAs can provide relevant professional development opportunities by seeking stakeholder input and 

analyzing relevant data. For example, the Allegan Area ESA states that it provides professional 
development based on an “understanding of educators’ needs,” “professional learning standards,” and 
“data connected to student achievement.”53 This information helps the ESA develop a variety of online 

and in-person trainings, including teacher-led workshops on a variety of technology tools. Topics 
covered in trainings include district technology policies, use of Moodle (the district’s online learning 
portal), and using data to inform instruction. In the Clinton County Regional ESA, staff consider input 
from school principals and the local Curriculum Council to “help target the professional development 
opportunities…to meet specific curricular areas to improve student achievement.”54 A current focus is 
writing and literacy standards, especially in anticipation of adoption of new state assessments which 

require students to demonstrate writing proficiency using digital technologies. Therefore, the ESA has 
offered trainings related to technology use in literacy and writing instruction, as well as in other 

technology topics such as Moodle use, data analysis, development of 21st century skills, and use of 
iPads and SMART boards. 

 
Source: Allegan Area Educational Service Agency55 and Clinton County Regional Educational Service Agency56 

 
The most relevant professional development for technology integration typically emphasizes 
peer learning and collaboration.  57 Some teachers have reported that peer support and joint 
curriculum planning is more valuable than other types of more formal training. 58  Peer 
learning can take a variety of forms. For example, teachers more experienced with technology 
use in the classroom can coach others who are less experienced. 59 Schools can also create 
online tools for teachers to share information and best practices, such as blogs, wikis, forums, 
and email lists.60 In addition, teachers can develop formal or informal learning communities 
to exchange ideas about developing lesson plans, using technology effectively, and meeting 
learning goals.61 Figure 2.3 on the following page details how two Ohio ESCs have developed 
collaborative learning opportunities to assist teachers with technology integration. 
  

                                                         
53 “Allegan Area Educational Service Agency Technology Plan - July 2013-June 2016.” Allegan Area Educational Service 

Agency. p. 10. 
http://www.alleganaesa.org/cms/lib07/MI01908021/Centricity/Domain/28/AAESA%20Tech%20Plan%202013%20
%202016%20revised.pdf 

54 “Technology Plan - July 2014-June 2015.” Clinton County Regional Educational Service Agency. p. 6. 
http://www.ccresa.org/Files/Uploads/43/2014-15_CCRESA_Technology_Plan.pdf 

55 “Allegan Area Educational Service Agency Technology Plan - July 2013-June 2016,” Op. cit. 
56 “Technology Plan - July 2014-June 2015,” Op. cit. 
57 [1] Oliver, Mollette, and Corn, Op. cit., p. 138. [2] “Effective Professional Learning Strategies and Their Use in Future 

Ready Districts.” U.S. Department of Education, November 2014. p. 8. http://tech.ed.gov/wp-
content/uploads/2015/01/Section-4-Effective-Professional-Learning-Strategies-FINAL.pdf 

58 Penuel, Op. cit., p. 338. 
59 “Effective Professional Learning Strategies and Their Use in Future Ready Districts,” Op. cit., p. 3.  
60 [1] Ibid. [2] Oliver, Mollette, and Corn, Op. cit., pp. 138–139. 
61 [1] “Effective Professional Learning Strategies and Their Use in Future Ready Districts,” Op. cit., p. 3. [2] Oliver, 

Mollette, and Corn, Op. cit., p. 138. 
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Figure 2.3: ESA Spotlight – Ohio ESCs 

 
Two Ohio ESCs have provided their stakeholders with collaborative, relevant professional development 

by creating teacher-led learning opportunities. For example, in November 2016, the North Point ESC 
created a professional learning network to provide technology integration support for teachers. The 

network will meet in-person every two months for two hours and will allow teachers to discuss specific 
ways in which technology can be integrated into everyday instruction. Meetings are participant-

driven—rather than deciding on discussion topics in advance, the meetings will address teachers’ 
interests by creating agendas based on teacher input and feedback.  

 
Another example is the Lorain County ESC, which provides interactive, online training sessions in 

collaboration with the Northern Ohio Research and Training Technology Hub (NORTH2H). NORTH2H’s 
“Innovators in Education” series highlights Ohio teachers who are using technology in creative ways, 

such as teaching students coding skills. Online training sessions with these teachers are broadcast live, 
during which participants can submit questions via Twitter or using an online platform, and they are 

also recorded so they can be viewed at a later time. 
 

Source: North Point Educational Service Center62 and Ohio ESC Association63 

 

FRAMEWORKS FOR TECHNOLOGY INTEGRATION 

Schools and districts may wish to use one or more technology integration frameworks to 
guide professional development for technology use and assess teachers’ progress toward 
technology integration in the classroom. This sub-section summarizes the various frameworks 
and standards which educators have most frequently used to guide technology use in the 
classroom. Although all of these frameworks have been used to support technology 
integration, research studies have not yet identified which framework is the most effective in 
successfully integrating technology and increasing student achievement.64 As such, schools 
and districts may choose to adapt any of the following frameworks to their specific needs and 
context. 
 

ISTE STANDARDS 

In addition to providing technology competency standards for students, ISTE has also 
developed standards for administrators and teachers, detailed below. 
 

STANDARDS FOR ADMINISTRATORS 

ISTE’s standards for administrators emphasize the importance of many of the best practices 
discussed in this report: administrators must provide leadership, create a culture of 
technology integration for improving student learning, promote professional learning, and 
model appropriate technology use (Figure 2.4). 

                                                         
62 “Technology Integration Network - Professional Learning Networks.” North Point Educational Service Center. 

http://www.npesc.org/vimages/shared/vnews/stories/58b98784210d8/technology_Integration_Network.pdf 
63 “NORTH2H Continues to Lead the Way for Technology in Education.” Ohio ESC Association, March 2016. pp. 5–6. 

http://www.oesca.org/vimages/shared/vnews/stories/5491b07fc1547/Inside%20OESCA%203.2016.pdf 
64 Hamilton, E.R., J.M. Rosenberg, and M. Akcaoglu. “The Substitution Augmentation Modification Redefinition 

(SAMR) Model: A Critical Review and Suggestions for Its Use.” TechTrends, September 2016. pp. 433–434.  
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Figure 2.4: ISTE Standards for Administrators 

DESCRIPTION AND INDICATORS 

Visionary Leadership 

Educational Administrators inspire and lead development and implementation of a shared vision for 
comprehensive integration of technology to promote excellence and support transformation throughout the 

organization.  

▪ Inspire and facilitate among all stakeholders a shared vision of purposeful change that maximizes use of 
digital-age resources to meet and exceed learning goals, support effective instructional practice, and 
maximize performance of district and school leaders 

▪ Engage in an ongoing process to develop, implement, and communicate technology-infused strategic plans 
aligned with a shared vision 

▪ Advocate on local, state and national levels for policies, programs, and funding to support implementation of 
a technology-infused vision and strategic plan 

Digital Age Learning Culture 

Educational Administrators create, promote, and sustain a dynamic, digital-age learning culture that provides a 
rigorous, relevant, and engaging education for all students.  

▪ Ensure instructional innovation focused on continuous improvement of digital-age learning  

▪ Model and promote the frequent and effective use of technology for learning  

▪ Provide learner-centered environments equipped with technology and learning resources to meet the 
individual, diverse needs of all learners 

▪ Ensure effective practice in the study of technology and its infusion across the curriculum 

▪ Promote and participate in local, national, and global learning communities that stimulate innovation, 
creativity, and digital age collaboration 

Excellence in Professional Practice 

Educational Administrators promote an environment of professional learning and innovation that empowers 
educators to enhance student learning through the infusion of contemporary technologies and digital resources. 

▪ Allocate time, resources, and access to ensure ongoing professional growth in technology fluency and 
integration  

▪ Facilitate and participate in learning communities that stimulate, nurture and support administrators, faculty, 
and staff in the study and use of technology  

▪ Promote and model effective communication and collaboration among stakeholders using digital age tools  

▪ Stay abreast of educational research and emerging trends regarding effective use of technology and 
encourage evaluation of new technologies for their potential to improve student learning 

Systemic Improvement 

Educational Administrators provide digital age leadership and management to continuously improve the 
organization through the effective use of information and technology resources. 

▪ Lead purposeful change to maximize the achievement of learning goals through the appropriate use of 
technology and media-rich resources  

▪ Collaborate to establish metrics, collect and analyze data, interpret results, and share findings to improve 
staff performance and student learning  

▪ Recruit and retain highly competent personnel who use technology creatively and proficiently to advance 
academic and operational goals  

▪ Establish and leverage strategic partnerships to support systemic improvement  

▪ Establish and maintain a robust infrastructure for technology including integrated, interoperable technology 
systems to support management, operations, teaching, and learning 
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DESCRIPTION AND INDICATORS 

Digital Citizenship 

Educational Administrators model and facilitate understanding of social, ethical and legal issues and 
responsibilities related to an evolving digital culture.  

▪ Ensure equitable access to appropriate digital tools and resources to meet the needs of all learners 

▪ Promote, model and establish policies for safe, legal, and ethical use of digital information and technology  

▪ Promote and model responsible social interactions related to the use of technology and information 

▪ Model and facilitate the development of a shared cultural understanding and involvement in global issues 
through the use of contemporary communication and collaboration tools 

Source: ISTE65 

 

STANDARDS FOR TEACHERS 

Teachers should apply the ISTE Standards for Students detailed in Section I, as well as meeting 
the Standards for Teachers detailed in Figure 2.5. Teachers should model appropriate 
technology use; leverage technology to enrich students’ learning and assess progress; and 
engage in continuous professional learning. 
 

Figure 2.5: ISTE Standards for Teachers 

DESCRIPTION AND INDICATORS 

Facilitate and Inspire Student Learning and Creativity 

Teachers use their knowledge of subject matter, teaching and learning, and technology to facilitate experiences 
that advance student learning, creativity, and innovation in both face-to-face and virtual environments.  

▪ Promote, support, and model creative and innovative thinking and inventiveness  

▪ Engage students in exploring real-world issues and solving authentic problems using digital tools and 
resources  

▪ Promote student reflection using collaborative tools to reveal and clarify students’ conceptual understanding 
and thinking, planning, and creative processes  

▪ Model collaborative knowledge construction by engaging in learning with students, colleagues, and others in 
face-to-face and virtual environments 

Design and Develop Digital Age Learning Experiences and Assessments 

Teachers design, develop, and evaluate authentic learning experiences and assessments incorporating 
contemporary tools and resources to maximize content learning in context and to develop the knowledge, skills, 

and attitudes identified in the Student Standards 

▪ Design or adapt relevant learning experiences that incorporate digital tools and resources to promote 
student learning and creativity  

▪ Develop technology-enriched learning environments that enable all students to pursue their individual 
curiosities and become active participants in setting their own educational goals, managing their own 
learning, and assessing their own progress 

▪ Customize and personalize learning activities to address students’ diverse learning styles, working strategies, 
and abilities using digital tools and resources 

▪ Provide students with multiple and varied formative and summative assessments aligned with content and 
technology standards, and use resulting data to inform learning and teaching 

                                                         
65 Quoted verbatim from “ISTE Standards - Administrators.” International Society for Technology in Education, 2009. 

https://www.iste.org/docs/pdfs/20-14_ISTE_Standards-A_PDF.pdf 
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DESCRIPTION AND INDICATORS 

Model Digital Age Work and Learning 

Teachers exhibit knowledge, skills, and work processes representative of an innovative professional in a global 
and digital society.  

▪ Demonstrate fluency in technology systems and the transfer of current knowledge to new technologies and 
situations  

▪ Collaborate with students, peers, parents, and community members using digital tools and resources to 
support student success and innovation  

▪ Communicate relevant information and ideas effectively to students, parents, and peers using a variety of 
digital age media and formats  

▪ Model and facilitate effective use of current and emerging digital tools to locate, analyze, evaluate, and use 
information resources to support research and learning 

Promote and Model Digital Citizenship and Responsibility 

Teachers understand local and global societal issues and responsibilities in an evolving digital culture and exhibit 
legal and ethical behavior in their professional practices.  

▪ Advocate, model, and teach safe, legal, and ethical use of digital information and technology, including 
respect for copyright, intellectual property, and the appropriate documentation of sources 

▪ Address the diverse needs of all learners by using learner-centered strategies providing equitable access to 
appropriate digital tools and resources  

▪ Promote and model digital etiquette and responsible social interactions related to the use of technology and 
information  

▪ Develop and model cultural understanding and global awareness by engaging with colleagues and students of 
other cultures using digital age communication and collaboration tools 

Engage in Professional Growth and Leadership 

Teachers continuously improve their professional practice, model lifelong learning, and exhibit leadership in their 
school and professional community by promoting and demonstrating the effective use of digital tools and 

resources.  

▪ Participate in local and global learning communities to explore creative applications of technology to improve 
student learning  

▪ Exhibit leadership by demonstrating a vision of technology infusion, participating in shared decision making 
and community building, and developing the leadership and technology skills of others 

▪ Evaluate and reflect on current research and professional practice on a regular basis to make effective use of 
existing and emerging digital tools and resources in support of student learning 

▪ Contribute to the effectiveness, vitality, and self-renewal of the teaching profession and of their school and 
community 

Source: ISTE66 

 

SAMR (SUBSTITUTION, AUGMENTATION, MODIFICATION, AND REDEFINITION) 

The Substitution, Augmentation, Modification, and Redefinition (SAMR) model, a commonly 
used model developed by technology integration expert Dr. Ruben Puentedura, divides the 
process of technology integration into a ladder with four distinct steps (Figure 2.6). Teachers 
begin with using technology as a substitute for other tools and to augment existing teaching 
strategies. They are encouraged to “move up” the ladder to higher levels of technology 

                                                         
66 Quoted almost verbatim from “ISTE Standards - Teachers.” International Society for Technology in Education, 2008. 

https://www.iste.org/docs/pdfs/20-14_ISTE_Standards-T_PDF.pdf 
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integration, with the ultimate goal of using technology to transform and redefine how 
learning occurs.67 
 

Figure 2.6: SAMR Model 

 
Source: Adapted from Edutopia68, Puentedura,69 and 2011 Summer Tech Institute70 

 
Although the SAMR model is frequently used by educators to measure and evaluate progress 
toward technology integration, it does have its limitations. Some practitioners believe the 
model is too focused on technology use itself, rather than student learning outcomes. They 
believe the model ignores the fact that technology use may not be necessary or desirable to 
encourage learning in all situations, and that full technology “transformation” is not feasible 
in cases in which there are limited resources and infrastructure to support technology use.71 
 

                                                         
67 [1] “What Is Successful Technology Integration?” Edutopia, November 5, 2007. 

https://www.edutopia.org/technology-integration-guide-description [2] Puentedura, R.R. “The SAMR Model: 
Background and Exemplars.” 
http://www.hippasus.com/rrpweblog/archives/2012/08/23/SAMR_BackgroundExemplars.pdf [3] Romrell, D., L.C. 
Kidder, and E. Wood. “The SAMR Model as a Framework for Evaluating mLearning.” Journal of Asynchronous 
Learning Networks, 18:2, 2014. http://files.eric.ed.gov/fulltext/EJ1036281.pdf 

68 “What Is Successful Technology Integration?,” Op. cit. 
69 Puentedura, Op. cit., p. 6. 
70 “SAMR Chart.” 2011 Summer Tech Institute. 

https://msad75summertechnologyinstitute.files.wordpress.com/2010/02/samr3.jpg 
71 Hamilton, Rosenberg, and Akcaoglu, Op. cit., pp. 436–439. 

Technology acts as a direct tool substitute, with no functional 
change.  For example, a word processor is used like a typewriter.

Substitution 
(Step One of 

Enhancement)

Technology acts as a direct tool substitute, with some functional 
change. For example, students use basic functions of a word 
processor such as cut and paste and spell-checking.

Augmentation 
(Step Two of 

Enhancement)

Technology allows for significant task re-design. For example, 
students can increase their collaboration through email, shared 
documents, and other cloud-based programs.

Modification 
(Step One of 

Transformation)

Technology allows for the creation of new tasks which were not 
possible before. For example, students are able to collaborate 
with professionals or experts over the web, create multimedia 
projects, integrate a variety of online sources, and provide real-
time peer feedback using technology.

Redefinition 
(Step Two of 

Transformation)
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RAT (REPLACEMENT, AMPLIFICATION, AND TRANSFORMATION) 

The Replacement, Amplification, and Transformation (RAT) model, developed by Michigan 
State University faculty member Dr. Joan Hughes, is similar to SAMR. It describes multiple 
levels of technology use, starting with substitution and ending with transformation. Rather 
than distinguishing between augmentation and modification, however, RAT combines these 
levels into one (Amplification). Figure 2.7 on the following page describes the levels of RAT. 
 

Figure 2.7: RAT Model 

 
Source: Adapted from Hughes72 and Hughes et al.73 

 
However, educators should note that the RAT model is not intended to be a linear process; 
rather, teachers may have “an array of R, A, and T technology integration practices in their 
teaching.”74 Professional development to help teachers integrate technology use into specific 
content areas is critical in helping teachers develop transformational instructional practices.75 
 

TECHNOLOGY INTEGRATION MATRIX 

The Technology Integration Matrix, developed by the Florida Center for Instructional 
Technology, assesses five levels of technology integration—entry, adoption, adaptation, 
infusion, and transformation—with respect to the five major characteristics of meaningful 
learning environments—active, collaborative, constructive, authentic, and goal-directed 

                                                         
72 Hughes, J. “R.A.T. Model.” Tech Edges. http://techedges.org/r-a-t-model/ 
73 Hughes, J., R. Thomas, and C. Scharber. “Assessing Technology Integration: The RAT - Replacement, Amplification, 

and Transformation - Framework.” SITE 2006 Proceedings.  
74 Hughes, Op. cit. 
75 Ibid. 

Replacement

• Technology is used to replicate an existing instructional practice. For example, 
students highlight a word in a word processing file instead of circling answers on a 
worksheet.

Amplification

• Technology increases efficiency, effectiveness, and productivity of existing 
instructional practices. For example, a teacher creates handouts using a word 
processor, which allows for more efficient modification and distribution of 
handouts in the future. 

Transformation

• Technology invents new instruction, learning or curricula. Transformation may 
mean that the actual mental work required for an assignment has changed or 
expanded, that the people or content which can be involved in a project has 
changed, and that the availability of new problem-solving approaches has 
increased.
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learning. The technology integration levels are similar to those defined in the RAT and SAMR 
models. At the entry level, teachers begin to use technology tools to deliver curriculum 
content, while at the adoption level, teachers direct students to use technology in 
“conventional and procedural” ways. In adaptation, the teacher “facilitates students in 
exploring and independently using technology.” At the infusion level, the teacher “provides 
the learning context and the students choose the technology.” Finally, at the transformation 
level, the teacher “encourages the innovative use of technology tools,” which “are used to 
facilitate higher order learning activities that may not have been possible without the use of 
technology.”76 
 
Figure 2.8 on the following page describes each level of technology integration across the five 
types of instructional strategies used in the matrix. 
 

                                                         
76 “The Technology Integration Matrix.” Florida Center for Instructional Technology. 

https://fcit.usf.edu/matrix/matrix/ 
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Figure 2.8: Technology Integration Matrix 

LEARNING ENVIRONMENT 

CHARACTERISTICS 
LEVEL OF TECHNOLOGY INTEGRATION 

Entry-Level Adoption Adaptation Infusion Transformation 

Active Learning 
Information passively 

received 
Conventional, 

procedural use of tools 

Conventional 
independent use of 
tools; some student 

choice and exploration 

Choice of tools and 
regular, self-directed 

use 

Extensive and 
unconventional use of 

tools 

Collaborative Learning 
Individual student use 

of tools 

Collaborative use of 
tools in conventional 

ways 

Collaborative use of 
tools; some student 

choice and exploration 

Choice of tools and 
regular use for 
collaboration 

Collaboration with peers 
and outside resources in 

ways not possible 
without technology 

Constructive Learning 
Information delivered 

to students 

Guided, conventional 
use for building 

knowledge 

Independent use for 
building knowledge; 
some student choice 

and exploration 

Choice and regular use 
for building knowledge 

Extensive and 
unconventional use of 

technology tools to build 
knowledge 

Authentic Learning 
Use unrelated to the 
world outside of the 
instructional setting 

Guided use in activities 
with some meaningful 

context 

Independent use in 
activities connected to 
students’ lives; some 
student choice and 

exploration 

Choice of tools and 
regular use in 

meaningful activities 

Innovative use for higher 
order learning activities 

in a local or global 
context 

Goal-Directed Learning 
Directions given; step-

by-step task 
monitoring 

Conventional and 
procedural use of tools 

to plan or monitor 

Purposeful use of tools 
to plan and monitor; 
some student choice 

and exploration 

Flexible and seamless 
use of tools to plan and 

monitor 

Extensive and higher 
order use of tools to plan 

and monitor 

Source: Florida Center for Instructional Technology77

                                                         
77 Adapted from Ibid. 
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RIGOR/RELEVANCE FRAMEWORK 

The Rigor/Relevance Framework, developed by the International Center for Leadership in 
Education, is a tool which evaluates learning based on a continuum of learning (acquisition to 
assimilation of knowledge) and a continuum of application (acquisition to application of 
knowledge). The framework is divided into four quadrants, described in Figure 2.9. 78 
 
Figure 2.9: Description of the Rigor/Relevance Framework Four Quadrants of Knowledge 

Acquisition and Application 

 
Source: International Center for Leadership in Education79 

 
Unlike the other frameworks reviewed in this section, which focus on how technology is used 
by students and teachers, the Rigor/Relevance framework focuses primarily on how students 
learn and apply knowledge, which may or may not involve technology. 80  However, this 
framework can be applied to technology integration by identifying the technological skills, 
learning tasks, and tools which are relevant to each quadrant. In Quadrant A, for instance, 

                                                         
78 “The Rigor Relevance Framework.” International Center for Leadership in Education. 

http://www.leadered.com/our-philosophy/rigor-relevance-framework.php 
79 Adapted from Ibid. 
80 Sheninger, E. and W. Kieschnick. “How to Integrate Google Apps with the Rigor Relevance Framework.” EdTech 

Magazine, May 2016. http://www.edtechmagazine.com/k12/article/2016/05/how-integrate-google-apps-rigor-
relevance-framework 

Quadrant C: Assimilation

Students extend and refine their 
acquired knowledge to be able to use 

that knowledge automatically and 
routinely analyze and solve problems 

and create solutions.

Quadrant D: Adaptation

Students have the competence to 
think in complex ways.

Quadrant A: Acquisition

Students gather and store knowledge 
and information. Students are 

primarily expected to remember or 
understand this knowledge.

Quadrant B: Application

Students use acquired knowledge to 
solve problems, design solutions, and 
complete work.  At the highest level, 

students apply knowledge to new and 
unpredictable situations.

Rigor/ Relevance 
Framework
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students gain basic knowledge of digital and social media, while in Quadrant C, students 
refine their technological knowledge and skills. In Quadrant B, students begin to apply these 
skills to solving problems and completing work, while in Quadrant D, students apply these 
skills and digital tools to real-world, unpredictable situations. Figure 2.10 below provides an 
example of how the framework can be applied to integrating technology into a lesson about 
state capitals.81  
 

Figure 2.10: Example – Using the Rigor/Relevance Framework for Learning Tasks that 
Incorporate Technology 

 
Source: International Center for Leadership in Education82 

 
 
 

                                                         
81 Sheninger, E.C. and W. Kieschnick. “Integrating Technology into Instructional Practice - Using the Rigor/Relevance 

Framework as the Primary Tool for Successful Blended Learning.” International Center for Leadership in 
Education. http://leadered.com/pdf/IntegratingTechnologyInstructionalPractice.pdf 

82 Adapted from Ibid. 

Using the internet, students 
conduct research to understand 

why a state capital is located 
where it is.

Students create a blog that 
highlights places in a state's capital 

that families should visit during 
summer vacation and why.

Using a spreadsheet program, 
students record the state and 

capital city in adjacent columns.

Students use Google Maps to 
locate a capital city they don't 

know.

Technology 
Learning Tasks
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SECTION III: EDUCATIONAL TECHNOLOGY TRENDS 

This section summarizes major current and future trends in technology use in the classroom. 
 

GENERAL TRENDS 

A March 2017 article by ISTE identified 11 major trends in educational technology by analyzing 
educator-created sessions at ISTE’s most recent annual conference. In addition to topics 
already discussed in this report (e.g., collaborative and project-based learning and teacher 
professional development), this analysis identified the following topics as key trends in 
2017:83 
 

 Redesigned learning spaces; 

 Adaptive learning; 

 Maker spaces and activities; 

 Virtual reality; 

 Computational thinking and coding; 
and 

 Digital citizenship and media 
literacy. 

 

TECHNOLOGY TOOLS IN THE CLASSROOM 

REDESIGNED LEARNING SPACES 

Redesigning the classroom for technology integration can have several meanings, from 
redesigning the layout of a classroom to better incorporate technology and encourage 
collaboration to creating a “flipped” classroom in which class time is used for hands-on, small-
group or individual projects, with digital lectures or other study materials completed outside 
of class on students’ own time.84 ISTE anticipates that these flexible learning environments 
will become more popular in the future,85 especially as several recent research studies have 
found that flexible learning environments, i.e. those with “moveable furniture and technology 
that enable active learning,” result in increased student engagement and higher levels of 
achievement.86 
 

ADAPTIVE LEARNING TOOLS 

Adaptive learning technology typically refers to software, digital curricula, or other 
technologies which “modify the presentation of learning materials to adapt to individual 

                                                         
83 “The 11 Hottest Edtech Topics of 2017 (so Far).” International Society for Technology in Education, March 23, 2017. 

https://www.iste.org/explore/articleDetail?articleid=865 
84 [1] “Make Every Day Flipped Day.” International Society for Technology in Education, October 6, 2015. 

https://www.iste.org/explore/articleDetail?articleid=562&category=In-the-classroom&article= [2] Williams, J. 
“Collaborative Learning Spaces: Classrooms That Connect to the World.” Edutopia, October 16, 2015. 
https://www.edutopia.org/blog/collaborative-learning-spaces-connect-to-world-jennifer-williams-fran-siracusa 
[3] “NMC/CoSN Horizon Report: 2016 K-12 Edition.” New Media Consortium, 2016. p. 8. 
http://cdn.nmc.org/media/2016-nmc-cosn-horizon-report-k12-EN.pdf 

85 “The 11 hottest edtech topics of 2017 (so far),” Op. cit. 
86 “NMC/CoSN Horizon Report: 2016 K-12 Edition,” Op. cit., p. 8. 
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learner needs.”87 These platforms rely on machine learning technologies to collect data on 
each student and adapt content to student’s individual needs in real time. These technologies 
can also provide teachers with detailed information about student progress in the form of 
data visualizations and dashboards, helping teachers to identify students at-risk of failing a 
class and/or students who may benefit from more intensive interventions.88 
 
Although adaptive learning platforms have been more widely adopted in higher education 
than in the K-12 sphere, the New Media Consortium (which publishes annual reports about 
technology trends in K-12 schools and other fields) recently identified adaptive learning 
platforms as a a technology which would likely be more widely adopted in the K-12 setting 
within two to three years.89  The number of companies providing K-12 adaptive learning 
platforms has grown in considerably in recent years 90 —a 2016 report by educational 
technology company EdSurge identified 24 major platforms which offer adaptive learning 
features (mostly in math subjects). However, EdSurge notes that this list is not exhaustive and 
that there are “plenty more tools available” than analyzed in the report. 91  
 
Because adaptive learning is a relatively new approach with little evidence of effectiveness in 
increasing student achievement, schools and districts should be take care when deciding 
whether to adopt these technologies. The authors of the EdSurge report note that these 
technologies work best when they are “adopted in harmony with teachers’ knowledge, 
expertise and instructional approaches”—that is, when teachers can use the data provided 
by adaptive learning platforms to review student progress and adjust their instructional 
approach accordingly. The authors also encourage teachers to actively assess how students 
are using these tools to learn; if adaptive learning software is truly leading to the intended 
learning outcomes, students will be able to “show which skills they’ve mastered and what 
they still need to work on” and “will be able to articulate their thoughts on what they are 
learning and why.”92 
 

MAKERSPACES AND ACTIVITIES 

Makerspaces refer to “informal workshop environments” where “people immerse 
themselves in creative making and tinkering activities,” which may or may not include the use 
of “sophisticated tools and technologies.”93 These spaces are becoming increasingly popular 
in education settings because they help to foster creativity, critical thinking, and problem-
solving skills and can be used to support collaborative and project-based learning activities. 94 

                                                         
87 P., N. “5 Emerging Trends in Education Technology.” Lambda Solutions. http://blog.lambdasolutions.net/5-

emerging-trends-in-education-technology 
88 “NMC Horizon Report: 2015 K-12 Edition.” New Media Consortium, 2015. p. 42. http://cdn.nmc.org/media/2015-

nmc-horizon-report-k12-EN.pdf 
89 Ibid., pp. 42–43. 
90 Ibid. 
91 “Zooming in on 24 Tools.” EdSurge, 2016. https://www.edsurge.com/research/special-reports/adaptive-

learning/software 
92 “What We Have Learned.” EdSurge, 2016. https://www.edsurge.com/research/special-reports/adaptive-

learning/about 
93 “NMC/CoSN Horizon Report: 2016 K-12 Edition,” Op. cit., p. 36. 
94 Ibid. 
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In a recent article about educational technology trends, the technology director at a California 
school district predicted that these makerspaces will become increasingly popular in the 
coming years, saying: 

Makerspaces will become the norm in schools across the country, with the library or 
computer lab being converted to innovative learning labs with 3-D printers, robots, 
drones, circuits, LEDs, metal, tools and a variety of traditional supplies like paper, 
cardboard boxes and paints. The makerspaces will spark further interest in robotics 
programs and become a normal place in schools as opposed to a five-year fad.95 

 
Makerspaces need not be a separate room in a school; they can simply be a cart or corner of 
the classroom with supplies and tools that encourage students to use their hands and create 
projects.96 Educators have recently begun adopting this trend by focusing on incorporating 
“maker activities and the ‘maker mindset’” into the classroom, rather than creating dedicated 
spaces for hands-on activities, according to ISTE.97 
 

VIRTUAL REALITY 

The New Media Consortium’s 2016 trend report identifies virtual reality as an educational 
tool likely to be more widely adopted within two to three years.98 With relatively inexpensive 
virtual reality technologies from Samsung and Google now available for use with 
smartphones, the report argues that virtual reality (VR) has “permeated the mainstream.” 99 
The report authors further contend that virtual reality is “well-positioned as an educational 
tool” because of its ability to provide engaging learning experiences, especially in STEM 
subjects. VR can: 

…generate immersive environments for field trips, with simulation and research 
activities serving as a prime enabler of student-centered, experiential, and 
collaborative learning…By fostering more engaged and authentic learning 
opportunities, VR can overcome shortcomings in STEM education including a reliance 
on theory and lack of concrete experiences. An eighth-grade science class at 
Hampstead Hill Academy in Baltimore has embraced VR to enhance chemistry 
education. In collaboration with the International Neuroscience Network Foundation, 
Alchemy Learning has equipped the school with a virtual lab. Similar partnerships 
have potential to address infrastructure challenges faced by many schools that 
cannot support and maintain certified lab spaces.3100  

 
In addition to being used in STEM fields, VR tools can also help students learn about 
geographic landmarks and destinations throughout the world—software from companies 

                                                         
95 Riddell, R. “What’s on the Horizon for K-12 Ed Tech in 2017?” Education Dive, December 26, 2016. 

http://www.educationdive.com/news/whats-on-the-horizon-for-k-12-ed-tech-in-2017/431999/ 
96 Schaffhauser, D. “What’s Hot: 9 Major Ed Tech Trends for 2017.” THE Journal, January 12, 2017. 

https://thejournal.com/Articles/2017/01/12/Whats-Hot-9-Major-Ed-Tech-Trends-for-2017.aspx?Page=7&p=1 
97 “The 11 hottest edtech topics of 2017 (so far),” Op. cit. 
98 “NMC/CoSN Horizon Report: 2016 K-12 Edition,” Op. cit., p. 42. 
99 Ibid. 
100 Ibid. 
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such as Google and Nearpod allow students to take virtual field trips and scavenger hunts to 
museums, historic sites, and other locations throughout the world.101  
 
A 2016 survey of around 1,000 K-12 teachers found that 85 percent believed that VR tools 
would have a positive effect on their students. However, just 2 percent of teachers were using 
VR technologies in the classroom.102 As new technologies continue to be developed and as 
the price of VR technologies continues to drop, many educators believe that VR technologies 
will become more common in schools.103 
 

TECHNOLOGY CONCEPTS  

COMPUTATIONAL THINKING AND CODING 

As technology becomes more embedded in everyday life, computer science skills are 
becoming more and more important. Of particular importance are coding skills, which both 
ISTE and the New Media Consortium have both called the “new literacy.”104 A number of 
nonprofits, technology companies, and other industry leaders have begun advocating for 
coding skills to be taught to children; Facebook and Amazon have both pledged millions of 
dollars to support coding in the classroom, and Code.org, an organization which teaches 
coding at the K-12 level, has developed coding education resources which are being used in 
over 100 school districts in 17 states.105  
 
More broadly, educators have begun to plan for adding “computer science” to the list of 
required subjects that students must study. In 2013, Chicago Public Schools announced a plan 
to make computer science a “core K-12 offering.”106 Soon after, other large school districts 
announced similar plans; for example, New York City’s mayor announced in 2015 that the 
city’s public schools would provide computer science education to all students by 2025. 107 
According to a recent report by EdSurge, nearly 4,000 high school students were taking 
computer science classes in 2016, an impressive 260 increase from the previous year, and the 
number of states that allow computer science classes to count toward high school graduation 
requirements increased from 12 in 2013 to 28 in 2015.108  
 

                                                         
101 Ibid., p. 43. 
102 Conlan, M. “Teachers Want to See More Virtual Reality in Their Classrooms [#Infographic].” EdTech Magazine, July 

12, 2016. http://www.edtechmagazine.com/k12/article/2016/07/teachers-want-see-more-virtual-reality-their-
classrooms-infographic 

103 [1] Cortez, M.B. “The 3 Biggest K-12 Tech Trends for 2017.” EdTech Magazine, January 31, 2017. 
http://www.edtechmagazine.com/k12/article/2017/01/3-biggest-k-12-tech-trends-2017 [2] Yoder, M. “Virtual 
Reality in the Classroom Just Got Affordable.” International Society for Technology in Education, November 27, 
2015. https://www.iste.org/explore/articleDetail?articleid=609 [3] Schaffhauser, Op. cit. [4] Riddell, Op. cit. 

104 [1] “The 11 hottest edtech topics of 2017 (so far),” Op. cit. [2] “NMC/CoSN Horizon Report: 2016 K-12 Edition,” Op. 
cit., p. 16. 

105 [1] “K-12 EdTech Trends - Computer Science for All.” EdSurge. https://www.edsurge.com/research/special-
reports/state-of-edtech-2016/k12_edtech_trends/computer_science [2] “NMC/CoSN Horizon Report: 2016 K-12 
Edition,” Op. cit., p. 16. 

106 “K-12 EdTech Trends - Computer Science for All,” Op. cit. 
107 Ibid. 
108 Ibid. 
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In October 2016, leading computer science industry and education stakeholders (including 
education officials from 14 states) released the K-12 Computer Science Framework, designed 
to guide the implementation of a computer science curriculum in all K-12 grades.109 Although 
it remains to be seen whether districts and state will adopt this framework, those involved in 
creating the framework believe that it will play an important role in guiding professional 
development activities and instructional practices in the future.110 
 

DIGITAL CITIZENSHIP AND MEDIA LITERACY 

Finally, the topic of digital citizenship and media literacy is likely to become increasingly 
important in coming years, especially as one-to-one device programs and other technology 
integration programs in schools become more common. 111  Moreover, there is renewed 
interest in information literacy in the wake of the presidential election and the increasing 
attention paid to “fake news” stories.112 A 2015 Stanford research study found that students 
have a “dismaying inability…to reason about information they see on the Internet,” and often 
have “a hard time distinguishing advertisements from news articles or identifying where 
information came from.”113 
 
A variety of organizations, such as ISTE, Common Sense Media, and the News Literacy Project, 
provide resources and toolkits for teachers interested in teaching digital literacy and 
citizenship to students.114 A director of Common Sense Media’s education program argues 
that the concept of media literacy can easily be integrated into the everyday curriculum 
because information literacy is relevant to a variety of research and analysis tasks: 

At the core of media literacy is critical inquiry, the questions that you ingrain as a 
teacher into anything you're doing…It could be a research assignment, it could be 
that you're showing a video and you ask these questions about the video content you 
show. It could be that they're reading a textbook or article, and you embed critical 
thinking as a normal part of your instruction: Who wrote it? Why did they write it? 
What is the message? Is it trustworthy? How can I tell that? What sort of points of 
view are represented or missing?115 

 
 

                                                         
109 Yongpradit, P. “Introducing the K–12 Computer Science Framework, a Milestone for CS Education.” Code.org, 

October 17, 2016. http://blog.code.org/post/151935557103/introducing-the-k12-computer-science-framework-a 
110 Siu, A. “Educators, Tech Industry Leaders Collaborate to Develop K-12 Computer Science Framework.” EdSurge, 

October 19, 2016. https://www.edsurge.com/news/2016-10-19-educators-organizations-develop-k-12-computer-
science-framework 

111 “The 11 hottest edtech topics of 2017 (so far),” Op. cit. 
112 Schaffhauser, Op. cit. 
113 Donald, B. “Stanford Researchers Find Students Have Trouble Judging the Credibility of Information Online.” 

Stanford Graduate School of Education, November 22, 2016. https://ed.stanford.edu/news/stanford-researchers-
find-students-have-trouble-judging-credibility-information-online 

114 [1] “NMC Horizon Report: 2015 K-12 Edition,” Op. cit., p. 15. [2] “Digital Citizenship Guide.” International Society 
for Technology in Education. https://www.iste.org/resources/product?ID=3980 [3] Kirschenbaum, M. “5 Ed-Tech 
Trends to Look for in 2017.” EasyBib, January 17, 2017. http://www.easybib.com/guides/5-ed-tech-trends-to-
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115 Schaffhauser, Op. cit. 
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