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We need to think harder about how we prepare young people for tomorrow’s world. In the past, educa-
tion was about teaching students something. Now, it’s about making sure that students develop a reliable 
compass and the navigation skills to find their own way through an uncertain, volatile, and ambiguous 
world. Now, schools need to prepare students for a world in which most people will need to collaborate 
with people of diverse cultural origins and appreciate different ideas, perspectives and values; a world in 
which people need to decide how to trust and collaborate across such differences; and a world in which 
their lives will be affected by issues that transcend national boundaries. Technology has become the key 
to bridge space and time in all of this.

These days, we no longer know exactly how things will unfold. We are often surprised and need 
to learn from the extraordinary, and sometimes we make mistakes along the way. And it will often be 
the mistakes and failures, when properly understood, that create the context for learning and growth. A 
generation ago, teachers could expect that what they taught would last their students a lifetime. Today, 
schools need to prepare students for more rapid economic and social change than ever before, for jobs 
that have not yet been created, to use technologies that have not yet been invented, and to solve social 
problems that we don’t yet know will arise.

How do we foster motivated, engaged learners who are prepared to conquer the unforeseen chal-
lenges of tomorrow, not to mention those of today? The dilemma for educators is that routine cognitive 
skills—the skills that are easiest to teach and easiest to test—are also the skills that are easiest to digitize, 
automate, and outsource. There is no question that state-of-the-art knowledge and skills in a discipline 
will always remain important. Innovative or creative people generally have specialized skills in a field 
of knowledge or a practice. And as much as ‘learning to learn’ skills are important, we always learn by 
learning something. However, educational success is no longer about reproducing content knowledge, 
but about extrapolating from what we know and applying that knowledge in novel situations. Put sim-
ply, the world no longer rewards people for what they know—Google knows everything—but for what 
they can do with what they know. Because that is the main differentiator today, education today needs 
to be much more about ways of thinking, involving creativity, critical thinking, problem-solving, and 
decision-making; about ways of working, including communication and collaboration; about tools for 
working, including the capacity to recognize and exploit the potential of new technologies; and, last but 
not least, about the social and emotional skills that help us live and work together.

Conventionally, our approach to problems was to break them down into manageable bits and pieces 
and then to teach students the techniques to solve them. But today we create value by synthesizing the 
disparate bits. This is about curiosity, open-mindedness, and making connections between ideas that pre-
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viously seemed unrelated, which requires being familiar with and receptive to knowledge in other fields 
than our own. If we spend our whole life in a silo of a single discipline, we will not gain the imaginative 
skills to connect the dots where the next invention will come from.

Equally important, the more content knowledge we can search and access, the more important becomes 
the capacity to make sense of this content—the capacity of individuals to question or seek to improve 
the accepted knowledge and practices of their time. In the past, you could tell students to look into an 
encyclopedia when they needed some information, and you could tell them that they could generally 
rely on what they found to be true. Today, literacy is about managing non-linear information structures, 
building your own mental representation of information as you find your own way through hypertext on 
the Internet, and dealing with ambiguity—interpreting and resolving conflicting pieces of information 
that we find somewhere on the Web.

Perhaps most importantly, in today’s schools, students typically learn individually and at the end of 
the school year, we certify their individual achievements. But the more interdependent the world be-
comes, the more we need great collaborators and orchestrators. Innovation today is rarely the product of 
individuals working in isolation but an outcome of how we mobilize, share, and link knowledge. In the 
flat world, everything that is our proprietary knowledge today will be a commodity available to everyone 
else tomorrow. Expressed differently, schools need to drive a shift from a world where knowledge is 
stacked up somewhere, depreciating rapidly in value, towards a world in which the enriching power of 
communication and collaborative flows is increasing. And they will need to help the next generation to 
better reconcile resilience (managing in an imbalanced world) with greater sustainability (putting the 
world back into balance).

This is a tough agenda. What is certain is that it will never materialise unless we are able to clearly 
conceptualise and measure those 21st century knowledge areas and skills. Without rigorous concep-
tualisation, we will not be able to build meaningful curricula and pedagogies around these knowledge 
areas and skills. And, at the end of the day, what is assessed is what gets taught. This volume makes a 
major step in advancing this frontier. It examines a range of skills that are important; it looks at innova-
tive measurement methods to make these skills amenable to quantitative assessment in ways that they 
become activators of students’ own learning, and it looks at how we can learn to drink from the firehose 
of increasing data streams that arise from new assessment modes.

Andreas Schleicher 
Organisation for Economic Co-Operation and Development (OECD), France

xxix



﻿

Foreword

﻿

In its landmark report Education for Life and Work in the 21st Century, the National Research Council 
(2012) described “deeper learning” as an instructional approach important in preparing students with 
sophisticated cognitive, intrapersonal, and interpersonal skills. The approaches recommended by advo-
cates of deeper learning are not new, and historically these instructional strategies have been described 
under a variety of terms. Until now, however, they have been rarely practiced within the schools (Dede, 
2014), resulting in the sad situation that students who excel in school may struggle in the real world. 
And students who struggle in school are likely to sink in the real world. Various “deeper learning” ap-
proaches are described below.

•	 Case-based learning helps students master abstract principles and skills through the analysis of 
real-world situations;

•	 Multiple, varied representations of concepts provide different ways of explaining complicated 
things, showing how those depictions are alternative forms of the same underlying ideas;

•	 Collaborative learning enables a team to combine its knowledge and skills in making sense of a 
complex phenomenon;

•	 Apprenticeships involve working with a mentor who has a specific real-world role and, over time, 
enables mastery of their knowledge and skills;

•	 Self-directed, life-wide, open-ended learning is based on students’ passions and is connected to 
students’ identities in ways that foster academic engagement, self-efficacy, and tenacity;

•	 Learning for transfer emphasizes that the measure of mastery is application in life rather than 
simply in the classroom;

•	 Interdisciplinary studies help students see how differing fields can complement each other, offer-
ing a richer perspective on the world than any single discipline can provide;

•	 Personalized learning ensures that students receive instruction and supports that are tailored to 
their needs and responsive to their interests (U.S. Department of Education, 2010; Wolf, 2010; 
Rose & Gravel, 2010);

•	 Connected learning encourages students to confront challenges and pursue opportunities that exist 
outside of their classrooms and campuses (Ito et al., 2013); and

•	 Diagnostic assessments are embedded into learning and are formative for further learning and 
instruction (Dede, 2012).

These entail very different teaching strategies than the familiar, lecture-based forms of instruction 
characteristic of industrial-era schooling, with its one-size-fits-all processing of students. Rather than 
requiring rote memorization and individual mastery of prescribed material, they involve in-depth, dif-
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ferentiated content; authentic diagnostic assessment embedded in instruction; active forms of learning, 
often collaborative; and learning about academic subjects linked to personal passions and infused 
throughout life.

The chapters in this book demonstrate that new tools and media can be very helpful to many teachers 
who would otherwise struggle to provide these kinds of instruction for deeper learning (Dede, 2014). By 
analogy, imagine that you wish to visit a friend 20 miles away. You could walk (and some people would 
prefer to do so), but it would be much easier to use a bicycle, and it would be far easier still to use a car. 
In short, teachers who wish to prepare their students for the real world, as well as for further academics, 
don’t have to use educational technology; they may prefer to walk. Realistically, however, many, if not 
most, teachers will be hard-pressed to get from industrial-style instruction to deeper learning without 
the vehicles of digital tools, media, and experiences.

In an extensive review of the literature on technology and teaching for the forthcoming American 
Educational Research Association (AERA) Handbook of Research on Teaching (5th Edition), Barry 
Fishman and I (in press) note the important distinction between using technology to do conventional 
things better and using technology to do better things (Roschelle et al., 2000). While there may be 
value in doing some types of conventional instruction better (i.e., more efficiently and effectively), the 
real value in technology for teaching lies in rethinking the enterprise of schooling in ways that unlock 
powerful learning opportunities and make better use of the resources present in the 21st-century world.

In our review, we consider how and under what conditions technology can be productively employed 
by teachers to more effectively prepare students for the challenges presented by a rapidly evolving world. 
We argue that technology as a catalyst is effective only when used to enable learning with richer content, 
more powerful pedagogy, more valid assessments, and links between in- and out-of-classroom learning. 
The examined the following technologies in depth:

•	 Collaboration tools, including Web 2.0 technologies and tools that support knowledge building;
•	 Online and hybrid educational environments, which are increasingly being used to broaden access 

to education but also have the potential to shift the way we conceive of teaching and learning;
•	 Tools that support learners as makers and creators, which have their deep roots in helping students 

learn to become programmers of computers (and not just users of them);
•	 Immersive media that create virtual worlds to situate learning or augment the real world with an 

overlay of computational information; and
•	 Games and simulations that are designed to enhance student motivation and learning.

This book provides examples of these and other powerful technologies to aid this type of instruction. 
If used in concert, these deeper-learning technologies can help prepare students for life and work in the 
21st century, mirroring in the classroom some powerful methods of knowing and doing that pervade 
the rest of society. Further, they can be used to create a practical, cost-effective division of labor, one 
that empowers teachers to perform complex instructional tasks. In addition, these media can address the 
learning strengths and preferences of students growing up in this digital age, including bridging formal 
instruction and informal learning. And, finally, these technologies can provide powerful mechanisms for 
teacher learning; by which educators deepen their professional knowledge and skills in ways that mirror 
the types of learning environments through which they will guide their students.
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At a time in history when civilization faces crises that we need the full capacity of people across the 
world to resolve, this volume provides an exemplary suite of practical ways to move forward with cur-
ricula, instruction, and assessments that are truly oriented to 21st-century life and work.

Chris Dede 
Harvard University, USA
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Changes in the world economy, specifically toward information industries, have changed the skillset 
demand of many jobs (Organization for Economic Development [OECD], 2012a). Information is cre-
ated, acquired, transmitted, and used—rather than simply learned—by individuals, enterprises, organi-
zations, and communities to promote economic and social development. Major employers and policy 
makers are increasingly asking teachers and educators to help students develop so-called real-world 
skills (Gallup, 2013). While learning basic numeracy and literacy skills still is crucial to success in the 
job market, developing real-world skills also is essential to success in the job market and worldwide 
economic development.

Real-world skills, or “21st century skills,” include critical thinking, collaborative problem solv-
ing, creativity, and global competency. These skills that facilitate mastery and application of science, 
mathematics, language arts, and other school subjects will grow in importance over the coming decade 
(National Research Council, 2012; OECD, 2012a, 2012b). A wide range of initiatives and programs in 
education promote learning and assessment of real-world skills. These include, for example, the Com-
mon Core State Standards (National Governors Association Center for Best Practices and Council of 
Chief State School Officers, 2010a, 2010b), Next Generation Science Standards (National Research 
Council, 2013), Common European Framework of Reference (Council of Europe, 2011), Partnership for 
21st Century Skills (Partnership for 21st Century Skills, 2009), Education for Life and Work (National 
Research Council, 2012), and assessment frameworks in the Programme for International Student As-
sessment (PISA) (OECD, 2013).

Because of the importance of promoting these skills, we have embarked on a journey to create a 
Handbook of Research on Technology Tools for Real-World Skill Development. Because conceptions 
and educational applications of real-world skills are evolving rapidly, we have welcomed a wide range 
of skills in the Handbook. The following four strands of skills are represented in the chapters: Think-
ing skills refer to higher-order cognition and dispositions such as critical thinking, complex problem 
solving, metacognition, and learning to learn. Social skills refer to attitudes and behaviors that enable 
successful communication and collaboration. Global skills refer to attitudes and behaviors that empha-
size the individual’s role in, and awareness of, the local as well as the global and multicultural environ-
ment. Digital skills emphasize information and digital literacies needed in the technology-rich world in 
which we live. Similarly, the chapters in this Handbook describe a range of technology tools to support 
teaching, learning, assessment for learning (e.g., Stiggins, 2005; Wiliam, 2011), feedback for learning 
(e.g., Hattie, & Timperley, 2007; Shute, 2008), and scoring of student responses. For example, section 
1 includes chapters on curricula and frameworks for teaching real-world skills; the chapters in section 2 
describe specific technology tools for teaching, learning, and assessing real-world skills; the chapters in 
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section 3 describe automated scoring tools for assessment and learning; and section 4 contains chapters 
on techniques for analyzing data from technology-based performance assessments. Helping students 
learn real-world skills—that is, to internalize them and use them flexibly across a range of challenges 
and contexts in their everyday and work lives—is a significant educational challenge. Real-world skills 
cannot be taught in a single course or in a single year of schooling. And assessing real-world skills to 
provide feedback to guide development of those skills cannot be accomplished using conventional, large-
scale assessment and score reporting methods alone. The technology tools described here represent the 
range of current and developing capabilities of technology tools to support teaching, learning, assess-
ment, and feedback for learning.

As technology-rich environments for teaching, learning, assessment, and feedback are being integrated 
into educational processes, there is much to be learned about how to leverage advances in technology, 
learning sciences, and assessment to develop real-world skills for the 21st century. Research findings on 
what works best are just emerging, possibly due to the strong multi-disciplinary approaches required to 
extract the greatest value. This Handbook is intended to serve as a first body of research in the expand-
ing area of technology tools for teaching, learning, assessment, and feedback on real-world skills that 
educators can turn to in the coming years as a reference. Our aim is to bring together top researchers 
to summarize concepts and findings. The Handbook contains contributions of leading researchers in 
learning science, educational psychology, psychometrics, and educational technology. Assuming that 
many readers will have little grounding in those topics, each chapter outlines theory and basic concepts 
and connects them to technology tools for real-world skill development. We see this as one of the most 
crucial contributions of the Handbook, seeking to establish strong theoretical principles that can inform 
educational research and practice and future research and development. The Handbook also provides 
brief overviews in each topic section for more knowledgeable readers. The Handbook is organized into 
four sections.

SECTION 1: DEFINING REAL-WORLD SKILLS IN 
TECHNOLOGY-RICH ENVIRONMENTS

The seven chapters in Section 1 explore conceptualization of real-world skills and the role of technol-
ogy. The section includes chapters on curricula and frameworks for teaching real-world skills. To aid 
readers in selecting specific chapters to study, we list the technology tools described in these chapters.

Chapter 1: A principled approach for developing digital competency.
Chapter 2: A model for teaching digital competency.
Chapter 3: A model for measuring problem solving skills in science, technology, engineering, and 

mathematics (STEM).
Chapter 4: A model for teaching Internet research skills.
Chapter 5: Another model for teaching Internet research skills.
Chapter 6: A matrix for evaluating technology integration in K-12 instructional settings, and teacher-

related professional development.
Chapter 7: An online team-based learning model in nursing education.
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SECTION 2: TECHNOLOGY TOOLS FOR LEARNING 
AND ASSESSING REAL-WORLD SKILLS

Chapters 8 through 21 deal with the core topic of technology tools and a wide range of applications 
aimed at learning and assessing of real-world skills. The technology tools described in these chapters 
include the following.

Chapter 8: Technology-rich simulations for learning and assessing science skills.
Chapter 9: The Collegiate Learning Assessment, a test to evaluate the critical thinking and written 

communication skills of college students.
Chapter 10: Guidance, based on lessons learned from developing rich-media simulations, for assess-

ment for organization staff promotion and development.
Chapter 11: A personalized learning platform for developing early reading.
Chapter 12: Computer agent technology for assessing collaborative problem solving skills.
Chapter 13: A model for assessing cognitive and social skills through online collaboration.
Chapter 14: An approach for technology-rich learning and formative assessment of collaborative prob-

lem solving skills.
Chapter 15: A framework for principled thinking about a construct map assessment of a higher-order 

thinking skills.
Chapter 16: Computer-based and computer-assisted approaches for assessment of knowledge and skills.
Chapter 17: Technology tools for learning for students with moderate and severe development and 

intellectual disabilities.
Chapter 18: Strategies for mitigating bias for a computer-administered performance-based assessment 

of higher-order skills.
Chapter 19: An evidence-centered concept map for a critical thinking assessment.
Chapter 20: Facebook as a social network for learning.
Chapter 21: A framework for teachers’ professional development in the digital age.

SECTION 3: AUTOMATED ITEM GENERATION AND AUTOMATED 
SCORING TECHNIQUES FOR ASSESSMENT AND FEEDBACK

The five chapters in Section 3 address a range of technologies for automated scoring, automated item 
generation, and learner feedback. The technology tools described in these chapters include the following.

Chapter 22: Procedures for automated generation of science items.
Chapter 23: Automated scoring approaches for development of writing proficiency.
Chapter 24: A principled framework for designing automated scoring of multicomponent assessment 

tasks.
Chapter 25: Automated scoring as the basis for feedback to support improvement of writing skills.
Chapter 26: Automated feedback to improve writing quality.
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SECTION 4: ANALYSES OF PROCESS DATA IN 
TECHNOLOGY-RICH PERFORMANCE TASKS

Chapters 27 through 31 deal with analysis, interpretation, and use of learning and assessment data in 
technology environments. The technology tools described in these chapters include the following.

Chapter 27: Analysis of solution paths in a technology-rich problem solving assessment.
Chapter 28: Analysis of solution paths in technology-rich critical thinking assessment.
Chapter 29: Use of a chi-square features selection algorithm (i.e., sequential pattern mining) and N-

grams representation model to analyze process data in technology-rich problem solving tasks.
Chapter 30: Analytic methods to induce a persistence measure from game play click stream data and a 

design pattern to guide future development of persistence measures in digital environments.
Chapter 31: An Item Engagement Index (IEI) and Student Engagement Index (SEI) for assessing en-

gagement during the online assessment of real-world skills.

Our goal in collecting and organizing these excellent chapters is to begin a process of crystalizing 
what our field has accomplished to date and what it knows, collectively, about technology tools and 
how those tools can be used to support and enhance teaching and learning of real-world skills. Knowing 
what we know should help us identify what we need to know. And it should guide further development 
of practical applications and empirical research on the efficacy of using technology tools for teaching, 
learning, assessing, and providing feedback as learners work to develop the skills they need for today’s 
high-tech, higher-order knowledge and skills world. We hope this Handbook will serve as a tool to en-
courage collaborations among researchers, educators, policy makers, employers, and the general public 
to promote learning, assessment, and personalized feedback technologies. By compiling the rich research 
and knowledge in this Handbook, we hope to spark innovation in education.

The Handbook is a recommended reading source to the following audiences:
Educators: This book will share essential insights for policy makers, principals, curriculum experts, 

and teachers who are interested in better understanding the practical challenges and opportunities in 
introducing new technology-rich programs aimed to promote learning, assessment, and feedback on 
real-world skills.

Researchers: This book will provide a valuable springboard to researchers in psychology, educa-
tion, assessment, and computer science to engage with the concept of technology-rich assessment and 
learning of higher-order thinking skills and work on new research directions. This will be aided by the 
emphasis of key gaps in existing research and providing details on what areas need more careful research 
and empirical validation.

General audiences with interest in upcoming trends in learning, assessment, and feedback: This book 
will cover a range of topics related to real-world skills and value of real-world skills in next-generation 
education.
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managed a variety of clients, including a medical certification board, an information systems auditing 
certification program, various nursing specialties, and plastics engineers. She has experience managing 
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