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Summary 

 

 

 

 

 

 

 

 

 

Americans have long recognized that investments in public education contribute to the 

common good, enhancing national prosperity and supporting stable families, neighborhoods, and 

communities. Education is even more critical today, in the face of economic, environmental, and 

social challenges. Today’s children can meet future challenges if their schooling and informal 

learning activities prepare them for adult roles as citizens, employees, managers, parents, 

volunteers, and entrepreneurs. To achieve their full potential as adults, young people need to 

develop a range of skills and knowledge that facilitate mastery and application of English, 

mathematics, and other school subjects. At the same time, business and political leaders are 

increasingly asking schools to develop skills such as problem solving, critical thinking, 

communication, collaboration, and self-management—often referred to as “21st century skills.”  

Private foundations, policymakers, and education organizations use a variety of names 

for the lists of broad skills seen as valuable. To help the public understand the research related to 

the teaching and learning of such skills, several foundations charged the National Research 

Council (NRC) to: 

 

 Define the set of key skills that are referenced by the labels “deeper learning,” “twenty-

first century skills,” “college and career readiness,” “student-centered learning,” “next-

generation learning,” “new basic skills,” and “higher-order thinking.” These labels are 

typically used to include both cognitive and non-cognitive skills—such as critical 

thinking, problem solving, collaboration, effective communication, motivation, 

persistence, and learning to learn—that can be demonstrated within core academic 

content areas and that are important to success in education, work, and other areas of 

adult responsibility. The labels are also sometimes used to include other important 

capacities—such as creativity, innovation, and ethics—that are important to later success 

and may also be developed in formal or informal learning environments. 

 Describe how these skills relate to each other and to more traditional academic skills and 

content in the key disciplines of reading, mathematics, and science. In particular, consider 

these skills in the context of the work of the National Governors Association and the 

Council of Chief State School Officers in specifying Common Core State Standards for 

English language arts and mathematics and the work of the NRC in specifying a 

Conceptual Framework for New Science Education Standards. 

 Summarize the findings of the research that investigates the importance of such skills to 

success in education, work, and other areas of adult responsibility and that demonstrates 

the importance of developing these skills in K–16 education. 
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 Summarize what is known and what research is needed about how these skills can be 

learned, taught, and assessed. This summary should include both the cognitive 

foundations of these skills in learning theory and research about effective approaches to 

teaching and learning these skills, including approaches using digital media.  

 Identify features of educational interventions that research suggests could be used as 

indicators that an intervention is likely to develop the key skills in a substantial and 

meaningful way. In particular, for learning in formal school-based environments, identify 

features related to learning these skills in educational interventions in (1) teacher 

professional development, (2) curriculum, and (3) assessment. For learning in informal 

environments, identify features related to learning these skills in educational 

interventions in (d) after-school and out-of-school programs and (e) exhibits, museums, 

and other informal learning centers. For learning in both formal and informal 

environments, identify features related to learning these skills in education interventions 

in (f) digital media. 

 

In approaching this charge, the committee drew on a large research base in cognitive, 

developmental, educational, organizational, and social psychology and economics for purposes 

of clarifying and organizing concepts and terms. However, we do not claim to provide precise, 

scientifically credible definitions of all the various terms that have come to populate this arena of 

concern and debate. This is due partly to the time constraints of the project and partly to the lack 

of definitive research on the range of skills and behaviors that have come to fall under the 

headings of “deeper learning” and “21st century skills.” That said the committee took initial 

steps toward clarifying the meaning of the term “deeper learning” and its relationship to 

competency clusters that capture various terms associated with the overarching label “21st 

century skills.” In contrast to a view of “21st century skills” as general skills that can be applied 

to a range of different tasks in various academic, civic, workplace, or family contexts, the 

committee views 21
st
 century skills as dimensions of expertise that are specific to—and 

intertwined with—knowledge within a particular domain of content and performance. To reflect 

our view that skills and knowledge are intertwined, we use the term “competencies,” rather than 

“skills.”  

 

CLARIFYING AND ORGANIZING CONCEPTS AND TERMS  

 

The committee views the various sets of terms associated with the “21st century skills” 

label as reflecting important dimensions of human competence that have been valuable for many 

centuries, rather than skills that are suddenly new, unique and valuable today. The important 

difference across time may lie in society’s desire that all students attain levels of mastery—

across multiple areas of skill and knowledge—that were previously unnecessary for individual 

success in education and the workplace. At the same time, the pervasive spread of digital 

technologies has increased the pace at which individuals communicate and exchange 

information, requiring competence in processing multiple forms of information to accomplish 

tasks that may be distributed across contexts that include home, school, the workplace, and social 

networks.  

 As a way to organize the various terms for “21st century skills” and provide a starting 

point for further research as to their meaning and value, the committee identified three broad 
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domains of competence—cognitive, intrapersonal, and interpersonal. The cognitive domain 

involves reasoning and memory; the intrapersonal domain involves the capacity to manage one’s 

behavior and emotions to achieve one’s goals (including learning goals); and the interpersonal 

domain involves expressing ideas, and interpreting and responding to messages from others. We 

then conducted a content analysis, aligning several lists of “21st century skills” proposed by 

various groups and individuals with the skills included in existing, research-based taxonomies of 

cognitive, intrapersonal, and interpersonal skills and abilities.
1
 Through this process, we assigned 

the various “21st century skills” to clusters of competencies within each domain. Recognizing 

that there are areas of overlap between and among the individual “21st century skills” and the 

larger competency clusters, the committee developed the following initial classification scheme 

(see Chapter 2):  

 

 The Cognitive Domain includes three clusters of competencies: cognitive processes 

and strategies; knowledge; and creativity. These clusters include competencies such 

as critical thinking, information literacy, reasoning and argumentation, and 

innovation. 

 The Intrapersonal Domain includes three clusters of competencies: intellectual 

openness; work ethic and conscientiousness; and positive core self-evaluation. These 

clusters include competencies such as flexibility, initiative, appreciation for diversity, 

and metacognition (the ability to reflect on one’s own learning and make adjustments 

accordingly). 

 The Interpersonal Domain includes two clusters of competencies: teamwork and 

collaboration; and leadership. These clusters include competencies such as 

communication, collaboration, responsibility, and conflict resolution. 

 

IMPORTANCE OF 21st CENTURY COMPETENCIES  

 

The committee examined evidence of the importance of various types of competencies 

for success in education, work, health, and other life contexts (see Chapter 3) and concluded:  

 

 Conclusion: The available research evidence is limited and primarily correlational 

in nature; to date, only a few studies have demonstrated a causal relationship 

between one or more 21st century competencies and adult outcomes. The research 

has examined a wide range of different competencies that are not always clearly 

defined or distinguished from related competencies.  

 

Despite the limitations of the research evidence, the committee was able to reach three 

conclusions about the importance of various competencies:  

 

                                                 
1
The committee views the abilities included in these taxonomies as malleable dimensions of human behavior that 

can change in response to educational interventions and life experiences, in contrast to the common view of them as 

fixed traits.  
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 Conclusion: Cognitive competencies have been more extensively studied than 

interpersonal and intrapersonal competencies, showing consistent, positive 

correlations (of modest size) with desirable educational, career, and health 

outcomes. Early academic competencies are also positively correlated with these 

outcomes.  

 Conclusion: Among interpersonal and intrapersonal competencies, 

conscientiousness (a tendency to be organized, responsible, and hardworking) is 

most highly correlated with desirable educational, career, and health outcomes. 

Anti-social behavior, which has both intrapersonal and interpersonal dimensions, is 

negatively correlated with these outcomes.  

 Conclusion: Educational attainment—the number of years a person spends in 

school—strongly predicts adult earnings and also predicts health and civic 

engagement. Moreover, individuals with higher levels of education appear to gain 

more knowledge and skills on the job than those with lower levels of education, and 

to be able, to some extent, to transfer what they learn across occupations. Since it is 

not known what mixture of cognitive, intrapersonal, and interpersonal competencies 

accounts for the labor market benefits of additional schooling, promoting 

educational attainment itself may constitute a useful complementary strategy for 

developing 21st century competencies. 

 

At a time when educational and business leaders are increasingly interested in promoting 

deeper learning and development of “21st century skills,” and in light of limitations of the 

available empirical evidence linking such competencies with desirable adult outcomes, we 

recommend further research:  

 

 Recommendation 1: Foundations and federal agencies should support 

further research designed to increase our understanding of the relationships 

between 21st century competencies and successful adult outcomes. To 

provide stronger causal evidence about such relationships, the programs of 

research should move beyond simple correlational studies to include more 

longitudinal studies with controls for differences in individuals’ family 

backgrounds and more studies using statistical methods that are designed to 

approximate experiments. Such research would benefit from efforts to 

achieve common definitions of 21st century competencies and an associated 

set of activities designed to produce valid and reliable assessments of the 

various individual competencies.  

 

PERSPECTIVES ON DEEPER LEARNING 

 

We define “deeper learning” as the process through which an individual becomes capable 

of taking what was learned in one situation and applying it to new situations (i.e., transfer). 

Through deeper learning (which often involves shared learning and interactions with others in a 

community), the individual develops expertise in a particular domain of knowledge and/or 

performance (see Chapters 4 and 5). The product of deeper learning is transferable knowledge, 

including content knowledge in a domain and knowledge of how, why, and when to apply this 
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knowledge to answer questions and solve problems. We refer to this blend of both knowledge 

and skills as “21
st
 century competencies.” The competencies are structured around fundamental 

principles of the content area and their relationships rather than disparate, superficial facts or 

procedures. It is the way in which the individual and community structures and organizes the 

intertwined knowledge and skills—rather than the separate facts or procedures per se—that 

supports transfer. While other types of learning may allow an individual to recall facts, concepts, 

or procedures, deeper learning allows the individual to transfer what was learned to solve new 

problems. 

The new Common Core State Standards in mathematics and English language arts and 

the NRC Framework for K-12 Science Education are likely to strongly influence educational 

policy and practice in the coming decades. The committee reviewed these documents and 

compared them with our definition of deeper learning and with recent lists of “21st century 

skills,” revealing important areas of overlap. The goals included in the new standards and the 

NRC Framework reflect each discipline’s desire to promote deeper learning and develop 

transferable knowledge and skills within that discipline. For example, both the mathematics 

standards and the science framework include a “practices” dimension, calling for students to 

actively use and apply-i.e., to transfer- knowledge, and the English language arts standards call 

on students to synthesize and apply evidence to create and effectively communicate an argument. 

Our review leads to three conclusions (see Chapter 5):  

 

 Conclusion: Goals for deeper learning and some 21st century competencies are 

found in standards documents, indicating that disciplinary goals have expanded 

beyond their traditional focus on basic academic content. A cluster of cognitive 

competencies – including critical thinking, non-routine problem solving, and 

constructing and evaluating evidence-based arguments—is strongly supported 

across all three disciplines.  

 Conclusion: Coverage of other competencies – particularly those in the 

intrapersonal and interpersonal domains – is uneven. For example, standards 

documents across all three disciplines include discourse and argumentation (which 

includes both cognitive and interpersonal facets), but the disciplines differ in their 

view of what counts as evidence and the rules of argumentation. This uneven 

coverage could potentially lead to learning environments for different subjects that 

vary in their support for development of 21st century competencies. 

 Conclusion: Development of the full range of 21st century competencies within the 

disciplines will require systematic instruction and sustained practice. It will be 

necessary to devote additional instructional time and resources to advance these 

sophisticated disciplinary learning goals over what is common in current practice.  

 

The standards and framework documents demonstrate each discipline’s desire to develop 

skills and knowledge that will transfer beyond the classroom. However, the goals for transfer are 

specific to each discipline. For example, the NRC Framework aims to prepare high school 

graduates to engage in public discussions on science-related issues and, to be critical consumers 

of scientific information. Research is lacking on how to help learners transfer competencies 

learned in one discipline or topic area outside the discipline or topic area:  
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 Conclusion: Teaching for transfer within each discipline aims to increase transfer 

within that discipline. Research to date provides little guidance about how to help 

learners aggregate transferable competencies across disciplines. This may be a 

shortcoming in the research or a reflection of the domain-specific nature of transfer. 

 

To fill this gap, we recommend further research:  

 

 Recommendation 2: Foundations and federal agencies should support programs of 

research designed to illuminate whether, and to what extent, teaching for transfer 

within an academic discipline can facilitate transfer across disciplines.  

 

Deeper learning can be supported through teaching practices that create a positive 

learning community, in which students gain content knowledge and also develop intrapersonal 

and interpersonal competencies. For example, an integrated science-literacy curriculum was 

tested in 94 fourth-grade classrooms in one Southern State. The curriculum combined 

collaborative, hands-on science inquiry activities with reading text, writing notes and reports, 

and small group discussions. When teachers were randomly assigned to either implement the 

integrated curriculum or to teach science and literacy separately (using their regular materials), 

students exposed to the integrated curriculum demonstrated significantly greater gains on 

measures of science understanding, science vocabulary, and science writing. At the same time, 

the students developed intrapersonal competencies of oral communication and discourse, as well 

as intrapersonal competencies of metacognition and positive dispositions toward learning (see 

Chapter 5). Other research also illuminates how intrapersonal and interpersonal competencies 

support deeper learning of school subjects. For example, the process of deeper learning to 

develop expertise in a domain of knowledge and performance requires months, or even years, of 

sustained, deliberate practice; such sustained effort is supported by the intrapersonal competency 

of conscientiousness. Development of expertise also requires feedback to guide and optimize 

practice activities—and an individual with strong interpersonal skills will best understand and 

apply such feedback. Metacognition—the ability to reflect on one’s own learning and make 

adjustments accordingly—also enhances deeper learning. We conclude (see Chapter 4):  

 

 Conclusion: The process of deeper learning is essential for the development of 

transferable 21st century competencies (including both knowledge and skills) 

and the application of 21st century competencies in turn supports the process of 

deeper learning, in a recursive, mutually reinforcing cycle.  

 

INSTRUCTIONAL FEATURES FOR DEEPER LEARNING 

 

The committee’s review of the evidence on teaching and learning of cognitive, 

intrapersonal, and interpersonal competencies supported the following conclusion (see Chapter 

6):  

 

 Conclusion: Although the absence of common definitions and quality measures 

poses a challenge to research, emerging evidence indicates that cognitive, 



Copyright © National Academy of Sciences. All rights reserved.

Education for Life and Work:  Developing Transferable Knowledge and Skills in the 21st Century

Prepublication copy, uncorrected proofs  

Sum-7 

 

intrapersonal, and interpersonal competencies can be taught and learned in ways 

that promote transfer. 
 

The most extensive and rigorous research related to deeper learning comes from the 

learning sciences. Although this research has focused on acquisition of cognitive knowledge and 

skills, it indicates that deeper learning and complex problem-solving involves the interplay of 

cognitive, intrapersonal, and interpersonal competencies. Over a century of research on transfer 

has yielded little evidence that teaching can develop general cognitive competencies that are 

transferable to any new discipline, problem or context, in or out of school. Nevertheless, it has 

identified features of instruction that are likely to substantially support deeper learning and 

development of 21st century competencies within a topic area or discipline. For example, we 

now know that transfer is supported when learners understand the general principles underlying 

their original learning and the transfer situation or problem involves the same general 

principles—a finding reflected in the new Common Core standards and the NRC Framework, 

which highlight learning of general principles. Similarly, in solving problems, transfer is 

facilitated by instruction that helps learners develop deep understanding of the structure of a 

problem domain and applicable solution methods, but is not supported by rote learning of 

solutions to specific problems or problem-solving procedures. This kind of deep, well-integrated 

learning develops gradually and takes time, but it can be started early: recent evidence indicates 

that even preschool and early elementary students can make meaningful progress in conceptual 

organization, reasoning, problem solving, representation, and communication in well-chosen 

topic areas in science, mathematics, and language arts. In addition, teaching that emphasizes the 

conditions for applying a body of factual or procedural knowledge also facilitates transfer.  

 For instruction focused on development of cognitive competencies, whether delivered in 

within or outside of school, and irrespective of support by digital media, the committee 

recommends (see Chapter 6):  

 

 Recommendation 3: Designers and developers of instruction targeted at deeper 

learning and development of transferable 21st century competencies should begin 

with clearly delineated learning goals and a model of how learning is expected to 

develop, along with assessments to measure student progress toward and attainment 

of the goals. Such instruction can and should begin with the earliest grades and be 

sustained throughout students’ K-12 careers.  

 Recommendation 4: Funding agencies should support the development of 

curriculum and instructional programs that include research-based teaching 

methods, such as:  

 Using multiple and varied representations of concepts and tasks, such as 

diagrams, numerical and mathematical representations, and simulations, combined 

with activities and guidance that support mapping across the varied representations. 

 Encouraging elaboration, questioning, and explanation—for example, prompting 

students who are reading a history text to think about the author’s intent and/or to 

explain specific information and arguments as they read—either silently to 

themselves, or to others. 
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 Engaging learners in challenging tasks, while also supporting them with guidance, 

feedback, and encouragement to reflect on their own learning processes and the status 

of their understanding. 

 Teaching with examples and cases, such as modeling step-by-step how students can 

carry out a procedure to solve a problem and using sets of worked examples; and  

 Priming student motivation by connecting topics to students’ personal lives and 

interests, engaging students in collaborative problem solving, and drawing attention 

to the knowledge and skills students are developing, rather than grades or scores.  

 Using formative assessment to: a) make learning goals clear to students; b) 

continuously monitor, provide feedback, and respond to students’ learning progress; 

and c) involve students in self- and peer-assessment. 

 

For instruction focused on development of problem-solving and metacognitive 

competencies, the committee recommends (see Chapter 6): 

 

 Recommendation 5: Designers and developers of curriculum, instruction and 

assessment in problem-solving and metacognition should use modeling and feedback 

techniques that highlight the processes of thinking rather than focusing exclusively 

on the products of thinking. Problem-solving and metacognitive competencies 

should be taught and assessed within a specific discipline or topic area, rather than 

as a stand-alone course. Teaching and learning of problem-solving and 

metacognitive competencies need not wait until all of the related component 

competencies have achieved fluency. Finally, sustained instruction and effort is 

necessary to develop expertise in problem solving and metacognition—there is no 

simple way to achieve competence without time, effort, motivation, and informative 

feedback.  

  

 Research on teaching and learning of competencies in the intrapersonal and interpersonal 

domains is less extensive and less rigorous than the research on deeper learning of cognitive 

knowledge and skills. Our review of the emerging research on these domains, as well as the more 

extensive cognitive research, suggests that the instructional features supporting development of 

transferable competencies in the cognitive domain may also support transfer in these domains 

(see Chapter 6):  

 

 Conclusion: The instructional features listed above, shown by research to 

support the acquisition of cognitive competencies that transfer, could plausibly 

be applied to the design and implementation of instruction that would support 

the acquisition of transferable intrapersonal and interpersonal competencies.  

 

To test this hypothesis, the committee recommends further research: 

 

 Recommendation 6: Foundations and federal agencies should support research 

programs designed to fill gaps in the evidence base on teaching and assessment for 

deeper learning and transfer. One important target for future research is how to 

design instruction and assessment for transfer in the intrapersonal and 
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interpersonal domains. Investigators should examine whether, and to what extent, 

instructional design principles and methods shown to increase transfer, derived 

from research in the cognitive domain, are applicable to instruction targeted to the 

development of intrapersonal and interpersonal competencies. Such programs of 

research would benefit from efforts to specify more uniform, clearly-defined 

constructs and produce associated measures of cognitive, intrapersonal, and 

intrapersonal competencies. 

 

OPPORTUNITIES AND CHALLENGES 

 

Current educational policies and associated accountability systems rely on assessments 

that focus primarily on recall of facts and procedures, posing a challenge to wider teaching and 

learning of transferable 21st century competencies. However, recent policy developments offer 

opportunities to address this challenge (see Chapter 7). In particular, as noted above, the 

Common Core State Standards and the NRC Framework for Science Education provide a deeper 

conceptualization of the knowledge and skills to be mastered in each discipline, including 

various facets of 21st century competencies.  

While new national goals that encompass 21st century competencies have been 

articulated in the standards and the NRC Framework, the extent to which these goals are realized 

in educational settings will be strongly influenced by the nature of their inclusion in district, 

state, and national assessments. Because educational policy emphasizes the results of summative 

assessments within accountability systems, teachers and administrators will focus instruction on 

what is included in state assessments. Thus, as new assessment systems are developed to reflect 

the new standards in English language arts, mathematics, and science, significant attention will 

need to be given to the design of tasks and situations that call on students to apply a range of 21st 

century competencies that are relevant to each discipline. 

Although improved assessments would facilitate wider uptake of interventions that 

support the process of deeper learning, developing such assessments faces several challenges. 

First, research to date has focused on a plethora of different constructs in the cognitive, 

intrapersonal, and interpersonal domains. Our taxonomy offers a useful starting point, but further 

research is needed to more carefully organize, align, and define these constructs. Second, there 

are psychometric challenges. Progress has been made in assessing a range of simple and complex 

cognitive competencies, yet much further research is needed to develop assessments of 

intrapersonal and interpersonal competencies. Such research should initially focus on developing 

assessments for research purposes, and later on assessments for formative purposes. If these 

efforts are successful, then summative assessments of intrapersonal and interpersonal 

competencies could possibly be developed for later use in educational settings. Experiences 

during the 1980s and 1990s in the development and implementation of performance assessments 

and assessments with open-ended tasks offer valuable insights, but assessments must be reliable, 

valid, and fair if they are to be widely used in formal and informal learning environments.  

A third challenge is posed by political and economic forces that influence assessment 

development and use. Policy makers have favored standardized, on-demand, end-of-year tests 

that are easily scored and quantified for accountability purposes. Composed largely of selected 

response items, these tests are relatively cheap to implement but are not optimal for assessing 

21st century competencies (see Chapter 7). In the face of current fiscal constraints at the federal 
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and state levels, assessment systems may seek to minimize costs by using these types of tests, 

rather than incorporating the richer, performance- and curriculum-based assessments that can 

better support the development and assessment of 21st century competencies. 

The fourth challenge is teacher capacity. The principles of instruction we outline above 

are rarely reflected in the knowledge and practices of teachers, students, and school 

administrators and in administrators’ expectations of teachers and teacher evaluation rubrics. 

Teacher preparation programs will need to help teacher candidates develop specific visions of 

teaching and learning for transfer and also the knowledge and skills to put these visions into 

practice. Both novice and experienced teachers will need time to develop new understandings of 

the subjects they teach as well as understanding of how to assess 21
st
 century competencies in 

these subjects, making ongoing professional learning opportunities a central facet of every 

teacher’s job. Certainly, teachers will need support from administrators as they struggle with the 

complexity and uncertainty of revising their teaching practice within the larger effort to 

institutionalize a focus on deeper learning and effective transfer.  

 

 Recommendation 7: Foundations and federal agencies should support research to 

more clearly define and develop assessments of 21st century competencies. In 

particular, they should provide sustained support for the development of valid, 

reliable, and fair assessments of intrapersonal and interpersonal competencies, 

initially for research purposes, and later for formative assessment. Pending the 

results of these efforts, foundations and agencies should consider support for 

development of summative assessments of these competencies. 

 

Two large consortia of States, with support from the U.S. Department of Education, are 

currently developing new assessment frameworks and methods aligned with the Common Core 

State Standards in Mathematics and English language Arts. If these assessment frameworks 

include the facets of 21st century competencies represented in the Common Core State 

Standards, they will provide a strong incentive for States, districts, schools, and teachers to 

emphasize these competencies as part of disciplinary instruction. Next Generation Science 

Standards based on the NRC Framework are under development, and assessments aligned with 

these standards have not yet been created. When new science assessments are developed, 

inclusion of facets of 21st century competencies will provide a similarly strong incentive for 

States, districts, schools, and teachers to emphasize those facets in classroom science instruction 

(see Chapter 7).  

 

 Recommendation 8: As the State consortia develop new assessment systems to 

reflect the Common Core State Standards in Mathematics and English language 

arts, they should devote significant attention to the design of tasks and situations 

that call upon a range of important 21st century competencies as applied in each of 

the major content areas.  

 Recommendation 9: As States and test developers begin to create new assessment 

systems aligned with new science standards, they should devote significant attention 

to designing measures of 21st century competencies properly reflecting a blend of 

science practices, crosscutting concepts, and core ideas.  
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Because 21st century competencies support deeper learning of school subjects, their 

widespread acquisition could potentially reduce disparities in educational attainment, preparing a 

broader swathe of young people for successful adult outcomes at work and in other life arenas. 

However, important challenges remain. For educational interventions focused on developing 

transferable competencies to move beyond isolated promising examples and flourish more 

widely in K-12 schooling, larger systemic issues and policies involving curriculum, instruction, 

assessment and professional development will need to be addressed. In particular, new types of 

assessment systems, capable of accurately measuring and supporting acquisition of these 

competencies will be needed. A sustained program of research and development will be required 

to create assessments that are capable of measuring cognitive, intrapersonal, and interpersonal 

competencies. In addition, it will be important for researchers and publishers to develop new 

curricula that incorporate the research-based design principles and instructional methods we 

describe above. Finally, new approaches to teacher preparation and professional development 

will be needed to help current and prospective teachers understand these instructional principles 

and methods, as well as the role of deeper learning and 21st century competencies in mastering 

core academic content. If teachers are to not only to understand these ideas, but also translate 

them into their daily instructional practice, they will need support from school and district 

administrators, including time for learning, shared lesson planning and review, and reflection 

(see Chapter 7). 

 

 Recommendation 10: The states and the federal government should establish 

policies and programs—in the areas of assessment, accountability, curriculum and 

materials, and teacher education—to support students’ acquisition of transferable 

competencies. For example, when reauthorizing the Elementary and Secondary 

Education Act, the Congress should facilitate the systemic development, 

implementation, and evaluation of educational interventions targeting deeper 

learning processes and the development of transferable competencies.  
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Introduction 

 

 

 

 

 

 

 

 

 

Americans have long recognized that investments in public education can contribute to 

the common good, enhance national prosperity, and support stable families, neighborhoods, and 

communities. In the face of economic, environmental, and social challenges, education is even 

more critical today than it has been in the past. Today’s children can meet future challenges if 

they have opportunities to prepare for their future roles as citizens, employees, managers, 

parents, volunteers, and entrepreneurs. To achieve their full potential as adults, young people 

will need to learn a full range of skills and knowledge that facilitate, mastery of English, 

mathematics, and other school subjects.   They will need to learn in ways that support not only 

retention but also the use and application of skills and knowledge—a process called “transfer” in 

cognitive psychology.   

 Today’s educational policies and practices will need updating to help all children 

develop transferable knowledge and skills. American students’ performance is not impressive 

when they are tested through the Program of International Student Assessment (PISA) for their 

ability to not only understand but also apply their knowledge. PISA tests are designed to measure 

students’ capacity to apply knowledge and skills in key subject areas as well as their ability to 

analyze, reason, and communicate effectively as they pose, interpret, and solve problems. On the 

2009 PISA reading and science tests, the scores of U.S. 15-year-olds were only average when 

compared to students from the other industrialized nations making up the Organization for 

Economic Cooperation and Development (OECD); in mathematics, the scores of U.S. 15-year 

olds were below the OECD average.
1
 Part of the reason for the weak average performance of 

American students is uneven learning and achievement among different groups of students. 

Disparities in the relative educational attainment of children from high-income versus low-

income families have grown enormously since the 1970s (Duncan and Murnane, 2011). In a 

related trend, the gap between average incomes of the wealthiest and poorest families has grown.  

Business leaders, educational organizations, and researchers have begun to call for new 

education policies that target the development of broad, transferable skills and knowledge, often 

referred to as “21st century skills.” For example, the Partnership for 21st Century Skills
2
 argues 

that student success in college and careers requires four essential skills: critical thinking and 

problem solving, communication, collaboration, and creativity and innovation (Partnership for 

21st Century Skills, 2010, p. 2).  

                                                 
1
Organization for Economic Cooperation and Development. (2010). 

2
This nonprofit organization includes business, education, community, and governmental groups.  
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 Although these skills have long been valuable (for example, Thomas Alva Edison 

observed in 1903 that “Genius is 1 percent inspiration, 99 percent perspiration”), they are 

particularly salient today, and education officials are beginning to focus on them. Sixteen states 

have joined the Partnership for 21st Century Skills, based on a commitment to fuse 21st century 

skills with academic content (Partnership for 21st Century Skills, 2011) in their standards, 

assessments, curriculum, and teacher professional development. Some state and local high school 

reform efforts have begun to focus on a four-dimensional framework of college and career 

readiness that includes not only academic content but also cognitive strategies, academic 

behaviors, and contextual skills and awareness (Conley, 2011). At the international level, the 

U.S. secretary of education participates on the executive board of the Assessment and Teaching 

of 21
st
 Century Skills (ATC21S) project, along with the education ministers of five other nations 

and the vice presidents of Cisco, Intel, and Microsoft. This project aims to expand the teaching 

and learning of 21st century skills globally, especially by improving assessment of these skills. 

In a separate effort, a large majority of 16 OECD nations surveyed in 2009 reported that they are 

incorporating 21
st
 century skills in their education policies, such as regulations and guidelines 

(Aniandou and Claro, 2009).   

 

COMMITTEE CHARGE  

 

To increase understanding of the research related to deeper learning, 21
st
 century skills, 

and related educational goals, the Carnegie Corporation of New York, the William and Flora 

Hewlett Foundation, the John D. and Catherine T. MacArthur Foundation, the National Science 

Foundation, the National Science Foundation, the Nellie Mae Education Foundation, the Pearson 

Foundation, the SCE Fund, and the Stupski Foundation charged the National Research Council 

(NRC) as follows:   

 

An ad hoc committee will review and synthesize current research on the nature of deeper 

learning and 21st century skills and will address the following:  

 

 Define the set of key skills that are referenced by the labels “deeper learning,” “21st 

century skills,” “college and career readiness,” “student centered learning,” “next 

generation learning,” “new basic skills,” and “higher order thinking.” These labels are 

typically used to include both cognitive and non cognitive skills—such as critical 

thinking, problem solving, collaboration, effective communication, motivation, 

persistence, and learning to learn that can be demonstrated within core academic 

content areas and that are important to success in education, work, and other areas of 

adult responsibility. The labels are also sometimes used to include other important 

capacities—such as creativity, innovation, and ethics—that are important to later 

success and may also be developed in formal or informal learning environments. 

 Describe how these skills relate to each other and to more traditional academic skills 

and content in the key disciplines of reading, mathematics, and science. In particular, 

consider these skills in the context of the work of the National Governors Association 

and the Council of Chief State School Officers in specifying Common Core State 

Standards for English language arts and mathematics, and the work of the NRC in 

specifying a Conceptual Framework for New Science Education Standards. 
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 Summarize the findings of the research that investigates the importance of such skills 

to success in education, work, and other areas of adult responsibility and that 

demonstrates the importance of developing these skills in K–16 education. 

 Summarize what is known—and what research is needed—about how these skills can 

be learned, taught, and assessed. This summary should include both the cognitive 

foundations of these skills in learning theory and research about effective approaches 

to teaching and learning these skills, including approaches using digital media.  

 Identify features of educational interventions that research suggests could be used as 

indicators that an intervention is likely to develop the key skills in a substantial and 

meaningful way. In particular, for learning in formal school-based environments, 

identify features related to learning these skills in educational interventions in a) 

teacher professional development, b) curriculum, and c) assessment For learning in 

informal environments, identify features related to learning these skills in educational 

interventions in d) after-school and out-of-school programs and e) exhibits, museums, 

and other informal learning centers. For learning in both formal and informal 

environments, identify features related to learning these skills in education 

interventions in f) digital media. 

  

HOW THE COMMITTEE APPROACHED THE CHARGE 

 

To address these five areas of concern, the committee reviewed research literature across 

several disciplines, including cognitive science, educational and social psychology, economics, 

child and adolescent development, literacy, mathematics and science education, psychometrics, 

educational technology, and human resource development. The committee drew on recent NRC 

workshops focusing on demand for 21st century skills, the intersection of science education and 

21st century skills, and the assessment of 21st century skills as well as on papers commissioned 

for an NRC planning process on behalf of the Hewlett Foundation. It considered the work of the 

ATC21S project and emerging research on the relationship between cognitive and non-cognitive 

skills and abilities and adult outcomes (see Chapter 3).  

The committee met three times. The first meeting included an open session with 

representatives of the FrameWorks Institute which focused on how the public thinks about 

education and early childhood development. In the closed session of the first meeting teams of 

committee members focusing on each topic in the study charge delivered brief presentations 

summarizing relevant research findings. These presentations and discussions provided the basis 

for a preliminary draft of this report. At its second meeting the committee deliberated on the 

preliminary draft and decided to focus the report on learning for transfer. Following the second 

meeting the committee and staff revised the preliminary draft extensively, and this new draft was 

discussed at the committee’s third meeting. At the third meeting the committee developed 

preliminary conclusions and recommendations based on the draft. Following this meeting the 

committee and staff again revised the report. In a final teleconference the committee discussed 

and reached consensus on the conclusions and recommendations. The draft report entered the 

NRC review process in February 2012. Following receipt of review comments it was revised and 

publicly released in June 2012.   
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ORGANIZATION OF THE REPORT  

 

 Following this introductory chapter, Chapter 2 begins to address the question of how to 

define deeper learning and 21st century skills, proposing a preliminary taxonomy with clusters of  

competencies. Chapter 3 summarizes several different strands of research on the importance of 

these  competencies to success in education, work, and other areas of adult responsibility. 

Chapter 4 focuses on deeper learning, which the committee views as learning for transfer. 

Chapter 5 discusses deeper learning and 21st century skills in the disciplines of English language 

arts, science, and mathematics. Chapter 6 discusses teaching and assessing transferable 

knowledge and skills, in both formal and informal learning environments, and identifies 

research-based methods and instructional design principles for effectively developing the desired 

knowledge and skills. Chapter 7 considers key elements within the larger educational system that 

may help or hinder wider implementation of educational interventions to support the process of 

deeper learning and the development of 21st century competencies. Chapters 3 through 7 end 

with conclusions and recommendations, and all of the conclusions and recommendations are 

included in the Summary. 
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2 

 

A Preliminary Classification of Skills and Abilities  

 

 

 

 

 

 

 

 

 

  

This chapter presents an initial classification of skills and abilities, including various 

terms used to describe “21st century skills.” The committee found this preliminary classification 

scheme useful in addressing each question in the study charge, and the scheme is used to varying 

degrees throughout the report. At the same time the committee hopes that the preliminary 

scheme proves useful for further research to develop shared definitions of these skills.   

 

THREE DOMAINS OF COMPETENCE 

 

  As a first step toward describing “21st century skills,” the committee identified three 

domains of competence: cognitive, interpersonal, and intrapersonal. These three domains 

represent distinct facets of human thinking and build on previous efforts to identify and organize 

dimensions of human behavior. For example, Bloom’s 1956 taxonomy of learning objectives 

included three broad domains: cognitive, affective, and psychomotor. Following Bloom, we view 

the cognitive domain as involving thinking and related abilities, such as reasoning, problem 

solving, and memory.
1
 Our intrapersonal domain, like Bloom’s affective domain, involves 

emotions and feelings and includes self-regulation—the ability to manage one’s emotions and set 

and achieve one’s goals (Hoyle and Davisson, 2011). The interpersonal domain we propose is 

not included in Bloom’s taxonomy but rather is based partly on a recent NRC workshop that 

clustered various 21st century skills into the cognitive, intrapersonal, and interpersonal domains 

(National Research Council, 2011a). In that workshop Salas, Bedwell, and Fiore (2011) proposed 

that interpersonal competencies are those used both to express information to others and to 

interpret others’ messages (both verbal and nonverbal) and respond appropriately.  

Distinctions among the three domains are reflected in how they are delineated, studied, 

and measured. In the cognitive domain, knowledge and skills are typically measured with tests of 

general cognitive ability (also referred to as g or IQ) or with more specific tests focusing on 

school subjects or work-related content. Research on interpersonal and intrapersonal 

competencies often uses measures of broad personality traits (discussed further below) or of 

                                                 
1
In Bloom’s taxonomy of the cognitive domain, knowledge is at the lowest level (or “order,”), with comprehension 

and application of information above. The higher orders include analysis and synthesis, and the highest level is 

evaluation (Bloom, 1956). The influence of the taxonomy is seen in current calls for schools to teach “higher-order 

skills.” 
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child temperament (general behavioral tendencies, such as attention or shyness). Psychiatrists 

and clinical psychologists studying mental disorders use various measures to understand the 

negative dimensions of the interpersonal and intrapersonal domains (Almlund et al., 2011).  

 Although we differentiate the three domains for the purpose of understanding and 

organizing 21st century skills, we recognize that they are intertwined in human development and 

learning. Research on teaching and learning has begun to illuminate how intrapersonal and 

intrapersonal skills support learning of academic content (e.g., National Research Council, 1999) 

and how to develop these valuable supporting skills (e.g., Yeager and Walton, 2011). For 

example, we now know that learning is enhanced by the intrapersonal skills used to reflect on 

one’s learning and adjust learning strategies accordingly—a process called “metacognition” 

(National Research Council, 2001; Hoyle and Davisson, 2011). At the same time research has 

shown that development of cognitive skills, such as the ability to stop and think objectively about 

a disagreement with another person, can increase positive interpersonal skills and reduce anti-

social behavior (Durlak et al., 2011). And the interpersonal skill of effective communication is 

supported by the cognitive skills used to process and interpret complex verbal and nonverbal 

messages and formulate and express appropriate responses (Salas, Bedwell, and Fiore, 2011).  

 

A DIFFERENTIAL PERSPECTIVE ON 21ST CENTURY SKILLS 

 

To address our charge to define 21st century skills and describe how they relate to each 

other, we turn to the research in differential psychology. This research has focused on 

understanding human behavior by examining systematic ways in which individuals vary and by 

using relatively stable patterns of individual differences as the basis for structural theories of 

cognition and personality. Much of this work is rooted in efforts to identify and define skills and 

competencies through a process of measurement, with inferences drawn about the significance 

and breadth of a construct by analyzing patterns of correlations.  

We view 21st century skills as  knowledge that can be transferred or applied in new 

situations.  Transferable knowledge includes content knowledge in a domain and  knowledge of 

how, why, and when to apply this knowledge to answer questions and solve problems. This latter 

dimension of transferable knowledge—how, why, and when to apply content knowledge—is 

often referred to in terms of “skills.”  We refer to this blend of transferable knowledge and skills 

as 21st century competencies and propose in Chapter 4 that deeper learning is the process 

through which transferable knowledge (i.e., 21st century competencies) develops. 

Our use of “competencies” reflects the terminology used by the Organization for 

Economic Cooperation and Development (OECD) in its extensive project to identify key 

competencies required for life and work in the current era.  According to the OECD (2005), a 

competency is:   

 

…more than just knowledge and skills. It involves the ability to meet complex demands, 

by drawing on and mobilizing psychosocial resources (including skills and attitudes) in a 

particular context. For example, the ability to communicate effectively is a competency 

that may draw on an individual’s knowledge of language, practical IT skills and attitudes 

towards those with whom he or she is communicating” (OECD, 2005, 4).  
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Differential psychology has traditionally focused on identifying characteristics of 

individuals, including general cognitive ability and personality traits, that are thought to persist 

throughout an individual’s life. In contrast, the committee views cognitive, interpersonal, and 

intrapersonal competencies as malleable and subject to change in response to life experience, 

education, and interventions. In the cognitive domain, for example, the view of intelligence as a 

single, unitary ability changes little over a lifetime has been superseded by research indicating 

that intelligence includes multiple dimensions (Carroll, 1993) and that these dimensions change 

over time.  Horn (1970) found that fluid intelligence (a construct that includes verbal and 

quantitative reasoning abilities) decreases from adolescence to middle age, while crystallized 

intelligence (accumulated skills, such as verbal comprehension and listening ability) increases 

over the same period.  McArdle et al (2000) observed similar patterns of change, finding that 

fluid intelligence tended to peak in very early adulthood and then to decline, while crystallized 

intelligence tended to increase over the life cycle.  Findings from a series of studies conducted 

over four decades, summarized by Almlund et al (2011), indicate that how well individuals 

perform on intelligence tests is influenced not only by cognitive abilities, but also by how much 

effort they exert, reflecting their motivation and related intrapersonal competencies.  This 

growing body of evidence showing that dimensions of intelligence are malleable has important 

implications for teaching and learning.  Recent research on interventions designed to increase 

motivation has found that, a learner who views intelligence as changeable through effort, is more 

likely to exert effort in learning (Yaeger and Walton, 2011; see further discussion in Chapter 4)   

In the interpersonal and intrapersonal domains, Roberts, Walton, and Viechtbauer (2006) 

found that both the intrapersonal competency of conscientiousness (sometimes called self-

direction or self-management in lists of 21st century skills) and the interpersonal competency of 

social assertiveness increase with age. Srivastava et al (2003) analyzed data from Big 5 

personality inventories completed by a large sample of over 130,000 adults, finding that both 

conscientiousness and the interpersonal skill of agreeableness increased throughout early and 

middle adulthood.  The authors also found that neuroticism declined with age among women, but 

not among men.  Reflecting on these various patterns of change, Srivastava et al (2003) 

concluded that personality traits are complex and subject to a variety of developmental 

influences.   

In contrast to the prevailing view of personality traits as fixed, some researchers have 

argued that individual human behavior demonstrates no consistent patterns and instead changes 

continually in response to various situations (e.g., Mischel, 1968). Based on a review of the 

research related to both points of view, Almlund and colleagues concluded that “although 

personality traits are not merely situation-driven ephemera, they are also not set in stone,” and 

they suggested that personality traits can be altered by experience, education, parental 

investments, and targeted interventions (Almlund et al., 2011, p. 9). They proposed that 

interventions to change personality are promising avenues for reducing poverty and educational 

disadvantage.  

 With this view of malleability in mind, the committee reviewed lists of 21st century 

skills included in eight recent reports and papers (see Appendix B). We selected reports and 

papers for review if they built on, synthesized, or analyzed previous work on 21st century skills. 

For example, we included a report that reviewed 59 international papers on 21st century skills 

and found that the skills most frequently referred to were collaboration, communication, 

information and communications technology (ICT) literacy, and social or cultural competencies 
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(Voogt and Pareja Roblin, 2010). We selected a white paper commissioned by the Assessment 

and Teaching of 21st Century Skills project that synthesized many previous lists of 21
st
 century 

skills and organized them into a taxonomy of skills (Binkley at al., 2010). We also included a 

document from the Hewlett Foundation that lists 15 skills based on previous research by the 

Organization for Economic Cooperation (Ananiadou and Claro, 2009). In addition, we included 

papers commissioned by the NRC to more clearly define 21st century skills (e.g., Finegold and 

Notabartolo, 2010; Hoyle and Davisson, 2011) and a list of college outcomes developed by 

Oswald and colleagues (2004) based on an analysis of college mission statements.  

The reports and papers on 21st century skills used different language to describe the same 

construct, an instance of the “jangle fallacy” (Coleman and Cureton, 1954). Early in the history 

of mental measurement, Kelly (1927) observed that investigators sometimes used different 

measures—with different names--to study a single psychological construct or competency.  This 

problem, which he referred to as the “jangle fallacy” caused waste of scientific resources, as 

multiple tests were used to study the same construct, and investigators who used one measure to 

study the construct sometimes ignored the research results of other investigators who used other 

measures to study the same construct.  Today, measurement experts continue to struggle with the 

question of whether various constructs represent different names for the same underlying 

psychological phenomenon, or are truly different dimensions of human competence. A 2002 

paper, for example, addressed the question of whether separate measures of self-esteem, 

neuroticism, locus of control, and generalized self-efficacy were in fact focusing on a single core 

construct (Judge et al, 2002).  Many of the documents reviewed by the committee reflected the 

“jangle fallacy,” by presenting, for example, both teamwork and collaboration and both 

flexibility and adaptability as individual 21st century skills (see Appendix A).   

To address this problem, the committee clustered various terms for 21st century skills 

around a small number of constructs, creating a preliminary taxonomy that may be useful in 

future research. To identify this small number of constructs, we turned to extant taxonomies of 

human abilities that have a solid basis in the differential psychology research. Research-based 

taxonomies are available covering both cognitive (Carroll, 1993) and noncognitive (Goldberg, 

1992)  competencies. Based on a content analysis, we assigned different 21st century skills from 

the recent reports into domains within those taxonomies. In addition, we compared the recent 

reports with earlier reports on workplace skill demands, including the Secretary’s Commission 

on Achieving Necessary Skills (SCANS) report (1991) and the Occupational Information 

Network(O*NET) report (Peterson et al., 1997).  

 

Skills as Latent Variables and Two Kinds of Latent Variables 

 

It is useful to differentiate between a construct, such as a competency and its 

measurement. Social scientists and human resource managers routinely measure a  competency, 

such as leadership, in a variety of ways, ranging from a self-report Likert scale to a workplace 

performance appraisal or an inbox test. Separating the construct from its measurement is 

valuable conceptually because a construct may be important even if its measurement is poor. In 

psychometric modeling, constructs viewed as separate from their measures are referred to as 

latent (as opposed to observed, or measured) variables. There are two types of latent variables: 

reflective latent variables and formative latent variables (see figure 2-1).  
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FIGURE 2-1: Casual Structures in Reflective and Formative latent Variables  

 
 

Source:  

Formative and Reflective Models: Can a Rasch Analysis Tell the Difference? A. Jackson 

Stenner, Donald S. Burdick, and Mark H. Stone. Rasch Measurement Transacation, 2008, 22:1, 

p. 1152-1153. Available: http://www.rasch.org/rmt/rmt221d.htm. Reprinted with permission.  

 

 

Following a concept proposed by Spearman (1904; 1927), a reflective latent variable is 

identified based on correlations among scores from a set of tasks. Differential psychologists 

discover reflective latent variables using factor analysis and related methods to identify the 

patterns of correlations among a set of “indicator variables”—scores on tests and rating 

instruments used to measure cognitive and noncognitive  competencies. A reflective latent 

variable—such as general cognitive ability or one of the “big five” personality factors (McCrae 

and Costa, 1987)—is thought to reflect the essence of, or the commonality among, the various 

competencies measured. In psychometric modeling, a latent reflective variable (also called a 

factor because it is discovered through factor analysis) is said to cause the variability among the 

set of indicator variables (see Figure 2-1). For example, extraversion, a personality factor, is 

thought to cause relatively high scores on instruments measuring warmth, gregariousness, and 

assertiveness. Within a latent reflective variable, the importance or weighting of an individual 

indicator variable is a function of how highly that particular indicator variable correlates with 

other indicator variables for the reflective latent variable (Bollen and Lennox, 1991).  

  A formative latent variable is very different from a reflective latent variable in that the 

direction of causality runs from the observed indicator variable to the formative latent variable. 

The indicator variables may be positively correlated, uncorrelated, or even negatively correlated, 

and patterns of correlations among them are not used to identify formative latent variables. 

Instead, experts identify formative latent variables through a variety of other means, such as 

through consensus opinion or traditions in a field. Formative latent variables can be thought of as 
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a “stew”—a mixture of elements that might or might not be related. The various lists of 21st 

century skills that have been proposed to date are formative variables, identified by consensus 

opinion and through reviews of earlier reports and standards documents (e.g., American 

Association of School Libararians and Association for Educational Communications and 

Technology, 1998; Secretary’s Commission on Achieving Necessary Skills, 1991).    

 

Reflective Latent Variables: Cognitive and Noncognitive Competencies Taxonomies 
 

Because reflective latent variables (factors) are based on empirical research, they provide 

a strong framework for organizing the formative variables included in lists of 21
st
 century skills. 

Taxonomies of reflective latent variables are available for both cognitive (Carroll, 1993) and 

noncognitive (Goldberg, 1992) competencies.   

 

Cognitive Abilities Taxonomy 
 

Carroll (1993) conducted a secondary analysis of over 450 correlation matrices of 

cognitive test scores that had been produced during the period 1900 to 1990. He sought to 

identify a common structure to characterize the pattern of correlations among tests and thereby to 

identify the factors of human cognition. He found that the data were consistent with a “three 

stratum” hierarchical model, with a general cognitive ability factor at the top, eight second-order 

abilities (factors) at the middle level, and 45 primary abilities at the bottom of the taxonomy. The 

second-order factors identified were as follows (with the corresponding primary abilities shown 

in parentheses): 

 

 Fluid intelligence (reasoning, induction, quantitative reasoning, and Piagetian 

reasoning, a collection of abstract reasoning abilities described in Piaget’s (1963) 

theory of cognitive development, such as the ability to organize materials that possess 

similar characteristics into categories and an awareness that physical quantities do not 

change in amount when altered in appearance) 

 Crystallized intelligence (verbal comprehension, foreign language aptitude, 

communication ability, listening ability, and the ability to provide missing words in a 

portion of text) 

 Retrieval ability (originality/creativity, ability to generate ideas, and fluency of 

expression in writing and drawing) 

 Memory and learning (memory span, recall by association, free recall, visual 

memory, and learning ability) 

 Broad visual perception (visualization, spatial relations, speed in perceiving and 

comparing images, and mental processing of images) 

 Broad auditory perception (hearing and speech, sound discrimination, and memory 

for sound patterns) 

 Broad cognitive speediness (rate of test taking [tempo] and facility with numbers) 

 Reaction time (computer) (simple reaction time to respond to a stimulus, reaction 

time to choose and make an appropriate response to a stimulus, and semantic retrieval 

of general knowledge) 
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We focused the content analysis on the first three factors—fluid intelligence, crystallized 

intelligence, and retrieval ability—because the primary abilities they included were most closely 

related to the “21st century skills” discussed in the reports and documents.  It is important to note 

that our content analysis did not address how valuable any of the “21 st century skills” may be 

for influencing later success in employment, education, or other life arenas.  To carry out the 

content analysis, we simply took lists of competencies that other individuals and groups have 

proposed are valuable and aligned them with research-based taxonomies of cognitive and non-

cognitive competencies.  In the following chapter, we discuss research on the relationship 

between various competencies and later education and employment outcomes.  

 

Personality Taxonomy  
 

For the past two decades the “big five” model of personality has been widely accepted as 

a way to characterize competencies in the interpersonal and intrapersonal domains (Goldberg, 

1993; McCrae and Costa, 1987). It is based on the lexical hypothesis, which suggests that 

language evolves to characterize the most salient dimensions of human behavior and so by 

analyzing language and the way we use it to describe ourselves or others it is possible to identify 

the fundamental ways in which people differ from one another (Allport and Odbert, 1936). Based 

on a review of English dictionaries, psychologists identified personality-describing adjectives 

and developed many instruments to measures these characteristics. Multiple, independent factor-

analytic studies of scores on these instruments, using different samples, converged on five 

personality factors (Almlund et al., 2011).  

This taxonomy has been replicated in many languages, yielding approximately the same 

dimensions, which are openness to experience, conscientiousness, extraversion, agreeableness, 

and neuroticism (emotional instability).
2
 They are defined as follows (American Psychological 

Association, 2007): 

 

 Openness to experience: the tendency to be open to new aesthetic, cultural, or 

intellectual experiences.  

 Conscientiousness: the tendency to be organized, responsible, and hardworking. 

 Extraversion: an orientation of one’s interests and energies toward the outer world of 

people and things rather than toward the inner world of subjective experience.  

 Agreeableness: the tendency to act in a cooperative, unselfish manner. 

 Neuroticism/emotional stability: a chronic level of emotional instability and 

proneness to psychological distress; emotional stability is predictability and 

consistency in emotional reactions, with absence of rapid mood changes.  

 

Reflecting the fact that they were derived from factor analysis, the five factors are 

intended to be orthogonal, or uncorrelated with one another. Each can be broken down further 

into personality facets, which are sets of inter-correlated factors. Facets are not as stable across 

cultures as the major five dimensions are, but they nevertheless prove useful ways to characterize 

                                                 
2
Some languages identify a sixth factor related to honesty (e.g., Ashton, Lee, and Son, 2000).  
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individual differences more precisely (Paunonen and Ashton, 2001). When various proposals for 

facets are combined with the five factors, the result is a hierarchical taxonomy. Although no 

clear consensus has emerged on exactly which facets should be used to further characterize the 

five personality dimensions, the facets suggested by Costa and McCrae (1992) are widely used 

and are presented here to illustrate the range of individual characteristics encompassed by each 

of the five factors:  

 

 Conscientiousness (competence, order, dutifulness, achievement striving, self-

discipline, deliberation)  

 Agreeableness (trust, straightforwardness, altruism, compliance, modesty, tender-

mindedness) 

 Neuroticism/emotional stability (anxiety, angry hostility, depression, self-

consciousness, impulsiveness, vulnerability)  

 Extroversion (warmth, gregariousness, assertiveness, activity, excitement seeking, 

positive emotions) 

 Openness to experience (fantasy, aesthetics, feelings, actions, ideas, values) 

 

To the facets of the neuroticism/emotional stability factor proposed by Costa and McCrae 

(1992) we added “core self-evaluation,” based on a proposal by Judge and Bono (2001). This 

additional proposed construct is based on empirical findings of correlations between measures of 

self-esteem, generalized self-efficacy, locus of control,
3
 and emotional stability. Almlund et al. 

(2011) also found that self-esteem and locus of control are related to emotional stability.  

The five major factors provided a small number of research-based constructs onto which 

various terms for “21st century skills” could be mapped. The facets helped to define the range of 

skills and behaviors encompassed within each major factor to serve as a point of comparison 

with the various “21st century skills.”  

Formative Latent Variables: Occupational Skills and Other Examples 

 

Unlike reflective latent variables, which are discovered, formative latent variables are 

constructed. Relationships between variables do not constrain the development of formative 

latent variables; rather, formative latent variables can be whatever a person or community 

defines them to be. Classic examples appear in economics, such as the consumer price index; in 

health, such as the stress index; and in business research, such as leadership or positive 

experience with a product (Jarvis, Mackenzie, and Podsakoff, 2003).  

One set of formative latent variables that may be particularly relevant for defining 21st 

century competencies was  identified through expert consensus in the Occupational Information 

Network (O*NET) project (Peterson et al., 1999). O*NET is a large database of information on 

965 occupations which is organized around a “content model” which describes occupations 

                                                 
3
In differential psychology, locus of control refers to the extent to which individuals believe that  they can control 

their own lives (an internal locus of control) or that outside influences control what happens (an external locus of 

control), as measured by the Rotter scale (Rotter, 1990).  The “locus of control” construct has been criticized for 

being too general and most researchers currently differentiate beliefs about causality as delineated in attribution 

theory.    
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along several dimensions, including worker characteristics (abilities, interests, work values, and 

work styles) and requirements (skills, knowledge, and education). The skills included in the 

O*NET content model are similar to those in current lists of 21st century lists, as shown in Table 

2-1.   

 

TABLE 2–1 Skills in the O*NET Content Model 

 

Basic Skills 

   Content Skills   Process Skills 

Active listening Active learning 

Reading comprehension Learning strategies 

Writing Monitoring 

Speaking Critical thinking 

Mathematics  

Science  

Cross-Functional Skills 

  Complex Problem-Solving  

Complex problem-solving 

 

  Social Skills 

Social perceptiveness 

Coordination 

Persuasion 

Negotiation 

  Instruction 

  Service orientation 

   

   

   

  Technical Skills   Systems Skills 

Operations analysis  
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Technology design 

Equipment selection 

Installation 

Programming 

Quality control analysis 

Operation monitoring 

Equipment maintenance 

Troubleshooting 

Systems analysis 

Judgment and decision 

making 

Systems evaluation 

 

Repairing   

   

Resource management skills  

Time management  

Management of financial resources  

Managing material resources  

Managing personnel resources  

  

________________________________________________________________________ 

SOURCE: Adapted from Peterson et al. (1997). Copyright © (1999) by the American 

Psychological Association. Reproduced with permission. The use of APA information 

does not imply endorsement by APA. 

 

Aligning Lists of 21st Century Skills with Ability and Personality Factors 

 

As a first step toward aligning various lists of  competencies included in the reports and 

documents on 21
st
 century skills with ability and personality factors, the committee compared the 

eight reports and documents mentioned above, identifying areas of overlap and differences. 

Another useful step was to divide the various competencies into the three domains of cognitive, 

interpersonal, and intrapersonal competence. Using this approach, we found that some of the 

documents that dealt with twenty-first century skills focused primarily on one category. For 

example, Conley’s 2007 list of college readiness skills deals mainly with cognitive 

competencies, while Hoyle and Davisson’s 2011 analysis of self-regulation focuses on 

intrapersonal competencies.  
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Next, the committee conducted a content analysis, comparing the various “21st century 

skills” included in the eight documents with the reflective latent variables at the top of the 

cognitive abilities and personality taxonomies. Based on the comparative content analysis, we 

aligned the various “21st century skills” with each other and with the two taxonomies. In 

addition, we also aligned O*NET skills and additional noncognitive competencies with the two 

taxonomies. Through these steps we created clusters of closely related competencies within each 

of the three broad domains (see Table 2–2). Each competency cluster contains the primary 

reflective variable (personality or ability) and the associated “21st century skills” and O*NET 

skills. The result is a preliminary taxonomy of 21st century competencies, which we offer as a 

starting point for further research.  
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TABLE 2–2 Clusters of 21
st
 Century Competencies   

 

 Cluster Terms Used for 21st Century 

Skills  

O*Net Skills Main Ability/Personality  

Factor  

     

   

 

 Cognitive Processes 

and Strategies 

Critical thinking, problem 

solving, analysis, 

reasoning/argumentation, 

interpretation, decision making, 

adaptive learning, executive 

function  

System skills, 

process skills, 

complex problem-

solving skills  

 

Main ability factor:   

fluid intelligence (Gf) 

  

 

   

 

 

COGNITIVE 

 COMPETENCIES 

 

 

Knowledge 

 

 

 

Information literacy (research 

using evidence and recognizing 

bias in sources); information and 

communications technology 

literacy; oral and written 

communication; active listening  

 

Content skills 

 

Main ability factor: 

crystallized intelligence 

(Gc) 

  

 

   

  

 

Creativity 

 

 

 

 

Creativity, innovation 

 

Complex problem-

solving skills (idea 

generation) 

 

 

Main ability factor:  

general retrieval ability 

(Gr) 
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  TABLE 2–2, continued 

 

  

 Cluster Terms Used for 21st  Century 

Skills 

O*Net Skills Main Ability/Personality  

Factor 

     

  

 

 

Intellectual 

Openness 

 

 

Flexibility, adaptability, artistic 

and cultural appreciation, 

personal and social 

responsibility (including cultural 

awareness and competence), 

appreciation for diversity, 

adaptability, continuous 

learning, intellectual interest and 

curiosity  

 

 

[none] 

 

 

Main personality factor: 

openness  

  

 

   

 

INTRA- 

PERSONAL  

 COMPETENCIES 

 

 

 

Work 

Ethic/Conscientious- 

ness 

 

Initiative, self-direction, 

responsibility, perseverance, 

productivity, grit, Type 1 self-

regulation (metacognitive skills, 

including forethought, 

performance, and self-

reflection), professionalism/ 

ethics, integrity, citizenship, 

career orientation 

 

 

 

 

[none] 

 

 

Main personality factor: 

conscientiousness  

  

 

   

  

Positive 

Core Self  

Evaluation 

 

Type 2 self-regulation (self-

monitoring, self-evaluation, self-

reinforcement), physical and 

psychological health 

 

 

 

[none] 

 

Main personality factor:  

emotional stability 

(opposite end of the 

continuum from 
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 neuroticism)  

  Table 2–2, continued   

 Cluster Terms Used for 21
st
 Century 

Skills 

O*Net Skills Main Ability/Personality  

Factor 

     

  

 

Teamwork and 

Collaboration 

 

Communication, collaboration, 

teamwork, cooperation, 

coordination, interpersonal 

skills, empathy/perspective 

taking, trust, service orientation, 

conflict resolution, negotiation 

 

Social skills 

 

Main personality factor: 

agreeableness 

 

INTER- 

PERSONAL 

 

COMPETENCIES 

    

  

 

Leadership 

 

Leadership, responsibility, 

assertive communication, self-

presentation, social influence 

with others 

 

 

Social skills 

(persuasion) 

 

Main personality factor: 

extraversion  

     

     

     

 

Source: Created by the committee 
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Based on the committee’s content analysis, some of the “21st century skills” that 

appeared in the eight documents and reports were not assigned to any of the clusters of 

competencies shown in Table 2-2. These included life and career skills and local and global 

citizenship (Binkley et al., 2010), social and cultural competencies (Voogt and Pareja Roblin, 

2010), study skills and contextual skills (Conley, 2007), and nonverbal communication and 

intercultural sensitivity (Salas, Bedwell, and Fiore, 2011).  These particular skill constructs were 

excluded because they did not align well with any of the main factors in the research-based 

taxonomies of human skills and abilities, rather than because of any judgment that they were less 

valuable for later life outcomes. In the following chapter, we discuss the question of whether 

various competencies predict success in education, the workplace, or other areas of adult life.  

We offer the proposed taxonomy of competency clusters as an initial step toward 

addressing the “jangle fallacy.” It provides a starting point for further research that may more 

clearly define each construct and establish its relationship with the other constructs. However, 

research to date on the importance of 21st century competencies uses a variety of terms for these 

skills, coined by investigators in the different disciplines. Our review of this research in the 

following chapter reflects this variety of terms.   

       

SUMMARY 

 

Although many lists of “21st century skills” have been proposed, there is considerable 

overlap among them. Many of the constructs included in such lists trace back to the original 

SCANS report (Secretary’s Commission on Achieving Necessary Skills, 1991), and some now 

appear in the O*NET Content database. Aligning the various skill constructs with extant, 

research-based personality and ability taxonomies illuminates the relationships between them 

and suggests a preliminary, new taxonomy of 21
st
 century competencies. Much further research 

is needed to more clearly define the competencies at each level of the proposed taxonomy, to 

understand the extent to which various competencies and competency clusters may be malleable, 

to elucidate the relationships among the competencies, and to identify the most effective ways to 

teach and learn them.   
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3 

 

Importance of Deeper Learning and 21
st
 Century Skills 

 

 

 

 

 

 

 

 

 

 

 This chapter summarizes research on the importance of deeper learning and “21
st
 century 

skills” to success in education, work, and other areas of adult responsibility. The first section 

focuses on educational achievement and attainment, the second section on work, the third on 

health and relationship skills, and the fourth on civic participation. Overall, the research 

reviewed in these sections finds statistically significant, positive relationships of modest size 

between various cognitive, intrapersonal and interpersonal competencies and desirable adult 

outcomes. However, these relationships are based on correlational research methods.  

We also reviewed evidence on the role of formal schooling in adult success, which we 

include in the sections on work and health. We found statistically significant, positive 

relationships between years of educational attainment and labor market success, not only in 

research using correlational methods, but also in studies using stronger research methods (see 

discussion below). Measured cognitive, intrapersonal, or interpersonal competencies appeared to 

account for surprisingly little of these relationships between years of educational attainment and 

labor market success. In the fifth section, we show that the benefits of additional years of formal 

schooling for individuals include not only higher wages, but also somewhat greater adaptability 

to changes in workplace technology and in jobs. 

 The literature discussed in this chapter comes from a variety of disciplines, including 

industrial-organizational psychology, developmental psychology, human resource development, 

and economics. Researchers in these disciplines have investigated the relationship between a 

range of different skills and abilities and later outcomes, using a variety of methods and data sets. 

Some of the evidence we present is correlational in nature, and we call these “simple 

correlations.”. Other evidence is longitudinal, in which competencies and other capacities 

measured at one point are related to outcomes measured years later, often after adjusting for 

individuals’ differences in family backgrounds. We call these “adjusted correlations” and view 

this evidence as more suggestive of causal connections than the evidence from simple 

correlations, but still prone to biases from a variety of sources. The strongest casual evidence, 

particularly the evidence of the impacts of years of completed schooling on adult outcomes, 

comes from statistical methods that are designed to approximate experiments. 

 

IMPORTANCE TO EDUCATIONAL SUCCESS  

 

Many more studies of school success have focused on the role of general cognitive ability 

(IQ) than specific interpersonal and intrapersonal competencies (see Table 3-1). Economists tend 
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to lump all competencies other than IQ into the category of “noncognitive skills.” Personality 

and developmental psychologists have developed a much more refined taxonomy of them. 

Most personality psychologists have centered their work on the “big five” personality 

traits – conscientiousness, openness, agreeableness, emotional stability and extraversion – plus 

general cognitive ability. Although these traits have traditionally been viewed as relatively stable 

across the life span, a growing body of evidence indicates that that personality traits change in 

response to general life experiences (e.g., Roberts, Walton, and Viechtbauer, 2006; Almlund et 

al., 2011) and to structured interventions (see Chapters 4 and 5).  

Developmental psychologists have a dynamic view of competence and behavioral 

development, with children’s competencies and behaviors determined by the interplay between 

their innate abilities and dispositions and the quality of their early experiences (National 

Research Council, 2000). Both groups have investigated associations between cognitive, 

intrapersonal, and interpersonal competencies and children’s success in school. 

 

Personality factors and school success 
 

The comprehensive Almlund et al. (2011) study of personality and attainment offers the 

following summary of “prediction” evidence on correlations and, in some cases, adjusted 

correlations between personality traits and educational attainment (see also Table 3-1): 

 

Measures of personality predict a range of educational outcomes. Of the Big Five, 

Conscientiousness best predicts overall attainment and achievement. Other traits, 

such as Openness to Experience, predict finer measures of educational attainment, 

such as attendance and course difficulty. Traits related to Neuroticism also affect 

educational attainment, but the relationship is not always monotonic. 

Conscientiousness predicts college grades to the same degree that SAT scores do. 

Personality measures predict performance on achievement tests and, to a lesser 

degree, performance on intelligence tests (p. 127). 

 

It is important to note that while these associations are large enough to pass conventional 

thresholds of statistical significance, they almost never account for more than a nominal amount 

of the variation in the educational attainment outcomes under study.  

The most noteworthy meta-analysis of these kinds of data is by Poropat (2009), who 

examined studies of the simple correlations between personality factors and school grades in 

primary, secondary and higher education.
1
 He found a significant positive association between 

conscientiousness and grades in primary school through college (top half of Table 3-2). The 

simple correlations between conscientiousness and grades in high school and college were in the 

0.20-0.25 range, about as high as the correlations between measures of general cognitive ability 

and grades in high school and college.
2
 In comparison with other correlates of grades identified 

in previous studies, these two correlations are at approximately the same level as socioeconomic 

                                                 
1
The Poropat (2009) analysis included many more studies focused on grades in secondary (24-35 studies) and higher 

education (75-92 studies) than in elementary school (8 studies). 
2
In social science research, such correlations are generally interpreted following rules of thumb developed by Cohen 

(1988), in which a correlation of 0.20 is considered small, a correlation of 0.50 is considered medium, and a 

correlation of 0.80 is considered large. 
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status (Sirin, 2005) and slightly lower than the correlations found for conscientiousness in 

industry training programs (Arthur et al, 2003).  

In elementary school, general cognitive ability is the strongest correlate of grades, 

although all five personality factors are positively correlated with grades. Correlations between 

personality factors and grades generally fall over the course of high school and college. In higher 

education, among the five personality factors, only conscientiousness is correlated with grades. 

Three studies of the correlations between Big Five personality traits and completed 

schooling have included at least some regression controls (Goldberg et al., 1998; van Eijek and 

de Graaf, 2004; and Almlund et al., 2011). All find positive adjusted associations for 

Concientiousness that range from .05 to .18, and all find modest negative adjusted associations 

for Extraversion, Agreeableness and Neuroticism. 

 

Skills, Behaviors and School Success  

 

There are many ways that developmental psychologists classify competencies in the 

cognitive, interpersonal, and intrapersonal domains, and some of their categories correspond to 

some of the “big five” personality traits. One recent review classified important competencies 

into four groups: achievement, attention, behavior problems and mental health (Duncan and 

Magnuson, 2011).  

Achievement, in the cognitive domain, refers to concrete academic competencies such as 

literacy (e.g., for kindergarteners, decoding skills such as beginning to associate sounds with 

letters at the beginning and end of words) and basic mathematics (e.g., ability to recognize 

numbers and shapes and to compare relative sizes). Although scores on tests of cognitive ability 

and achievement tend to have substantial correlations, there is an important conceptual 

difference between cognitive ability as a relatively stable trait and the concrete achievement 

competencies that develop in response to schooling and other environmental inputs. 

Attention, in the intra-personal domain, refers to the ability to control impulses and focus 

on tasks (e.g., Raver, 2004). Developmental psychologists often distinguish between two broad 

dimensions of behavior problems that reflect the domains of interpersonal and intrapersonal 

competencies—externalizing and internalizing. Externalizing behavior refers to a cluster of 

related behaviors including antisocial behavior, conduct disorders, and more general aggression 

(Campbell, Shaw, and Gilliom 2000; Moffitt, 1993). Internalizing behavior refers to a similarly 

broad set of mental health constructs including anxiety and depression as well as somatic 

complaints and withdrawn behavior (Bongers et al. 2003).
3
  

Many studies have established simple and, in some cases, adjusted correlations between 

this set of intra- and interpersonal competencies and academic outcomes in the early grades (e.g., 

Vitaro et al, 2005 and Currie and Stabile, 2007 for attention; Pianta and Stuhlman 2004 for anti-

social behavior; and Fantuzzo et al. 2003 for depressive symptoms). Duncan and Magnuson 

(2011) use nationally-representative data on kindergarteners and fifth graders to compute the 

simple correlations shown in the bottom left panel of Table 3-2. Since letter grades are rarely 

recorded in the early grades, the table shows correlations between reading achievement and 

measures of attention, anti-social behavior and mental health. All are substantial by fifth grade, 

                                                 
3
Cutting across the attention and externalizing categories is the idea of self-regulation, which current theory and 

research often subdivides into separate cognitive (cool) and emotional components (hot) (Eisenberg et al, 2005; 

Raver 2004; Raver et al. 2005). Cognitive self-regulation fits into our “attention” category while emotional self-

regulation into our “behavior problems” category. 
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with the expected positive achievement associations for attention and negative associations for 

anti-social behavior and mental health problems. All of these associations are smaller in 

kindergarten, which, in contrast with the research on personality factors (Poropat, 2009), 

suggests increasing correlations as children grow older. 

Averaging across six longitudinal data sets, Duncan et al. (2007) calculate the bivariate 

correlations shown in the “longitudinal correlations” column of Table 3-2. Shown here are 

simple correlations between kindergarten entry achievement, attention and behavioral 

competencies and math and reading test scores measured 2-8 years later. Correlations between 

later achievement and the three measures of attention, anti-social behavior and mental health 

problems are similar to what was found for corresponding correlations with kindergarten 

achievement shown in the first column. As might be expected, correlations between math and 

reading competencies at school entry and later in the elementary school years are quite high. 

To more accurately assess the importance of any one of these competencies and 

behaviors for school and career success, some studies have gone beyond these simple 

correlations to account for the fact that children with different levels of a given competency or 

behavior are likely to differ in many other ways as well. Children with, say, higher math scores, 

may also have higher IQs, be better readers, exhibit less anti-social behavior, or come from more 

advantaged families. When adjustments for differences in these other conditions are made, the 

size of the relationship between early competencies and behaviors and later outcomes tends to 

shrink. This is shown in the fifth and sixth columns of numbers in Table 3-2. A clear conclusion 

from these columns of numbers is that only three of the five school-entry competencies have 

noteworthy adjusted correlations with subsequent reading and math achievement: reading, math, 

and attention. Neither behavior problems nor mental health problems demonstrated a statistically 

significant positive correlation with later achievement, once achievement and child and family 

characteristics are held constant.
4
 

Studies estimating bivariate correlations between high school completion and measures 

of early competencies and behaviors, including achievement, attention, behavior problems and 

mental health find them to be quite modest (.05 to .10; Entwisle, Alexander, and Olson, 2005; 

Duncan and Magnuson, 2011, Appendix Table 3.A9). Even when these competencies and 

behaviors are measured at age 14, none of the correlations with high school completion is 

stronger than .20.  

Much larger correlations are observed for early indications that children have persistent 

deficits in some of these competencies and behaviors. In particular, children with persistently 

low mathematics achievement and persistently high levels of anti-social behavior across 

elementary school were 10-13 percentage points less likely to graduate high school, and about 25 

percentage points less likely to attend college than children who never have these problems 

(Duncan and Magnuson, 2011). In contrast, persistent reading and attention problems had very 

low adjusted correlations with these attainment outcomes.
5
 

 

 

 

                                                 
4
A replication and extension analysis by Grissmer et al. (2010) also found predictive power for measures of fine 

motor skills. 

5
These results come from an analysis in which the predictive power of any given skill or behavior was assessed after 

adjusting for the others and for family background characteristics. 



Copyright © National Academy of Sciences. All rights reserved.

Education for Life and Work:  Developing Transferable Knowledge and Skills in the 21st Century

Prepublication copy, uncorrected proofs 

 

3-5 

 

 

 

IMPORTANCE TO WORKPLACE SUCCESS 

 

Technological advance, globalization and other changes have fueled demand for more 

highly educated workers over the past four decades. Across much of the 1980s, the inflation-

adjusted earnings of high school graduates plunged by 16%, while the earnings of college-

educated workers rose by nearly 10%. In the following two decades, low-skill worker earnings 

continued to fall, while the earnings of college-educated workers continued their modest rise.
6
  

How these occupation and education-related changes in the labor market affect the 

demand for cognitive, intrapersonal and interpersonal competencies is the subject of this section. 

We begin with a brief review of the large literature on the economic payoff to years of formal 

education, and of the remarkably modest extent to which prior cognitive, interpersonal and 

intrapersonal skills account for that payoff. We then turn to a more detailed discussion of trends 

in demand for 21
st
 century competencies.  

 

Educational Attainment and Employment Outcomes  

  

From the pioneering work in the sixties and seventies of Gary Becker (1964), T. W. 

Schultz (1961), and Jacob Mincer (1974) to the present, studies have shown that investments in 

education produce rates of monetary return that are comparable or higher than market rates on 

investment in physical capital. Remarkable in this literature is that the estimates have changed 

little as increasingly sophisticated studies have eliminated likely sources of bias in the estimation 

of the economic payoff to education, the most prominent of which is the self-selection of more 

able or motivated into higher levels of completed schooling.
7
 

In most studies, the so-called private rate of return to added years of schooling (which 

relates the after-tax earnings benefits enjoyed by workers to the portion of the education costs 

they have borne) for the U.S. has varied between 7 and 11 percent with even higher rates in 

many other countries (Psacharoupoulos and Patrinos 2004). The social rate of return tends to be 

lower than the private rate of return because it includes the full resource costs of schooling 

provision, much of which is paid through government subsidies rather than the students 

themselves. 

                                                 
6
Autor, Katz and Kearney (2008), Table 1. Data are based on weekly earnings for full-time workers with 5 years of 

experience. Earnings of high school dropout fell even more than the earnings of high school graduates (see also 

Levy and Murnane 2004). 

7
An overview of the efforts to address these bias issues is provided in Card (1999). One strategy for reducing bias 

from genetic factors is to use siblings or even identical twins to relate earnings and employment differences to 

schooling differences pairs of otherwise ¨similar¨ individuals. For example, using Norwegian data, Oreopoulos and 

Salvanes (2011) find that, in comparison with their siblings, siblings with one additional year of education have 

annual incomes that are about 5 percent higher and lower probabilities of being unemployed or on welfare. Another 

is to use instrumental variable strategies based on, for example, compulsory schooling laws, where the obligatory 

age of school attendance determines the number of years and the permissible date at which students can leave. Since 

years of schooling under the compulsory attendance requirements are not subject to voluntary choice, differences in 

education are exogenous to other influences that might affect the amount of education obtained. None of these 

strategies is free from all potential biases, however. 
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Barrow and Rouse (2005) have concluded that each additional year of schooling 

generates additional income of about 10 percent, a return that is about the same across the races. 

And Autor, Katz, and Kearney (2007, Figure 2A) estimate that the earnings advantage for 

college as opposed to high school graduates rose from about 50% higher in the mid-1970s to 

close to twice as high in 2005. In their summary of evidence on education curriculum, Altonji, 

Blom, and Maghir (2012) find greater labor market returns to more advanced high school 

courses and to engineering, business and science majors in college. 

Looking beyond earnings, Oreopoulos and Salvanes (2011) finds that workers with 

higher educational attainment enjoy more non-monetary employment advantages, including a 

higher sense of achievement, work in more prestigious occupations, and greater job satisfaction 

than comparable workers with lower levels of education. Those with more formal education are 

more likely to be selected for jobs that require further training and that merit training investment. 

Presumably, the rationale for basing selection decisions on the candidate’s level of education is 

that the costs of training for reaching job proficiency are reduced when more educated persons 

are chosen for training programs (Thurow 1975, Lynch 1994). Finally, evidence suggests that 

one person’s added years of schooling benefits others by raising the productivity of other 

workers at all levels of education (Moretti 2004).
8
 

In short, the economic importance of a highly educated workforce is impressive and, if 

anything, increasing. Since the schooling process presumably imparts the competencies and 

behaviors that are responsible for these productivity advantages, it is important to know how 

cognitive, intrapersonal, and interpersonal competencies are connected to education’s high rates 

of return.  

 

Test Scores, Education and Employment Outcomes  

  

Cognitive competencies (as measured by standardized test scores) have the potential to 

play an important role in accounting for the links between schooling and earnings. First, since 

smarter people are more likely to acquire more schooling, failure to control for differences in 

prior cognitive competencies may bias estimates of the role of education per se. But second, 

even if two graduating high school seniors with identical cognitive competencies make different 

decisions about whether to attend college, the college experience itself might develop 

capabilities that command higher earnings from employers.  

Surprisingly, empirical studies show that cognitive competencies are able to account for 

only a small fraction of the association between education and earning. Bowles, Gintis and 

Osborne (2001) summarized 25 studies conducted over four decades which yielded 58 estimates 

of earnings functions that incorporated test scores. They found that the estimated effect of 

schooling on earnings retained about 82 percent of its value, on average, after accounting for 

prior test scores, suggesting that most of the impact of years of educational attainment on 

earnings was attributable to determinants other than the cognitive competencies. 

A second, more direct, approach to investigating the role of cognitive competencies on 

labor market outcomes does not involve the intervening role played by schooling. An extensive 

literature, including meta-analyses (e.g., Schmidt and Hunter, 1998; Schmidt and Hunter, 2004) 

                                                 
8
Using a different estimation strategy that focuses only on the returns to secondary schooling for individuals subject 

to compulsory school attendance laws, Acemoglu and Angrist produce a smaller, but still positive, estimate of 

external returns than Moretti (2004). 
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has examined the simple, unadjusted correlations between cognitive ability, personality factors, 

and job performance. Schmidt and Hunter (2004) reviewed several studies and meta-analyses, 

finding that measures of general cognitive ability were strongly correlated (the magnitude of 

these correlations was higher than 0.53) with occupational level, income, job performance, and 

job training performance. Comparing these correlations with those found in studies of the 

association between personality traits and job outcomes, they concluded that general cognitive 

ability was more important for later job success than conscientiousness or any other interpersonal 

or intrapersonal competency.  

It is worth noting that an NRC committee (1989) re-analyzed the data from over 700 

criterion-related studies of the concurrent correlations between scores on a test of general 

cognitive ability and measures of job performance (typically supervisor ratings, but in some 

cases grades in a training course) in about 500 jobs. They found that, despite claims of much 

higher predictive validities (i.e., correlations) in the literature (U.S. Department of Labor, 1983), 

the average correlation in studies that had been conducted since 1972 was about .25 after 

correction for sampling error. Cognitive test scores explained about 6 percent of the variance in 

performance, leaving 94 percent to be explained by other factors. Estimates of predictive 

validities in one subsequent review of the empirical literature also reflected this modest range 

(Sackett et al, 2001).  

Economists have favoured prospective longitudinal studies of the relationship between 

cognitive competencies and earnings (Hanushek and Woessman, 2008). In their examination of 

the associations between earnings and the cognitive skills of 15-18 year olds as measured by the 

Armed Forces Qualifying Test, Neal and Johnson (1996) found that, with no controls for family 

background, a one-standard deviation increase in test scores was associated with roughly a 20 

percent increase in earnings for both men and women. Using data from the National Child 

Development Survey, which has followed a cohort of British children born in 1958 through 

midlife, Currie and Thomas (1999) related scores on reading and math tests administered at age 7 

to wages and employment at age 33. Even in the presence of extensive family background 

controls, their models show 10%-20% earnings differentials when comparing both males and 

females in the top and bottom quartiles of the two test score distributions. Murnane, Willett and 

Levy (1995) show links between the mathematics tests scores of two cohorts of high school 

seniors and their wages at age 24. 

 

Inter- and Intrapersonal Competencies and Employment Outcomes 

 

In an effort to understand the large amount of variation in earnings and other employment 

outcomes that cannot be attributed to cognitive competencies, researchers have begun to examine 

the role of a variety of inter- and intrapersonal competencies. As with our earlier review of the 

determinants of achievement and attainment, research divides into a focus on personality factors 

and on other competencies and behaviors. 

 

Personality factors. Almlund et al (2011) summarize their review of correlational evidence on 

the role of Big Five personality traits for labor market outcomes as follows:  

Personality measures also predict a variety of labor market outcomes. Of the Big 

Five traits, Conscientiousness best predicts overall job performance but is less 

predictive than measures of intelligence. Conscientiousness, however, predicts 

performance and wages across a broad range of occupational categories, whereas 
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the predictive power of measures of intelligence decreases with job complexity. 

Additionally, traits related to Neuroticism (e.g. locus of control and self-esteem) 

predict a variety of labor market outcomes, including job search effort. Many 

traits predict sorting into occupations, consistent with the economic models of 

comparative advantage…. Personality traits are valued differentially across 

occupations. (p. 127). 

 

A key study in this literature is Barrick, Mount, and Judge (2001), which conducts a 

second-order meta-analysis of the results of 11 prior meta-analyses of the simple associations 

between Five Factor Model personality traits and job performance. They find that 

conscientiousness is a valid correlate of job performance across all performance measures 

studied, with average correlations ranging from the mid .20s to low .30s. Emotional stability was 

correlated with overall work performance although not with all of the work performance criteria 

examined. The remaining factors – extraversion, openness and agreeableness—failed to correlate 

consistently with overall work performance. 

 

Skills, behaviors and earnings. The literature on links between earnings and specific 

achievement and behavioral skills has employed prospective longitudinal data and well-

controlled regression models, yielding stronger evidence than that provided by studies of simple 

correlations. For example, Heckman, Stixrud, and Urzua(2006), using data from the National 

Longitudinal Study of Youth (NLSY) estimate substantial adjusted correlations between earnings 

and a scale combining adolescent self-esteem and sense of personal effectiveness. 

Carneiro, Crawford and Goodman (2007) use data from the British NCDS to relate a 

wide variety of achievement and behavioral measures assessed when the sample children were 

11 years old to later earnings. The diversity of their behavioral measures is reflected in their 

names: “anxiety for acceptance,” “hostility toward adults,” “withdrawal,” and “restlessness.” 

When summed into a single index, a standard deviation increase in this collection of anti-social 

skills and behaviors is found to be associated (net of parental background) with a 3.3% decrease 

in age-42 earnings – about one-fifth of the estimated positive association for a one standard-

deviation increase in achievement tests scores. Ironically, an examination of the social and 

behavioral subscales found the greatest explanatory power for “inconsequential behavior” – a 

heterogeneous mixture of items related to inattention (“too restless to remember for long”), anti-

social behavior (“in informal play starts off with others in scrapping and rough play”) and 

inconsistency (“sometimes eager, sometimes doesn’t bother”). 

In more recent work, Cunha and Heckman (2008) used longitudinal data to study 

cognitive and non-cognitive development over time as it affects high school completion and 

earnings. They developed a battery of non-cognitive scores focused on an anti-social construct 

using student anxiety, headstrongness, hyperactivity, and peer conflict to go along with cognitive 

test scores in this analysis. Based upon the psychological, neurological, social, and other aspects 

of child development, they modeled the developmental path and estimated the impact of 

investments in cognitive and non-cognitive competencies on high school graduation and earnings 

(at age 23) at three different periods during the age span from 6 to 13. The parental investments 

studied included purchases of books and musical instruments, newspaper subscriptions, special 

lessons, trips to the museum, and trips to the theater. 

The authors found that the impact of investment returns shifts markedly as the child ages, 

from cognitive competencies at the earlier ages (6 and 7 to 8 and 9) to non-cognitive 
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competencies during the later period (9-13). They also found evidence that non-cognitive 

outcomes contribute to cognitive test results, but little evidence that test scores affect non-

cognitive outcomes. This finding suggests that investments in non-cognitive competencies may 

contribute to economic productivity not only directly, but by increasing cognitive achievement.  

One difficulty in research evaluating and comparing the relative associations between 

labor market outcomes and both cognitive and noncognitive competencies is the lack of strong 

measures of noncognitive competencies. Cognitive competencies are measured using well-

established and validated standardized testing methods. By contrast, noncognitive competencies 

are almost always measured by ratings rather than tests--either self-ratings or ratings by 

observers who are not experts.  

Better measurement methods, for example, by trained psychologist observers, might 

result in more valid measurement and therefore an increase in the estimated importance of 

noncognitive competencies. This apparently is the finding of a study by Lindqvist and Vestman 

(2011), which analyzed data on military enlistees in Sweden, where enlistment is compulsory for 

male 18 year olds. These individuals complete a cognitive ability test and an extensive 

questionnaire. A trained psychologist combined the latter with results from a 30-minute clinical 

interview to assess the individual’s noncognitive competencies, particularly, responsibility, 

independence, outgoingness, persistence, emotional stability, and initiative. The researchers 

examined a Swedish database and were able to match labor market outcomes of 14,703 32 to 41 

year olds who had earlier been tested through the enlistment. Comparing the impact of cognitive 

and non-cognitive measures on wages, unemployment, and annual earnings, they found that, in 

general, the adjusted correlations between these outcomes and their noncognitive variable were 

larger than the correlations of earnings with their cognitive variable. Men who did poorly in the 

labor market were especially likely to lack non-cognitive abilities. In contrast, cognitive ability is 

a stronger correlate of wages and earnings for workers with earnings above the median. 

But while this body of research on inter- and intrapersonal competencies is growing 

rapidly, there is little consensus emerging from it. The prospective studies reviewed above 

capitalize on the haphazard availability of measures in their data sets. Much further investment is 

needed to specify such competencies and measure them in a streamlined way. Such specification 

will be useful in understanding how best to teach noncognitive skills to students (Durlak and 

Weissberg 2011; see Chapter 6) and how mastery of such competencies may, in turn, affect 

employment, earnings, and other adult outcomes. The European Commission has begun to 

examine how noncognitive competencies and personality traits contribute to workplace success 

(Brunello and Schlotter 2010). 

 

Trends in Demand for “21
st
 Century” Competencies  

 

Clearly, labor market demand for increased years of schooling has risen over the past 

four decades. There is also some evidence that employers currently value and reward a poorly-

identified mix of cognitive, interpersonal and intrapersonal competencies. As noted in previous 

chapters, the committee views “21
st
 century skills” as dimensions of human competence that 

have been valuable for many centuries, rather than skills that are suddenly new, unique and 

valuable today. One change from the past may lie in society’s desire that all students now attain 

levels of mastery—across multiple areas of skill and knowledge—that were previously 

unnecessary for individual success in education and the workplace. Another change may lie in 

the pervasive spread of digital technologies to communicate and share information. Although the 
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underlying communications and information-processing competencies have not changed, they 

are applied at an increasing pace to accomplish tasks across various life contexts, including the 

home, school, workplace, and social networks. According to recent press reports, over half of the 

estimated 845 million Facebook users around the globe log on daily; among those aged 18 to 34, 

nearly half check Facebook within minutes of waking up and 28 percent do so before getting out 

of bed (Marche, 2012). An estimated 400 million people use Twitter to send or receive brief 

messages. Even in the world of print media, the pace of communication has quickened, as 

newspapers adopt a “digital first” strategy and publish fresh information online as news stories 

break (Zuckerman, 2012). Here, we review research addressing the question of whether such 

changes are increasing demand for cognitive, intrapersonal, and interpersonal competencies, and, 

if so, whether this will continue in the future.   

The economy’s need for different kinds of worker competencies– has shifted over time, 

due to a variety of factors, including shifts in the distribution of occupations. Blue-collar jobs 

have shrunk dramatically over the past 40 years, declining from nearly a third of all jobs in 1979 

to only one-fifth of all jobs in 2009. Over the same time period, white collar administrative 

support jobs, such as filing clerks and secretaries, also declined. This rapid decline in middle-

skill, middle-wage jobs has been accompanied by rapid growth at the top and bottom of the labor 

market, with a trend toward increasing polarization in wages and educational requirements 

(Autor, Katz, and Kearney, 2008).  

The growth jobs at the top and bottom of the labor market is illustrated by Bureau of 

Labor Statistics (BLS) data, which organizes all occupations in 10 large clusters, three of which 

– Professional/related, Service, and Sales – constitute fully half of the labor force. The two 

largest clusters, professional and related (e.g., computer science, education, health care 

professions) and service (e.g., janitorial, food service, nursing aids, home health care workers), 

are at the opposite ends of the spectrum in terms of education and wages. These two clusters are 

projected to create more new jobs than all of the other 8 occupational clusters combined over the 

period 2008 to 2018 (Lacey and Wright, 2009).  

Autor, Levy and Murnane (2003) conducted a study that analyzed not only the mix of 

occupations but also the competencies demanded within occupations. Drawing on the Dictionary 

of Occupational Titles (a large catalogue of occupations and their characteristics), they 

developed measures of the routine and nonroutine cognitive tasks and routine and nonroutine 

manual tasks required by various occupations. Comparing tasks over time, from 1960 to 1998, 

they concluded that, beginning in 1970, computers reduced routine cognitive and manual tasks 

and increased nonroutine cognitive and interactive tasks. Their model explained 60% of the 

growth in demand for college-educated labor over the period from 1970-1988. The authors 

concluded that computers substitute for workers in performing routine tasks and complement 

workers in performing nonroutine tasks.  

Building on this study, Levy and Murnane (2004) argue that demand is growing for 

expert thinking (their new term for nonroutine problem-solving) and complex communication 

competencies (their new term for nonroutine interactive skills). Levy and Murnane (2004) also 

propose that demand is growing for verbal and quantitative literacy. They view reading, writing, 

and mathematics as essential enabling competencies that support individuals in mastering tasks 

that require expert thinking and complex communication production processes. Predicting that 

jobs requiring low or moderate levels of competence will continue to decline in the future, the 

authors recommend that schools teach complex communication and nonroutine problem-solving 

competencies along with verbal and quantitative literacy, to all students.  
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More recently, Autor, Katz, and Kearney (2008) analyzed data on wages and education 

levels from 1962 to 2005. The analysis supports the argument that computers complement 

workers in performing abstract tasks (nonroutine cognitive tasks) and substitute for workers 

performing routine tasks. However, it also suggests that the continued growth of low-wage 

service jobs can be explained by computers’ lack of impact on nonroutine manual tasks. Noting 

that these tasks, performed in service jobs such as health aides, security guards, cleaners, and 

restaurant servers, require interpersonal and environmental adaptability that has proven difficult 

to computerize, Autor, Katz, and Kearney (2008) suggest that low-wage service work may grow 

as a share of the labor market.  

Goos, Manning and Salomons (2009) reached a similar conclusion, based on an analysis 

of occupational and wage data in Europe. They concluded that technology was the primary cause 

of polarization in European labor markets, eliminating routine tasks concentrated in mid-level 

manufacturing and clerical work while complementing nonroutine tasks in both high-wage 

professional jobs and low-wage service jobs.  

These two studies both suggest that low-wage service work involves nonroutine tasks that 

cannot be readily replaced by computers. There is debate in the literature about the level of 

cognitive, interpersonal, and intrapersonal competencies required to perform such work. Some 

case studies and surveys suggest that successful performance in low-wage service jobs requires 

complex communications skills and nonroutine problem solving (Gatta, Boushey, and 

Appelbaum, 2007). However, the low levels of education required to enter these jobs, together 

with their low wages and a plentiful supply of unskilled labor, suggests that their competency 

demands are—and will remain—low (Autor, 2007). Yet another view is that the competencies 

required by these and other jobs depend largely on management decisions about how the job is 

structured and the level and type of training provided (National Research Council, 2008).  

Borghans, ter Weel, and Weinberg (2008) studied the role of interpersonal competencies 

in the labor market and concluded that “people skills” are an important determinant of 

occupations and wages. They argue that interpersonal competencies vary both with personality 

and across occupations, and that individuals are most productive in jobs that match their 

personality. They also found evidence that youth sociability affects job assignment in adulthood, 

and that interpersonal interactions are consistent with the assignment model. This study built on 

earlier, unpublished work which suggested that technological and organizational changes have 

increased the importance of interpersonal competencies in the workplace (Borghans, ter Weel, 

and Weinberg, 2005).  

While these studies propose that demand for cognitive, interpersonal, and intrapersonal 

competencies has grown in recent decades and will continue to grow in the future, some experts 

disagree. For example, Bowles, Gintis and Osborne (2001) analyzed longitudinal studies that 

presented 65 different correlational estimates of the relationship between cognitive test scores 

and earnings over a 30 year period. The authors found no increase in the estimates over time, 

indicating that labor market demand for cognitive competencies had not grown. Based on 

responses to a new national survey of skills, technology, and management practices, Handel 

(2010) argues that, for most jobs in the U.S. economy, education and academic skill demands are 

low to moderate, and large numbers of workers report educational attainments that exceed their 

job’s requirements.  

All efforts to predict future competency demands are, of necessity, based on past trends. 

For example, the Bureau of Labor Statistics has often been criticized for using past trends to 

project detailed occupational requirements and competency needs a decade into the future 
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(National Research Council, 2000). Similarly, Levy and Murnane (2004) call for schools to teach 

complex communications skills and nonroutine problem solving, based on the assumption that 

the trends identified by Autor, Levy, and Murnane (2003) will continue for decades. 

 

IMPORTANCE TO HEALTH AND RELATIONSHIP SKILLS 

 

Education, Competencies and Health Outcomes 

 

There is a long history of research on the associations between education and health. 

Researchers statistically analyze data from self-reports on health status, behaviour, and 

challenges in terms of explanatory variables including gender, race, age, education, and income. 

Based on these analyses, they construct a health gradient demonstrating the conditional relation 

between education and health status. The overwhelming finding is that general health status, 

specific health outcomes, and healthy behaviours are strongly and positively correlated with 

educational attainment.  

Cutler and Lleras-Muney (2010a) summarized the literature in which educational 

attainment is linked both statistically and substantively to health outcomes and behaviours. They 

found higher levels of educational attainment were associated with an array of reductions in 

adverse health events and increases in healthy eating and exercise. For example, the age-adjusted 

mortality rate of high school dropouts was found to be about twice that of those with some 

college in the 25-64 year old age group in 1999.  

Although these findings are widely accepted, two important questions dominate the 

literature. The first is to what degree is this relation causal as opposed to the explanation that 

those with better health are more likely to succeed educationally? That is, to what degree is the 

coefficient or gradient for health by level of educational attainment biased upward by reverse 

causation or omitted determinants of both education and health. The second question refers to the 

mechanism by which education improves health results. While the simplest explanation is that 

more educated persons are more knowledgeable about how to improve and maintain their health 

status and are better able to respond to health problems, there are other explanations. These 

include the effects of education on access to the health care system (for example, through higher 

income) or effects of education on increasing consideration for the long-run consequences of 

present behavior and taking preventative measures. 

To answer the first question, health economists have relied increasingly on the use of 

instrumental variables techniques to isolate the exogenous effects of education on health 

outcomes. Following the studies on education and labor market outcomes, they have used 

externally imposed differences in compulsory schooling such as changes in compulsory 

attendance requirements that affect the amount of education attained. To control for genetic 

factors and family backgrounds, they have also compared the health of siblings who have 

different educational attainments. Lochner (2011) provides a recent review of the latest set of 

studies employing these sophisticated methodologies. His preferred set of 39 estimates shows a 

wide range of estimates of education effects on mortality, self-reported health, and disability, as 

well as two health-related behaviors – smoking and obesity. Not all of the estimates are 

statistically significant, and some have the wrong signs. By and large, the links tend to be 

stronger in U.S. than European studies.  

With respect to trying to isolate the mechanisms by which education influences health 

outcomes and behavior, the relations are less clear. There is some evidence that both the general 
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cognitive capabilities of more educated persons as well as specific knowledge contributes to this 

relation. Cutler and Lleras-Muney (2010b) have also attempted to decompose the education-

health nexus into major components including differences associated with education, socio-

economic status and income, and access to social networks. They find that about 30 percent of 

the education-health gradient is due to a combination of the advantages of income, health 

insurance, and family background associated with more education; 10 percent is due to the 

advantages of social networks; and about 30 percent is due directly to education. They also 

explore the educational mechanisms that might account for the relationship. They conclude that 

it may not be the specific health knowledge conferred by education as much as greater interest 

and trust of science and general skills such as critical thinking and decision-making abilities, 

analytic abilities, and information processing skills that enable educated individuals to make 

better health-related decisions. Such mechanisms as risk aversion and longer-range time 

considerations (low time discount rate) do not seem to have substantial support in explaining the 

health gradients. 

A few studies have attempted to estimate links between health and cognitive, inter- and 

intrapersonal competencies. The Almlund et al. (2011) review reaches the following conclusions 

regarding personality traits: “All Big Five traits predict some health outcomes. 

Conscientiousness, however, is the most predictive and can better predict longevity than does 

intelligence or background. Personality measures predict health both through the channel of 

education and by improving health-related behavior, such as smoking.” (p. 127-8) 

Many of these conclusions are based on the meta-analysis of Roberts et al. (2007), who 

review evidence from 34 different studies on links between longevity and the Big Five 

personality traits. They find that Conscientiousness was the strongest predictor among the Big 

Five trait and a stronger predictor than either IQ or socioeconomic status. Openness to 

Experience and Agreeableness were also associated with longevity, while Neuroticism was 

associated with shorter life spans.  

Among individual studies, Conti, Heckman and Urzua (2010a, 2010b) estimate a multi-

factor model of schooling, earnings, and health outcomes using data from the British Cohort 

Study. They find that cognitive ability is not a very important determinant of smoking decisions 

or obesity but that non-cognitive competencies are generally more important for smoking, 

obesity, and self-reported health. More recently, Hauser and Palloni (2011) studied the 

relationship between high school class ranking, cognitive ability, and mortality in a large sample 

of American high school graduates. They found that the relationship between cognitive ability 

(IQ) and survival was entirely explained by a measure of cumulative academic performance 

(rank in high school class) that was only moderately associated with IQ. Moreover, the effect of 

class ranking on survival was 3 times greater than that of IQ. The authors’ interpretation of these 

findings is that higher cognitive ability improves the chances of survival by encouraging 

responsible, well-organized, timely behaviors appropriate to the situation—both in terms of high 

school academics and in later-life health behaviors. 

 

COMPETENCIES AND HEALTHY RELATIONSHIPS IN ADULTHOOD 

 

Insights into the importance of transferable competencies for healthy marriages and other 

relationships in adulthood can be gleaned from the literatures in a number of areas. Our review 

concentrates on three: i) studies of couple satisfaction and marriage duration; ii) programs 

designed to promote healthy marriages; and programs targeting teen relationship building. 
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A literature review by Halford et al. (2003; see also Gonzaga, Campos, and Bradbury, 

2007) suggests four broad classes of variables that impact the trajectory of relationship 

satisfaction over time: couple interaction, life events impinging upon the couple, enduring 

individual characteristics of the partners, and contextual variables. Most relevant to the 

committee charge are the enduring individual characteristics and interactions.  

Behavioral genetic studies show substantial heritabilities for divorce in adulthood 

(Jockin, McGue, and Lykken, 1996; McGue and Lykken, 1992). A handful of studies have 

examined early-childhood correlates of adult relationship stability. Two of the most relevant 

drew data from the Dunedon birth cohort study. Newman et al. (1997) found that undercontrolled 

temperament observed at age 3 predicted greater levels of conflict in romantic relationships at 

age 21. Relatedly, Moffitt et al. (2011) found that childhood self-control predicts the likelihood 

of being a single parent. 

Most personality traits are not very predictive of relationship satisfaction (e.g., Gottman, 

1994; Karney and Bradbury, 1995). However, low neuroticism (i.e., high ability to regulate 

negative affect) as an adult has been found to predict high relationship satisfaction (Karney and 

Bradbury, 1997). In addition, Davila and Bradbury (2001) find that low anxiety over 

abandonment and comfort with emotional closeness are also predictive. 

Among the elements of couple interaction, effective communication competencies has 

predicted relationship satisfaction in numerous studies although, interestingly enough, 

prospectively and not concurrently (Karney and Bradbury, 1995). 

Insights into needed skills can also be gleaned from the curricula of effective adult couple 

relationship education programs. Many such programs attempt to boost couples’ positive 

communication, conflict management, and positive expressions of affection (Halford et al. 

2003). In contrast, curricula for teen relationship programs promote positive attitudes and beliefs 

rather than skills, although, as with adult programs, some also target relationship behavior 

(Karney et al, 2007). 

 

IMPORTANCE TO CIVIC PARTICIPATION 

 

Civic engagement is variously understood to include involvement in activities focused on 

improving one’s community, involvement in electoral activities (voting, working on campaigns, 

etc.) and efforts to exercise voice and opinion (e.g. protests, writing to elected officials, etc.) 

(Zukin, et al., 2006). Academics, foundations, and policymakers have expressed concern about 

decreasing levels of political engagement in the United States, particularly among youth. For 

example, political scientist Robert Putnam drew attention to Americans’ lack of connection 

through clubs, civic associations, and other groups in his influential book Bowling Alone (2000).  

In response to these concerns, there has been a resurgence of interest in -the development 

of the knowledge, skills, and dispositions that facilitate civic engagement—this cluster of 

knowledge, skills and dispositions is sometimes referred to as “civic literacy.” Studies are 

looking at the roles played by peers, schools, the media, and other factors in civic literacy and 

engagement (Niemi and Junn, 1998; Delli Carpini and Keeter, 1997). A recent review of this 

literature (Garcia Bedolla, 2010) finds that schools have a greater impact on civic literacy than 

previously thought, and has also pointed to the importance of parents and neighborhoods. 

However, these studies have focused on young people’s attitudes, dispositions, or intentions 

about future political behavior, and have not linked school-based civics programs with later 

voting behavior and other civic activities in adulthood.  



Copyright © National Academy of Sciences. All rights reserved.

Education for Life and Work:  Developing Transferable Knowledge and Skills in the 21st Century

Prepublication copy, uncorrected proofs 

 

3-15 

 

Prevalence of Civic Participation  

   

 Recent survey data suggest that some forms of engagement are fairly widespread (e.g. 

voting in general elections, volunteerism, consumer boycotts). A majority of young people report 

that they regularly follow public affairs (Lopez et al, 2006). But upwards of 60% of young 

people are unable to describe activities that they can attribute to civic or political engagement 

and a significant percentage is “highly disengaged.” These young people do not generally believe 

their civic or political actions are likely to make much difference. Another type of civic 

participation is direct political action – protest, work on political campaigns, and the like. 

Overall, just 13% of young people are reported as being intensely involved in politics at this 

level—survey data indicates they are motivated by a desire to address a social or political 

problem.  

 

Factors Associated with Civic Participation  

  

Studies have shed light on the factors that correlate with political engagement, focusing 

on the role of family, schools and peers in the development of children’s political attitudes and 

behaviors. Early studies found that families tend to be more important than schools, as political 

orientations and other attitudes and perspectives appeared to be socially inherited from parents to 

children (Achen, 2002; Ambramowitz, 1983). Indeed, research over four decades has 

demonstrated that socio-economic status (SES) is a strong predictor of engagement and 

participation (Garcia Bedolla, 2010). More recent studies underscore the importance of parents 

and neighborhoods in the socialization process, and also indicated that schools can play a more 

important role than previously believed (Kahne and Sporte 2008, Niemi and Junn 1998). 

The literature linking years of schooling with civic outcomes is extensive. However, as 

with labor market and health outcomes, studies providing convincing causal estimates are 

relatively rare. Lochner (2011) provides a review of these rigorous studies and concludes that 

this literature suggests important effects of completed schooling on a wide range of political 

behaviors in the United States, but not in the U.K. or Germany. The U.S. impacts are found for 

voting registration and behavior, political interest, and the acquisition of political information. 

Smith (1999) examined the effects of early investments in young people’s social capital 

on political involvement and “civic virtue” in young adulthood. Using longitudinal data, she 

examined parental involvement, youth religious involvement, and participation in voluntary 

associations. She found that early extensive connections to others, close family relationships, and 

participation in religious activities and extracurricular activities during adolescence were 

significant predictors of greater political and civic involvement in young adulthood.  

 

EDUCATIONAL ATTAINMENT AND TRANSFER IN THE LABOR MARKET 

 

A general theme of the evidence presented in this chapter is that measurable cognitive 

competencies, personality traits and other intra- and interpersonal competencies developed in 

childhood and adolescence are, at best, modestly predictive of adult successes, particularly labor 

market productivity. Cognitive ability does appear to matter and, among personality traits, so, 

apparently, does Conscientiousness. But, in the research to date, their predictive power is 

modest.. In terms of “transfer,” we are unable to point to a particular set of competencies or 
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behaviors that have been shown to transfer well to the labor market (Boosting these skills may 

increase educational attainment, however, as discussed in the following chapters.) 

Education attainment, in contrast, is strongly predictive of labor market success, even in 

research approaches designed to approximate random assignment experiments. Measureable 

cognitive, inter- and intrapersonal competencies account for surprisingly little of the impact of 

education on future productivity. But even if we don’t know exactly what it is about spending an 

additional year in school that makes people more productive, a policy approach designed to 

promote attainment might be promising, particularly if it can be shown that attainment promotes 

competencies that are transferrable across jobs or across an individual’s entire career. 

 Prior to the human capital revolution of the 1960s, the manpower planning approach 

assumed that each job and occupation required a specific level and type of education. Education 

policy planners produced projections of economic output by sector multiplied by a fixed formula 

of occupational requirements per unit of output that was further translated into a rigid formula of 

educational needs of a future labor force. Needless to say, the manpower forecasts failed, largely 

because of the rigid assumptions relating educational requirements to occupation and 

occupational requirements to economic output. Changes in technology, organization, market 

prices of labor and capital, and error-prone projections of sectoral output all undermined the 

accuracy of the projections of educational need.
9
 

Becker’s (1964) early work on human capital took a more general approach by 

distinguishing between general and specific human capital. He proposed that education 

developed “general” human capital that was valuable across different firms, while training and 

experience within a firm work developed “specific” human capital, valuable only in a particular 

firm. Becker’s (1964) human capital model depended upon market dynamics in which 

adjustments would take place through responses to the costs and productivity of different kinds 

of labor. Labor supply and demand were expected to adapt, as any changes in demand for human 

capital resulting from changes in the firm’s organization, technology, and mix of outputs would 

be met by individual and company investments in education, job training, and on-the-job 

learning...  

 There is considerable evidence that labor supply, allocation, and productivity is widely 

adaptable to changes in the economy, especially over the long run. This is because education 

increases the capacity of workers to learn on the job, benefit from further training, and respond to 

productive needs as they arise. Workers with more education are generally able to learn their 

jobs more quickly and do them more proficiently. They can work more intelligently and with 

greater precision and can accomplish more within the same time period. Greater levels of 

education increase their ability to benefit from training for more complex job situations, and this 

is evidenced in the literature on training.
10

 The research demonstrating the overall impact of 

education on productivity and economic outcomes did not address precisely what competencies 

were developed by educational investments. However, an important insight was established by 

Nelson and Phelps (1966), who suggested that a major contribution of education was to enable 

workers to adapt to technological change.  

 Welch (1970) and Schultz (1975) generalized this insight to suggest that investments in 

more educated workers had an even greater impact on a firm’s ability to adapt to technological 

change. They argued that hiring more educated workers on improve a firm’s productivity not 

only because, relative to less educated workers, these workers are more productive in their 

                                                 
9
See Blaug, 1975 for a trenchant critique of this type of approach. 

10
Blundell et al, 1999; Lynch 1992; Leuven and Oosterbeek, 1997. 
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current jobs and can be more quickly and easily trained for complex jobs, but also because they 

can allocate their time and other resources more efficiently in their own jobs and in related jobs 

in ways that increase the overall productivity of the firm. In this way, the contributions of more 

educated workers go beyond their own job performance to impact the overall performance of the 

organization. For both Welch and Schultz, these benefits represent the greatest opportunity for 

investments in more educated workers to pay off to the firm.  

 More education and higher education, in particular, appears to develop workers’ abilities 

to master an understanding of the production process and to tacitly make adjustments to changes 

in prices, technology, the productivity of inputs, or mix of outputs. These continuous adjustments 

allow the firm to “return to equilibrium,” (in economic terms), maximizing productivities and 

profits. Neither Welch nor Schultz addressed which specific aspects of schooling contributed to 

the ability of workers to make the tacit adjustments to production that increase productivity and 

profitability. It is possible that schooling develops not only cognitive competencies, but also 

interpersonal and intrapersonal competencies that enable workers to make decisions that benefit 

the firm.  

 Welch (1970) and Schultz (1975) provide many examples of how investments in more-

educated workers may help firms adjust to optimize their productivity and profits, but there are 

also many examples of adjustments to disequilibria in the overall labor market. During the 

Second World War women replaced males in the labor force in what had been male occupations, 

continuing the high rates of productivity needed to support both the war effort and the economy 

(Goldin 1991). Chung (1990) studied vocationally-trained workers for particular occupations 

who had been employed in those occupations or in occupations that were not matched 

specifically to their training. He found that workers who had received vocational training for a 

declining manufacturing industry, textiles, were substantially switching to a growing and 

thriving manufacturing industry, electronics, and were receiving considerably higher earnings in 

the latter than in the former. That is, the supply of workers was adapting in the short run to the 

changes in demand, and in the longer run the occupational training choice of workers was 

adapting too. 

The historical evidence suggests that education is transferable across occupations because 

many occupations require common skills. For example, Gathmann and Schonberg (2010) found 

that competencies developed at work (which Becker viewed as “specific” and not valuable 

outside the firm) were more portable than previously thought. Analyzing data on the complete 

job histories and wages of over 100,000 German workers along with detailed information on the 

tasks used in different occupations, they found that workers developed task-specific knowledge 

and skills and were rewarded accordingly, with higher wages as they gained experience in an 

occupation. On average, workers who changed occupations—whether voluntarily or because 

they were laid off—were more likely to move to an occupation requiring similar tasks (and 

attendant competencies) to their previous occupation than to a “distant” occupation requiring 

very different competencies. Laid off workers who were unable to find work in similar 

occupations and were forced to move to a “distant” occupation experienced higher wage losses 

than those who were able to find work in similar occupations.  

The authors found that university graduates appeared to gain more task-specific 

knowledge and skills than less-educated workers, and to be rewarded accordingly with higher 

wages. However, when more highly-educated workers were required to move to distant 

occupations, their wages declined more than did the wages of less highly-educated workers who 

had to move to a distant occupation. This suggests that the extensive task-specific competencies 
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developed by the highly-educated workers were less transferable than the shallower 

competencies developed by the less educated workers. Overall, the study suggests that workers 

are more easily able to transfer competencies developed on the job to a similar occupation, 

involving similar tasks, than to a dissimilar occupation. This is analogous to research findings 

from the learning sciences, which have found that transfer of learning to a new task or problem is 

facilitated when the new task or problem has similar elements to the learned task (see Chapter 4).  

Other evidence suggests that even workers with relatively lower levels of education may 

be able to adapt to the demands of complex jobs. One measure of adaptability is the 

substitutability among workers with different levels of education. Economists measure 

employers’ ability to substitute workers at one level of education for jobs that normally are 

associated with a higher level of education by examining how the mix of more and less educated 

workers changes as relative wages for different educational levels change. Historical studies in 

the U.S. suggest that each 10 percent increase in the labor costs of a higher level of education is 

associated with a 15 percent decrease in employment at that educational level and increase in 

workers with less education to replace them (Ciccone and Peri 2005). This implies that 

employers view workers as highly adaptable to perform jobs that traditionally require more 

education, when relative wages encourage such substitution.  

  

CONCLUSIONS AND RECOMMENDATIONS 

 

The research evidence related to the relationship between various cognitive, 

intrapersonal, and interpersonal competencies is limited and uneven in quality. Some of the 

evidence reviewed in this chapter is correlational in nature and should be considered at best 

suggestive of possible causal linkages. Other evidence, from longitudinal studies, is more 

suggestive of causal connections than the correlational evidence, but still prone to biases from a 

variety of sources. The strongest casual evidence, particularly the evidence of the impacts of 

years of completed schooling on adult outcomes, comes from statistical methods that are 

designed to approximate experiments. 

 

Conclusion: The available research evidence is limited and primarily correlational 

in nature; to date, only a few studies have demonstrated a causal relationship between one 

or more 21
st
 century competencies and adult outcomes. The research has examined a wide 

range of different competencies that are not always clearly defined or distinguished from 

related competencies. 

 

Many more studies of the relationships between various competencies and outcomes (in 

education, the labor market, health, and other domains) have focused on the role of general 

cognitive ability (IQ) than specific interpersonal and intrapersonal skills (see Table 3-1). 

Economists who conduct such studies tend to lump all competencies other than IQ into the 

category of “noncognitive skills,” while personality and developmental psychologists have 

developed a much more refined taxonomy of them. All three groups have investigated the 

relationships between cognitive, intrapersonal, and interpersonal competencies and outcomes in 

adolescence and adulthood.  

 

Conclusion: Cognitive competencies have been more extensively studied than interpersonal 

and intrapersonal competencies, showing consistent, positive correlations (of modest size) 
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with desirable educational, career, and health outcomes. Early academic competencies are 

also positively correlated with these outcomes.  

 

Conclusion: Among intrapersonal and interpersonal competencies, conscientiousness (a 

tendency to be organized, responsible, and hardworking) is most highly correlated with 

desirable outcomes in education and the workplace. Anti-social behavior, which has both 

intrapersonal and interpersonal dimensions, is negatively correlated with these outcomes.  

  

Across the available studies, the relative size of the correlations with the three different domains 

of skills is mixed. There is some evidence that better measurement of noncognitive competencies 

might result in a higher estimate of their importance in education and in the workplace. 

 A general theme of the evidence presented in this chapter is that measurable cognitive 

skills, personality traits and other intra- and interpersonal competencies developed in childhood 

and adolescence are, at best, modestly predictive of adult successes, particularly in the labor 

market. Educational attainment, in contrast, is strongly predictive of labor market success, even 

in research approaches designed to approximate random assignment experiments. Measureable 

cognitive, inter- and intrapersonal competencies account for surprisingly little of the impact of 

education on future wages (wages, in economic theory, reflect productivity).  

 Studies by economists have found that more highly educated workers are more 

productive than those with less years of schooling, because more highly educated workers are 

better able to accomplish a given set of work tasks and are also more able to benefit from 

training for more complex tasks. In addition, more highly educated workers have the capacity to 

allocate resources more efficiently in their own work activities and in behalf of the enterprise in 

which they work than do workers with less years of schooling.  

 

Conclusion: Educational attainment – the number of years a person spends in school -- 

strongly predicts adult earnings, and also predicts health and civic engagement. Moreover, 

individuals with higher levels of education appear to gain more knowledge and skills on the 

job than those with lower levels of education and they are able, to some extent, to transfer 

what they learn across occupations. Since it is not known what mixture of cognitive, 

intrapersonal, and interpersonal competencies account for the labor market benefits of 

additional schooling, promoting educational attainment itself may constitute a useful 

complementary strategy for developing 21
st
 century competencies. 

  

The limited and uneven quality of the research reviewed in this chapter limits our 

understanding of the relationships between various cognitive, intrapersonal and interpersonal 

competencies and adult outcomes.  

 

Recommendation 1: Foundations and federal agencies should support further 

research designed to increase our understanding of the relationships between “21
st
 

century skills” and positive adult outcomes. To provide stronger causal evidence 

about such relationships, the programs of research should move beyond simple 

correlational studies to include more longitudinal studies with controls for 

differences in individuals’ family backgrounds and more studies using statistical 

methods that are designed to approximate experiments. Such research would 

benefit from efforts to achieve common definitions of 21
st
 century competencies and 
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an associated set of activities designed to produce valid and reliable assessments of 

them. 
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Table 3-1 : Key Studies Cited in Chapter 3: The Importance of Deeper Learning and 21
st
 Century Skills  1 

 2 

Reference Key findings/conclusions Research methods Measures of skills 

    

Studies of Personality Factors  

Almlund et 

al. 2011 

Conscientiousness has strong correlations with 

outcomes from a number of adult domains  

Research synthesis Big-five personality traits 

measured using a variety of 

direct and indirect methods  

Studies of the relationship between skills and educational attainment  

Duncan et al, 

2007 

Reading, math, and attention skills at school entry 

predict subsequent reading and math achievement. 

Neither behavior problems nor mental health 

problems were associated with later achievement, 

holding constant achievement as well as child and 

family characteristics.  

Formal meta-analysis of 

standardized regression 

coefficients emerging from the 

236 individual study regressions 

analyzing the relationship 

between school-entry reading and 

math achievement and 

noncognitive skills and later 

reading and math achievement. 

Controls for general cognitive 

ability, behavior and temperament 

and parent education and income 

were included in the regressions.  

Cognitive skills: Measures of 

school-entry reading and math 

achievement 

 

Interpersonal and Intrapersonal 

Skills: The 6 longitudinal data 

sets included measures of 

attention (intrapersonal), 

antisocial behavior (both 

intrapersonal and 

interpersonal) and mental 

health (intrapersonal).  

  

Duncan and 

Magnuson, 

2011 

Although school-entry reading and math 

achievement skills predicted later school 

achievement, single point-in-time assessments of 

primary school skills were relatively weakly 

predictive of later outcomes. Children with 

persistent math or behavior problems were much 

less likely to graduate from high school or attend 

college and those with persistent behavior problems 

were much more likely to be arrested or jailed.  

Review of theory and empirical 

studies of the relationship 

between young children’s skills 

and behaviors and their later 

attainments. The studies included 

measures of individual students’ 

skills at multiple points in time to 

identify persistent patterns. 

Cognitive skills: Measures of 

school-entry reading and math 

achievement 

 

Interpersonal and Intrapersonal 

Skills: The studies included 

measures of attention 

(intrapersonal), antisocial 

behavior (both intrapersonal 

and interpersonal) and mental 

health (intrapersonal).  
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Poropat, 

2009 

At the elementary school level, cognitive ability is 

the strongest predictor of grades. At the high school 

and college levels, cognitive ability is a weaker 

predictor of grades and conscientiousness is the only 

personality factor that predicts grades. Where tested, 

correlations between conscientiousness and 

academic performance were largely independent of 

measures of cognitive ability. Studies controlling for 

secondary academic performance found 

conscientiousness predicted college grades at about 

the same level as measures of cognitive ability. 

Meta-analysis of studies of the 

correlation between personality 

traits and academic performance. 

Most of the studies came from 

higher education, with a smaller 

sample from primary education.  

Cognitive Skills: Some of the 

studies included tests of 

general cognitive ability. 

 

Interpersonal Skills: Measures 

of agreeableness and 

extraversion  

 

Intrapersonal Skills: Measures 

of conscientiousness, 

emotional stability, and 

openness  

    

Studies of the relationship between skills and income/earnings/job performance 

Autor, Levy 

and 

Murnane, 

2003  

From 1970 to 1988, across the 

U.S. economy, computerization 

reduced routine cognitive and 

manual tasks and increased 

nonroutine cognitive and 

interactive tasks. This model 

explains 60% of the growth in 

college-educated labor from 

1970-1988. Conclusion: 

Demand is growing for 

nonroutine problem solving and 

complex communication skills.  

Paired representative data on job task 

requirements from the Dictionary of 

Occupational Titles (DOT) with 

samples of employed workers from the 

Census and CPS to create a consistent 

panel of industry and occupational task 

input from 1960 to 1998.  

Cognitive: DOT measures of:  

nonroutine cognitive tasks: 1) level of 

direction, control, and planning of activities; 

and 2) quantitative reasoning 

 

Manual tasks: DOT measures of routine 

manual tasks: finger dexterity and nonroutine 

tasks: Eye-hand-foot coordination] 

 

Interpersonal and Intrapersonal: No direct 

measures  

Barrick, 

Mount, and 

Judge, 2001 

 

(job 

performance) 

Conscientiousness is a valid 

predictor of job performance 

across all performance 

measures in all occupations 

studied, with average 

correlations ranging from the 

mid .20s to low .30s.  

Second-order meta-analysis of the 

results of 11 prior meta-analyses of the 

relationship between Five Factor 

Model personality traits and job 

performance.  

Cognitive: no measures  

 

Interpersonal: Measures of extroversion, 

agreeableness 

 

Intrapersonal: Measures of emotional 

stability, conscientiousness, and openness to 
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experience 

Cunha and 

Heckman, 

2008 

 

(earnings and 

high school 

graduation) 

Increased parental investments 

in their children’s skills impact 

adult earnings and high school 

graduation rates through effects 

on both cognitive and 

noncognitive skills. 

Improvements in noncognitive 

skills raised both cognitive and 

noncognitive skills. 

Dynamic factor model used to address 

endogeneity of inputs and multiplicity 

of parental inputs relative to 

instruments. Estimated the scale of the 

factors by estimating their effects on 

high school graduation and earnings at 

age 23.  

 

Data: Sample of 1053 white males 

from the CNLSY/79 data set 

Cognitive Skills: Tests of Mathematics and 

Reading Recognition 

 

Interpersonal and Intrapersonal: Several 

subscores of the Behavioral Problems Index 

were combined into a single measure of 

noncognitive skills.  

 

Measures of parental investments: number of 

books, number of musical instruments, 

newspaper subscriptions, special lessons, trips 

to the museum, trips to the theater.  

Lindquvist 

and Vestman, 

2011  

Conclusion: Noncognitive 

ability is considerably more 

important than cognitive ability 

for success in the labor market  

Multiple regression analysis. Authors 

used ordinary least squares to estimate 

the effect of cognitive and noncognitive 

skills on wages, earnings, and 

unemployment. They matched a dataset 

on socioeconomic outcomes for a 

representative sample of the Swedish 

population with data from the military 

enlistment. 

 

Cognitive Skills: Test of general intelligence. 

 

Interpersonal and Intrapersonal Skills: 

Authors used the overall score and the sum of 

the subscores assigned by a certified 

psychologist on the basis of a semi-structured, 

25-minute interview. The interview is 

designed to measure the ability to function 

during armed combat. A high score reflects 

both interpersonal and intrapersonal skills  

Studies of the Relationship between skills and health 

    

Cutler and 

Lleras-Muney 

(2010a) 

The effect of education on 

health increases with 

increasing years of education 

and appears to be related to 

critical thinking and decision-

making patterns.  

1990, 1991 and 2000 waves of the 

National Health Interview Survey, 

National Death Index 

Completed years of schooling 

 1 
Source: Created by the Committee  2 
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Table 3-2: Correlations and regression-adjusted associations between skills, behaviors and 1 

school performance 2 
 3 

 Concurrent (simple) correlations Longitudinal 

(simple) 

correlations 

Regression-

adjusted 

correlations 

 Primary school 

 

Secondary Tertiary Primary Primary 

Personality factors Outcome is school grades   

Conscientiousness .28 .21 .23   

Openness .24 .12 .07   

Agreeableness .30 .05 .06   

Emotional stability .20 .01 -.01   

Extraversion .18 -.01 -.03   

Cognitive ability .58 .24 .23   

      

Skills and 

behaviors 

Outcome is reading 

achievement 

  Outcomes are later reading 

and math achievement 

 Kinder-

garten 

5
th

 grade   Kinder-

garten 

Kindergarten 

Reading 

achievement 

-    .44 .13 

Math achievement -    .47 .33 

Attention .29 .38   .25 .07 

Anti-social behavior -.07 -.25   -.14 -.01 

Mental health -.12 -.20   -.10 .00 

       

 4 

Source: Created by the Committee 5 

 6 

Note: Concurrent correlations for personality factors and cognitive ability come from Poropat 7 

(2009). Concurrent correlations for skills and behaviors in kindergarten and fifth grade and come 8 

from Duncan and Magnuson (2011). Longitudinal and regression-adjusted correlations are from 9 

Duncan et al. (2007). Regression controls in the final column include family background, child 10 

temperament and IQ. 11 

 12 

 13 

 14 

 15 

 16 
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4 

 

Perspectives on Deeper Learning 

 

 

 

 

 

 

 

 

 

 

This chapter returns to the discussion begun in Chapter 2 about the nature of deeper 

learning and 21st century skills. It opens with an introduction including a brief discussion of the 

goals of deeper learning and a brief discussion of the history of theory and research on transfer. 

The second and longest section of the chapter discusses cognitive perspectives on deeper 

learning reviewing work in cognitive and educational psychology in support of our argument that 

deeper learning is the process of developing durable, transferable knowledge that can be applied 

to new situations. In the third section, we offer an example of a learning environment that 

promotes the processes of deeper learning and develops cognitive, intrapersonal, and 

interpersonal competencies. In the fourth and fifth sections we discuss the intrapersonal and 

interpersonal domains, considering how 21st century competencies in these two domains support 

the process of deeper learning. The sixth section briefly discusses the implications of the 

research reviewed throughout the chapter for teaching of deeper learning and 21st century 

competencies, and the chapter ends with conclusions. 

 

A CLASSIC CONCERN: LEARNING FOR TRANSFER 

 

The committee views the broad call for deeper learning and “21st century skills” as 

reflecting a long-standing issue in education and training – the desire that individuals develop 

transferable knowledge and skills. Associated with this is the challenge of creating learning 

environments that support development of the cognitive, interpersonal, and intrapersonal 

competencies that enable learners to transfer what they have learned to new situations and new 

problems. These competencies include both knowledge in a domain and knowledge of how, why, 

and when to apply this knowledge to answer questions and solve problems—integrated forms of 

knowledge that we refer to as “21
st
 century competencies” and discuss further below. 

If the goal of instruction is to prepare students to accomplish tasks or solve problems 

exactly like the ones addressed during instruction, then deeper learning is not needed. For 

example, if someone’s job calls for adding lists of numbers accurately, that individual needs to 

learn to become proficient in using the addition procedure, but does not need deeper learning 

about the nature of number and number theory that will allow transfer to new situations that 

involve the application of mathematical principles. As discussed in the previous chapter, today’s 

technology has reduced demand for such routine skills (e.g., Autor, Levy and Murnane, 2003). 

Success in work and life in the 21
st
 century is associated with cognitive, intrapersonal, and 
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interpersonal competencies that allow individuals to adapt effectively to changing situations 

rather than to rely solely on well-worn procedures.  

When the goal is to prepare students to be able to be successful in solving new problems 

and adapting to new situations, then deeper learning is called for. Calls for such “21st century 

skills” as innovation, creativity, and creative problem-solving can also be seen as calls for deeper 

learning—helping students develop transferable knowledge that can be applied to solve new 

problems or respond effectively to new situations. Before turning to a discussion of the 

relationship between deeper learning and 21
st
 century competencies in terms of theories and 

research on learning and knowing and the implications for transfer, we briefly discuss some of 

the rich history of work on the nature and extent of transfer.  

 

Brief Historical Overview of Theory and Research on Transfer 

 

Transfer was one of the first topics on the research agendas of both psychology and 

education, and has remained as perhaps the central topic in the research on learning and 

instruction for over 100 years. Research to date suggests that despite our desire for broad forms 

of transfer, knowledge does not transfer very readily, but it also illuminates instructional 

conditions that support forms of transfer that are desirable and attainable. 

Specific transfer is the idea that learning A affects one’s learning of B only to the extent 

that A and B have elements in common. For example, learning Latin may help someone learn 

Spanish solely because some of the vocabulary words are very similar and the verb conjugations 

are very similar. In contrast, general transfer is the idea that learning A affects one’s learning of 

B because learning A strengthens general characteristics or knowledge in the learner that are 

broadly relevant (such as mental discipline or general principles). On the general transfer side of 

the controversy was the doctrine of formal discipline, which held that learning certain school 

subjects such as Latin and geometry would improve the mind in general (i.e., teach proper habits 

of mind) and thereby improve learning and performance in other unrelated subjects. On the 

specific transfer side of the controversy was E. L. Thorndike, largely recognized as the founder 

of educational psychology, who sought to put the issue to an empirical test. In a famous set of 

early studies, Thorndike and Woodworth (1901) found that students who were taught a cognitive 

skill showed a large improvement on the taught tasks but not on other tasks. Thorndike was able 

to claim strong support for specific rather than general transfer: “Improvement in any single 

mental function rarely brings about equal improvement in any other function, no matter how 

similar” (Thorndike, 1903, p. 91). 

This was not a good outcome for those dedicated to helping students develop the ability 

to exhibit general transfer—that is, to apply what they have learned in one situation to a novel 

situation. Subsequent work by Judd (1908) offered some hope by showing that transfer to new 

situations depended on the instructional method used during initial learning, with some 

instructional methods supporting transfer to new situations and others not. An important aspect 

of Judd’s finding is that transfer was restricted to new situations that required the same general 

principles as required in the original task, although it could be applied to situations requiring 

different behaviors.  

Judd’s finding has been replicated in many contexts. For example, Singley and Anderson 

(1989) report on an experiment designed to study the acquisition and transfer of skills in text-

editing. A group of 24 young women (aged 18-30) from a secretarial school were first taught to 
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use either one or two line editors (text editing software used to change individual lines of text) 

and then a screen editor (text editing software used to scroll throughout a page of text), while 

control groups spent similar amounts of time either learning and using one of the screen editors 

or simply typing a manuscript. The authors observed positive transfer, both from one line editor 

to the next and from the line editors to the screen editor, as indicated by reductions in total 

learning time, keystrokes, residual errors, and other measures in comparison to the control 

groups. They proposed that the very high level of transfer from one line editor to the next line 

editor was due to the fact that, although the surface features of the commands used in the two 

editors were different, the underlying principles were nearly identical. In addition, they proposed 

that the moderate level of transfer from the line editors to the screen editor reflected the fact that 

the procedures used in the 2 line editors are largely different from those used by the screen 

editor. Nevertheless, the 2 line editors and the screen editor do share several decision rules, 

enabling the moderate level of transfer. It is important to note that this research examined 

transfer within a single subject or topic area—text editing. Research to date has not found 

evidence of transfer across subjects or disciplines.  

Although there is little support in the research literature for general transfer in the 

broadest sense, there is encouraging evidence for what could be called “specific transfer of 

general principles” within a subject area or topic, when effective instructional methods are used. 

Understanding how to promote this type of specific transfer is a continuing goal of research. 

Much of contemporary work continues to follow a line of thinking originally developed by the 

Gestalt psychologists (e.g., Katona, 1942; Wertheimer, 1959), working in the first half of the 

twentieth century. They were the first to propose a distinction between reproductive thinking 

(i.e., applying a previously learned procedure to solve a new problem) and productive thinking 

(i.e., inventing a new solution method to solve a new problem). Insight—moving from a state of 

not knowing how to solve a problem to a state of knowing how to solve it—is at the heart of 

productive thinking and was a major research theme of Gestalt psychology (Duncker, 1945; 

Mayer, 1995). The Gestaltists also emphasized the distinction between rote learning (which 

involved learning to blindly follow a procedure) and meaningful learning (which involved deeper 

understanding of the structure of the problem and the solution method), and they provided 

evidence that meaningful learning leads to transfer, whereas rote learning does not (Katona, 

1940). For example, Wertheimer showed that in learning to solve for the area of a parallelogram, 

students could be taught how to apply the formula area = height x base (learning by rote), or 

they could be shown that they could cut off a triangle from one end and place it on the other end 

to form a rectangle (learning by understanding). According to Wertheimer, both kinds of 

instruction enabled students to perform well on problems like those given during instruction (i.e., 

retention tests), but only learning by understanding could promote problem solving on unusually 

shaped parallelograms and related non-parallelogram shapes (i.e., transfer tests).  

Overall, one of the continuing goals of research and theory is to elucidate what is meant 

by learning with understanding – the processes that produce such learning as well as the 

outcomes in terms of knowledge representations – as well as how the products of such “deeper 

learning” processes lead to productive thinking in the context of transfer situations. In the next 

section we consider the relationship between deeper learning and 21
st
 century skills from the 

perspective of contemporary research and theory on the nature of the mental structures and 

cognitive processes associated with learning as well as the sociocultural nature of learning and 

knowing. 
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THE RELATIONSHIP BETWEEN DEEPER LEARNING AND COGNITIVE 

COMPETENCIES  

 

To clarify the meaning of “deeper learning” and illuminate its relationship to 21
st
 century 

competencies in the cognitive domain, the committee turned to two important strands of research 

and theory on the nature of human thinking and learning, the cognitive perspective and socio-

cultural perspective, also referred to as the situated perspective (Greeno, Pearson, and 

Schoenfeld, 1996). In contrast to the differential perspective discussed in Chapter 2, which 

focuses on differences among individuals in knowledge or skill, the cognitive perspective 

focuses on types of knowledge and how they are structured in an individual’s mind, including the 

processes that govern perception, learning, memory and human performance. Research from the 

cognitive perspective investigates the mechanisms of learning and the nature of the products – 

the types of knowledge and skill -- that result from those mechanisms, as well as how that 

knowledge and skill is drawn upon to perform a range of simple to complex tasks. The goal is 

theory and models that apply to all individuals, accepting the fact that there will be variation 

across individuals in execution of the processes and in the resultant products.  

The socio-cultural perspective emerged in response to the perception that research and 

theory within the cognitive perspective was too narrowly focused on individual thinking and 

learning. In the socio-cultural perspective, learning takes place as individuals participate in the 

practices of a community, using the tools, language, and other cultural artifacts of the 

community. From this perspective, learning is “situated” within, and emerges from, the practices 

in different settings and communities. A community may be large or small and may be located 

inside or outside of a traditional school context. It might range, for example, from colleagues in a 

company’s Information Technology department to a single elementary school classroom or a 

global society of plant biologists.  

Such research has important implications for how academic disciplines are taught in 

school. From the socio-cultural perspective, the disciplines are distinct communities that engage 

in shared practices of ongoing knowledge creation, understanding and revision. It is now widely 

recognized that science is both a body of established knowledge and a social process through 

which individual scientists and communities of scientists continually create, revise, and elaborate 

scientific theories and ideas (National Research Council, 2007, Polanyi, 1958). In one illustration 

of the social dimensions of science, Dunbar (2000) found that scientists’ interactions with their 

peers, particularly how they responded to questions from other scientists, influenced their 

success in making discoveries. 

The idea that each discipline is a community with its own culture, language, tools, and 

modes of discourse has influenced teaching and learning. For example, Moje (2008) has called 

for reconceptualizing high school literacy instruction to develop disciplinary literacy programs, 

based on research into what it means to write and read in mathematics, history and science and 

what constitutes knowledge in these subjects. Moje (2008) argues that students' understanding of 

how knowledge is produced in the subject areas is more important than the knowledge itself.  

Socio-cultural perspectives are reflected in new disciplinary frameworks and standards 

for K-12 education. In Science, for example, the NRC Framework for K-12 Science Education 

(National Research Council, 2012) calls for integrated development of science practices, 

crosscutting concepts, and core ideas. The Common Core State Standards in English language 

arts (Common Core State Standards Initiative, 2010a) reflect an integrated view of reading, 
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writing, speaking/listening, and language and also respond to Moje’s (2008) call for disciplinary 

literacy by providing separate English language arts standards for history and science. Based on 

the view of each discipline as a community engaged in ongoing discourse and knowledge 

creation, the science framework and the standards in mathematics and English language arts 

include expectations for learning of interpersonal and intrapersonal knowledge and skills along 

with cognitive knowledge and skills (see Chapter 5 for further discussion).  

In the committee’s view, and informed by both perspectives, the link between deeper 

learning and 21
st
 century competencies lies in the classic concept of transfer—the ability to use 

prior learning to support new learning or problem solving in culturally relevant contexts. We 

define “deeper learning” not as a “product” but as processing—both within individual minds and 

through social interactions in a community—and “21st century competencies” as the learning 

outcomes of this processing in the form of transferable knowledge and skills that result. The 

transferable knowledge and skills encompass all three domains of competency: cognitive, 

interpersonal and intrapersonal, in part reflecting the socio-cultural perspective of learning as a 

process grounded in social relationships. 

To support our proposed definitions of deeper learning and 21
st
 century competencies, we 

first draw on concepts and principles derived from work in cognitive psychology. Based on this 

review of the research, we describe the nature of deeper learning and briefly discuss instruction 

that supports deeper learning and transfer (we elaborate on teaching for transfer in the Chapters 5 

and 6). 

Components of Cognitive Architecture
1
 

 

One of the chief theoretical advances to emerge from research and theory is the notion of 

cognitive architecture--the information processing system that determines the flow of 

information and how it is acquired, stored, represented, revised, and accessed in the mind. Fig 4-

1 shows the main components of this architecture. Research has identified the distinguishing 

characteristics of the various types of memory shown in Fig 4-1 and the mechanisms by which 

they interact with each other. 

 

Figure 4-1: An Information Processing Model Memory 

 

 

 

 

 

 

 

 

 

 

                                                 
1
This section of the chapter draws heavily on National Research Council, 2001, pp. 65-68.  
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Source: Mayer, Heiser, and Lonn, 2001. Copyright © (2001) by the American Psychological 

Association. Reproduced with permission. The use of APA information does not imply 

endorsement by APA. 

 

Working Memory 

 

Working memory is what people use to process and act on information immediately 

before them (Baddeley, 1986). Working memory is a conscious system that receives input from 

memory buffers associated with the various sensory systems. There is also considerable evidence 

that working memory can receive input from the long-term memory system. 

The key variable for working memory is capacity--how much information it can hold at 

any given time. Controlled (also defined as conscious) human thought involves ordering and 

rearranging ideas in working memory and is consequently restricted by the finite capacity of 

working memory. Simply stated, working memory refers to the currently active portion of long-

term memory. But there are limits to such activity, and these limits are governed primarily by 

how information is organized. Although few people can remember a randomly generated string 

of 16 digits, anyone with a slight knowledge of American history is likely to be able to recall the 

string 1492-1776-1865-1945. This is just one example of an important concept: namely, that 

knowledge stored in long-term memory can have a profound effect on what appears, at first 

glance, to be the capacity constraint in working memory.  

 

Long-Term Memory 

 

Long-term memory contains two distinct types of information--semantic information 

about “the way the world is” and procedural information about “how things are done.” Unlike 

working memory, long-term memory is, for all practical purposes, an effectively limitless store 

of information. It therefore makes sense to try to move the burden of problem-solving from 

working memory to long-term memory. What matters most in learning situations is not the 

capacity of working memory--although that is a factor in speed of processing--but how well one 

can evoke the knowledge stored in long-term memory and apply it to address information and 

problems in the present. 

 

Contents of Memory 

 

Contemporary theories also characterize the types of cognitive content that are processed 

by the architecture of the mind. The nature and organization of this content is extremely critical 

for understanding how people answer questions and solve problems, and how they differ in this 

regard as a function of the conditions of instruction and learning. An important distinction in 

cognitive content is between domain-general knowledge, which is applicable to a range of 

situations, and domain-specific knowledge, which is relevant to a particular problem area.  

 

Domain-General Knowledge and Problem-Solving Processes 

 

Cognitive research has shown that general problem-solving procedures, not specific to a 

particular domain of knowledge, are generally slow and inefficient. Newell and Simon (1972) 
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developed a computer program to test such general procedures, known as weak methods, 

identifying their limitations as follows:  

 

 Hill climbing: One solves a problem by taking one step at a time toward the 

overarching goal or task. This approach is inflexible and may be inefficient, as 

selecting whatever step takes one uphill (or in a particular direction) may cause 

the problem-solver to climb a foothill, ignoring the much more efficient 

procedure of going around it. More sophisticated problem-solving strategies, such 

as those used by expert chess players, require one to look ahead many steps to 

see potential problems well in advance and avoid them.  

 Means–ends analysis: One solves a problem by considering the obstacles that 

stand between the initial problem state and the goal state. The problem solver 

then identifies sub goals related to the elimination of each these obstacles. When 

all of the sub goals have been achieved (all of the obstacles have been 

eliminated), then the main goal of interest has been achieved. Because the sub 

goals have been identified through a focus on the main goal, means-ends analysis 

can be viewed as a strategy in which the long-range goal is always kept in mind 

to guide problem solving. It is not as near-sighted as other search techniques, like 

hill climbing. 

 Analogy: One solves a problem by using the solution of a similar problem. 

However, evidence shows that, generally, people who have learned to solve a 

first problem are not better at solving a second problem analogous to the first. 

Even when given explicit instructions about the relationship between the two 

problems, individuals do not always find it easier to solve the second problem.  

 Trial and error. One solves a problem by randomly trying out solutions until one 

has reached the goal. Trial and error approaches can be very inefficient, as many 

of the random solutions may be incorrect, and there is no boundary to narrow the 

search for possible solutions.  

 

Problem solvers confronted by a problem outside their area of expertise use these weak 

methods to try to constrain what would otherwise be very large search spaces when they are 

solving novel problems. In most situations, however, learners are expected to use strong 

methods—relatively specific algorithms which are particular to the domain that will make it 

possible to solve problems efficiently. Strong methods, when available, find solutions with little 

or no search. For example, someone who knows calculus can find the maximum of a function by 

applying a known algorithm (taking the derivative and setting it equal to zero). As discussed 

further below, experts are able to quickly solve novel problems within their domain of expertise 

because they can readily retrieve relevant knowledge, including the appropriate, strong methods 

to apply. Paradoxically, although one of the hallmarks of expertise is access to a vast store of 

strong methods in a particular domain, both children and scientists fall back on their repertoire of 

weak methods when faced with truly novel problems (Klahr and Simon, 1999). 
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Knowledge Organization: Schemas and Expert-Novice Differences
2
 

 

Although weak methods remain the last resort when one is faced with novel situations, 

people generally strive to interpret situations so that they can apply schemas--previously learned 

and somewhat specialized techniques (i.e., strong methods) for organizing knowledge in memory 

in ways that are useful for solving problems. Schemas help people interpret complex data by 

weaving them into sensible patterns. A schema may be as simple as “Thirty days hath 

September” or more complex, such as the structure of a chemical formula. Schemas help move 

the burden of thinking from working memory to long-term memory. They enable competent 

performers to recognize situations as instances of problems they already know how to solve; to 

represent such problems accurately, according to their meaning and underlying principles; and to 

know which strategies to use to solve them.  

The existence of problem-solving schemas has been demonstrated in a wide variety of 

contexts. Extensive research shows that the ways students mentally “represent” (form a mental 

model of) the information given in a math or science problem or in a text that they read depends 

on the organization of their existing knowledge. As learning occurs, increasingly well-structured 

and qualitatively different organizations of knowledge develop. These structures enable 

individuals to build a representation or mental model that guides problem solution and further 

learning, avoid trial-and-error solution strategies, and formulate analogies and draw inferences 

that readily result in new learning and effective problem-solving (Glaser and Baxter, 1999). The 

impact of schematic knowledge is powerfully demonstrated by research on the nature of 

expertise. 

Research conducted over the past five decades has generated a vast body of knowledge 

about how people learn the content and procedures of specific subject domains. Researchers have 

probed deeply the nature of expertise and how people acquire large bodies of knowledge over 

long periods of time. Studies have revealed much about the kinds of mental structures that 

support problem-solving and learning in various domains ranging from chess to physics; what it 

means to develop expertise in a domain; and how the thinking of experts differs from that of 

novices.  

The notion of expertise is inextricably linked with subject-matter domains: experts must 

have expertise in something. Research on how people develop expertise has provided 

considerable insight into the nature of thinking and problem-solving. Although every person 

cannot be expected to become an expert in a given domain, findings from cognitive science 

about the nature of expertise can shed light on what successful learning looks like and guide the 

development of effective instruction and assessment. 

What distinguishes expert from novice performers is not simply general mental abilities, 

such as memory or fluid intelligence, or general problem-solving strategies. Experts have 

acquired extensive stores of knowledge and skill in a particular domain, and perhaps more 

significantly, they have organized this knowledge in ways that a make it readily retrievable and 

useful.  

In fields ranging from medicine to music, studies of expertise have shown repeatedly that 

experts commit to long-term memory large banks of well-organized facts and procedures, 

                                                 
2
This section of the chapter draws heavily on National Research Council, 2001, pp. 70-73. 
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particularly deep, specialized knowledge of their subject matter (Chi, Glaser, and Rees, 1982; 

Chi and Koeske, 1983). Most important, they have efficiently coded and organized this information 

into well-connected schemas. These methods of encoding and organizing help experts interpret 

new information and notice features and meaningful patterns of information that might be 

overlooked by less competent learners. These schemas also enable experts, when confronted with 

a problem, to retrieve the relevant aspects of their knowledge. 

Of particular interest to researchers is the way experts encode, or chunk, information into 

meaningful units based on common underlying features or functions. Doing so effectively moves 

the burden of thought from the limited capacity of working memory to long-term memory. 

Experts can represent problems accurately according to their underlying principles, and they 

quickly know when to apply various procedures and strategies to solve them. They then go on to 

derive solutions by manipulating those meaningful units. For example, chess experts encode 

midgame situations in terms of meaningful clusters of pieces (Chase and Simon, 1973). 

The knowledge that experts have cannot be reduced to sets of isolated facts or 

propositions. Rather, their knowledge has been encoded in a way that closely links it with the 

contexts and conditions for its use. Because the knowledge of experts is “conditionalized” they 

do not have to search through the vast repertoire of everything they know when confronted with 

a problem. Instead, they can readily activate and retrieve the subset of their knowledge that is 

relevant to the task at hand (Simon, 1979; Glaser, 1992). These and other related findings 

suggest that teachers should place more emphasis on the conditions for applying the facts or 

procedures being taught, and that assessment should address whether students know when, 

where, and how to use their knowledge. 

 

Practice and Feedback
3
 

 

Every domain of knowledge and skill has its own body of concepts, factual content, 

procedures, and other items that together constitute the knowledge of that field. In many 

domains, including areas of literature, history, mathematics and science, this knowledge is 

complex and multifaceted, requiring sustained effort and focused instruction to master. 

Developing deep knowledge of a domain such as that exhibited by experts, along with conditions 

for its use, takes time and focus and requires opportunities for practice with feedback. 

Whether considering the acquisition of some highly specific piece of knowledge or skill 

such as the process of adding two numbers, or some larger schema for solving a mathematics or 

physics problem, certain laws of skill acquisition always apply. The first of these is the power 

law of practice: acquiring skill takes time, often requiring hundreds or thousands of instances of 

practice in retrieving a piece of information or executing a procedure. This law operates across a 

broad range of tasks, from typing on a keyboard to solving geometry problems (Rosenbloom and 

Newell, 1987). According to the power law of practice, the speed and accuracy of performing a 

simple or complex cognitive operation increases in a systematic non-linear fashion over 

successive attempts (see Figure 4-2). This pattern is characterized by an initial rapid 

improvement in performance, followed by subsequent and continuous improvements that accrue 

                                                 
3
This section of the chapter draws heavily on National Research Council, 2001, pp. 84-87.  
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at a slower and slower rate. 

 
Figure 4-2: Skill Acquisition Curves 

Source: Anderson (1990, p. 262). Reprinted with permission from W.H. Freeman and Company, 

from Anderson, J.R. (1990). Cognitive psychology and its implications. Permission conveyed 

through Copyright Clearance Center, Inc.  

 

The power law of practice is fully consistent with theories of cognitive skill acquisition 

according to which individuals go through different stages in acquiring the specific knowledge 
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associated with a given cognitive skill (e.g., Anderson, 1982). Early on in this process, performance 

requires effort because it is heavily dependent on the limitations of working memory. Individuals 

must create a representation of the task they are supposed to perform and they often verbally 

mediate or “talk their way through the task” while it is being executed. Once the components of the 

skill are well represented in long-term memory, the heavy reliance on working memory, and the 

problems associated with its limited capacity can be bypassed. As a consequence, exercise of the 

skill can become fluent and then automatic. In the latter case, the skill requires very little conscious 

monitoring, and thus mental capacity is available to focus on other matters. Evidence indicates that 

with each repetition of a cognitive skill, as in accessing a concept in long-term memory from a 

printed word, retrieving an addition fact, or applying a schema for solving differential equations, 

some additional knowledge strengthening occurs that produces continual small improvements. 

Practice, however, is not enough to ensure that a skill will be acquired. The conditions of 

practice are also important. The second major law of skill acquisition involves knowledge of 

results. Individuals acquire a skill much more rapidly if they receive feedback about the 

correctness of what they have done. If incorrect, they need to know the nature of their mistake. It 

was demonstrated long ago that practice without feedback produces little learning (Thorndike, 

1927). One of the persistent dilemmas in education is that students often spend time practicing 

incorrect skills with little or no feedback. Furthermore, the feedback they ultimately receive is 

often neither timely nor informative. Unguided practice (e.g., homework in math) can be for the 

less able student, practice in doing tasks incorrectly.  

The timing and quality of feedback influences its effectiveness in speeding acquisition of 

skills or knowledge (Pashler et al, 2005; Shute, 2008). The optimal timing of feedback appears to 

differ, depending on the type and complexity of the learning task and the characteristics of the 

learner. For example, immediate feedback can quickly prevent further incorrect practice, but also 

has potential limitations, including posing a threat to motivation and reducing opportunities for 

learners to correct their own errors and develop self-regulated learning skills. There is growing 

evidence that feedback that explains why the practice is incorrect is more valuable for learning 

than feedback that simply flags errors (Roscoe and Chi, 2007; National Research Council, 

2011a; Shute, 2008). The value of explanatory feedback has been demonstrated through research 

conducted in both digital and non-digital learning environments. For example, Moreno and 

Mayer (2005) compared two different versions of an interactive science learning game in which 

students traveled to different planets with different environmental conditions and were asked to 

design a plant that could survive in these conditions. The authors found that students who 

received explanatory feedback performed significantly better than students who received only 

corrective feedback on a test designed to measure both retention of the targeted botany concepts 

and transfer of these concepts to new problems of plant design based on the same general 

principles.  

 

The Nature of Deeper Learning  

 

The review of research thus far in this chapter allows us to more clearly describe the 

nature of deeper learning. First, the history of research on transfer suggests that there are limits to 

how far the knowledge and skills developed through deeper learning can transfer. Transfer is 

possible within subject area or domain of knowledge, when effective instructional methods are 

used. Second, the research on expertise suggests that deeper learning involves the development 
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of well-organized knowledge in a domain that can be readily retrieved to apply (transfer) to new 

problems in that domain. Third, the research suggests that deeper learning requires extensive 

practice, aided by explanatory feedback that helps learners correct errors and practice correct 

procedures, and that multimedia learning environments can provide such feedback. Fourth, the 

work of the Gestalt psychologists discussed above allows us to distinguish between rote learning 

and meaningful learning (or deeper learning). Meaningful learning (which develops deeper 

understanding of the structure of the problem and the solution method) leads to transfer, while 

rote learning does not (Katona, 1940).  

Building on the research of the Gestalt psychologists, we can distinguish between 

different types of tests and the learning they measure. Retention tests are designed to assess 

learners’ memory for the presented material using recall tasks (e.g., “What is the definition of 

deeper learning?”) or recognition tasks (e.g., “Which of the following is not part of the definition 

of deeper learning? A. learning that facilitates future learning, B. learning that facilitates future 

problem solving, C. learning that promotes transfer, D. learning that is fun.”). While retention 

and recognition tests are often used in educational settings, experimental psychologists use 

transfer tests to assess learners’ ability to use what they learned in new situations to solve 

problems or to learn something new (e.g., “Write a transfer test item to evaluate someone’s 

knowledge of deeper learning”).  

Although using the senses to attend to relevant information may be all that is required for 

success on retention tasks, success on transfer tasks requires deeper processing that includes 

organizing new information and integrating it with prior knowledge in one’s mind (see Figure 4-

1). This deeper cognitive process develops 21st century skills—knowledge in a learner’s long-

term memory that can be used in new situations.  

Results from the two different types of assessments can be used to distinguish between 

three different types of learning outcomes—no learning, rote learning, and meaningful learning 

(see Table 4–1; also Mayer, 2010). No learning is indicated by poor performance on retention 

and transfer tests. Rote learning is indicated by good retention performance and poor transfer 

performance. Meaningful learning (which also could be called deeper learning) is indicated by 

good retention performance and good transfer performance. Thus the distinguishing feature of 

meaningful learning (or deeper learning) is the learner’s ability to transfer what was learned to 

new situations. 

 

TABLE 4–1 Three Types of Learning Outcomes 

Type of Outcome Retention Performance Transfer Performance  

No learning Poor Poor 

Rote learning Good Poor  

Meaningful (deeper) learning  Good Good 

 

SOURCE: Mayer, Richard E. Applying the Science of Learning, 1st Edition, © 2011. Reprinted 

by permission of Pearson Education, Inc., Upper Saddle River, NJ.2010 

 

Components of Deeper Learning 

 

Researchers have characterized the suite of knowledge and abilities that are used in the 

process of deeper learning in various ways. For example, when Anderson and Krathwohl (2001) 
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updated Bloom’s 1956 taxonomy of learning objectives, they included three types of knowledge 

and skills: (1) knowledge (e.g., facts and concepts); (2) skills (e.g., procedures and strategies); 

and (3) attitudes (e.g., beliefs). In Chapter 2, we proposed that knowledge and skills can be 

divided into three broad domains of competence: cognitive, intrapersonal, and interpersonal.  

Mayer (2011a) suggested that deeper learning involves developing an interconnected 

network of five types of knowledge: 

 

 Facts—statements about the characteristics or relationships of elements in the 

universe; 

 Concepts, which are categories, schemas, models, or principals;  

 Procedures, or step-by-step processes; 

 Strategies (general methods); and 

 Beliefs about one’s own learning.  

 

Earlier in this chapter, we noted that mentally organizing knowledge helps an individual 

to quickly identify and retrieve the relevant knowledge when trying to solve a novel problem 

(i.e., when trying to transfer the knowledge). In light of these research findings, Mayer (2010) 

proposed that the way in which a learner organizes these five types of knowledge influences 

whether the knowledge leads to deeper learning and transfer. For example, factual knowledge is 

more likely to transfer if it is integrated, rather than existing as isolated bits of information, and 

conceptual knowledge is more likely to transfer if it is mentally organized around schemas, 

models, or general principles. As the research on expertise and the power law of practice would 

indicate, procedures that have been practiced until they become automatic and embedded within 

long-term memory are more readily transferred to new problems than those that require much 

thought and effort. In addition, specific cognitive and metacognitive strategies, discussed later in 

this chapter, promote transfer. Finally, development of transferable 21st century skills is more 

likely if the learner has productive beliefs about his or her ability to learn and about the value of 

learning—a topic we return to later, in the section on the intrapersonal domain.  

Table 4–2 outlines the cognitive processing of the five types of integrated knowledge and 

dispositions that, working closely together, support deeper learning and transfer.  

 

TABLE 4–2 What Is Transferable Knowledge? 

Type of Knowledge Format or Cognitive Processing  

Factual Integrated, rather than separate facts 

Conceptual  Schemas, models, principles  

Procedures Automated, rather than effortful  

Strategies Specific cognitive and metacognitive strategies  

Beliefs  Productive beliefs about learning  

 

SOURCE: Adapted from Mayer (2010).  

 

Deeper learning involves coordinating all five types of knowledge. The learner acquires 

an interconnected network of specific facts, automates procedures, refines schemas and mental 

models, and refines cognitive and metacognitive strategies, while at the same time developing 

productive beliefs about learning. Through this process the learner develops transferable 
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knowledge, which encompasses not only the facts and procedures that support retention but also 

the concepts, strategies, and beliefs needed for success in transfer tasks. We view these concepts, 

thinking strategies, and beliefs as 21st century skills.  

This proposed model of transferable knowledge reflects the research on development of 

expertise, which, as noted above, has distinguished differences in the knowledge of experts and 

novices in domains such as physics, chess, and medicine (see Table 4–3). Novices tend to store 

facts as isolated units, whereas experts store them in an interconnected network. Novices tend to 

create categories based on surface features, whereas experts create categories based in structural 

features. Novices need to expend conscious effort in applying procedures, whereas experts have 

automated basic procedures, thereby freeing them of the need to expend conscious effort in 

applying them. Novices tend to use general problem-solving strategies such as means–ends 

analysis, which require a backwards strategy starting from the goal, whereas experts tend to use 

specific problem-solving strategies tailored to specific kinds of problems in a domain, which 

involves a forward strategy starting from what is given. Finally, novices may hold unproductive 

beliefs, such as the idea that their performance depends on ability, whereas experts may hold 

productive beliefs, such as the idea that if they try hard enough they can solve the problem. In 

short, analysis of learning outcomes in terms of five types of knowledge has proven helpful in 

addressing the question of what expert problem solvers know that novice problem solvers do not 

know.  

 

TABLE 4–3 Expert–Novice Differences on Five Kinds of Knowledge 

Knowledge Novices  Experts 

      

facts  fragmented  integrated 

concepts surface   structural 

procedures effortful  automated 

strategies general   specific 

beliefs  unproductive  productive 

  

SOURCE: Adapted from Mayer (2010).  

 

 

AN ILLUSTRATION OF DEEPER LEARNING AND THE DEVELOPMENT OF 21ST 

CENTURY COMPETENCIES  

 

Before turning to discussions of deeper learning and 21
st
 century competencies in the 

Intrapersonal and Interpersonal Domains, we offer a description of a learning environment 

designed to develop mathematics competencies. Although the instruction focused on knowledge 

of high school mathematics, the teaching practices used to advance this goal led to development 

of intrapersonal and interpersonal competencies as well. We offer this case as illustrative (not 

definitive) of how learning and instruction in traditional school subjects might be organized in 

ways that produce multiple forms of transferable knowledge and skill (additional examples are 

provided in Chapter 5). 

Our example is derived from Boaler and Staples’ (2008) 5-year longitudinal study of 

approximately 700 students at three high schools. “Railside” was an urban, ethnically diverse 
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school, where 30 percent of students were English Language Learners and 30 percent of students 

qualified for free or reduced meals. Hilltop was a more rural school where approximately half of 

the students were Latino and half White, 20 percent of students were English Language Learners, 

and 20 percent qualified for free or reduced meals. “Greendale,” was a predominantly white 

school in a small coastal community, with no English Language Learners, and only 10 percent of 

students qualifying for free or reduced meals. The sample of schools was chosen intentionally to 

allow the researchers to observe different mathematics teaching approaches, and the research 

team gathered a wide range of data over four years, including videotapes of classroom activities, 

assessments of mathematics content, and interviews with students and teachers.  

The mathematics teachers at Railside worked collaboratively to develop and implement a 

mixed-ability curriculum in algebra and geometry classes and made more modest changes to 

advanced algebra classes. They had high expectations for all students and engaged them in a 

common, cognitively-challenging curriculum. Students spent most of their time working together 

small, mixed-ability groups to address complex problems. Students at the other two high schools 

experienced more traditional mathematics instruction, including teacher lectures, whole-class 

question and answer sessions, and individual practice solving relatively short, closed-ended 

problems.  

At the beginning of the study, when incoming freshmen at all 3 schools took an 

assessment of middle school mathematics knowledge, Railside students scored significantly 

lower than students from the other two schools. Nevertheless, all Railside students were placed 

in algebra classes, with a curriculum organized around themes, such as “What is a linear 

function?” The teachers restructured the traditionally rigid sequence of mathematics classes, so 

that students could take two courses within a single year (e.g., algebra and geometry). They also 

implemented many teaching practices designed to create a new culture of learning within the 

algebra classrooms. For example, teachers explicitly and publicly valued many different 

dimensions of mathematical work, recognized the intellectual contributions of students within a 

group who might otherwise be thought of as low status, and modeled for students the importance 

of asking good questions. The teachers conveyed to the students that there were many different 

methods and paths to solve the complex problems and required students to justify their answers. 

One important teaching practice focused on encouraging students to be responsible for 

each others’ mathematics learning. Teachers did this in several ways. First, when placing 

students into groups, they assigned them to particular roles, such as facilitator, team captain, 

recorder, or resource manager, to convey the idea that all students have important contributions 

to make. As they circulated around the classroom, teachers frequently emphasized the different 

roles, for example, by reminding facilitators to help group members check their answers or show 

their work. In addition, the teachers encouraged students to be responsible for each others’ 

learning through their assessment practices, which included, at times, assigning grades based on 

the quality of a group’s conversations. At other times, teachers asked one member of the group a 

question and, if that group member could not answer, gave the group some time to help that 

member find the solution (without providing hints or the answer, so that the group members were 

required to struggle through to the answer).  

At the end of each of school year, all students took content-focused assessments designed 

by researchers to include topics that had been addressed across the 3 different schools and 

teaching approaches (algebra at the end of year 1, geometry at the end of year 2, and advanced 

algebra and geometry at the end of year 3). In addition, the researcher administered open-ended 
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project assessments in each year of the study, with longer, more applied problems that students 

worked on in groups. By the end of year 1, the Railside students were approaching comparable 

levels in algebra to students at the other two schools and by the end of year 2, the Railside 

students’ scores were significantly higher than those of the students in the traditional 

mathematics classes. At the end of year 3, the Railside students’ scores were higher, but not 

significantly so (perhaps because the year 3 curriculum had not been developed as much by the 

teachers). In year 4, 41 percent of seniors at Railside were enrolled in calculus, compared with 

approximately 27 percent in the two other schools.  

Railside students also scored higher than students at the other two schools on the 

California Standards test, a curriculum, aligned test, although they did not do as well on the CAT 

6, a standardized state test, perhaps because that test requires strong English language skills and 

cultural knowledge. In addition, the Railside approach was successful at improving equity. 

Significant disparities in the mathematics achievement of incoming White, Black, and Latino 

students at Railside disappeared over the course of the study period, although achievement 

differences between different ethnic groups continued at the other two schools.  

These findings begin to illuminate both the process of deeper learning and its role in 

developing transferable skills and knowledgeable (i.e., transferable competencies). Clearly, the 

innovative approach led to gains in cognitive competencies in mathematics. At the same time, 

interview data showed that students developed positive dispositions towards mathematics and 

conscientiousness in addressing mathematics problems—important intrapersonal competencies. 

For example, 84 percent of Railside students agreed with the statement, “Anyone can be really 

good at math if they try,” compared to 52 percent of students in the traditional classes at the 

other two schools. Data from the videotaped project assessments showed that Railside students 

persisted in working through difficult problems for longer time periods than students from the 

other two schools. Railside students also gained important interpersonal skills, learning to value 

group work not only for how it aided their own learning, but also for helping others. In 

interviews, they expressed enjoyment in helping others and did not describe others as smart or 

dumb, slow or quick. Although the focus of their conversations was on mathematics, they 

learned to appreciate the different perspectives, insights, methods, and approaches offered by 

students from different cultures and circumstances. 

 

THE INTRAPERSONAL DOMAIN
4
 

 

The model of the suite of knowledge and skills developed through deeper learning shown 

in Table 4-2 above (Mayer 2010a) includes intrapersonal facets—specifically, productive beliefs 

about learning—as well as cognitive dimensions. Here, we further explore the intrapersonal 

dimensions of learning.  

The intrapersonal domain encompasses a broad range of competencies that reside within 

an individual and operate across a variety of different life contexts and situations, including 

learning situations. We have proposed in Chapter 2 that this domain includes three clusters of 

21
st
 century competencies:  

                                                 
4
This section of the chapter draws heavily on National Research Council, 2001, p. 88-89.  
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 Intellectual Openness (aligned with the personality factor of Openness to 

Experience), including such skills as flexibility, adaptability, artistic and cultural 

appreciation, personal and social responsibility; 

 Work Ethic (aligned with the personality factor of Conscientiousness), including such 

skills as initiative and self direction, responsibility, Type 1 self-regulation 

(metacognition, including forethought, performance, and self-reflection), and 

perseverance 

 Core Self-Evaluation (aligned with the personality factor of Neuroticism and its 

opposite, Emotional Stability), including such skills as Type 2 self-regulation (self-

monitoring, self-evaluation, self-reinforcement), physical and psychological health. 

 

Below, we discuss research and theory investigating how these competencies support 

learning, including evidence suggesting that they support deeper learning and transfer. We also 

briefly describe the broader construct of self-regulation and research in child and adolescent 

development and economics that suggests that competence in self-regulation transfers across a 

variety of life situations.  

 

The Role of Beliefs and Motivation in Learning 

 

In our discussion of the cognitive domain above, we noted that motivation helps learners 

to mentally organize and integrate information in the cognitive processing that is central to 

deeper learning (this is sometimes referred to as “generative processing). We also argued that 

productive beliefs about learning are an essential component of transferable knowledge. Here, 

we explore further how beliefs and motivation support deeper learning.  

The beliefs students hold about learning can significantly affect learning and performance 

(e.g., Dweck and Legett, 1988). For example, many students believe, on the basis of their typical 

classroom and homework assignments, that any math problem can be solved in 5 minutes or less, 

and if they cannot find a solution in that time, they will give up. Many young people and adults 

also believe that talent in mathematics and science is innate, which gives them little incentive to 

persist if they do not understand something in these subjects immediately. Conversely, people 

who believe they are capable of making sense of unfamiliar things often succeed because they 

invest more sustained effort in doing so. 

 A recent review of research on social-psychological interventions designed to change 

students’ beliefs and feelings of self-efficacy as learners provides evidence that motivation and 

related intrapersonal skills enhance deeper learning (Yaeger and Walton, 2011). The authors 

found that relatively brief interventions can lead to large and sustained gains in student 

achievement, as students develop durable, transferable intrapersonal skills and apply them to new 

learning challenges, in a positive, self-reinforcing cycle of academic improvement.  

Some of the experiments target students “attributions”—how they explain the causes of 

events and experiences. Research in social psychology shows that, if students attribute poor 

school performance to traits they view as fixed (such as general low intelligence or a more 

specific lack of aptitude in mathematics), they will not invest time and effort to improve their 

performance. This leads to an “exacerbation cycle” of negative attributions and poor 

performance (Storms and Nisbett, 1970).  
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 Wilson and Linville (1982, 1985) studied a brief intervention designed to change 

attributions among college freshmen. They brought two groups of struggling freshmen into the 

laboratory to view videos of upperclassmen discussing their transition to the college. In the 

videos viewed by the experimental group, upperclassmen said that their grades were low at first, 

due to transient factors such as a lack of familiarity with the demands of college, but that their 

grades improved with time. In the videos viewed by the control group, upperclassmen talked 

about their academic and social interests, but did not mention first-year grades. One year later, 

students in the treatment group had earned significantly higher grade point averages (0.27 

percent higher) than students in the control group, and the effect increased over the following 

semesters. Ultimately, students in the treatment group were 80 percent less likely to drop out of 

college than the control group. 

In another example, Blackwell, Trzesniewski, and Dweck (2007) studied an intervention 

designed to change attributions among low-income minority 7
th

 grade students in an urban 

school. At the beginning of the school year, the students took part in 8 workshops on brain 

function and study skills, over 8 weeks. Students in the experimental group were taught that the 

brain can get stronger when a person works on challenging tasks, while those in the control 

group learned only study skills. At the end of the academic year, the students in the experimental 

group earned significantly higher mathematics grades than those in the control group (a mean 

increase of 0.30 grade points), reversing the normal pattern of declining mathematics grades over 

the course of seventh grade. Noting that the effectiveness of interventions targeting attributions 

has been replicated with different student populations, Yaeger and Walton (2011) observe that 

these studies support the hypothesis that changes in attributions can lead to positive, self-

reinforcing cycle of improvement. Students who attribute a low grade to transitory factors, such 

as a temporary lack of effort, rather than to a lack of general intelligence or mathematics ability, 

are more motivated to work harder in their classes. This leads to improved grades, which, in turn, 

reinforce students’ view that they can succeed academically and make them less likely to 

attribute any low grades to factors beyond their control. 

Other experiments are designed to reduce “stereotype threat,” the worry that one is 

perceived as having low intelligence as a member of a stereotyped group, which has been shown 

to negatively affect academic performance. Yaeger and Walton (2011) describe an intervention 

based on self-affirmation theory, which posits that people who reflect on their positive attributes 

will view negative events as less threatening, experience less stress, and function more 

effectively than they otherwise wood. Cohen et al (2006, 2009) asked White and Black seventh-

grade students to complete a brief, 15- to 20-minute writing exercise at the beginning of the 

school year. The experimental group wrote about why two or three values were personally 

important to them, while the control group wrote about values that were not personally 

important. By the end of the first semester, Black students in the experimental group had 

significantly higher grade point averages than their peers in the control group, reducing the 

Black-White achievement gap by about 40 percent. With a few more of these exercises, the 

Black students’ gain relative to the control group persisted for 2 years.  

These brief interventions appear to work by engaging students as active participants. For 

example, when students write about values that are important, they are actually generating the 

self-affirmation intervention. Although they are intentionally brief, to avoid conveying to 

students that they need intensive help or remediation, the interventions “can induce deep 

processing and prepare students to transfer the content to new settings” (Yaeger and Walton, 
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2011, p. 284). The study findings showing that the interventions have led to changes in students’ 

academic trajectories demonstrate transfer of students’ learning to new school or college 

assignments.  

The Importance of Metacognition 

 

In his book on unified theories of cognition, Newell (1990) points out that there are two 

layers of problem-solving--applying a strategy to the problem at hand, and selecting and 

monitoring that strategy. Good problem-solving, Newell observed, often depends as much on the 

selection and monitoring of a strategy as on its execution. The term metacognition (literally 

“thinking about thinking”) is commonly used to refer to the selection and monitoring processes, 

as well as to more general activities of reflecting on and directing one’s own thinking. 

Experts have strong metacognitive skills (Hatano, 1990). They monitor their problem-

solving, question limitations in their knowledge, and avoid simple interpretations of a problem. 

In the course of learning and problem-solving, experts display certain kinds of regulatory 

performance such as knowing when to apply a procedure or rule, predicting the correctness or 

outcomes of an action, planning ahead, and efficiently apportioning cognitive resources and 

time. This capability for self-regulation and self-instruction enables advanced learners to profit a 

great deal from work and practice by themselves and in group efforts. 

Studies of metacognition have shown that people who monitor their own understanding 

during the learning phase of an experiment show better recall performance when their memories 

are tested (Nelson, 1996). Similar metacognitive strategies distinguish stronger from less 

competent learners. Strong learners can explain which strategies they used to solve a problem 

and why, while less competent students monitor their own thinking sporadically and 

ineffectively and offer incomplete explanations (Chi et al, 1989; Chi and VanLehn, 1991). 

There is ample evidence that metacognition develops over the school years; for example, 

older children are better than younger ones at planning for tasks they are asked to do (Karmiloff-

Smith, 1979). Metacognitive skills can also be taught. For example, people can learn mental 

devices that help them stay on task, monitor their own progress, reflect on their strengths and 

weaknesses, and self-correct errors. It is important to note, however, that the teaching of 

metacognitive skills is often best accomplished in specific content areas since the ability to 

monitor one’s understanding is closely tied to domain-specific knowledge and expertise 

(National Research Council, 1999) 

 

Self-Regulated Learning and Self-Regulation  

 

Student beliefs about learning, motivation, and metacognition are all dimensions of the 

broader construct of self-regulated learning, which focuses on understanding how learners take 

an active, purposeful, role in learning, by setting goals and working to achieve them.  

In a recent review of the research on self-regulated learning, Wolters (2010) observes 

that, although there are several different models of such learning, the most prominent is that 

developed by Pintrich and colleagues (Pintrich 2000; 2004). In this model, learners engage in 

four phases of self-regulation, not necessarily in sequential order: forethought or planning 

(setting learning goals); monitoring (keeping track of progress in a learning activity); regulation 

(using, managing or changing learning strategies to achieve the learning goals; and reflection 

(generating new knowledge about the learning tasks or oneself as a learner). These phases 
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overlap substantially with the elements of Type 1 self-regulation included in our proposed cluster 

of Work Ethic/Conscientiousness skills (see Table 2-2). As the learner engages in the different 

phases of self-regulation, he or she may regulate one or more of several interrelated dimensions 

of learning, including cognition (for example, by using cognitive and metacognitive learning 

strategies); motivation and affect (for example, by planning to reward himself or herself after 

studying); learning behavior; and the learning context or environment (such as deciding where to 

study, and who to study with). 

Comparing these dimensions of self-regulated learning with a list of 21
st
 century skills 

proposed by Ananiadou and Claro (2009), Wolters found a high degree of conceptual overlap. 

The 21
st
 century skills of initiation and self-direction were congruent with self-regulated 

learning, as the ability to set learning goals and manage the pursuit of those goals is a hallmark 

of a self-regulated learner. The 21
st
 century skill of adaptability, including the ability to respond 

effectively to feedback, is very similar (or identical) to what the learner does in the monitoring 

and reflection phases of self-regulated learning. Learners who are strong in self-regulated 

learning are seen as particularly adept at using different forms of feedback to continue and 

complete learning activities. Earlier in this chapter, we noted that development of expertise 

requires not only extensive practice, but also feedback. Accordingly, development of self-

regulated learning skills should aid development of expertise in a domain.  

Wolters (2010) identified a moderate degree of overlap between self-regulated learning 

and the interpersonal skills of collaboration and communication. He notes that research on self-

regulated learning has begun to explore the interpersonal dimensions of this “intrapersonal” skill, 

finding that the abilities and beliefs underlying self-regulated learning are developed through 

social processes. In addition, self-regulated learners are effective at seeking help from peers or 

teachers, working in groups, and other aspects of collaboration (Newman, 2008). Wolters (2010) 

concluded that the conceptual similarities between 21
st
 century skills and dimensions of self-

regulated learning lend support to the critical importance of competencies such as self-direction, 

adaptability, flexibility, and collaboration,” and suggested drawing on the self-regulated learning 

research to improve understanding of the 21
st
 century skills. 

The construct of self-regulated learning has been used to design instructional 

interventions that have improved academic outcomes among diverse populations of students, 

from early elementary school through college. These interventions have led to improvements in 

class grades and other measures of achievement in writing, reading, mathematics, and science 

(Wolters, 2010).  

Further research is needed to more clearly define the dimensions of self-regulated 

learning, the relationship between this construct and 21
st
 century skills, and how development of 

self-regulated learning influences academic engagement and attainment for diverse groups of 

students (Wolters, 2010). Longitudinal research or other research to improve our understanding 

of the developmental trajectory of different dimensions of self-regulated learning, such as time 

management and goal-setting, would help to determine the age level at which students should 

begin to develop these dimensions. In addition, research is needed to develop more unified 

assessments of self-regulated learning. The currently available measures (using self-reports, 

observational, and other methods) suffer from shortcomings and are not fully aligned with 

current views of self-regulated learning.  
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Self-Regulation 

 

Self-regulated learning is one facet of the broader skill of self-regulation, which is related 

to conscientiousness. Self-regulation encompasses setting and pursuing short- and long-term 

goals and staying on course despite internal and external challenges; it includes managing one’s 

emotions (Hoyle and Davisson, 2011). The set of strategies an individual uses to overcome 

internal challenges, such as counterproductive impulses, or external challenges that may arise in 

different situations requires a set of strategies that, taken together, comprise self-regulation.  

Research on self-regulation is growing rapidly, with hundreds of articles and 5 major 

edited volumes published since 2000 (Hoyle and Davisson, 2011). Reflecting the breadth of the 

construct, researchers have studied self-regulation in various life contexts, such as emotion, 

chronic illness, smoking, exercise, eating, and shopping (Wolters, 2010). To date, there is no 

consensus in the research on how to define self-regulation. In a review of 114 chapters in edited 

volumes, Hoyle and Davisson (2011) found that some provided no definition at all, there was no 

evidence of a common definition, and the same authors sometimes proposed different definitions 

in different chapters. Because the different definitions include a large number of behavioral 

variables, further research is needed to more clearly delimit the construct and to exclude 

variables that are not a critical element of self-regulation.  

In the previous chapter, we summarized research indicating that attention, a dimension of 

self-regulation, is related to reading and math achievement. Attention is the ability to control 

impulses and focus on tasks (e.g., Raver, 2004), and plays an important role in avoiding anti-

social behavior. Specifically, we noted that attention, measured at school entry, predicts later 

reading and mathematics achievement in elementary school (Duncan et al, 2007). In addition, 

children who are weak in self-regulation, as indicated by persistently high levels of anti-social 

behavior across the elementary school years, are significantly less likely to graduate from high 

school and to attend college than children who never had these problems (Duncan and 

Magnuson, 2011). Developmental psychologists have developed measures of self-regulation in 

young children that focus on the ability to delay gratification. Longitudinal studies have found 

that measures of this dimension of self-regulation in early childhood predict academic and social 

competence in adolescence (Mischel, Shoda, and Peake, 1988; Shoda, Mischel, and Peake, 

1990). Conversely, children who lacked self-regulation in early childhood are more likely at age 

18 to be impulsive, to seek danger, to be aggressive and to be alienated from others (Arsenault, 

Moffitt, Taylor, and Silva, 2000).  

Given the importance of self-regulation, greater consensus on how to conceptualize this 

broad construct is needed. The current disagreement about in the literature about how to define 

the foundations, process, and consequences of self-regulation poses a major barrier to the 

development of accurate assessments of it (Hoyle and Davisson, 2011). As we discuss in the 

following chapter, teaching for deeper learning and transfer begins with a model of student 

learning, representing the desired outcomes, and includes assessments to measure student 

progress toward these outcomes. Agreement on definitions is an essential first step toward 

teaching and learning of self-regulation. 
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THE INTERPERSONAL DOMAIN 

 

 The socio-cultural perspective that learning is “situated” within unique social contexts 

and communities illuminates the importance of interpersonal domain for deeper learning. This 

domain encompasses a broad range of skills and abilities that an individual draws on when 

interacting with others. We have proposed in Chapter 2 that it includes two skill clusters:  

 

 Teamwork and Collaboration (aligned with the personality factor of Agreeableness), 

including such skills as communication, collaboration, teamwork, cooperation, 

interpersonal skills, and empathy 

 Leadership (aligned with the personality factor of Extraversion), including such skills 

as leadership and responsibility, assertive communication, self presentation, and 

social influence 

 

This preliminary taxonomy of the interpersonal domain represents an initial step toward 

addressing the problem of a lack of clear, agreed-on definitions of interpersonal skills and 

processes. Below, we discuss the role of interpersonal skills in deeper learning, and then return to 

the definitional problem.  

Much of what humans learn, beginning informally at birth and continuing in more 

structured educational and work environments, is acquired through discourse and interactions 

with others. For example, development of new knowledge in science, mathematics, and other 

disciplines is often shaped by collaborative work among peers (e.g., Dunbar, 2000). Through 

such interactions, individuals build communities of practice, test their own theories, and build on 

the learning of others. Individuals who are using a naive strategy can learn by observing others 

who have figured out a more productive one. The social nature of learning contrasts with many 

school situations, in which students are often required to work independently. Yet the display 

and modeling of cognitive competence through group participation and social interaction is an 

important mechanism for the internalizing of knowledge and skill (National Research Council, 

1999).  

An example of the importance of social context can be found in the 1994 work of Ochs, 

Jacoby, and Gonzales. They studied the activities of a physics laboratory research group whose 

members included a senior physicist, a postdoctoral researcher, technical staff, and predoctoral 

students. They found that workers’ contributions to the laboratory depended significantly on 

their participatory skills in a collaborative setting—that is, on their ability to formulate and 

understand questions and problems, to construct arguments, and to contribute to the construction 

of shared meanings and conclusions.  

Lave and Wenger (1991) proposed that much of knowledge is embedded within shared 

systems of representation, discourse, and physical activity in “communities of practice” and that 

such communities support the development of identity—one is what one practices, to some 

extent. In this view, school is just one of the many contexts that can support learning. Several 

studies have supported the idea that knowledge and skills are developed and applied in 

communities of practice. For example, some researchers have analyzed the use of mathematical 

reasoning skills in workplace and other everyday contexts (Lave, 1998; Ochs, Jacoby, and 

Gonzales, 1994). One such study found that workers who packed crates in a warehouse applied 

sophisticated mathematical reasoning in their heads to make the most efficient use of storage 



Copyright © National Academy of Sciences. All rights reserved.

Education for Life and Work:  Developing Transferable Knowledge and Skills in the 21st Century

Prepublication copy, uncorrected proofs 

4-23 

 

space, even though they may not have been able to solve the same problem expressed as a 

standard numerical equation (Scribner, 1984). The rewards and meaning that people derive from 

becoming deeply involved in a community can provide a strong motive to learn. 

Studies of the social context of learning show that, in a responsive social setting, learners 

observe the criteria that others use to judge competence and can adopt these criteria. Learners 

then apply these criteria to judge and perfect the adequacy of their own performance. Shared 

performance promotes a sense of goal orientation as learning becomes attuned to the constraints 

and resources of the environment. In school, students develop facility in giving and accepting 

help (and stimulation) from others. Social contexts for learning make the thinking of the learner 

apparent to teachers and other students so that it can be examined, questioned, and built on as 

part of constructive learning. 

 

Social Dimensions of Motivation and Self-Regulated Learning 

 

 Earlier in this chapter we discussed interventions designed to change students’ beliefs 

about themselves as learners and also their motivation for learning (Yaeger and Walton, 2011). 

Although these interventions target intrapersonal skills and attitudes as a way to enhance 

cognitive learning, they are based on research and theory from social psychology. The 

interventions are carefully designed to tap into social communities and relationships that are 

important and meaningful to the targeted audiences. For example, the intervention by Wilson and 

Linville (1982; 1985) used videos of upperclassmen to convey an important message to 

struggling freshmen because upperclassmen are viewed as trusted sources of information by 

freshmen. Similarly, we noted that the abilities and beliefs underlying self-regulated learning are 

developed through social processes and that self-regulated learners are effective at seeking help 

from peers or teachers, working in groups, and other aspects of collaboration (Newman, 2008). 

In Chapter 3 we observed that children lacking interpersonal skills, as reflected in persistent 

patterns of antisocial behavior over the elementary school years, are significantly less likely to 

graduate from high school and to attend college than children who never had these problems 

(Duncan and Magnuson, 2011). Clearly, social and interpersonal skills support deeper learning 

that transfers to new classes and problems, enhancing academic achievement.  

 

IMPLICATIONS FOR INSTRUCTION 

  

 Findings from the research reviewed in this chapter have important implications for how 

to organize teaching and learning to facilitate deeper learning and development of transferable 

21st century competencies.. Here, we briefly summarize some of the implications, and in 

Chapter 6, we discuss in greater detail how to design instruction to support deeper learning. 

As summarized by a previous NRC committee, research conducted over the past century 

has (National Research Council, 2001, p. 87):  

 

…. clarified the principles for structuring learning so that people will be better able to use 

what they have learned in new settings. If knowledge is to be transferred successfully, 

practice and feedback need to take a certain form. Learners must develop an 

understanding of when (under what conditions) it is appropriate to apply what they have 

learned. Recognition plays an important role here. Indeed, one of the major differences 
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between novices and experts is that experts can recognize novel situations as minor variants 

of situations to which they already know how to apply strong methods.  

 

Experts’ ability to recognize familiar elements in novel problems allows them to apply (or 

transfer) their knowledge to solve such problems. The research has also clarified that transfer is 

also more likely to occur when the person understands the underlying principles of what was 

learned. The models children develop to represent a problem mentally, and the fluency with 

which they can move back and forth among representations, are other important dimensions of 

transfer that can be enhanced through instruction. 

The main challenge in designing instruction for transfer is to create learning experiences 

for learners that will prime appropriate cognitive processing during learning without overloading 

the learner’s information-processing system. Research on learning with multimedia tools has led 

to the development of the cognitive theory of multimedia learning (Mayer, 2009; 2011a), derived 

from the cognitive load theory (Plass, Moreno, and Brünken, 2010; Sweller, 1999). This theory 

posits that learners experience cognitive demands during learning, but their limited processing 

capacity restricts the amount of cognitive processing they can engage in at any one time.. 

According to both theories, learning experiences may place three different types of demands on 

learners’ limited working memory: (1) extraneous processing, (2) essential processing, and (3) 

generative processing (Mayer, 2009; 2011a; Plass, Moreno, and Brünken, 2010; Sweller, 1999). 

Extraneous processing does not serve the learning goals and is caused by poor instructional 

design. Essential processing is necessary if a learner is to mentally represent the essential 

material in the lesson, and is required to address the material’s complexity. Generative 

processing involves making sense of the material (e.g., mentally organizing it and relating it to 

relevant prior knowledge), and depends on the learner's motivation to exert effort during 

learning.  

Depending on how it is designed, instruction may lead to one of three types of cognitive 

processing: extraneous overload, essential overload, and generative underuse (Mayer, 2011a). If 

instruction creates an extraneous overload situation, the amount of extraneous, essential, and 

generative processing required by the instructional task exceeds the learner’s cognitive capacity 

for processing in working memory. An appropriate instructional goal for extraneous overload 

situations is to reduce extraneous processing (thereby freeing up cognitive capacity for essential 

and generative processing). If instruction creates an essential overload situation, the amount of 

essential and generative processing required by the instructional task exceeds the learner’s 

cognitive capacity, even though extraneous processing demands have been reduced or 

eliminated. An appropriate instructional goal for essential overload situations is to manage 

essential processing (as it cannot be cut because it is essential for the instructional objective). 

Finally, if instruction creates a situation of generative underuse, the learner does not engage in 

sufficient generative processing even though cognitive capacity is available. An appropriate 

instructional goal for generative underuse situations is to foster generative processing.  

In Chapter 6, we discuss evidence-based instructional methods for reducing extraneous 

processing, managing essential processing, and promoting generative processing. That chapter 

describes examples of techniques that have been successful in teaching for transfer, including 

findings from specific educational interventions.  
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CONCLUSIONS  

 

Deeper learning occurs when the learner is able to transfer what was learned to new 

situations. Research on teaching for transfer, which primarily reflects the cognitive perspective 

on learning, has a long history in psychology and education. This research indicates that learning 

for transfer requires knowledge that is mentally organized, understanding of the broad principles 

of the knowledge, and skills for using this knowledge to solve problems. Other, more recent 

research, indicates that intrapersonal skills and dispositions, such as motivation and self-

regulation, support deeper learning and that these valuable skills and dispositions can be taught 

and learned. Socio-cultural perspectives on learning illuminate the potential for developing 

intrapersonal and interpersonal skills within instruction focused on cognitive mastery of school 

subjects; such perspectives provide further evidence that skills in all three domains play 

important roles in deeper learning and development of transferable knowledge. 

 

Conclusion: The process of deeper learning is essential for the development of 21st century 

competencies (including both skills and knowledge) and the application of transferable 21st 

century competencies in turn supports the process of deeper learning in a recursive, 

mutually reinforcing cycle.  

 

In Chapter 3 the committee concluded that educational attainment is strongly predictive 

of positive adult outcomes in the labor market, health, and civic engagement. The research 

reviewed in this chapter indicates that individuals both apply and develop intertwined cognitive, 

intrapersonal, and interpersonal competencies in the process of deeper learning, including the 

learning of school subjects. Through deeper learning individuals develop transferable twenty-

first century competencies that facilitate improvements in academic achievement and that 

increase years of educational attainment. Thus the research reviewed in this chapter supports the 

argument that deeper learning and twenty-first century skills prepare young people for adult 

success. 

At the same time this chapter finds a lack of clear, agreed-upon definitions of specific 

cognitive, intrapersonal, and interpersonal competencies. This lack of shared definitions is 

greatest for competencies in the intrapersonal and interpersonal domain. 
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5 

 

Deeper Learning of English Language Arts, Mathematics, and Science 
 

 

 

 

 

 

 

 

 

 

 This chapter addresses the second question in the study charge by analyzing how deeper 

learning and 21st century skills relate to academic skills and content in the disciplines of reading, 

mathematics, and science,
1
 especially as the content and skill goals are described in the Common 

Core State Standards for English language arts and mathematics and the NRC’s, A Framework 

for K-12 Science Education (National Research Council, 2012).  

The existing Common Core State Standards, as well as the Next Generation Science 

Standards that are under development in 2012 based on the NRC Framework for K-12 Science 

Education (National Research Council, 2012), are expected to strongly influence teaching and 

learning in the three disciplines, including efforts to support deeper learning and development of 

21st century skills. The English language arts and mathematics standards were developed by 

state education leaders, through their membership in the National Governors Association and the 

Council of Chief State School Officers, and have been adopted by nearly all (45) states, along 

with 2 territories and the District of Columbia. The Next Generation Science Standards are being 

developed through a similar process and are also likely to be widely adopted by the states.  

The first, second, and third sections of the chapter focus, respectively, on English language 

arts, mathematics, and science and engineering. For each discipline we:  

 

 Discuss how “deeper learning” has been characterized in the discipline, including 

issues and controversies that have played out over time;  

 Describe the relevant parts of the Common Core State Standards or the Framework 

for K-12 Science Education (along with selected other reports outlining 

expectations for student learning) in light of the historical context; and 

 Analyze how the new standards and framework map to our characterization of 

deeper learning and to the clusters of 21st century skills defined in Chapter 2.  

 

 In the final section of the chapter we present conclusions and recommendations based on a 

broad look across all three disciplines. In this broad look, we compare the expectations included 

                                                 
1
In keeping with its charge, the committee explored deeper learning in the individual disciplines of reading, 

mathematics, and science. It only briefly addressed integrated approaches to teaching across disciplines (see Box 5-

2), as this topic lay outside its charge. A separate NRC committee has been charged to review the relevant research 

and develop a research agenda for integrated teaching of Science, Technology, Engineering, and Mathematics 

(STEM).  
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in the Common core Standards and the NRC Framework for K-12 Science Education with 

deeper learning (as characterized within each discipline) and 21st century skills.  

 

ENGLISH LANGUAGE ARTS 

 

The Context: A History of Controversy  

 

Discussions of how to teach reading and writing in the United States have a reputation for 

contentiousness, reflected in the military metaphors used to describe them, such as “the reading 

wars” or “a curricular battleground.” The public debates surrounding the fairly regular pendulum 

swings of the curriculum reveal fundamental differences in philosophy and widely variant 

interpretations of a very large but sometimes inconsistent research base.  

 

Divergent Positions on Reading for Understanding  

 

Beliefs about how to develop reading for understanding diverge greatly, with the 

spectrum of opinions defined by two extreme positions. One position, which we will refer to as 

the simple view of reading, holds that reading comprehension is the product of listening 

comprehension and decoding. Proponents of this position argue that students in the early grades 

should learn all of the letters of the alphabet and their corresponding sounds to a high degree of 

accuracy and automaticity. Agile decoding combined with a strong oral language (i.e., listening 

vocabulary) base will lead to fluent reading for understanding, limited only by the reader’s store 

of knowledge and language comprehension. After the code is mastered, further development of 

reading for understanding is expected through either or both of (a) a wide reading of literature 

and non-fiction to gather new ideas and insights about the natural and social world and (b) solid 

instruction in the disciplines—the sciences, the social sciences, mathematics, and the humanities.  

The polar opposite position, which might best be labeled a utilitarian view of reading, 

writing, and language, contends that from the outset of kindergarten, educators should engage 

children in a systematic quest to make sense of their world through deep engagement with the 

big ideas that have puzzled humankind for centuries. These are, of course, the very ideas that 

prompted humans to develop the disciplinary tools we use to understand and improve the natural 

and social world in which we live. Proponents of the utilitarian view argue that students will 

need to use, and hence refine, their reading and writing skills as they seek information to better 

understand and shape their worlds. Once students feel the need to learn to read, it will be much 

easier to teach students the lower-level skills needed to transform print into meaning. A side 

benefit is that students will have learned an important lesson about the purpose of reading—that 

it is always about making meaning and critiquing information on the way to acquiring 

knowledge.  

 

Disagreements over Curricular Focus, Integration, and Complexity  

 

Disagreements on curriculum and epistemology both confound and intensify the 

polarized views on teaching reading for understanding. One area of disagreement is curricular 

focus. Instructional approaches based on the simple view tend to be curriculum-centered. All 

students are expected to march through the same lessons and assessments, and whole-class 

instruction is commonplace. By contrast, instructional approaches based on the utilitarian view 



Copyright © National Academy of Sciences. All rights reserved.

Education for Life and Work:  Developing Transferable Knowledge and Skills in the 21st Century

Prepublication copy, uncorrected proofs 

 

5-3 

 

tend to be student-centered, and each student may consume a slightly different pedagogical diet. 

Teachers differentiate activities and assignments for individual students based on feedback about 

how they are progressing, and instruction is more likely to be delivered in small groups or 

individualized settings. 

A second area of disagreement focuses on whether the English language arts curriculum 

should be integrated with or separate from instruction in other disciplines. In the simple view, 

reading, writing, and language skills should be taught separately from the disciplinary 

curriculum, at least in the early stages of reading, until these fundamental skills become highly 

automatic. Then and only then, the argument goes, will students be ready to meet the challenges 

of disciplinary learning from text. The utilitarian view, by contrast, calls for integration between 

English language arts and disciplinary learning from the earliest stages. Acquiring disciplinary 

knowledge plus discourse and inquiry skills is the goal to which reading, writing, and language 

skills are bound, even as they are still being acquired.  

A third area of disagreement centers on strategies for coping with complexity. Advocates 

for the simple view argue for decomposing complex processes into component parts. For 

example, to help students learn to read words in connected text, they propose that teachers 

should first focus on teaching the parts of reading—the correspondences between individual 

letters (or groups of letters) and sounds. Only when students have learned these correspondences 

to a high degree of accuracy and automaticity should they be asked to synthesize the letters and 

corresponding sounds into words by reading aloud. Similarly, in writing, advocates of the simple 

view argue that teachers should first help students learn the parts—the correspondences between 

the sounds within spoken words and letters that represent these sounds. Only after students have 

mastered these correspondences should teachers ask them to synthesize the sounds and 

corresponding letters into the spelling of words. 

In contrast, advocates for the utilitarian view would cope with complexity through 

scaffolding. They argue that students should be encouraged to perform the ultimate target task, 

such as reading words in connected text. Teachers should scaffold students’ performance of the 

task with various tools, such as reading aloud to convey the “whole of the story”; repeated 

readings (I’ll read a sentence, then you read it); choral readings; and encouraging students to use 

context and picture cues to figure out pronunciations and word meanings. In writing, students 

would be encouraged to get their ideas on paper and to spell things the way they sound, with the 

expectation that later they would, with teacher guidance, transform their sound-based spellings 

into conventional spellings so that others will be able to read their stories. Students would also be 

expected to share their written pieces with peers even before they can write and spell fluently, in 

an effort to represent their attempts to communicate complex ideas. 

A fourth area of disagreement centers on where the locus of meaning lies—in the text, the 

reader, the context in which the reading is completed, or a hybrid space involving all three. A 

committee chaired by Snow (2002) specified a hybrid space by defining reading comprehension 

as “the process of simultaneously extracting and constructing meaning through interaction and 

involvement with written language.” The committee viewed the text as an important, but 

insufficient determinant of reading comprehension. Kintsch (1998), in his widely accepted 

“construction–integration” model of reading comprehension, also discussed the importance of 

both extracting and constructing meaning, viewing the text as an important, but insufficient, 

resource for constructing a model of meaning. He proposed that readers construct a mental 

representation of what they thought the text said (a text base) and then integrate it with key 
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concepts from memory to create a representation (what he called the situation model) of what 

they thought the text meant.  

Pedagogical approaches reflect these different views of where meaning lies. Approaches 

based on the simple view tend to stay very close to the text. Teachers pose questions to lay out 

the “facts” of the text prior to any interpretation, critique, or application of what was learned 

through reading to accomplish a new task. Approaches based on the utilitarian view may engage 

students in using the text as a reservoir of evidence to evaluate the validity of different claims, 

interpretations, critiques, or uses of the text.  

The research base for reading, as reflected in key summary documents in the field—such 

as the report of the National Institute of Child Health and Human Development (2000), the 

National Academy of Sciences’ Preventing Reading Difficulties in Young Children (National 

Research Council, 1998), and the four volumes of the Handbook of Reading Research (Pearson 

et al., 1984; Barr et al., 1991; Kamil et al., 2000; 2011)—tend to provide consistent support for a 

balanced position that emphasizes both basic and more advanced processes. Such a balanced 

approach strongly emphasizes the basic skills of phonemic awareness, alphabet knowledge, and 

decoding for accurate word learning in the early stages of reading acquisition, but places an 

equal emphasis on reading for meaning at all stages of learning to read. As students mature and 

the demands of school curriculum focus more on the acquisition of disciplinary knowledge, the 

emphasis on reading for meaning increases. Thus the polar views that define the extremes of the 

continuum of views on reading acquisition and pedagogy ultimately converge in a more 

comprehensive view of written language acquisition. For the all-important early stages of 

reading, while there is strong support for early emphasis on the basics, there is no evidence that 

such an emphasis should preclude an equally strong emphasis on learning to use the range of 

skills and knowledge acquired early on to engage in transfer to new situations and in monitoring 

one’s reading and writing to see if it makes sense.  

 

Summary 

 

Although all the parties in the debate share the goal of deeper learning in English 

language arts, they propose different routes. Some want to start with shallower or more basic 

tasks as a foundation for deeper or higher-order tasks. Others want to start with the deeper 

learning tasks and engage the more basic tasks and information as resources to help students 

complete the more challenging tasks. In the final analysis, the research supports a more balanced 

view that incorporates both the “basics” and the need to monitor reading and writing for sense-

making and to apply whatever is learned about reading and writing to the acquisition of 

knowledge within disciplinary settings. 

 

The Four Resources Model as an Approach to Defining Deeper Learning  

 

 In the early 1990s Australian scholars Freebody and Luke took an important step forward 

in reconciling the various controversies described above (Freebody and Luke, 1990; Luke and 

Freebody, 1997). They created what is now known as the “four resources model.” The model 

consists of a set of different stances that readers can take toward a text, each of which approaches 

reading from a different point of view: that of the text, the reader, the task, or the context. Taken 

together, the stances constitute a complete “theory” of a reader who is capable of managing all of 

the resources at his or her disposal. The authors propose that any reader can assume any one of 
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these four stances in the quest to make meaning in response to a text. The confluence of reader 

factors (how much a reader knows or is interested in a topic), text (an assessment of the 

complexity and topical challenge of the text), task (what a reader is supposed to do with the 

topic), and context (what is the purpose or challenge in dealing with this text) will determine the 

particular stance a reader assumes when reading a particular text. That stance can change from 

text to text, situation to situation, or even moment to moment when reading a given text. The 

various stances (resources) and the key questions associated with each are: 

 

 The reader as decoder, who asks: What does the text say? In the process the reader 

builds a coherent text base where each idea is tested for coherence with all of the 

previous ideas gleaned from a close reading of the text. 

 The reader as meaning maker, who asks: What does the text mean? In answering that 

question the reader seeks to develop meaning based on: (a) the ideas currently in the 

text base and (b) the reader’s prior knowledge. 

 The reader as text analyst, who asks: What tools does the author use to achieve his or 

her goals and purposes? The text analyst considers how the author's choice of words, 

form, and structure shape our regard for different characters or our stance toward an 

issue, a person, or a group. The text analyst reads through the texts to get to the author 

and tries to evaluate the validity of the arguments, ideas, and images presented  

 The reader as text critic, who asks questions about intentions, subtexts, and political 

motives. The text critic assumes that no texts are ideologically neutral, asking such 

question as: Whose interests are served or not served by this text? Who is privileged, 

marginalized, or simply absent? What are the political, economic, epistemological, or 

ethical goals of the author?  

 

When the stances of the text critic and the text analyst are combined, the goals of truly critical 

reading can be achieved. The reader can examine both the assumptions (what knowledge base is 

required to make sense of the text) and consequences (whose views are privileged and whose are 

ignored) of a text.  

All four stances are in play as well when a writer creates texts for others to read. Writers 

have various conceptual intentions toward their readers—to inform, for example, or to entertain, 

persuade, or inspire. They sometimes focus on the code in getting the words on paper. They 

always employ the two standards of the meaning maker—that what they write in any given 

segment is consistent with the ideas in the text up to this point and that it is consistent with the 

assumed knowledge of the ideal reader. Writers are most expert at handling the form–function 

(or purpose–structure) relationship of the text analyst; in fact, the crux of the author’s craft is to 

seek and find just the right formal realization of each particular conceptual intention toward the 

reader. Finally, writers have ulterior motives along with transparent ones. They privilege, 

marginalize, omit, or focus—sometimes intentionally and other times unwittingly as agents of 

the cultural forces that shape their work.  

The four resources model allows us to define deeper learning in English language arts in 

a way that recognizes the controversies in the discipline yet meets the need for a balanced 

approach that equips the reader or writer to take different stances toward the reading or writing 

of a text depending on the purposes, the context, and the actual task confronting the reader or 

writer. Reading and writing are simultaneously code-breaking, meaning-making, analytic, and 

critical activities, and which stance dominates at a particular moment in processing depends upon 
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the alignment of reader, text, task, and contextual factors. This perspective on deeper learning, 

recognizing that the reader or writer may adopt various stances from moment to moment, 

contrasts sharply with the “simple view” of reading and writing. The simple view would limit 

beginning readers to the code-breaking stance and limit beginning writers to codifying language, 

by putting down letters and words.  

Drawing on the four resources model, we can now define deeper learning in English 

language arts from two perspectives: (1) as privileging activities that are successively higher on 

the list—in which the reader acts as meaning maker, text analyst, or text critic; or (2) as 

privileging the management of all four stances in relation to the reader’s assessment of the 

difficulty of the text or task and the reader’s purpose and knowledge resources. In the first 

perspective on deeper learning, analysis and critique take precedence over making meaning, 

which takes precedence over decoding. Such a hierarchy is consistent with the research base we 

will discuss in Chapter 6, in which we will describe the pedagogy of deeper learning as 

encouraging generative processing, elaboration, and questioning—all of which would lead us 

down the pathway toward meaning making, analysis, and critique. Indeed, the research on 

discussion protocols in reading text suggests that the effects of discussion questions are highly 

specific—that unless one focuses directly on analysis and critique, it is not likely to emerge on 

its own (Murphy et al., 2009). In the second perspective on deeper learning, reflecting on and 

managing one’s own knowledge matters most in shaping the particular stance that one takes 

toward the understanding or construction of a text. This perspective builds on other principles of 

deeper learning elaborated in Chapter 4, namely, the notions of developing metacognitive 

strategies, self-monitoring, and self-explanation—all dispositions that encourage the learner to 

intentionally engage in his or her own comprehension and learning processes. This view also 

suggests that deeper learning involves knowing when and why to privilege lower-order over 

higher-order skills in pursuit of understanding or problem-solving.  

These two perspectives on deeper learning in English language arts are not mutually 

exclusive. Deeper learning could involve the deliberate selection of a stance that elicits the skills 

and processes that best fit the situation and problem that a learner faces at any given moment and 

also suggest a procedural preference for always selecting the highest level among alternative 

stances when the situation or problem allows more than one approach. For example, if assuming 

either the meaning making stance or the analysis stance will allow the learner to solve a reading 

or writing problem, the learner should opt for an analytic stance to complete the task. From either 

perspective, beginning readers and writers as well as those who are more advanced, can engage 

in deeper learning.  

 

Common Core Standards  

 

  The widely-adopted Common Core State Standards in English language arts (CCSS-

ELA; Common Core State Standards Initiative, 2010a) are likely to shape any attempt to infuse 

deeper learning initiatives into school curricula. In other words, it is likely that whatever 

purchase deeper learning initiatives accrue in the next decade will be filtered through this set of 

standards. From this perspective, the prospects for reading and writing instruction aligned with 

the four resources model seem promising. 

The full title of the CCSS-ELA, Standards for English Language Arts and Literacy in 

History/Social Studies, Science, and Technical Subjects (Common Core State Standards 

Initiative, 2010a), provides the first indication that these standards will be different from state 
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English language arts (ELA) standards created before 2010. The title signals the adoption of an 

integrated view of the topics of reading, writing, speaking/listening, and language. This 

integrated view is applied to two domains—literature and informational text—for reading and 

writing in grades K–5. The standards for grades 6–12 are first organized by ELA topic and then 

by subject matter (history and science) to distinguish which standards are the responsibility of 

the ELA teacher and which might better be addressed by science and history teachers. Within 

ELA, the four topics are again applied to the domains of literature and informational text. By 

contrast, the subject area sections address only the topics of reading and writing, broken down 

according to history/social studies and science/technical subjects.  

This integrated view of ELA contrasts sharply with the heavy emphasis that in recent 

years has been placed on reading as a separate subject, almost to the exclusion of other language 

arts topics and other school subjects. The integration of reading with other topics and subjects 

represents a dramatic shift away from the “big 5” approach—phonemic awareness, phonics, 

fluency, vocabulary, and comprehension—which has dominated reading instruction for over a 

decade (National Institute of Child Health and Human Development, 2000). The new standards 

present reading, writing, and oral language as tools for knowledge acquisition, effective 

argumentation, and clear communication across the disciplines of literature, science (and 

technical subjects), and history (and social studies). The standards address phonemic awareness, 

phonics, and fluency primarily in the foundational skills addendum to the K–5 standards. 

Vocabulary is highlighted in the language strand, and comprehension, alongside composition, is 

emphasized throughout. This combined with the standards’ focus on reading and writing in the 

disciplines of history and science indicates that the CCSS-ELA can be interpreted as calling for a 

major shift from the current emphasis on decoding to comprehension of and learning with text.  

The CCSS-ELA include 10 college and career readiness anchor standards, representing 

the “end state”—what high school graduates should know and be able to do if all of the specific 

grade-level and disciplinary variations of these 10 standards were to be successfully 

implemented. As shown in Box 5-1, the ten anchor standards for reading are arranged in four 

clusters: 

 

Box 5-1: College and Career Readiness Anchor Standards for Reading  

Key Ideas and Details 

1. Read closely to determine what the text says explicitly and to make logical 

inferences from it; cite specific textual evidence when writing or speaking to 

support conclusions drawn from the text. 

2. Determine central ideas or themes of a text and analyze their development; 

summarize the key supporting details and ideas. 

3. Analyze in detail where, when, why, and how events, ideas, and characters 

develop and interact over the course of a text. 

Craft and Structure 

4. Interpret words and phrases as they are used in a text, including determining 

technical, connotative, and figurative meanings, and explain how specific 

word choices shape meaning or tone.  

5. Analyze the structure of texts, including how specific sentences, paragraphs, 

and larger portions of the text (e.g., a section or chapter) relate to each other 

and the whole.  

6. Assess how point of view or purpose shapes the content and style of a text. 
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Integration of Knowledge and Ideas 

7. Synthesize and apply information presented in diverse ways (e.g., through 

words, images, graphs, and video) in print and digital sources in order to 

answer questions, solve problems, or compare modes of presentation.  

8. Delineate and evaluate the reasoning and rhetoric within a text, including 

assessing whether the evidence provided is relevant and sufficient to support 

the text’s claims.  

9. Analyze how two or more texts address similar themes or topics in order to 

build knowledge or to compare the approaches the authors take.  

Range and Level of Text Complexity 

10. Read complex texts independently, proficiently, and fluently, sustaining 

concentration, monitoring comprehension, and, when useful, rereading. 

 

Source: Common Core State Standards Initiative. (2010a). © Copyright 2010. National 

Governors Association Center for Best Practices and Council of Chief State School Officers. All 

rights reserved. Reprinted with permission.  

 

The mapping of these standards onto the four resources model (Luke and Freebody, 

1997) is reasonably transparent. The three standards in Cluster 1, Key Ideas and Details, reflect 

the stance of the reader as decoder, with a hint of reader as meaning maker (because of the 

requirement of invoking prior knowledge to complete each task). The three standards in Cluster 

2, Craft and Structure, reflect the stance of the reader as text analyst, focusing on form–function 

(or purpose–structure) relationships. The three standards in Cluster 3, Integration of Knowledge 

and Ideas, entail all four stances—decoder, meaning-maker, analyst, and critic, but favor the text 

critic (especially 8) and meaning maker (especially 7 and 9). And, of course, the standard in 

Cluster 4, Range and Level of Text Complexity, involves all four stances in constant interaction.
2
  

 

Relating the Standards to Deeper Learning and 21st Century Skills  

 

The CCSS-ELA offers a policy framework that is highly supportive of deeper learning 

(as reflected in the four resources model) in English language arts. On the other hand, it remains 

to be seen whether the assessments that emerge from the two state assessment consortia, which 

have been funded by the Department of Education to develop next-generation assessments 

aligned to the Common Core Standards, will be equally supportive of the goal of deeper 

learning, a question we will return to in Chapter 7.  

In the previous chapters we identified three broad domains of 21st century skills—

cognitive, interpersonal, and intrapersonal. To examine the relationship between these clusters of 

21st century skills and the various disciplinary standards documents, the committee created a list 

of some of the most frequently cited 21st century and deeper learning skills and then examined 

                                                 
2
It is fortunate that we can continue this mapping of cognitive constructs of CCSS onto the NAEP infrastructure for 

cognitive targets for reading assessment. NAEP’s locate and recall target corresponds quite closely to the key ideas 

and details CCSS category. NAEP’s integrate and interpret corresponds to CCSS’s integration of knowledge and 

ideas, and NAEP’s critique and evaluate incorporates much of what falls into CCSS’s craft and structure (though it 

entails much more than craft and structure). This set of correspondences should facilitate longitudinal analyses of the 

course of reform engendered by the CCSS. 
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the standards for the degree of support provided for these skills.
3
 The domain of cognitive 21st 

century skills, developed through deeper learning, is well represented in the CCSS-ELA. What is 

missing, both from the new CCSS and from the larger discussion of goals for reading and writing 

instruction presented above, is any serious consideration of the interpersonal and intrapersonal 

domains (see Figure 6–1).  

 Although the word “motivation” appears three times in the CCSS-ELA, tthe new 

standards do not seriously address the motivational factors (engagement, interest, identity, and 

self-efficacy) and dispositional factors (conscientiousness, stamina, persistence, collaboration) 

that we know support deeper learning. However, recent research in English language arts 

illustrates the potential for developing these intrapersonal factors, as well as interpersonal 

factors. One example is described in Box 5-2 below, and another is found in, the work of 

Guthrie, Wigfield, and You, 2012). As noted in Chapter 4, the development of self-regulated 

strategies in writing—including motivation and feelings of self-efficacy—has been shown to 

improve writing performance among diverse groups of learners (Graham, 2006). The most 

probable explanation for the conspicuous absence of these factors from the standards is that, as 

noted in chapter 6, they represent skills that are difficult to measure, at least without a very heavy 

reliance on human judgment. Therefore, these factors are unlikely candidates for systematic 

monitoring in accountability systems, which have traditionally relied on standardized measures 

that minimize reliance on human judgment. Presumably the authors of the standards were aware 

of research showing that reading and writing instruction focused on domain-specific learning 

goals can develop motivation and positive dispositions toward disciplinary learning, such as the 

example presented below, but felt that this was beyond the purview of the ELA standards.  

 

Box 5-2: An Example of Deeper Learning in English language arts 

 

The Common Core State Standards for English language arts (Common Core State 

Standards Initiative, 2010a) provide many opportunities to enact the principles of deeper learning 

embodied in this report. First, they promote a double vision of integration—(a) that reading, 

writing and discourse ought to support one another’s development, and (b) that reading, writing, 

and language practices are best taught and learned when they are employed as tools to acquire 

knowledge and inquiry skills and strategies within disciplinary contexts, such as science, history, 

or literature. Hence the standards for reading, writing, and language are unpacked in grades 6 

through 12 within the three domains of literature, science and technology, and history. Further, a 

common criterion for rigorous thinking embedded in the standards centers on developing 

argumentation skill—the ability to understand, critique, and construct arguments that are valid 

within the norms of each discipline. Students are asked to deal with what counts as evidence, 

how arguments are constructed, what constitutes a counter claim and counter evidence—in short, 

both the structure and substance of reasoning is privileged. While not as ubiquitous as cognitive 

skills, interpersonal skills are strongly implicated in the speaking and listening standards, with an 

                                                 
3
The classifications in the figures in this chapter represent commonsense judgments by an expert in each discipline 

who is familiar with the standards, with curriculum and practice, and with the cognitive and educational research 

literatures in the discipline. Undoubtedly other judges would classify some components differently. The study 

committee was not charged with conducting a more elaborate analytic study with multiple independent raters and 

assessments of reliability. Thus these diagrams and observations are meant to represent a plausible illustrative view 

rather than a definitive analysis. 
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emphasis on collaboration and listening with care to understand and evaluate others’ utterances 

as a part of rigorous discourse. 

At the elementary level, project-based learning has a long history dating back to days of 

John Dewey and the progressive education movement in schools, a tradition in which the goal 

was to minimize the distance between school learning and the learning that occurs in the 

enactment of everyday life outside of school. In one (of many) modern instantiation of this 

tradition, literacy and science educational researchers at the University of California-Berkeley’s 

Lawrence Hall of Science and in the Graduate School of Education have worked with elementary 

classroom teachers on an NSF-sponsored curriculum in which reading, writing, and academic 

language are used as tools to support the acquisition of science knowledge, inquiry strategies, 

and argumentation skills (Cervetti et al, 2012). Aptly named Seeds of Science-Roots of Reading, 

the program combines hands-on science activities (e.g., designing mixtures such as glue or hair 

gel from everyday household ingredients or using models to understand the formation of sand on 

a beach) with a host of reading, writing, and oral discourse activities to support and extend 

students’ investigations and projects. Over the course of an 8 week unit, students read 9 different 

types of books about various aspects of the topic (e.g., the science of sand, light, soil habitats) in 

a range of genres. These genres may include reference books, brief biographies of scientists, 

information pieces, books that model an aspect of either a scientific or a literacy process, and 

books that connect science to everyday life. All of the books are coordinated with specific 

subtopics within the unit. For example a hands-on investigation of snails’ preferred habitats is 

paired with a parallel trade book about a science class that collects and analyzes data about the 

same investigation. Similarly, the students’ investigation of “mystery” sand is paired with a 

biography of a sand scientist that describes how he investigates the size, shape, color, texture, 

and origin of sand.  

Students write in their science journals almost daily and engage in spirited discussions 

and debates (they call them discourse circles) about unsettled issues that arise from hands-on 

investigations and/or readings (e.g., they might hold a debate about the origin of a mystery sand). 

In a typical week in this approach, students will spend about 50 percent of their time in science 

activities and about 50 percent in reading, writing about their investigations, and talking about 

their reading, and their personal writing. Several times in a week students are asked to reflect on 

the quality and focus of their personal learning and participation as well as the learning and 

participation of their work groups—and even the class as a whole. 

The curriculum is designed to foster deeper learning in the cognitive domain, through all 

of the reading, writing, and inquiry activities. At the same time, deeper learning of intrapersonal 

competencies is supported by the individual and group reflection activities, which encourage 

metacognition, taking personal responsibility for one’s learning, stamina, and persistence. In the 

interpersonal domain, deeper learning is fostered by ongoing collaboration, including the 

discussions about the readings, the small group collaborative investigations, the discourse circles, 

and even in the division of labor students work out for extended investigations or projects. 

Reflection activities encourage students to reflect not only on their learning but also on how well 

their group cooperated and how they could improve their discussions. 

The approach was tested in 94 fourth-grade classrooms in one Southern State. Half of the 

teachers taught the integrated science-literacy curriculum, while the other half of the teachers 

taught the two topics separately, covering the same science content with materials provided by 

their school districts along with their regular literacy instruction. Students in the integrated 

lessons made significantly greater gains on measures of science understanding, science 
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vocabulary, and science writing, and both groups made comparable gains in science reading 

comprehension. Examples like these demonstrate that cognitive outcomes, which are clearly 

emphasized in most educational testing and accountability schemes in our country, need not 

suffer—indeed can prosper—when they are taught and learned in a context in which inter- and 

intra-personal skills and practices are equally emphasized. Such examples also demonstrate that 

at least some disciplines—in this case, English language arts--can benefit from being taught in 

another disciplinary context, like science. Research has demonstrated the effectiveness of similar 

curricula integrating English language arts in the disciplines of literature (Guthrie et al, 2004) 

and social studies (De La Paz, 2005).  

 

Source: Adapted from Cervetti et al. (2012)  

(End of Box 5-2).  

 
FIGURE 5–1 Overlap between ELA–CCSS standards and 21st century skills.  

SOURCE: Created by the Committee.  

 

MATHEMATICS 

 

The Context: Typical Mathematics Instruction 

 

Research studies provide a clear, consistent picture of typical school mathematics 

instruction in the United States. What we know is largely derived from two kinds of data and 

associated research analyses. One type of study that has been carried out over several decades 

has involved direct observation of classroom teaching (e.g., Hiebert et al., 2005; Stake and 
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Easley, 1978; Stigler et al., 1999; Stodolsky, 1988), and another has used teacher self-report data 

from surveys (e.g., Grouws, Smith, and Sztajn, 2004; Weiss et al., 2001).  

These studies present a remarkably consistent characterization of mathematics teaching in 

upper elementary school and middle-grade classrooms in the United States: Students generally 

work alone and in silence, with little opportunity for discussion and collaboration and little or no 

access to suitable computational or visualization tools. They focus on low-level tasks that require 

memorizing and recalling facts and procedures rather than tasks requiring high-level cognitive 

processes, such as reasoning about and connecting ideas or solving complex problems. The 

curriculum includes a narrow band of mathematics content (e.g., arithmetic in the elementary and 

middle grades) that is disconnected from real-world situations, and a primary goal for students is 

to produce answers quickly and efficiently without much attention to explanation, justification, 

or the development of meaning (e.g., Stigler and Hiebert, 1999; Stodolsky, 1988). As earlier 

chapters in this volume have indicated, reflecting research evidence regarding how people learn 

best when the goal is developing understanding (National Research Council, 1999), such 

pedagogy is at odds with goals aimed at deeper learning and transfer.  

Although this pervasive approach to mathematics teaching has not been directly established 

as the cause of the generally low levels of student achievement, it is difficult to deny the 

plausibility of such a connection. In response, an array of reform initiatives has been aimed at 

changing what and how mathematics is taught and learned in American schools. Although 

reformers have disagreed on some issues, they share the goal of enhancing students’ 

opportunities to learn mathematics with understanding and hence the attendant goal of promoting 

teaching mathematics for understanding. These goals reflect a focus on deeper learning in school 

mathematics. 

 

Evolution of National Standards in Mathematics 

 

School mathematics reform has a long history that cannot be adequately described in the 

limited space here, so we focus on the most recent reform efforts. In 1989 the National Council 

of Teachers of Mathematics (NCTM) published the Curriculum and Evaluation Standards for 

School Mathematics (CESSM), which was the first attempt to lay out comprehensive national 

goals for mathematics learning. The curriculum goals portion of the document was divided into 

three sections representing grade-level clusters: grades 1–4, grades 5–8, and grades 9–12. Each 

section contained goals for all students and additional goals for college-intending students. The 

CESSM document promoted a view of mathematics as accessible to all students if instruction 

were changed to place greater emphasis on understanding and applicable knowledge and less 

emphasis on the memorization of facts and procedures. 

The CESSM report, serving as the first national model of content expectations in school 

mathematics, had substantial influence on the mathematics instructional goals and frameworks 

later developed by a number of individual states. Nevertheless, over time it became clear that 

CESSM lacked the specificity needed by state policy makers to set objectives at and across grade 

levels and by teachers to implement the report’s pedagogical and curricular ideas in their 

classrooms. In response to these perceived limitations, in 2000 the NCTM developed and 

published a successor document, Principles and Standards for School Mathematics (PSSM) 

(National Council of Teachers of Mathematics, 2000). 

While the PSSM report preserved the essential tenets of the earlier CESSM document, 

especially its emphasis on the importance of learning mathematics with understanding, it also 
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added several enhancements. To provide more grade-level-specific clarity and guidance, PSSM 

was divided into narrower grade-level bands: grades K–2, grades 3–5, grades 6–8, and grades 9–

12. For each band, PSSM presented only one set of goals for all students. PSSM also had a 

common set of overarching curricular expectations across the K–12 spectrum which was 

intended to help state officials develop logical progressions of instruction from grade to grade for 

inclusion in state curriculum guidelines. PSSM was much more specific than the CESSM about 

the research basis for its recommendations, and the NCTM published a companion document 

that reviewed research in a number of areas directly related to the content of PSSM.  

The PSSM document was subjected to extensive field review prior to publication, and it 

was generally well received when published in 2000, but it arrived at the dawn of the “No Child 

Left Behind” (NCLB) era in American education. Because extant standardized tests of school 

mathematics were not well-aligned with PSSM, and because NCLB regulations required that 

these tests be a regular feature of every school year in grades 3–8 in order to determine whether 

adequate yearly progress was being made, PSSM had far less impact on states, schools, teachers, 

and students than had been envisioned by the NCTM.  

One decade later, the move toward national guidance regarding expectations for school 

mathematics learning took a giant leap forward with the publication of the Common Core State 

Standards for Mathematics (CCSSM, Common Core State Standards Initiative, 2010b). The 

CCSSM document presents grade-level-specific expectations that are intended to be the core 

expectations for mathematics learning in the United States. CCSSM diverges from CESSM and 

PSSM in certain ways, including how it names the strands of content to be taught and learned and 

how it distributes certain content across the grades, but it retains the same focus on the 

importance of teaching in ways that enable students to learn mathematics with understanding. 

The CCSSM states, “These Standards define what students should understand and be able to do 

in their study of mathematics” (Common Core State Standards Initiative, 2010b, p. 4). Not only 

is this a consistent theme across the reform documents, but it is also a topic that has received 

considerable attention from the research community.  

 

Research Perspectives on Teaching Mathematics for Understanding 

 

 Studies conducted over the past 60 years provide a solid body of evidence concerning the 

benefits of teaching mathematics for understanding. As summarized in Silver and Mesa, (2011, 

p.69), teaching mathematics for understanding is sometimes referred to as: 

 

 …authentic instruction, ambitious instruction, higher order instruction, problem-solving 

instruction, and sense-making instruction (e.g., Brownell and Moser, 1949; Brownell and 

Sims, 1946; Carpenter, Fennema, and Franke, 1996; Carpenter et al., 1989; Cohen, 1990; 

Cohen, McLaughlin, and Talbert, 1993; Fuson and Briars, 1990; Hiebert and Wearne, 

1993; Hiebert et al., 1996; Newmann and Associates, 1996). Although there are many 

unanswered questions about precisely how teaching practices are linked to students’ 

learning with understanding (see Hiebert and Grouws, 2007), the mathematics education 

community has begun to emphasize teaching that aims for this goal.  

 

 Among the hallmarks of this conceptually oriented version of instruction are (a) mathematical 

features, or tasks that are drawn from a broad array of content domains and are cognitively 

demanding, and (b) pedagogical features, or teaching practices that are suitable to support multi-
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person collaboration and mathematical discourse among students, as well as their engagement 

with mathematical reasoning and explanation, consideration of real-world applications, and use 

of technology or physical models (e.g., Fennema and Romberg, 1999; Hiebert and Carpenter, 

1992). 

 

Mathematical Features 

 

The mathematics curriculum in the United States, especially in elementary and middle 

grades, has long been characterized as incoherent, cursory, and repetitive (e.g., Balfanz, Mac 

Ivar, and Byrnes, 2006). Many have argued that the excessive attention paid to numbers and 

operations has restricted students’ opportunities to learn other interesting and important 

mathematics content. Reflecting this concern, the National Council of Teachers of Mathematics 

standards (1989; 2000) noted the importance of including topics in algebra, geometry, 

measurement, and data analysis in the middle grades. Broader coverage is expected not only to 

enrich mathematics learning by exposing students to more topics, but also to make salient the 

connections that exist among different content domains and topics—connections that are viewed 

by psychologists as hallmarks of student understanding (National Research Council, 1999).  

Reformers have also called for a new approach to the mathematics tasks that provide 

daily opportunities for student learning. For example, the Professional Standards for Teaching 

Mathematics (National Council of Teachers of Mathematics, 1991) claimed that student learning 

of mathematics with understanding depended to a great extent on the teacher using 

“mathematical tasks that engage students’ interests and intellect” (p. 1). Although such tasks can 

help students develop understanding, establish and maintain curiosity, and communicate with 

others about mathematical ideas, mathematics teachers in grades K–8 usually present cognitively 

undemanding tasks, such as recalling facts and applying well-rehearsed procedures to answer 

simple questions (Porter, 1989; Stake and Easley, 1978; Stigler and Hiebert, 1999; Stodolsky, 

1988). Research has shown that it is not easy for teachers to use cognitively demanding tasks 

well in mathematics classrooms (Henningsen and Stein, 1997; Stein, Grover, and Henningsen, 

1996). However, the regular use of such tasks to maintain high levels of cognitive demand can 

lead to increased student understanding and the development of problem solving and reasoning 

(Stein and Lane, 1996) and greater overall student achievement (Hiebert et al., 2005). 

 

Pedagogical Features 

 

Reformers have also advocated a broader array of pedagogical strategies to increase 

students’ understanding of mathematics, moving beyond the limited current practices described 

above. As noted earlier in this chapter, current practice is at odds with research findings about 

how people learn with understanding (National Research Council, 1999). Silver and Mesa (2011) 

describe the goals of the reformers as follows:  

Advocates for conceptually oriented teaching in school mathematics (e.g., National 

Council of Teachers of Mathematics, 1989, 2000) have suggested the potential value of 

fostering communication and interaction among students in mathematics classrooms 

through the use of complex tasks that are suitable for cooperative group work and that 

provide settings in which students need to explain and justify their solutions. Moreover, to 

increase students’ engagement with mathematical tasks and their understanding of 

concepts, instructional reform efforts have also encouraged the use of hands-on learning 
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activities and technological tools, as well as connecting work done in the mathematics 

classroom to other subjects and to the world outside school. Beyond exhortations, there is 

also some research evidence to support these hypotheses about pedagogy that might 

support students’ development of mathematical understanding (e.g., Boaler, 1998; Fawcett, 

1938; Fuson and Briars, 1990; Good, Grouws, and Ebmeier, 1983; Hiebert and Wearne, 

1993; Stein and Lane, 1996). (Silver and Mesa, 2011, p.69). 

 

Two examples of instruction incorporating these types of pedagogical features are found in Box 

5-3.  

 

Deeper Learning Expectations in Mathematics 

 

As noted earlier, the three major reform documents in school mathematics—CESSM, 

PSSM, and CCSSM—all emphasize deeper learning of mathematics, learning with 

understanding, and the development of usable, applicable, transferable knowledge and skills. 

These themes are in line with the broader statements we discussed earlier regarding the 

importance of 21st century learning skills. Generally speaking, the mathematics curriculum 

reform documents are much more explicit about expectations in the cognitive domain than they 

are about expectations in the interpersonal and intrapersonal domains. Yet, even in the domains 

less explicitly dealt with in the curriculum reform documents, one finds attention to some key 

21
st
 century goals, such as collaborative work, self-regulation, and the formation of positive 

attitudes and a mathematical identity. Moreover, there is a robust research literature on the 

matters of collaboration, metacognition, attitudes, motivation, and identity as they pertain to the 

teaching and learning of school mathematics. Chapter 3 of Engaging Schools: Fostering High 

School Students’ Motivation to Learn (National Research Council and Institute of Medicine, 

2004) provides an analysis of how many of these factors might interact with issues of race and 

culture to affect the learning of mathematics.  

 

Box 5-3: Examples of Deeper Learning in Mathematics 

 

In chapter 4, we provided an illustration of deeper learning of mathematics at the high 

school level (Boaler and Staples, 2008). Here, we focus on early mathematics learning. The weak 

performance of U.S. 15-year olds on the mathematics component of the Programme of 

International Student Assessment (PISA) test (OECD, 2010) reflects the weakness of early math 

education in the U.S. Deeper learning of mathematics in early childhood could potentially 

reverse the problem of persistent gaps in mathematics knowledge between children from low-

income and middle-income backgrounds. 

 

Example 1: Using Board Games for Early Mathematics Learning  

 

One approach to helping preschoolers learn basic number concepts and strategies 

involves the use of board games. Playing board games with linearly arranged, consecutively 

numbered, equal-size spaces provides young children with multiple cues about the magnitude of 

the numbers. Ramani and Siegler (2011) compared the number knowledge of middle-income 

preschoolers who played a linear board game to the number knowledge of preschoolers from 

low-income backgrounds who also played this game. Among both groups of preschoolers, those 
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with less initial knowledge of numbers gained more in understanding than those with greater 

initial knowledge. Significantly, the children from low-income backgrounds learned at least as 

much, and on several measures more, than preschoolers from middle-income backgrounds.  

 The study built on an earlier study of low-income preschoolers (Siegler and Ramani, 

2009; Ramani and Siegler, 2008), which found that a brief game-playing intervention led to 

greater improvements in numeracy than alternative numerical activities lasting the same amount 

of time. The low-income preschoolers showed gains in their ability to estimate number lines, 

compare magnitudes, identify numerals, and in basic arithmetic, and these gains were stable over 

a nine-week period. Those who had earlier played the linear board game learned more from 

subsequent practice and feedback on addition problems than their peers who engaged in other 

numerical activities, suggesting that they were able to transfer the knowledge they had gained 

through game play.  

A higher percentage of preschoolers from middle-income families than from low-income 

families report playing board games at home (Ramani and Siegler, 2011), and this difference 

may contribute to the gap in mathematics knowledge between young children from low-income 

and middle-income backgrounds. The authors suggest that parents and teachers more frequently 

engage young children in playing linear board games, which require minimal time to play and 

are extremely inexpensive. 

 

Example 2: Restructuring the Elementary School Mathematics Classroom  

 

Deeper learning as called for in the Common Core State Standards and other documents 

reviewed above remains rare in U.S. classrooms. In the NRC report, How Students Learn: 

History, Mathematics, and Science in the Classroom, Griffin (2005) describes very different 

mathematics classroom activities that are part of the research-based program, Number Worlds, 

for pre-Kindergarten through grade 2. The program is based on six guiding principles (National 

Research Council, 2005, p. 283), and we describe illustrative activities related to a few of these 

principles below: 

 

1.  Expose children to the major ways numbers are represented and talked about; 

2. Provide opportunities to link the “world of quantity” with the “world of counting 

numbers” and the “world of formal symbols;” 

3. Provide visual and spatial analogs of number representations that children can 

actively explore in hands-on fashion; 

4. Engage children and capture their imagination so knowledge constructed is embedded 

not only in their minds, but also in their hopes, fears, and passions; 

5. Provide opportunities to acquire computational fluency as well as conceptual 

understanding; 

6. Encourage the use of metacognitive processes (e.g., problem solving, communication, 

reasoning) that will facilitate knowledge construction.  

 

To implement the first principle, children explore five different lands at each grade level. 

In each land, they learn about a particular form of number representation while simultaneously 

addressing specific knowledge goals (developmental milestones) for that grade level. They begin 

in Object Land, where they initially work with real objects and then move on to work with 

pictures of objects. Next, they visit Picture Land, where numbers are represented as semi-abstract 
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patterns of dots that are equivalent to mathematical sets. By playing various card and dice games, 

the students gradually come think of these patterns in the same way that they think of the words 

they use to talk about numbers. Third, they explore Line Land, where numbers are represented as 

segments along a line and they play linear games. Later, they visit Sky Land, where numbers are 

represented with vertical bar graphs and scales, and Circle Land, where numbers are represented 

by sundials, and clocks and they learn that numbers are used to measure time and the seasons of 

the year.  

All of the activities are designed to help early elementary students mentally link physical 

quantities with counting numbers and formal symbols (design principle 2) as illustrated by the 

game, “Plus Pup.” To start, the teacher and children put a certain number of cookies into a lunch 

bag, and then the teacher or a child takes a walk with the bag. Along the way, the teacher or child 

picks up the Plus Pup card, and receives one more cookie. The teacher then invites the children 

to figure out how many cookies are in the bag. At first, the children open up the bag and count 

the cookies, but as they continue to replay the game, they gradually realize that they can use 

numbers to find the answer.  

To support metacognitive processes (design principle 6), the program includes question 

cards that draw children’s attention to the changes in quantities they enact during game play and 

prompt children to perform any calculations necessary to answer the questions. Additional 

follow-up questions encourage children to reflect on their own reasoning. The teacher usually 

uses the question cards at first, but over time, the children gradually begin to pose the questions 

themselves, assuming greater responsibility for their own learning. In a wrap-up period at the end 

of each lesson, a reporter from each small group first describes what the group did and learned, 

and then takes questions from the rest of the class. This time for communication and reflection 

supports significant learning. 

Evaluation studies indicate that the program is effective in helping diverse young children 

develop number knowledge that is deep, lasting, and transferable to further mathematics 

learning. A longitudinal 3-year study compared the performance of three groups of Kindergarten 

through 2nd grade students: 1) an urban, low-income group who participated in Number Worlds; 

2) a low-income group who had been tested and identified as high achievers in mathematics; and 

2) a largely middle-class group, also tested and designated as high achievers, who were enrolled 

in a magnet school with an enriched mathematics program. Over the course of the study period, 

from Kindergarten entry to the end of 2nd grade, the mathematics achievement of the Number 

Worlds group first caught up with, and then gradually exceeded, the achievement of the other 

two groups.  

In addition to clearly enhancing mathematics achievement, in the cognitive domain, the 

program enhances interpersonal skills of communication, collaboration, and teamwork, as well 

as generating positive dispositions towards math among both students and teachers, in the 

intrapersonal domain (Griffin, 2005).  

 

Source: Created by the committee 

[End of Box 5-3].  

 

Again, the committee a mapped the reform documents and the lists of 21st century 

learning skills to ascertain areas of overlap and emphasis. A summary is provided in Figure 5–2, 

and outcomes of the mapping process are elaborated briefly below. 
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FIGURE 5–2 Overlap between CCSS math standards and 21st century skills.  

SOURCE: Created by the Committee.  

 

Cognitive Skills 

 

In mathematics, as is the case with the other content areas treated in this chapter, the 

cognitive domain affords the strongest correspondence between 21st century skills and school 

learning goals for the subject. In particular, the CCSSM, PSSM, and CESSM documents all 

consider critical thinking, problem solving, constructing and evaluating evidence-based 

arguments, systems thinking, and complex communication to be important learning goals for 

mathematics, though there is some variation in how these skills are treated and the relative 

emphasis placed on each.  

The two most prominent areas of overlap between 21st century skills and learning goals for 

school mathematics are found for the themes of argumentation/reasoning and problem solving. 

Problem solving and reasoning are central to mathematics and have long been viewed as key 

leverage points in efforts to teach mathematics for understanding (Charles and Silver, 1988; 

Fawcett, 1938; Schoenfeld, 1985; Silver, 1985: 1994). 

 As the PSSM reasoning and proof standard states: 

 

“Being able to reason is essential to understanding mathematics . . . . [I]nstructional 
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programs across PK–12 should enable students to . . . recognize reasoning and proof as 

fundamental aspects of mathematics; make and investigate mathematical conjectures; 

develop and evaluate mathematical arguments and claims; and select and use various 

types of reasoning and methods of proof.” (National Council of Teachers of Mathematics, 

2000, p. 56). 

  

Students are expected to have opportunities to explore mathematical patterns in order to 

detect regularities, to formulate conjectures and hypotheses based on observed patterns and 

regularities, and to investigate and test the validity of these conjectures and hypotheses using 

mathematical reasoning. Students should learn to use varieties of mathematical reasoning and 

argumentation (e.g., probabilistic, geometric, algebraic, and proportional reasoning) and to 

generate mathematically valid proof arguments and counterarguments (e.g., develop validity 

justifications and produce a counterexample) (National Council of Teachers of Mathematics, 

2000, pp. 56–59).  

This theme of argumentation and reasoning is touched on explicitly in two of the CCSSM 

standards for mathematical practice: “Reason abstractly and quantitatively,” and “Construct 

viable arguments and critique the reasoning of others.” In discussing the latter standard, CCSSM 

states,  

Mathematically proficient students understand and use stated assumptions, definitions, 

and previously established results in constructing arguments. They make conjectures and 

build a logical progression of statements to explore the truth of their conjectures. They 

are able to analyze situations by breaking them into cases, and can recognize and use 

counterexamples. They justify their conclusions, communicate them to others, and 

respond to the arguments of others. . . . Students at all grades can listen to or read the 

arguments of others, decide whether they make sense, and ask useful questions to clarify 

or improve the arguments” (Common Core State Standards Initiative, 2010b, p. 6). 

 

The CCSSM also deals explicitly with problem solving. Its first standard in the category of 

mathematic practice is “Make sense of problems and persevere in solving them.” In discussing 

this standard, CCSSM states,  

 

Mathematically proficient students start by explaining to themselves the 

meaning of a problem and looking for entry points to its solution. They 

analyze givens, constraints, relationships, and goals. They make 

conjectures about the form and meaning of the solution and plan a solution 

pathway rather than simply jumping into a solution attempt. They consider 

analogous problems, and try special cases and simpler forms of the 

original problem in order to gain insight into its solution. They monitor 

and evaluate their progress and change course if necessary. . . . They can 

understand the approaches of others to solving complex problems and 

identify correspondences between different approaches (Common Core 

State Standards Initiative, 2010b, p. 6).  

 

This view that problem-solving processes play a central role in mathematical activity is 

resonant with the earlier characterization provided in PSSM’s problem solving standard:  
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Problem solving means engaging in a task for which the solution method 

is not known in advance. In order to find a solution, students must draw on 

their knowledge, and through this process, they will often develop new 

mathematical understandings. Solving problems is not only a goal of 

learning mathematics but also a major means of doing so . . . instructional 

programs across PK-12 should enable students to . . . build new 

mathematical knowledge through problem solving, solve problems that 

arise in mathematics and in other contexts, apply and adapt a variety of 

appropriate strategies to solve problems, and monitor and reflect on the 

process of mathematical problem solving (National Council of Teachers of 

Mathematics, 2000, p. 52).  

 

Students should learn to recognize classes of problems that can be solved using routine 

procedures and should also learn to use a wide range of problem-solving strategies (e.g., 

heuristic processes such as drawing a diagram, considering special cases, working backwards, 

solving a simpler problem, and looking for patterns and regularities) that can be useful in solving 

nonroutine problems.  

 

Intrapersonal and Interpersonal Skills 

 

Unlike skills in the cognitive domain, those in the intrapersonal and interpersonal domains 

are not particularly prominent in the mathematics curriculum reform documents. Historically the 

interpersonal and intrapersonal domains have been represented in research conducted on 

mathematics teaching and learning (McLeod, 1992; McLeod and Adams, 1989; Schoenfeld, 

1992), but they have tended to receive less attention as curricular or instructional outcomes. The 

two prominent areas of overlap between 21st century skills and learning goals for school 

mathematics in these domains are self-regulation and motivation/persistence.  

The theme of self-regulation is evident in the CCSSM standard of mathematical practice, 

“Make sense of problems and persevere in solving them.” The expectation is clear that students 

must learn to monitor and evaluate their progress when solving problems, and to change course if 

necessary. Within this CCSSM standard one also finds explicit attention to persistence, as the 

earlier quote illustrates. Students are expected to spend time examining a problem, considering 

pathways, reflecting on progress, and adjusting solution approaches rather than leaping 

immediately onto a solution path and then abandoning it at the first obstacle. 

 

SCIENCE AND ENGINEERING 

 

The Context: Evolution of National Standards in Science 

 

 National initiatives to outline disciplinary content standards for K–12 science education 

have undergone significant evolution over the past two decades. The Association for the 

Advancement of Science’s reports Science for All Americans (American Association for the 

Advancement of Science, 1989) and Benchmarks for Science Literacy (American Association for 

the Advancement of Science, 1993) and the National Research Council’s National Science 

Education Standards (NSES) (National Research Council, 1996) were ambitious efforts to lay 

out systematic guidelines and standards for science literacy for K–12 education based on reviews 



Copyright © National Academy of Sciences. All rights reserved.

Education for Life and Work:  Developing Transferable Knowledge and Skills in the 21st Century

Prepublication copy, uncorrected proofs 

 

5-21 

 

of research by national panels of experts. More recently, in July 2011 the National Research 

Council released A Framework for K–12 Science Education: Practices, Crosscutting Concepts, 

and Core Ideas (National Research Council, 2012), and Achieve, Inc. has been commissioned by 

the Carnegie Corporation to develop a full set of standards based on this framework. These 

standards are intended to be the science education counterpart of the Common Core Standards in 

English language arts and mathematics, and it is expected that they too will be adopted in many 

states.  

The following analysis of the correspondence between disciplinary standards for science 

education and 21st century skills is based primarily on the NRC framework as well as on several 

recent volumes published by the NRC that review and synthesize current research on students’ 

learning and on curricular and pedagogical models in science. These reports include Taking 

Science to School: Learning and Teaching Science in Grades K–8 (National Research Council, 

2007), America’s Lab Report: Investigations in High School Science (National Research council, 

2006), How Students Learn: History, Mathematics, and Science in the Classroom (National 

Research Council, 2005), and Exploring the Intersection of Science Education and 21st Century 

Skills, (National Research Council, 2010). 

 

Science Content and Process 

 

 One of the longstanding issues in science education has been the relative emphasis that 

should be placed on—and the nature of the relationship between—“content” (facts, formulas, 

concepts, and theories) and “process” (scientific method, inquiry, discourse). AAAS’s Project 

2061 aimed to transform science education in the United States by placing a heavy emphasis on 

inquiry, often interpreted primarily as hands-on investigation, as a corrective to the overemphasis 

on isolated factual content common in so many science classrooms (American Association for 

the Advancement of Science, 1989; 1993). The National Science Education Standards, too, 

called for engaging students in inquiry, both to motivate their interest in science and to help them 

learn about science content and the nature of science (National Research Council, 1996). 

As these calls for more inquiry in science classrooms have been acted upon in recent 

decades, certain trends have emerged that indicate a need to further articulate what is meant by 

scientific inquiry. One trend was that inquiry in some circles came to be associated primarily 

with “hands-on” science, often reflecting a commitment by education practitioners to a change in 

the pedagogy from passive, teacher-led instruction to active, student-driven discovery. “Hands-

on” laboratory activities can effectively support science learning if they are designed with clear 

learning goals in mind, thoughtfully sequenced into the flow of science instruction, integrate 

learning of science content with learning about the processes of science and incorporate time for 

student reflection and discussion (National Research Council, 2006). However, such approaches 

are not typical in American high schools. Instead, the calls for more inquiry sometimes resulted 

in a particular neglect of critical reasoning, analysis of evidence, development of models, and 

written and oral discourse associated with constructing and evaluating arguments and 

explanations—all aspects of inquiry that may be downplayed when “hands-on” activities are not 

carefully designed and scaffolded. 

A second trend was the tendency to treat scientific methodology as divorced from content 

(National Research Council, 2007). Many students, for instance, are introduced to a generic 

“scientific method,” which is presented as a fixed linear sequence of steps, emphasizing 

experimental investigations, which the students are often asked to apply in a superficial or 
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scripted way. This approach to the scientific method often obscures or distorts the processes of 

inquiry as they are practiced by scientists. Practices such as reasoning carefully about the 

implications of models and theories, framing questions and hypotheses so that they can be 

productively investigated, systematically analyzing and integrating data to serve as evidence to 

evaluate claims, and communicating and critiquing ideas in a scientific community are vital parts 

of inquiry, but they tend to be missed when students are taught a scripted procedure designed to 

obtain a particular result in a decontextualized investigation. Furthermore, these higher-level 

reasoning and problem-solving practices require a reasonable depth of familiarity with the 

content of a given scientific topic if students are to engage in them in a meaningful way.  

Debates over content versus process are not in step with the current views of the nature of 

science. Philosophers of science and scientists themselves now view science as both a body of 

established knowledge and an ongoing process of scientific discovery that can lead to revisions 

in that body of knowledge (National Research Council, 2005). Science is seen as a 

fundamentally social enterprise that is aimed at advancing knowledge through the development 

of theories and models that have explanatory and predictive power and that are grounded in 

evidence. In practice this means that the content and the process are deeply intertwined. 

Similarly, as highlighted in Chapters 4 and 6, strategies involving higher-order thinking and 

problem solving tend to be domain specific and are best developed and practiced in a suitably 

rich content domain (National Research Council, 2005).  

 

Understanding the Structure of Scientific Knowledge 

 

 In recent decades our understanding of what constitutes an appropriate foundation of 

factual and conceptual knowledge in science has been further developed. Research in cognitive 

science has emphasized that sophisticated scientific knowledge is characterized by a rich, 

conceptually organized, well-connected, and fluently integrated set of representations (National 

Research Council, 2005; 2007). An important hallmark of these integrated webs or networks of 

knowledge is that the facts, concepts, theories, and procedures that are organized in this way can 

be meaningfully understood, usefully applied, and productively added to or further developed on 

an ongoing basis. In this respect there is significant congruence among how scientific knowledge 

is construed within the discipline, how it is construed within the NRC’s framework for K–12 

science education, and in the committee’s definition of deeper learning as learning that can be 

successfully transferred and applied in new situations (see Chapter 4). 

The development of sophisticated scientific knowledge involves simultaneous and 

mutually reinforcing learning of both content knowledge and process skills. For example, a 

review of science learning in grades K–8 proposed that students who are proficient in science 

(National Research Council, 2007, p. 2) have the follow capabilities:  

  

1. Know, use, and interpret scientific explanations of the natural world;  

2. Generate and evaluate scientific evidence and explanations; 

3. Understand the nature and development of scientific knowledge; and 

4. Participate productively in scientific practices and discourse. 

Both of these reviews reflect a view of science as both a body of knowledge and an ongoing 

process. 
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Current Science Instruction 

 

 Today’s K–12 science classrooms generally reflect neither the calls for more fully 

developed inquiry experiences in national science standards nor the research evidence on how 

students learn science. As in mathematics, the curriculum has been criticized as being “a mile 

wide and an inch deep.” The authors of Taking Science to School (National Research Council, 

2007) offered this summary of K–8 science instruction: “Typical classroom activities convey 

either a passive and narrow view of science learning or an activity-oriented approach devoid of 

question-probing and only loosely related to conceptual learning goals” (p. 253). Large science 

textbooks cover many topics with little depth, providing little guidance on how to place science 

in the context of meaningful problems. As teachers try to cover the broad curriculum, they give 

insufficient attention to students’ understanding and instead focus on superficial recall-level 

questions (Weiss and Pasley, 2004; Weiss et al., 2003). The patterns are similar to those 

observed in mathematics classrooms (Stigler and Hiebert, 1999).  

Similarly, at the high school level, laboratory activities that typically take up about one 

science class period each are disconnected from the flow of science instruction. Instead of 

focusing on clear learning objectives, laboratory manuals and teachers often emphasize 

procedures, leaving students uncertain about what they are supposed to learn. Furthermore, these 

activities are rarely designed to integrate learning of science content and processes. During the 

rest of the week, students spend time listening to lectures, reading textbooks, and preparing for 

tests that emphasize many different topics (National Research Council, 2006).  

Making matters worse, in the past decade time and resources for science education have 

often been cut back since science test scores have not counted in the formulations for whether 

schools are making adequate yearly progress under the No Child Left Behind legislation. This 

lack of emphasis has further limited the development of new capacity for high-level science 

instruction in K–12 schools and has thus also limited the potential impact of deeper learning 

goals within the state and national standards currently in use. 

A limited number of small-scale studies (e.g., Cobern et al., 2010; Herrenkohl et al., 

1999; Klahr and Nigam, 2004; Kolodner et al., 2003; Krajcik et al., 2008), reviews and syntheses 

(e.g., Kirschner, Sweller, and Clark, 2006; Linn, David, and Bell, 2004; Mayer, 2004), and meta-

analyses (Minner, Levy, and Century, 2010) of thoughtfully implemented science instruction 

have shed some light on the current debates about the most appropriate pedagogical practices for 

science teaching and learning. The current synthesis based on available evidence does not dictate 

a particular pedagogical approach as uniformly superior. Scaffolding, modeling, guided inquiry, 

explicit instruction, individual study and practice, computer-mediated learning, and group 

problem solving and discussion have all been shown to be effective in various circumstances. 

The choice of instructional strategy often depends on the particular goals of a specific lesson or 

unit (National Research Council, 2000, 2007). As in other domains of learning, the research base 

indicates that one rarely gets something for free: If we want students to be skillful at reading and 

interpreting scientific materials, engaging in both written and oral scientific discourse, working 

fluently with quantitative data, constructing models, and problem solving effectively with peers, 

then we must give them the particular opportunities, models, and guidance needed to develop 

each of those sets of skills.  
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The Framework: Relating Scientific Practices and Concepts  

 

 The new framework for K–12 science education uses the term “practices” (in the plural) 

instead of process or skills to capture (1) the essential integration of knowledge and skills in 

action, and (2) the variety of activities, competencies, and dispositions involved in doing science 

productively, including habits of reasoning, discourse norms of communities and institutions, 

attitudes, values, epistemological understanding, and recognition of multiple methodologies 

(e.g., observation, field work, and modeling, in addition to laboratory experiments). The authors 

contrast this diversity with the thin procedural treatment of a single uniform “scientific method” 

that is commonly presented in science classrooms. They also note that modeling, 

communication, critique, and evaluation require particular attention and experiences to cultivate 

and that these experiences are often lacking in approaches that emphasize the hands-on aspects 

of inquiry as well as those that focus too narrowly on manipulating and controlling variables. 

An overarching goal expressed in the Framework is to ensure that all students—whether 

they pursue advanced education and careers in STEM fields or not— “. . . possess sufficient 

knowledge of science and engineering to engage in public discussions on related issues; are 

careful consumers of scientific and technological information related to their everyday lives; 

[and] are able to continue to learn about science outside of schools.” (National Research Council, 

2011b, p. 1). To these ends, they should have sufficiently deep understanding of core concepts in 

science, such as matter, energy, forces, earth and solar systems, organisms, and ecosystems, to 

think productively and to avoid common myths and misconceptions. They should also have 

sufficient experience with and understanding of a spectrum of scientific methods, including 

experimental, observational, and modeling approaches, to be able to evaluate and critique the 

quality and completeness of the available evidence and the relative degrees of certainty or 

uncertainty associated with it. 

The framework is unequivocal in stating that the practices of science are inextricably tied 

to both learning and doing science. Science practices cannot and should not be taught in 

isolation, and, as new science standards based on the framework are developed, the practices 

should be infused throughout the standards for content knowledge. Participating in these 

practices is intended to simultaneously advance students’ understanding of scientific methods, of 

the nature of science, of applications of science, and of particular foundational scientific 

concepts. In comparing the abilities described in the new framework for K–12 science education 

with 21st century skills, a key point to note is that the area of greatest overlap is found in the 

science and engineering practices. By considering how the framework connects disciplinary 

content to practices in this area of overlap, we can gain insight both into the meaning of “deep” 

in deeper learning and into certain clusters of 21st century skills.  

 The Framework for K–12 Science Education makes several important assertions about 

science and engineering education: (1) that disciplinary knowledge and skills (as exemplified in 

the “practices”) are essentially intertwined and must be simultaneously coordinated in science 

and engineering education; (2) that engaging in the practices of science and engineering 

advances students’ understanding of the nature of scientific knowledge, the variety of 

methodologies used in science and engineering, and areas of meaningful application; and (3) that 

participating in science or engineering practices also affects disciplinary learning by engaging 

students’ interest and increasing their motivation. 

 This argument that engaging in science and engineering practices is necessary and 

beneficial for learning disciplinary content is noteworthy because such a connection is not made 



Copyright © National Academy of Sciences. All rights reserved.

Education for Life and Work:  Developing Transferable Knowledge and Skills in the 21st Century

Prepublication copy, uncorrected proofs 

 

5-25 

 

in a strong way within current frameworks of deeper learning and 21st century skills, such as the 

Hewlett Foundation’s description of deeper learning
4
 or the Partnership for 21st Century Skills 

framework.
5
 These formulations generally note the importance of learning in core academic 

disciplines but give no guidance as to how or whether the learning of disciplinary content 

connects to the development of the other 21st century skills. The framework thus provides a 

rationale for connecting the “deep” learning of disciplinary content in science and engineering 

with at least some 21st century skills.  

 

Organization of the Framework 

 

 The Framework for K–12 Science Education includes engineering as well as science and 

notes that while the two disciplines have distinctly different goals, they share important features, 

such as reasoning and problem-solving processes, the testing and evaluation of outcomes and 

products, and the use of cognitive tools such as analogical reasoning, systems thinking, and 

mental and physical models. In what follows the comments about science teaching and learning 

are generally intended to apply to engineering education as well. Where a distinction between 

science and engineering education seems important, it is noted. 

The science framework is laid out in three dimensions, which are conceptually distinct but 

integrated in practice in the teaching, learning, and doing of science and engineering. The three 

dimensions are: 

 

 Core disciplinary ideas 

 Cross-cutting elements 

 Scientific and engineering practices 

 

Core Disciplinary Ideas 

 

  One goal of the revision to the National Science Education Standards was to reduce the 

long catalog of factual knowledge students are expected to master in order to place a deeper and 

more sustained focus on a much smaller set of core ideas that have broad importance across 

scientific disciplines and that are key for developing more complex ideas. Drawing on recent 

research on cognition, development, and learning in science,
6
 the new framework adopts a 

“learning progressions” approach to the core disciplinary ideas. In this approach, the learning 

standards are organized as integrated, continuous progressions of ideas that increase in 

sophistication over multiple years, from the early elementary grades through high school. The 

core ideas are grouped according to life sciences, earth and space sciences, physical sciences, 

and engineering and technology. 

 

Cross-Cutting Concepts  
 

 The Framework identifies seven cross-cutting concepts, which are important scientific 

concepts that bridge across multiple disciplines. They include patterns; cause and effect; scale, 

                                                 
4
See “http://www.hewlett.org/programs/education-program/deeper-learning” for description [accessed April 2012] 

5
See “http://www.p21.org/overview/skills-framework/57” for description [accessed April 2012] 

6
A comprehensive list of research references is included in an appendix that accompanies the framework.  
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proportion, and quantity; systems and system models; energy and matter; structure and function; 

and stability and change.  

 

Scientific and Engineering Practices 

 

 The Framework conceptualizes practices as occurring in and connecting across three 

“spaces”: 

 

1. Investigation and empirical inquiry, in which the dominant practices are observing 

phenomena, planning experiments and data collection, deciding what and how to 

measure, and identifying sources of uncertainty. This space involves interaction with the 

natural or physical world. 

2. Construction of explanations or designs, a conceptual theory-building space, focused on 

developing hypotheses, models, and solutions. 

3. Evaluation space, focused on analysis, argument, and evaluation, in which the dominant 

practices are the analysis and construction of arguments and the critique of fit of evidence 

in relation to predictions (science) or of design outcomes to constraints and goals 

(engineering). 

 

 Eight key practices, which collectively span these spaces, are highlighted in the framework. 

Each is fairly richly described, so they are perhaps best thought of as complex activities rather 

than discrete skills. The key practices are as follows (National Research Council, 2012, p. 42): 

 

1.  Asking questions (for science) and defining problems (for engineering) 

2.  Developing and using models 

3.  Planning and carrying out investigations 

4.  Analyzing and interpreting data 

5.  Using mathematics, information and computer technology, and computational 

thinking 

6.  Constructing explanations (for science) and designing solutions (for engineering) 

7.  Engaging in argument from evidence 

8.  Obtaining, evaluating, and communicating information 

 

 While the three dimensions of the Framework (i.e., core disciplinary ideas, cross-cutting 

concepts, and science and engineering practices) and the way in which they are conceptually 

organized do not map in a tidy way to twenty-first century skills, there is significant overlap. 

Furthermore, the framework allows (indeed, forces) distinct discipline-based interpretations of 

what some of these skills mean in the context of science education. 

 In the Taking Science to School report (National Research Council, 2007), an expert 

committee identified four strands of science proficiency: knowing, using, and interpreting 

scientific explanations of the natural world; generating and evaluating scientific evidence and 

explanations; understanding the nature and development of scientific knowledge; and 

participating productively in scientific practices and discourse. There are significant similarities 

between these strands for scientific proficiency and the Framework’s three-dimensional 

organization, and the Framework authors explicitly cite many of the findings summarized in 

Taking Science to School as the basis for similar recommendations. The Framework is more 
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detailed and specific than the Taking Science to School report in addressing the knowledge and 

practices students need to develop over the K–12 span. 

The Framework also makes important connections to other disciplines—most notably 

mathematics and English language arts. The cross-cutting concepts include a special focus on the 

mathematical concepts of scale, quantity, and proportion, with the observation that scientific 

systems and processes span remarkable ranges of magnitudes on dimensions of time (e.g., 

nanoscale to geologic time) and space (e.g., atoms to galaxies). Students need to be fluent with 

systems of measurement for different types of quantities, with ratio relationships among different 

quantities, and with the relative magnitudes associated with various scientific concepts and 

phenomena. They also need to be able to create, interpret, and manipulate a variety of 

representations for quantitative data. 

 Similarly, the Framework emphasizes the importance of reading, writing, and speaking 

skills in science and engineering. It notes that scientists and engineers typically spend half of 

their working time reading, interpreting, and producing text. As noted above, the integration of 

literacy activities in disciplinary contexts provides students with opportunities to master the 

particular challenges posed by disciplinary materials. In science, for example, texts often include 

unfamiliar vocabulary and complex sentence structures and are also often multimodal, 

incorporating diagrams, tables, graphs, images, and mathematical expressions. Students must 

also learn discourse norms for discussion and critique in science—discerning, for instance, that a 

scientific “argument” is not the same thing as an interpersonal disagreement. Varying 

interpretations are adjudicated through reasoning with evidence, and changing one’s mind 

because of convincing evidence presented by a peer does not mean that one “lost the fight.”  

 

 

 BOX 5-4 

An Example of Deeper Learning in Science  

 

Many of the elements of the vision for science education outlined in the Framework for 

K–12 Science Education are currently uncommon in science instruction in U.S. classrooms. 

These include the sustained development of a smaller set of core disciplinary ideas over longer 

periods of time, the cultivation of reasoning and problem-solving skills even in earlier grades, 

attention to scientific communication (both written and oral) that explicitly involves developing 

explanatory theories and models and using data as evidence to construct and evaluate 

explanations and arguments, and development of an understanding of the nature of scientific 

knowledge. What might this look like as realized in the classroom? 

 

One particularly rich illustration comes from the work of Herrenkohl et al., (1999), who 

conducted a study of an extended unit of science instruction with 3rd through 5th graders 

investigating sinking and floating. Over a period of ten weeks, students worked in small groups 

to carry out a series of investigations based on cognitive research on the conceptual pathway that 

students follow in coming to understand when and why various objects will float or sink (Smith 

et al., 1994; Smith, Snir, and Grosslight, 1992). Conceptual development in this domain involves 

understanding and relating concepts of mass, volume, density, and relative density and is known 

to be conceptually challenging for many students. Students’ investigations were carefully 

scaffolded to support reasoning practices in science and were also interspersed with teacher-

guided whole-class discussions in which students gained experience communicating, monitoring, 



Copyright © National Academy of Sciences. All rights reserved.

Education for Life and Work:  Developing Transferable Knowledge and Skills in the 21st Century

Prepublication copy, uncorrected proofs 

 

5-28 

 

and critiquing their own thinking and the thinking of their peers as they developed, tested, and 

evaluated theoretical explanations for the phenomena they were observing. 

 

The team of researchers, along with the classroom teachers, incorporated a number of 

instructional tools and practices. As students conducted their investigations, they were 

introduced to explicit strategies in science, including predicting and theorizing, summarizing 

results, and relating predictions and theories to the results obtained. Through classroom 

discussions and repeated opportunities to practice these science strategies, students came to be 

able to distinguish between predictions and theories, to develop theory-based explanations of 

their observations, and to use evidence to evaluate their theories, rejecting some and refining 

others. During whole class discussion, as small groups reported on their work, students also 

became experienced at taking on several “audience roles,” taking responsibility for checking 

their peers’ predictions and theories; summarizing results; and assessing the relation between the 

reporters’ predictions, theories, and results. Public documents in the classroom, such as a theory 

chart used to help students track the development of their thinking over time, and a questions 

chart, which they used to catalog good questions for the audience to ask reporters, were used to 

scaffold students’ awareness of how scientific thinking and knowledge develop and change over 

time and of the kinds of strategies that lead to progress. 

 

The researchers described their approach as “sociocognitive,” and we note that it requires 

students to develop and practice strategies from the cognitive, interpersonal, and intrapersonal 

domains. Students learned to apply explicit reasoning and planning strategies for designing, 

conducting, and interpreting their investigations. They also became better able to monitor their 

thinking and to recognize when their ideas were or were not well developed or justified. They 

also became more comfortable with scientific discourse, learning not to become defensive when 

questioned by peers and learning the norms and expectations for scientific reasoning and 

discussion. Results from coded videotapes of classroom activities and discussions and from 

pretests and posttests indicated that students’ notions of scientific theorizing and their ability to 

engage in it evolved significantly, as did their conceptual understanding of the phenomena of 

floating and sinking. 

 

Source: Created by the committee, based on Herrenkohl et al., (1999) 

 

 

Relating the Framework to Deeper Learning and 21st Century Skills 

 

 We asked how, from the point of view of the Framework, a proposed 21st century skill 

might be characterized within science and engineering and what degree of support the 

Framework would provide for incorporating such a skill as part of teaching and learning in the 

discipline. Our findings are shown in Figure 6–3 and discussed below. 
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FIGURE 5–3 Overlap between science standards framework and twenty-first century skills.  

SOURCE: Created by the Committee. 

 

Cognitive Competencies   

 

 Drawing on the Framework for Science and Engineering Education (as well as other 

sources mentioned above), we found the strongest correspondence—and hence the strongest 

support—in the cluster of 21st century skills categorized as “cognitive.” In particular, critical 

thinking, non-routine problem solving, constructing and evaluating evidence-based arguments, 

systems thinking, and complex communication were all strongly supported in the framework and 

were construed as being central and indispensible to the disciplines of science and engineering. 

 However, each of these abilities tends to be embodied in particular ways in the science and 

engineering standards. For example, “complex communication” entails mastering the discourse 

norms for framing and communicating scientific questions and hypotheses or engineering 

problems and design proposals. The Framework emphasizes communicating findings and 

interpretations clearly and participating constructively in peer critiques and reviews as well as 

the capacity to engage in critical reading (including quantitative comprehension) of discipline-

based texts, data archives, and other scientific information sources. 

 Similarly, “constructing and evaluating evidence-based arguments” is framed in terms of 

generating, evaluating, and testing scientific hypotheses or engineering designs. In particular, the 

Framework highlights the importance of distinguishing scientific from non-scientific questions; 

distinguishing evidence from claims; and evaluating the reliability, completeness, and degree of 

uncertainty associated with evidence and interpretations. 
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Interpersonal Competencies  

 

 Within the domain of interpersonal skills, the Framework provides strong support for 

collaboration and teamwork. A pervasive theme in the Framework is the importance of 

understanding science and engineering as norm-governed enterprises conducted within a 

community, requiring well-developed skills for collaborating and communicating. In addition, 

the framework supports adaptability, construed as the ability and inclination to revise one’s 

thinking or strategy in response to evidence or peer review.  

 There is less attention paid to interpersonal social skills and values, such as cultural 

sensitivity or valuing diversity. While these are not seen as being in conflict with learning about 

and practicing science and engineering, they are not strongly supported as explicit learning goals 

for students in the discipline. Indeed, these almost seem to be emphasized more as important 

skills for teachers to use in engaging diverse students in science learning than as disciplinary 

learning goals for the students themselves. 

 

Intrapersonal Competencies  

 

  In some respects the intrapersonal category is the most difficult domain of skills to 

evaluate. Metacognitive reasoning about one’s own thinking and working processes and the 

capacity to engage in self-directed learning throughout one’s life time receive explicit support in 

the Framework. However, the degree of support for such factors as motivation and persistence, 

attitudes, identity and value issues, and self-regulation (if construed as a person being punctual, 

organized, taking on responsibility, and so forth) is weaker or more indirect. At the same time, 

though, there is no obvious conflict or lack of compatibility between the vision of science 

education presented by the Framework and these 21st century skills. The Framework is not mute 

on such topics as valuing diversity, being a conscientious and self-motivated learner, or 

appreciating the intellectual values of science and engineering. Rather, it seems to situate the 

issues as something other than disciplinary learning goals for individual students. Issues of 

diversity and equity, for instance, are treated as goals that are important for the communal 

enterprise of science and its relation to societal needs and values. Personal qualities, such as 

engagement and persistence, seem to be viewed as means that can help support successful 

science learning for more students, rather than as stand-alone end goals or outcomes of science 

education.  

 To some degree the difficulties encountered in aligning intrapersonal and interpersonal 

skills with disciplinary standards may be ontological in nature: The science and engineering 

standards are intended to characterize a set of knowledge and skills that students are expected to 

master during the K–12 years, while at least some of the deeper learning and twenty-first century 

skills are intended to characterize desired qualities of a person as a lifelong learner, as a citizen, 

and as a member of the workforce (Conley, 2011). In this respect, some of these skills would be 

expected to be complementary to, rather than overlapping with, disciplinary standards—a view 

that is compatible with the vision presented in the Framework.  

 

Findings  

 

 Several important observations emerge from our mapping of science and engineering 

standards with 21st century skills. First, some of these skills correspond with the disciplinary 
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standards, and standards documents value these skills highly as important for learning and 

practicing science and engineering. However, the standards documents value specific 

interpretations of these skills from a disciplinary perspective, and there may be other 

interpretations of these skills that differ substantially from these disciplinary interpretations. For 

example, there is very strong support in the framework for “complex communication” when 

viewed as sophisticated discourse within the discipline or as critical reading and quantitative 

literacy skills; however, there is considerably less support for complex communication skills if 

they are construed as involving interpersonal sensitivity, cultural awareness, or negotiation and 

persuasion skills. 

 Another key observation is that, aside from the possible divergence of interpretations just 

mentioned, there is little in statements of 21st century skills that would be viewed as directly in 

competition with or incompatible with standards for teaching and learning science and 

engineering. Of course, there is always room for conflict over relative emphasis and the 

competition for ever-scarce classroom time, and there would also likely be some potential for 

conflict depending on certain choices of pedagogical strategies, which are not strictly dictated by 

the Framework. We note, however, that one theme of a recent National Research Council 

workshop (National Research Council, 2010) was that those science education initiatives that 

aligned particularly well with twenty-first century skills tended to emphasize project-based and 

problem-solving approaches to curriculum and learning. The emphasis on the eight key practices 

in the Framework would converge in this direction as well. 

   

CONCLUSIONS AND RECOMMENDATIONS 

 

  While we found substantial support for deeper learning and 21st century skills in the 

various standards documents and supporting research literature, we also found a certain degree of 

unevenness in their prominence and coverage. A cluster of skills, primarily from the cognitive 

domain, appeared as central in each of the three disciplines, although the particular 

interpretations of them varied from discipline to discipline. This set included critical reasoning, 

the ability to construct and evaluate arguments in relation to evidence, non-routine problem 

solving, and complex communication (both written and oral) involving the discourse standards 

of the various disciplinary communities. However, the definitions of argumentation and 

standards of evidence differed across the three disciplines.  

 

Conclusion: Some 21st century competencies are found in standards documents, indicating 

that disciplinary goals have expanded beyond their traditional focus on basic academic 

content. A cluster of cognitive competencies—including critical thinking, non-routine 

problem solving, and constructing and evaluating evidence-based arguments—is strongly 

supported in standards documents across all three disciplines.  

 

  Intrapersonal skills and characteristics, such as persistence, self-efficacy, self-regulation, 

and one’s identity as a capable learner, were treated more variably across the standards 

documents, although the research literature on teaching and learning in the disciplines provides 

some support for their importance. We note that the smaller degree of attention paid to non-

cognitive dimensions in the standards documents stands in contrast to the evidence discussed in 

Chapter 3, which indicates that they are important for larger educational and workforce goals, 

such as staying in school, completing degrees, and attaining higher levels of education. However, 
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we also observe that they may be less likely to be emphasized in disciplinary standards because 

they may be cross-cutting competencies and thus not unique to or distinctively expressed within 

a given discipline.  

 

Conclusion: Coverage of other 21st century competencies—particularly those in the 

intrapersonal and interpersonal domains—is uneven. For example, standards documents 

across all three disciplines include cognitive and interpersonal competencies related to 

discourse structures and argumentation, but the disciplines differ in their view of what 

counts as evidence and what the rules of argumentation are. This uneven coverage could 

potentially lead to learning environments for different subjects that do not equally support 

the development of 21st century competencies. 

 

  Our review of the research on how the disciplines have characterized “deeper learning” 

and sought to foster it indicates that instruction for deeper learning is rare in current English 

language arts, mathematics, and science classrooms.  

 

Conclusion: Development of higher-order 21st century competencies within the disciplines 

will require systematic instruction and sustained practice. It will be necessary to devote 

additional instructional time and resources to advance these sophisticated disciplinary 

learning goals over what is common in current practice.  

 

 The committee’s review of research on learning goals in the three disciplines indicates that 

people in each of the disciplines desire to develop skills and knowledge that will transfer beyond 

the classroom. However, the goals for transfer are specific to each discipline. For example, the 

National Research Council science standards Framework envisions that, by the end of 12th 

grade, students will be prepared “to engage in public discussions on science-related issues, to be 

critical consumers of scientific information related to their everyday lives, and to continue to 

learn about science throughout their lives” (National Research Council, 2012, pp. 1–2). As we 

discuss further in Chapter 6, attempts to cultivate general problem-solving skills in the absence 

of substantive disciplinary or topical knowledge have not typically been effective. We speculate 

that there may be a mismatch between the expectations of employers in this regard and what is 

known about learning and transfer. It is an open question as to whether a student who becomes 

an adept problem solver across a variety of academic disciplines would be better able to transfer 

problem-solving abilities to new areas than a student who was strong in just one discipline, or 

whether particular kinds of instructional practices and experiences in the K–12 setting would 

increase the likelihood of transfer of advanced skills across domains. More research is needed to 

address these questions. 

 

Conclusion: Teaching for transfer within each discipline aims to increase transfer within 

that discipline. Research to date provides little guidance about how to help learners 

aggregate transferable knowledge and skills across disciplines. This may be a shortcoming 

in the research or a reflection of the domain-specific nature of transfer. 

 

Recommendation 5: Foundations and federal agencies should support programs of 

research designed to illuminate whether, and to what extent, teaching for transfer within 

an academic discipline can facilitate transfer across disciplines.  
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6 

 

Teaching and Assessing for Transfer 

 

 

 

 

 

 

 

 

 

 

The prior chapters have established transfer as the defining characteristic of deeper 

learning; discussed the importance of cognitive, intrapersonal, and interpersonal skills for adult 

success; and expanded our description of deeper learning, including both the process of deeper 

learning and its manifestation in the disciplines of English language arts, mathematics, and 

science. This chapter takes the argument one step further by reviewing research on teaching for 

transfer. The first section discusses the importance of specifying clear definitions of the intended 

learning goals and the need for accompanying valid outcome measures if we are to teach and 

assess for transfer. Accepting that there are limitations in the research, the next section describes 

emerging evidence indicating that it is possible to support deeper learning and development of 

transferable knowledge and skills in all three domains. The third section then summarizes what is 

known about how to support deeper learning and the development of transferable cognitive 

competencies, identifying features that may serve as indicators that an intervention is likely to 

develop these competencies in a substantial and meaningful way. The fourth section then 

discusses what is known about how to support deeper learning in the intrapersonal and 

interpersonal domains. The fifth section returns to issues of assessment and discusses the role of 

assessment in support of deeper learning. The final section offers conclusions and 

recommendations.  

 

THE NEED FOR CLEAR LEARNING GOALS AND VALID MEASURES  

 

Educational interventions may reflect different theoretical perspectives on learning and 

may target different skills or domains of competence. In all cases, however, the design of 

instruction for transfer should start with a clear delineation of the learning goals and a well-

defined model of how learning is expected to develop (National Research Council, 2001). The 

model—which may be hypothesized or established by research—provides a solid foundation for 

the coordinated design of instruction and assessment aimed at supporting students’ acquisition 

and transfer of targeted competencies. 

Designing measures to evaluate student accomplishment of the particular learning goals 

can be an important starting point for the development process because outcome measures can 

provide a concrete representation of the ultimate student learning performances that are expected 

and of the key junctures along the way, which in turn can enable the close coordination of 

intended goals, learning environment characteristics, programmatic strategies, and performance 
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outcomes. Such assessments also communicate to educators and learners—as well as 

designers—what knowledge, skills, and capabilities are valued (Resnick and Resnick, 1992; 

Herman, 2008).  

An evidence-based approach to assessment rests on three pillars that need to be closely 

synchronized (National Research Council, 2001, p. 44): 

 

 A model of how students represent knowledge and develop competence in a domain 

 Tasks or situations that allow one to observe student performance relative to the 

model 

 An interpretation framework for drawing inferences from student performance 

 

Developing that first pillar—a model of the learning outcomes to be assessed—offers a 

first challenge in the assessment of cognitive, intrapersonal, and interpersonal competencies. 

Within each of these three broad domains, theorists have defined and conducted research on a 

wealth of individual constructs. In the previous chapters we noted that the research literature on 

cognitive and noncognitive competencies has used a wide variety of definitions, particularly in 

the intrapersonal and interpersonal domains. In the previous chapter we suggested certain 

clusters of competencies within each domain as the targets of assessment and instruction and 

offered preliminary definitions. Questions remain, however, about the implications of these 

definitions. For example, the range of contexts and situations across which the learning of these 

competencies should transfer remains unclear. 

A second challenge arises from the existing models and methodologies for observing and 

interpreting students’ responses relative to these constructs. It is widely acknowledged that most 

current large-scale measures of educational achievement do not do a good job of reflecting 

deeper learning goals in part because of constraints on testing formats and testing time (Webb, 

1999; also see Chapter 7). While a variety of well-developed exemplars exist for constructs in 

the cognitive domain, those for inter- and intrapersonal competencies are less well developed. 

Below, we briefly discuss examples of measures for each domain of competence (for a fuller 

discussion of this topic see National Research Council, 2011a).  

 

Measures of Cognitive Competence 

 

 Promising examples of measures focused on important cognitive competencies can be 

found in national and international assessments, in training and licensing tests, and in initiatives 

currently underway in K–12. One example is the computerized problem-solving component of 

the Programme for International Student Assessment (PISA), which is scheduled for operational 

administration in 2012 (National Research Council, 2011b). In this 40-minute test, items are 

grouped in units around a common problem, which keeps reading and numeracy demands to a 

minimum. The problems are presented within realistic, everyday contexts, such as refueling a 

moped, playing on a handball team, mixing a perfume, feeding cats, mixing elements in a 

chemistry lab, and taking care of a pet. The difficulty of the items is manipulated by increasing 

the number of variables or the number of relationships that the test taker has to deal with.  

Scoring of the items reflects the PISA 2012 framework, which defines four processes that 

are components of problem solving: (1) information retrieval, (2) model building, (3) 

forecasting, and (4) monitoring and reflecting. Points are awarded for information retrieval, 
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based on whether the test taker recognizes the need to collect baseline data and uses the method 

of manipulating one variable at a time. Scoring for the process of model building reflects 

whether the test taker generates a correct model of the problem. Scoring of forecasting is based 

on the extent to which responses to the items indicate that the test taker has set and achieved 

target goals. Finally, points are awarded for monitoring and reflecting, which includes checking 

the goal at each stage, detecting unexpected events, and taking remedial action if necessary.  

 Another promising example of assessment of complex cognitive competencies, created 

by the National Council of Bar Examiners, consists of three multi-state examinations that 

jurisdictions may use as one step in the process of licensing lawyers.
1
 The three examinations are 

the Multi-state Bar Exam (MBE), the Multi-state Essay Exam (MEE), and the Multi-state 

Performance Test (MPT). All are paper-and-pencil tests that are designed to measure the 

knowledge and skills necessary to be licensed in the profession and to ensure that the newly 

licensed professional knows what he or she needs to know to practice. These overarching 

goals—as well as the goals of the individual components summarized briefly below—reflect an 

assumption that law students need to have developed transferable knowledge that they will be 

able to apply when they become lawyers.  

The purpose of the MBE is to assess the extent to which an examinee can apply 

fundamental legal principles and legal reasoning to analyze a given pattern of facts. The 

questions focus on the understanding of legal principles rather than on memorization of local 

case or statutory law. The MBE consists of 60 multiple-choice questions and is administered 

over an entire day.  

The purpose of the MEE is to assess the examinee’s ability to (1) identify legal issues 

raised by a hypothetical factual situation; (2) separate material that is relevant from that which is 

not; (3) present a reasoned analysis of the relevant issues in a clear, concise, and well-organized 

composition; and (4) demonstrate an understanding of the fundamental legal principles relevant 

to the probable resolution of the issues raised by the factual situation. This test lasts for six hours 

and consists of nine 30-minute questions. 

The goal of the MPT is to assess the fundamental skills of lawyers in realistic situations 

by asking the candidate to complete a task that a beginning lawyer should be able to accomplish. 

It requires applicants to sort detailed factual materials; separate relevant from irrelevant facts; 

analyze statutory, case, and administrative materials for relevant principles of law; apply relevant 

law to the facts in a manner likely to resolve a client’s problem; identify and resolve ethical 

dilemmas; communicate effectively in writing; and complete a task within time constraints. 

Examinees are given 90 minutes to complete each task.  

These and other promising examples each start with a strong model of the competencies 

to be assessed; use simulated cases and scenarios to pose problems that require extended 

analysis, evaluation, and problem solving; and apply sophisticated scoring models to support 

inferences about student learning. The PISA example, in addition, demonstrates the dynamic and 

interactive potential of technology to simulate authentic problem-solving situations.  

The PISA problem-solving test is one of a growing set of examples that use technology to 

simultaneously engage students in problem solving and assess their problem-solving skills. 

Another example is SimScientists, a simulation-based curriculum unit that includes a sequence 

of assessments designed to measure student understanding of ecosystems (Quellmalz, Timms, 

                                                 
1
The following description of the three examinations relies heavily on Case, 2001.  
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and Buckley, 2010). The SimScientists summative assessment is designed to measure middle-

school students’ understanding of ecosystems and scientific inquiry. Students are presented with 

the overarching task of describing an Australian grassland ecosystem for an interpretive center 

and respond by drawing food webs and conducting investigations with the simulation. Finally, 

they are asked to present their findings about the grasslands ecosystem.  

SimScientists also includes elements focusing on transfer of learning, as described in a 

previous NRC report (National Research Council, 2011b, p. 94):  

 

To assess transfer of learning, the curriculum unit engages students with a companion 

simulation focusing on a different ecosystem (a mountain lake). Formative assessment 

tasks embedded in both simulations identify the types of errors individual students make, 

and the system follows up with graduated feedback and coaching. The levels of feedback 

and coaching progress from notifying the student that an error has occurred and asking 

him or her to try again, to showing the results of investigations that met the 

specifications. 

 

Students use this targeted, individual feedback to engage with the tasks in ways that improve 

their performance. As noted in Chapter 4, practice is essential for deeper learning, but knowledge 

is acquired much more rapidly if learners receive information about the correctness of their 

results and the nature of their mistakes.  

Combining expertise in content, measurement, learning, and technology, these 

assessment examples employ evidence-centered design and are developing full validity 

arguments. They reflect the emerging consensus that problem solving must be assessed as well 

as developed within specific content domains (as discussed in the previous chapter; also see 

National Research Council, 2011a). In contrast, many other current technology-based projects 

designed to impact student learning lack a firm assessment or measurement basis (National 

Research Council, 2011b).  

Project- and problem-based learning and performance assessments that require students 

to engage with novel, authentic problems and to create complex, extended responses in a variety 

of media would seem to be prime vehicles for measuring important cognitive competencies 

related to transfer. What remains to be seen, however, is whether the assessments are valid for 

their intended use and if the reliability of scoring and the generalizability of results can achieve 

acceptable levels of rigor, thereby avoiding validity and reliability problems that have existed in 

the past with complex performance assessments (e.g., Linn et. al., 1995; Shavelson, Baxter, and 

Gao, 1993).  

 

Measures of Interpersonal and Intrapersonal Competence 

 

There are few well-established practical assessments for interpersonal competencies that 

are suitable for use in schools, with the exception of tests designed to measure those skills related 

to formal written and oral communication. Some large-scale measures of collaboration were 

developed as part of performance assessments during the 1990s, but the technical quality of such 

measures was never firmly established. The development of those assessments revealed an 

essential tension between the nature of group work and the need to assign valid scores to 
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individual students. Today there are examples of teacher-developed assessments of teamwork 

and collaboration being used in classrooms, but technical details are sketchy.  

Most well-established instruments for measuring interpersonal competencies have been 

developed for research and theory-building or for employee selection purposes, rather than for 

use in schools. These instruments tend to be one of four types: surveys (self reports and 

informant reports), social network analysis, situational judgment tests, or behavioral observations 

(Salas, Bedwell, and Fiore, 2011). Potential problems arise when applying any of these methods 

for large-scale educational assessment, to which stakes are often attached. Stakes are high when 

significant positive or negative consequences are applied to individuals or organizations based on 

their test performance, consequences such as high school graduation, grade to grade promotion, 

specific rewards or penalties, special program placement.  

Stakes attached to large-scale assessment results heighten the need for the reliability 

and validity of scores, particularly in terms of being resistant to fake ability. Cost and feasibility 

also are dominant issues for large scale assessments. Each of the instrument types has limitations 

relative to these criteria. Self-report, social network analysis and situational judgment tests, 

which can provide relatively efficient, reliable, and cost-effective measures, are all subject to 

social desirability bias, the tendency to give socially desirable and socially rewarded rather than 

honest responses to assessment items or tasks. While careful design can help to minimize or 

correct for social desirability bias, if any of these three types of assessment instruments were 

used for high stakes educational testing, social desirability bias would likely be heightened. 

Behavioral ratings, in contrast, present challenges in assuring reliability and cost feasibility. For 

example, if students’ interpersonal skills are assessed based on self, peer, or teacher ratings of 

student presentations of portfolios of their past work (including work as part of a team), a 

number of factors may limit the reliability and validity of the scores. These include differences in 

the nature of the interactions reflected in the portfolios for different students or at different times; 

differences in raters’ application of the scoring rubric; differences in the groups with whom 

individual students have interacted, and other differences. This lack of uniformity in the sample 

of interpersonal skills included in the portfolio poses a threat to both validity and reliability 

(National Research Council, 2011a). Dealing with these threats to reliability takes additional 

time and money, beyond that required for simply presenting and scoring student presentations. 

Collaborative problem-solving tasks currently under development by PISA offer one of 

the few examples today of a direct, large-scale assessment targeting social and collaboration 

competencies; other prototypes are under development by the ATC21S project and by the 

military. The quality and practical feasibility of any of these measures is not yet fully 

documented. However, like many of the promising cognitive measures, these rely on the abilities 

of technology to engage students in interaction, to simulate others with whom students can 

interact, to track students’ ongoing responses, and to draw inferences from those responses. 

As is the case with interpersonal skills, many of the existing instruments for the 

measurement of intrapersonal skills have been designed for research and theory development 

purposes and thus have the same limitations for large-scale educational uses as the instruments 

for measuring interpersonal skills. These instruments include surveys (self reports and informant 

reports), situational judgment tests, and behavioral observations. As with the assessment of 

interpersonal competencies, it is possible that evidence of intrapersonal competencies could be 

elicited from the process and products of student work on suitably designed complex tasks. For 

example, project- or problem-based performance assessments theoretically could be designed to 
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include opportunities for students to demonstrate metacognitive strategies or persistence in the 

face of obstacles. Student products could be systematically observed or scored for evidence of 

the targeted competencies and then these scores could be counted in student grades or scores on 

end of year accountability assessment. To date however, strong design methodologies, 

interpretive frameworks and approaches to assuring the score reliability, validity and fairness 

have not been developed for such project- or problem-based performance assessments.  

 

Summary 

 

In summary, there are a variety of constructs and definitions of cognitive, intrapersonal, 

and interpersonal competencies and a paucity of high-quality measures for assessing them. All of 

the examples discussed above are measures of maximum performance, rather than of typical 

performance (See Cronbach, 1970). They measure what students can do rather than what they 

are likely to do in a given situation or class of situations. While measures of maximum 

performance are usually the focus in the cognitive domain, typical performance may be the 

primary focus of measures for some inter- and intra-personal competencies. For example, 

measures of dispositions and attitudes related to conscientiousness, multi-cultural sensitivity and 

persistence could be designed to assess what students are likely to do (typical performance). In 

comparison to measures of maximum performance, measures of typical performance require 

more complex designs and tend to be less stable and reliable (Patry, 2011). 

 Both the variety of definitions of constructs across the three domains, and the lack of 

high-quality measures pose challenges for teaching, assessment, and learning of 21
st
 century 

competencies. They also pose challenges to research on interventions designed to impact student 

learning and performance, as we discuss below.  

  

EMERGING EVIDENCE OF INSTRUCTION THAT PROMOTES DEEPER 

LEARNING  

  

Despite the challenges posed by a lack of uniform definitions of the intended 

performance outcomes and high-quality measures of same, there is emerging evidence that 

cognitive, intrapersonal, and interpersonal competencies can be developed in ways that promote 

transfer. The most extensive and strongest evidence comes from studies of interventions 

targeting cognitive competencies, but there is also evidence of development of intrapersonal and 

interpersonal competencies. The research includes studies encompassing how people learn in 

formal, informal, and workplace learning environments, as discussed further below.  

 

Evidence from Interventions in Formal Learning Environments  

 

As illustrated by the examples in the previous chapter, some classroom-based 

interventions targeting specific cognitive competencies have also, through changes in teaching 

practices, fostered development of intrapersonal and interpersonal competencies. The students 

learn through discourse, reflection, and shared experience in a learning community. For example, 

Boaler and Staples (2008) note: 
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The discussions at Railside were often abstract mathematical discussions and the students 

did not learn mathematics through special materials that were sensitive to issues of 

gender, culture, or class. But through their mathematical work, the Railside students 

learned to appreciate the different ways that students saw mathematics problems and 

learned to value the contribution of different methods, perspectives, representations, 

partial ideas and even incorrect ideas as they worked to solve problems (Boaler and 

Staples, 2008, p. 640).  

 

Both the mathematics knowledge and skills and the positive dispositions towards 

mathematics and feelings of self-efficacy in mathematics developed by these students appear to 

be durable and transferable, as nearly half of the students enrolled later in calculus classes and all 

indicated plans to continue study of mathematics.  

 In the domain of English language arts, Guthrie, Wigfield, and their colleagues 

developed an instructional system designed to improve young students’ reading by improving 

their motivation and self-regulation as well as their use of cognitive and metacognitive strategies 

(Guthrie et al., 1996; Guthrie, McRae, and Klauda, 2007; Guthrie et al., 2004; Taboada et al., 

2009; Wigfield et al., 2008). Several empirical studies found this intervention to be successful in 

improving the performance of young readers, reflecting gains in the cognitive knowledge and 

skills that were the primary targets of the intervention (Guthrie et al., 2004). The young students 

involved in the intervention showed greater engagement in reading both in school and outside of 

school (Wigfield et al., 2008). These findings suggest that the students not only developed the 

intrapersonal competencies of motivation and self-regulation, but also transferred these 

competenciess to their reading in the contexts of both school and home.  

 There is also some evidence that interpersonal and intrapersonal competencies can be 

effectively taught and learned in the classroom. In the past, interventions often focused on 

reducing or preventing undesirable behaviors, such as antisocial behavior, drug use, and criminal 

activities. Increasingly, however, intervention programs are designed instead to build positive 

capacities, including resilience, interpersonal skills, and intrapersonal skills, in both children and 

families. In a recent review of the research on these new skill-building approaches—including 

meta-analyses and numerous randomized trials—a National Research Council committee 

(2009b) concluded that effectiveness has been demonstrated for interventions that focus on 

strengthening families, strengthening individuals, and promoting mental health in schools and in 

healthcare and community programs.  

Durlak et al., (2011) recently conducted a meta-analysis of school-based instructional 

programs designed to foster social and emotional learning. They located 213 studies that targeted 

students aged 5 to 18 without any identified adjustment or learning problems, that included a 

control group, and that reported sufficient data to allow calculation of effect sizes. Almost half of 

the studies employed randomized designs. More than half (56 percent) were implemented in 

elementary school, 31 percent in middle school, and the remainder in high school. The majority 

were classroom based, delivered either by teachers (53 percent) or by personnel from outside the 

school (21 percent). Most of the programs (77 percent) lasted less than a year, 11 percent lasted 

one to two years, and 12 percent lasted more than two years. 

The authors analyzed the effectiveness of these school-based programs in terms of six 

student outcomes in the cognitive as well as intrapersonal and interpersonal domains: social and 

emotional skills, attitudes toward self and others, positive social behaviors, conduct problems, 
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emotional distress, and academic performance. Measures of these outcomes included student 

self-reports; reports and ratings from a teacher, parent, or independent rater; and school records 

(including suspensions, grades, and achievement test scores). Overall the meta-analysis showed 

statistically significant, positive effect sizes for each of the six outcomes, with the strongest 

effects ( d =0.57) in social and emotional skills.
2
 These positive effects across the different 

outcomes suggest that students transferred what they learned about positive social and emotional 

skills in the instructional programs, displaying improved behavior throughout the school day. 

Among the smaller group of 33 interventions that included follow-up data (with an 

average follow-up period of 92 weeks), the effects at the time of follow up remained statistically 

significant, although the effect sizes were smaller. These findings suggest that the learning of 

social and emotional skills was at least somewhat durable.  

An even smaller subset of the reviewed studies included measures of academic 

performance. Among these studies the mean effect size was 0.27, reinforcing the inter-

connectedness of learning across the cognitive, interpersonal, and intrapersonal domains.  

One promising example showing that interventions can develop transferable intrapersonal 

competencies is Tools of the Mind, a curriculum used in preschool and early primary school to 

develop self-regulation, improve working memory, and increase adaptability (Diamond et al., 

2007). It includes activities such as telling oneself aloud what one should do, dramatic play, and 

aids to facilitate memory and attention (such as an activity in which a preschooler is asked to 

hold a picture of an ear as a reminder to listen when another preschooler is speaking). A 

randomized controlled trial in 18 classrooms in a low-income urban school district indicated that 

the curriculum was effective in improving self-regulation, classroom behavior, and attention. The 

documented improvement in classroom behavior suggests that the young children transferred the 

self-regulation competencies they learned through the activities to their daily routines. The 

intervention also improved working memory and cognitive flexibility, further illustrating the 

links across the cognitive, intrapersonal, and interpersonal domains (Barnett et al., 2008).  

Because of the closely intertwined nature of cognitive, intrapersonal, and interpersonal 

competencies an intervention targeting learning and skill development in one domain can 

influence other domains, as illustrated by a study included in the Durlak et al. (2011) meta-

analysis. Flay et al., (2006) conducted a randomized controlled trial of the Positive Action 

Program, a drug education and conflict resolution curriculum with parent and community 

outreach, in 20 elementary schools in Hawaii. Although the intervention was focused on social 

and emotional competencies, it had large, statistically significant effects on mathematics (an 

effect size of 0.34) and reading achievement (0.74).  

 

Evidence from Interventions in Informal Learning Environments  

 

Studies of informal learning environments provide more limited evidence that cognitive, 

interpersonal, and intrapersonal competencies can be taught in ways that promote deeper 

learning and transfer. Informal learning takes place in a variety of settings, including after-school 

                                                 
2
In research on educational interventions, the standardized effect size, symbolized by d, is calculated as the 

difference in means between treatment and control groups, divided by the pooled standard deviation of the two 

groups. Following rules of thumb suggested by Cohen (1988), an effect size of approximately 0.20 is considered 

‘‘small,’’ approximately 0.50 is considered ‘medium,’’ and approximately 0.80 is considered ‘‘large. Thus, the 

effect size of 0.57 on social and emotional skills is considered “strong.”  
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clubs, museums, science centers, and homes, and includes a variety of experiences, from 

completely unstructured to highly structured workshops and educational programs. Informal 

learning activities may target a range of different learning goals, including goals determined by 

the interests of individual learners (National Research Council, 2011b). These characteristics of 

informal learning pose challenges both to clearly identifying the goals of a particular informal 

learning activity and to a careful assessment of learners’ progress toward those goals—essential 

components of any rigorous evaluation (National Research Council, 2009a). Despite these 

challenges, research and evaluation studies have shown, for example, that visitors to museums 

and science centers can develop a deeper understanding of a targeted scientific concept through 

the direct sensory or immersive experience provided by the exhibits (National Research Council, 

2009a). 

Somewhat stronger evidence that informal learning environments can develop important 

competencies emerges from evaluations of structured after-school programs with clearly defined 

learning goals. Durlak, Weissberg, and Pachan (2010) conducted a meta-analysis of after-school 

programs designed to promote social and emotional learning among children and youth. They 

located 68 studies of social and emotional learning programs that included both a control group 

and measures of post-intervention competencies, and they analyzed data on three categories of 

outcomes:  

 

1) Feelings and attitudes (child self-perception and school bonding);  

2) Indicators of behavioral adjustment (positive social behaviors, problem behaviors, and 

drug use); and 

3) School performance (achievement test scores, school grades, and school attendance). 

 

Overall, the programs had a positive and statistically significant impact on participants’ 

competencies, with the largest mean effects in self-confidence and self-esteem, increases in 

positive social behaviors and decreases in problem behaviors, and increases in achievement test 

scores. The only outcomes for which effects were not statistically significant were school 

attendance and drug use.  

In structured after-school settings, as in the in-school environment, a few examples 

illustrate the potential of technology- and game-based approaches to develop transferable 

knowledge and skills. For example, an evaluation of the Fifth Dimension, an informal after-

school computer club incorporating games, showed positive effects on students’ computer 

literacy, comprehension, problem solving and strategic efficiency (Mayer et al., 1999). However, 

the use of technology must be carefully structured to support transferable learning, as we discuss 

further below.  

 

Parenting Interventions  

 

Because informal learning and skill development begins at birth, and because parents 

strongly influence this process, some interventions target parents’ cognitive, interpersonal, and 

intrapersonal competencies as a route to helping children develop these competencies Parenting 

interventions are a route to boosting the competencies and improving the behavior of struggling 

children (Magnuson and Duncan, 2004). When considering interventions to develop parenting 

competencies:  
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It is useful to distinguish between parenting education and parenting management 

training. Parenting education programs seek to boost parents’ general knowledge about 

parenting and child development. Information is provided in conjunction with 

instrumental and emotional support. Home visitation programs for new mothers and 

parent-teacher programs are perhaps the most familiar examples. Management training 

programs are designed for parents of children with diagnosed problem behavior, usually 

conduct disorders. Clinical therapists teach parents concrete behavioral strategies 

designed to improve their children’s behavior. Typically, parents are taught how to 

reinforce their child’s positive behavior and punish negative behavior appropriately. 

Evaluation evidence on parenting management programs is much more positive than the 

evidence on parent education programs (Magnuson and Duncan, 2004, p. 206).  

 

 There is a substantial experimental literature on the efficacy of home visitation 

programs. The most successful (and expensive) of these programs is the nurse/family partnership 

model developed by David Olds (Olds, Sadler, and Kitzman, 2007). Meta-analyses of its 

evaluations show some positive effects on certain parent and child outcomes, such as reductions 

in child maltreatment and visits to emergency rooms, but it is less clear whether such programs 

affect school readiness skills (Sweet and Appelbaum, 2004). The long-term impacts on school 

readiness are inconsistent, but the evidence suggests that there could be very modest effects on 

children’s social adjustment and cognitive competencies. 

 

Evidence from Workplace Learning Environments  

 

Another area yielding emerging evidence that interventions can develop transferable 

competencies is the body of literature in industrial and organizational psychology that focuses on 

the transfer of learning from organizational training programs to the workplace. This research 

has been summarized in a number of recent reviews and meta-analyses (e.g., Baldwin, Ford, and 

Blume, 2009; Blume et al., 2010; Burke and Hutchins, 2008; Cheng and Hampson, 2008; Ford 

and Weissbein, 1997; Grossman and Salas, 2011).  

U.S. employers invest heavily in employee training, spending an estimated $46 billion to 

$54 billion per year when employee salaries during training time are included (Mikelson and 

Nightingale, 2004).
3
 This investment reflects a belief that training will transfer to improvements 

in job performance. Although Georgenson (1982) is often cited as estimating that only 10 

percent of training experiences transfer from the training classroom to the work site, he did not, 

in fact, make such an estimate (Fitzpatrick, 2001). In recent years a number of researchers have 

sought to measure the actual extent of transfer from training to on-the-job performance, to 

characterize what is transferred, and to identify the conditions promoting transfer. To measure 

the extent of transfer, researchers often turn to Kirkpatrick’s model for evaluating the 

effectiveness of training (Kirkpatrick and Kirkpatrick, 2006). This model includes four levels of 

                                                 
3
It is difficult to estimate total employer training investments, partly because most employers do not carefully 

account for training costs (Mikelson and Nightingale, 2004). In addition, there have been no systematic national 

surveys since those conducted by the U.S. Census Bureau in 1994 and 1997. More recent surveys, such as those 

conducted by the American Society for Training and Development (2009), include the most training-intensive firms, 

causing an upward bias in the results.  
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effectiveness: (1) trainees’ immediate reactions after a training session; (2) learning; (3) changes 

in on-the-job behavior; and (4) results (return on training investment).  

In a meta-analysis of the effects of organizational training, Arthur et al., (2003) proposed 

that transfer takes place if the training is found to be effective at any or all of the levels from (2) 

through (4) of the framework, such that:  

 

(a) learning is demonstrated through pre- and post-training tests of trainees’ knowledge 

and skills (which may include cognitive, interpersonal, and intrapersonal 

competencies);  

(b) improvements in on-the-job behavior are demonstrated through changes in pre- and 

post-training performance measures; or  

(c) results are demonstrated through calculations of organizational return on investment.  

 

The authors found that the training had significant, positive effects for each of these three levels 

of the evaluation framework: d = .63, .62, and .62 for learning, behavior, and results, 

respectively. They concluded that training does indeed transfer. 

Attention has shifted recently from whether training transfers to which conditions 

specifically enhance the transfer of training. A convenient framework for characterizing those 

conditions is Baldwin and Ford’s model of transfer (Baldwin and Ford, 1988; Baldwin, Ford, and 

Blume, 2009; Ford and Weissbein, 1997). The model proposes that three categories of factors 

influence transfer: trainee characteristics, training design, and work environment. Baldwin and 

Ford (1988) proposed that the key trainee characteristics promoting transfer are cognitive ability, 

personality, and motivation, while the key training design features include following the 

principles of learning, correctly sequencing the training, and providing appropriate training 

content. The key work environment features that promote transfer include supervisor and peer 

support for the training and opportunities to use the training on the job (See Figure 6–1).  
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FIGURE 6–1 A model of the transfer process.  

SOURCE: Grossman and Salas (2011). Reprinted with permission from John Wiley and Sons.  

 

A meta-analysis of 89 studies conducted by Blume et al. (2010) examined these various 

factors and found positive relationships between transfer and several of them, including the 

trainee characteristics of cognitive ability and motivation (as well as conscientiousness) and 

support within the work environment. The authors also examined moderators of these 

relationships and found that the above factors predicted transfer more strongly when the training 

content focused on “open” skills, such as leadership development, rather than on “closed” skills, 

such as developing computer software. Transfer was also promoted to the extent that the training 

environment and the transfer environment (the job) were similar. This latter finding reflects the 

research from learning sciences discussed in Chapter 4, which found that transfer is enhanced 

when the original learning situation and the new learning situation have similar underlying 

principles (e.g., Singley and Anderson, 1989).  

Because the Blume et al. (2010) meta-analysis included studies that varied in terms of the 

content of the training being evaluated, the research design, and the evaluation methods, it is 

informative to supplement that report’s findings with information obtained using other 

methodologies. Burke and Hutchins (2008) surveyed training professionals about best practices 

and identified several factors thought to contribute to effective transfer. The most important were 

supervisory support, coaching, opportunities to perform what was learned in training, interactive 
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training, measurement of transfer, and job-relevant training. These survey findings are consistent 

with the empirical studies of the predictors of transfer.  

Grossman and Salas (2011) conducted a comprehensive review of the meta-analyses and other 

research reviews with the purpose of extracting: 

 

the strongest, most consistent findings from the literature in order to help organizations, 

and even researchers, identify the ‘bottom line’ . . . [and to] serve as a valuable 

complement to Burke and Hutchins’s (2008) practice-based paper (p. 117). 

 

Within the category of trainee characteristics Grossman and Salas confirmed the 

importance of cognitive ability, self-efficacy, and motivation for facilitating transfer of training 

to the job. They suggested that goal-setting was well established as a means to increase 

motivation and that transfer was facilitated when learners understood the relevance of the 

training to the job. These findings reinforce the findings from cognitive research and the studies 

of educational interventions showing that intrapersonal competencies, including motivation, 

enhance learning and transfer.  

Grossman and Salas also discussed training design and concluded that the elements that 

most strongly facilitate transfer include behavior modeling, error management (an increasingly 

popular training strategy of allowing trainees to make errors and providing error management 

instructions), and realistic training environments (e.g., on-the-job training and the use of low- 

and high-fidelity simulations).  

Concerning the work environment, the authors found that the transfer climate was the 

most important factor influencing transfer (Grossman and Salas, 2011). This finding is supported 

by the meta-analyses from Blume et al. (2010) and Colquitt, LePine, and Noe, (2000). 

Specifically, Grossman and Salas found that transfer is facilitated when the trainee’s workplace 

prompts the use of the new competencies learned in training and when trainees are given goals, 

incentives, feedback, and the opportunity to practice the competencies. Two other features of the 

work environment shown to play an important role in facilitating transfer were supervisor 

support, which included such things as recognition, encouragement, rewards, and modeling; and 

peer support. (These findings were similar to those of Blume et al., 2010.) Still other features of 

the work environment that were found to play a role in facilitating transfer were opportunity to 

perform the learned competencies with minimal delay and post-training follow-up and feedback. 

Figure 6–1 presents a summary of the factors affecting transfer that was originally developed by 

Baldwin and Ford (1988) and later modified by Grossman and Salas to reflect their findings. 

 

Research on Team Training. Evidence that cognitive, intrapersonal, and interpersonal skills can 

be taught and learned also emerges from research on team training in organizations, although this 

research does not focus specifically on questions of transfer. In a recent meta-analysis of the 

research on team training, Salas et al., (2008) analyzed data from 45 studies of team training, 

focusing on four types of outcomes that cut across the three domains: (1) cognitive outcomes, 

such as declarative and procedural knowledge of work tasks; (2) affective outcomes, such as 

feelings of trust and confidence in team members’ ability; (3) team processes, such as 

communication, coordination, strategy development, self-correction, and assertiveness; and (4) 

team performance, such as quantity, quality, accuracy, and efficiency. This variety of outcome 

measures reflects the variety of goals of team training interventions, which often target multiple 
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cognitive, intrapersonal, and interpersonal competencies. These goals are based on the 

assumption that team training transfers within and across domains so that knowledge of work 

tasks, for example, is applied in ways that improve task (and team) performance. Salas and his 

colleagues found statistically significant, positive correlations between the training interventions 

and each of the four outcomes, with the highest correlation being for team processes (i.e., 

training targeting development of interpersonal and intrapersonal competencies).  

 

INSTRUCTIONAL DESIGN PRINCIPLES FOR TRANSFER—COGNITIVE DOMAIN 

 

While the evidence discussed above, as well in Chapters 4 and 5, indicates that various 

cognitive competencies are teachable and learnable in ways that promote transfer, such 

instruction remains rare in U.S. classrooms; few effective strategies and programs to foster 

deeper learning exist. Research and theory suggest a set of principles that can guide the 

development of such strategies and programs, as discussed below. It is important to note that the 

principles are derived from research that has focused primarily on transfer of knowledge and 

skills within a single topic area or domain of knowledge (see Box 6-1).  

 

BOX 6-1: Deeper Learning Across Topics or Disciplines  

 

Most of the research to date on deeper learning has focused on learning within a single 

discipline, often investigating how children learn a specific topic, concept, or strategy. This focus 

reflects the limited success of earlier efforts to develop generic knowledge or skills that could be 

widely transferred or applied across disciplines, topics, or knowledge domains. In science for 

example, early research sought to clarify children’s understanding of scientific experimentation 

by presenting them with “knowledge-lean” tasks about causes and effects that required no prior 

knowledge of relevant science concepts. However, such methods were criticized and further 

research clearly demonstrated that children’s prior knowledge plays an important role in their 

ability to formulate a scientific question about a topic and design an experiment to test the 

question (National Research Council, 2007). Current research presents children with 

“knowledge-rich” tasks, recognizing that their causal reasoning is closely related to their prior 

knowledge of the question or concept to be investigated.  

  Only a few studies have examined transfer across disciplines or topics. For example, 

Bassok and Holyoak (1989) studied transfer of learning in algebra and physics, focusing on 

problems with identical underlying structures but different surface features—arithmetic-

progression problems in algebra and constant-acceleration problems in physics. High school and 

college students were first trained to solve such problems, either in algebra or physics, and then 

were presented with word problems that used either content from the domain in which they were 

trained or content based on an unfamiliar domain. The algebra students, whose training included 

the information that the problems were broadly applicable, were very likely to spontaneously 

recognize that physics problems involving velocity and distance could be addressed using the 

same equations. These students recognized the applicability to physics, regardless of whether 

they had learned arithmetic-progression problems using word problems focusing on several 

different types of content (e.g., growth of savings accounts, height of a human pyramid) or had 

learned using word problems focusing on a single type of content—i.e., money problems. In 

contrast, students who had learned to solve constant-acceleration problems in physics almost 
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never recognized or transferred this approach to solve the algebra problems. The authors note 

that the algebra-focused students were able to “screen out” the domain-specific content of the 

word problems, while the physics-focused students had been taught that the physical concepts 

involved in word problems were critical to the applicability of the equations. Bassok and 

Holyoak concluded that, although expertise is generally based on content-specific knowledge, it 

may be possible to teach some mathematical procedures in a way that enables students to transfer 

these procedures across content domains; they called for further research to explore such 

possibilities.  

 Studies such as these provide some clues about how to support transfer of learning across 

specific knowledge domains, but much further research is needed to clarify whether, and to what 

extent, it may be possible to teach students in ways that promote deeper learning and transfer 

across disciplines or broad content domains.  

 

Source: Created by the committee 

(End of Box 6-1).  

 

How can instructors teach in ways that promote transfer? Addressing this seemingly 

simple question has been a central task of researchers in learning and instruction for more than a 

century, and within the past several decades a number of useful advances have been made toward 

providing evidence-based answers (Mayer, 2008; Mayer and Alexander, 2011). Evidence-based 

guidelines for promoting deeper learning (i.e., learning of transferable knowledge) have been 

offered by a recent task force report from the Association for Psychological Science (Graesser, 

Hakel, and Halpern, 2007), a guidebook published by the Institute of Educational Sciences 

(Pashler et al., 2007), and a review of problem-solving transfer in the Handbook of Educational 

Psychology (Mayer and Wittrock, 2006). 

Before describing various research-based principles for instructional design, it is worth 

noting that recent research on teaching and learning reveals that young children are capable of 

surprisingly sophisticated thinking and reasoning in science, mathematics, and other domains 

(National Research Council, 2012; National Research Council, 2009c). With carefully designed 

guidance and instruction, they can begin the process of deeper learning and development of 

transferable knowledge as early as preschool. As noted in chapters 4 and 5, this process takes 

time and extensive practice over many years, suggesting that instruction for transfer should be 

introduced in the earliest grades and should be sustained throughout the K–12 years as well as in 

postsecondary education. Thus, the principles discussed below should be seen as broadly 

applicable to the design of instruction across a wide array of subject matter areas and across 

grade levels spanning K-16+. 

 

Research-Based Methods for Developing Transferable Knowledge 

 

Using Multiple and Varied Representations of Concepts and Tasks 

   

Mayer (2009; 2011b) has shown, based on 11 experimental comparisons, that adding 

diagrams to a text (or adding animation to a narration) that describes how a mechanical or 

biological system works can increase student performance on a subsequent problem-solving 

transfer test by an average of more than one standard deviation. Allowing students to use 
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concrete manipulatives to represent arithmetic procedures has been shown to increase transfer 

test performance both in classic studies in which bundles of sticks are used to represent two-

column subtraction (Brownell and Moser, 1949) and in an interactive, computer-based lesson in 

which students move a bunny along a number line to represent addition and subtraction of signed 

numbers (Moreno and Mayer, 1999).  

Research suggests that the use of multiple and varied representations is also effective in 

informal learning environments. For example, a recent National Research Council (2009a) study 

found that visitors to museums and science centers commonly report developing a deeper 

understanding of a concept through the concrete, sensory, or immersive experiences provided by 

the exhibits. One investigation reported in this study found that children who interacted 

purposefully with exhibits about magnetism gained conceptual understanding of the concept of 

magnetism (Rennie and McClafferty, 2002).  

While adding diagrams or animations to text can enhance learning and transfer, 

researchers have found that the design of multimedia learning environments strongly influences 

their effectiveness. Based on dozens of experiments leading to his theory of multimedia learning 

Mayer (2009) has identified 12 principles of multimedia design that can enhance transfer (see 

Box 6-2).  

 

Box 6-2: Principles of Multimedia Design for Deeper Learning  

 

Principles for Reducing Extraneous Processing (thinking unrelated to the learning goal) 

 Coherence principle: Exclude extraneous words, pictures, and sounds 

 Signaling principle: Add cues to highlight the organization of essential material 

 Redundancy principle: Graphics with narration are more effective than graphics with 

narration and on-screen text 

 Spatial contiguity principle: Place corresponding words and pictures close together on 

the page or screen 

 Temporal contiguity principle: Present corresponding words and pictures simultaneously 

rather than successively 

 

Principles for Managing Essential Processing (thinking related to the learning goal) 

 Segmenting principle: Present lesson in user-paced segments 

 Pre-training principle: Present names and characteristics of key concepts in advance of 

the main lesson 

 Modality principle: Use graphics and narration, rather than animation and on-screen text 

 

Principles for Managing Generative Processing (thinking that enables deeper learning) 

 Multimedia principle: Use words and pictures, rather than words alone 

 Personalization principle: Use words in a conversational style 

 Voice principle: Narration should be spoken with a friendly human voice, rather than a 

machine voice 

 Image principle: Adding a speaker’s image does not necessarily enhance learning  

Boundary Conditions  
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The series of experiments also indicated that the effectiveness of these design principles 

for supporting deeper learning is limited by two boundary conditions. First, some design effects 

are stronger for low-experience learners than for high-experience learners, which Mayer (2009) 

refer to as the individual-differences condition. Second, the effects of applying the principles are 

stronger for multimedia lessons with highly complex content than for those with less complex 

content and are also stronger for fast-paced presentations than for slow-paced presentations.  

 

Source: Adapted from Mayer, 2009  

 

Encouraging Elaboration, Questioning, and Self-Explanation 

  

Chi and colleagues have shown that, in both book-based and computer-based learning 

environments, that students learn more deeply from reading a science text if they are prompted to 

explain the material to themselves aloud as they read (Fonseca and Chi, 2011; Roy and Chi, 

2005). Research has investigated how different types of questioning techniques promote deeper 

learning (Graesser, D’Mello, and Cade, 2011; Graesser and Person, 1984) indicating that some 

successful tutoring techniques include asking why, how, what if, what if not, and so what. As 

noted in the previous chapter, teaching practices that have established classroom norms of 

students questioning each other and justifying their answers have been shown to support deeper 

learning in mathematics (Boaler and Staples, 2008; Griffin, 2005) and science (Herrenkohl et al, 

1999). Asking the learner to summarize the material in a text can also lead to deep learning 

(Mayer and Wittrock, 1996; Pressley and Woloshyn, 1995). Finally, research on the testing 

effect shows that students learn better when they test themselves (without feedback) on material 

that they have just read than when they study it again; this is true both with paper-based 

materials (Roediger and Karpicke, 2006) and with on-line multimedia lessons (Johnson and 

Mayer, 2009). 

There is evidence that this method also supports learning for transfer in designed 

informal science learning centers (e.g., zoos, museums, and aquariums). Exhibits can be 

designed to encourage learners to pose questions to themselves and others, helping them think 

abstractly about scientific phenomena (National Research Council, 2009a). When parents 

provide explanations of science exhibits to their children, they may help them link the new 

information to their previous knowledge. How exhibits are designed appears to influence the 

number and kinds of questions visitors ask.  

 

Engaging Learners in Challenging Tasks, with Supportive Guidance and Feedback   

 

For more than 40 years research has repeatedly shown that asking students to solve 

challenging problems in science and other disciplines without appropriate guidance and support 

(i.e., pure discovery) is ineffective in promoting deep learning (de Jong, 2005; Kirchner, Sweller, 

and Clark, 2006; Mayer, 2004; Shulman and Keislar, 1966). In contrast, asking students to solve 

challenging problems while providing appropriate and specific cognitive guidance along the way 

(i.e., guided discovery) can be a useful technique for promoting deep learning (de Jong, 2005; 

Tobias and Duffy, 2009). For example, there is no compelling evidence that beginners deeply 

learn science concepts or processes by freely exploring a science simulation or game (National 

Research Council, 2011b), but including guidance in the form of advice, feedback, prompts, and 
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scaffolding (i.e., completing part of the task for the learner) can promote deep learning in 

beginners (Azevedo and Aleven, 2010; de Jong, 2005).  

Providing guided exploration and metacognitive support also enhances learning for 

transfer in informal settings. Based on its review of the research on informal science learning, a 

National Research Council committee (2009a) recommended that science exhibits and programs 

be designed with specific learning goals in mind and that they provide support to sustain 

learners’ engagement and learning. For example, exhibits and programs should “prompt and 

support participants to interpret their learning experiences in light of relevant prior knowledge, 

experiences, and interests” (p. 307). There is emerging evidence that designing simulations to 

enable guided exploration, with support, enhances deeper learning of science (National Research 

Council, 2011b).  

 

Teaching with Examples and Cases  

 

A worked-out example is a step-by-step modeling and explanation of how to carry out a 

procedure, such as how to solve probability problems (Renkl, 2005; 2011). Under appropriate 

conditions, students gain deep understanding when they receive worked-out examples as they 

begin to learn a new procedural skill, both in paper-based and computer-based venues (Renkl, 

2005; 2011; Sweller and Cooper, 1985). In particular, deep learning is facilitated when the 

problem is broken into conceptually meaningful steps which are clearly explained and when the 

explanations are gradually taken away with increasing practice (Renkl, 2005; 2011).   

 

Priming Student Motivation  

 

Deep learning occurs when students are motivated to exert the effort to learn, so another 

way to promote deep learning is to prime student motivation (Schunk, Pintrich, and Meece, 

2008; Summers, 2008; Wentzel and Wigfield, 2009). Research on academic motivation shows 

that students learn more deeply when they attribute their to performance to effort rather than to 

ability (Graham and Williams, 2009), when they have the goal of mastering the material rather 

than the goal of performing well or not performing poorly (Anderman and Wolters, 2006; Maehr 

and Zusho, 2009), when they expect to succeed on a learning task and value the learning task 

(Wigfield, Tonks, and Klauda, 2009), when they have the belief that they are capable of 

achieving the task at hand (Schunk and Pajares, 2009; Schunk and Zimmerman, 2006), when 

they believe that intelligence is changeable rather than fixed (Dweck and Master, 2009), and 

when they are interested in the learning task (Schiefele, 2009). There is promising evidence that 

these kinds of beliefs, expectancies, goals, and interests can be fostered in learners by, for 

example, peer modeling techniques (Schunk, Pintrich, and Meece, 2008) and through the 

interventions described in Chapter 4 (Yaeger and Walton, 2011). Elementary school students 

showed increased self-efficacy for solving subtraction problems and increased test performance 

after watching a peer demonstrate how to solve subtraction problems while exhibiting high self-

efficacy (such as saying, “I can do that one” or “I like doing these.”) versus control conditions 

(Schunk and Hanson, 1985). Such findings reflect the research discussed in Chapter 4, which has 

shown that in a responsive social setting learners can adopt the criteria for competence they see 

in others and then use this information to judge and perfect the adequacy of their own 

performance (National Research Council, 2001).  
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Although informal learning environments are often designed to tap into learners’ own, 

intrinsic motivations for learning, they can also prime and extend this motivation. For example, 

to prime motivation and support deeper learning in structured informal science learning 

environments (e.g., zoos, aquariums, museums, and science centers), research suggests that 

science programs and exhibits should (National Research Council, 2009a, p. 307): 

 

 be interactive; 

 provide multiple ways for learners to engage with concepts, practices, and 

phenomena within a particular setting; and 

 prompt and support participants to interpret their learning experiences in light of 

relevant prior knowledge, experiences, and interests.  

 

Similarly, research suggests that to prime learners’ motivation for the difficult task of 

learning science through inquiry, simulations and games should provide explanatory guidance, 

feedback, and scaffolding; incorporate an element of narrative or fantasy; and allow a degree of 

user control without allowing pure, open-ended discovery (National Research council, 2011b).  

 

Using Formative Assessment  

 

The formative assessment concept (discussed further below) emphasizes the dynamic 

process of using assessment evidence to continually improve student learning; this is in contrast 

to the concept of summative assessment, which focuses on development and implementation of 

an instrument to measure what a student has learned up to a particular point in time (Shepard, 

2005; Heritage, 2010; National Research Council, 2001). Deeper learning is enhanced when 

formative assessment is used to: (1) make learning goals clear to students; (2) continuously 

monitor, provide feedback, and respond to students’ learning progress; and (3) involve students 

in self- and peer-assessment. These uses of formative assessment are grounded in research 

showing that practice is essential for deeper learning and skill development but that practice 

without feedback yields little learning (Thorndike, 1927; see also Chapter 4).  

Research on each of the 6 major instructional approaches to teaching for transfer 

discussed above helps to pinpoint the boundary conditions for each instructional method, 

including for whom, for which learning contexts, and for which instructional objectives.  

 

Promoting Deeper Learning Through Problem-Based Learning: An Example  

 

One curriculum model that incorporates several of the methods described above is Problem-

Based Learning (PBL). PBL-based approaches represent learning tasks in the form of rich 

extended problems that if carefully designed and implemented can engage learners in 

challenging tasks (problems) while providing guidance and feedback. They can encourage 

elaboration, questioning, and self-explanation; and can prime motivation by presenting problems 

that are relevant and interesting to the learners. While a variety of different approaches to PBL 

have been developed, such instruction often follows six key principles (Barrows, 1996):  

 

1. Student-centered learning; 

2. Small groups; 
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3. Tutor as a facilitator or guide; 

4. Problems first; 

5. The problem is the tool to achieve knowledge and problem-solving skills; and 

6. Self-directed learning. 

 

Two recent meta-analyses of the research on interventions following these principles 

suggest that PBL-based approaches can support deeper learning and transfer. Gijbels et al. 

(2005) focused on empirical studies that compared PBL with lecture-based instruction in higher 

education in Europe (with most of the studies coming from medical education). The meta-

analysis identified no significant difference in the understanding of concepts between students 

engaged in PBL and those receiving lecture-based instruction. However, students in the PBL-

based learning environments demonstrated deeper understanding of the underlying principles 

that linked the concepts together. In addition, students in the PBL-based learning environments 

demonstrated a slightly better ability to apply their knowledge than students in the lecture-based 

classes. As noted in the previous chapter, two hallmarks of deeper learning are that it develops 

understanding of underlying principles and that it supports the application of knowledge—i.e., 

transfer. 

 More recently, Strobel and van Barneveld (2009) conducted a meta-synthesis of eight 

previous meta-analyses and research reviews that had compared PBL-based approaches with 

traditional, lecture-based instruction. They found that how learning goals were defined and 

assessed in the various individual studies affected the findings about the comparative 

effectiveness of the two different approaches. When the learning goal was knowledge and 

assessments were focused on short-term retention, traditional approaches were more effective 

than PBL, but when knowledge assessments focused on longer-term retention (12 weeks to 2 

years following the initial instruction), PBL approaches were more effective. Furthermore, when 

learning goals were related to transfer or application of knowledge, PBL approaches were more 

effective. Two particular learning goals were identified by the authors as showing such 

advantages: performance, as measured by supervisor ratings of medical students’ clinical 

practice, and mixed knowledge and skill (including application of knowledge). Although 

problem-based learning appears promising, more extensive and rigorous research is needed to 

determine its effectiveness in supporting deeper learning.  

  

Design Principles for Teaching Problem-Solving and Metacognitive Strategies  

 

Problem solving and metacognition are important competencies which are often included 

in lists of 21st century skills. Problem solving and metacognitive strategies differ in several 

respects. Problem solving typically involves applying sets of procedures organized as strategies 

that allow persons to tackle a range of new tasks and situations within some performance domain 

such as how to simplify an algebraic equation or summarize a text, and they represent one of the 

five types of transferable knowledge discussed in Chapter 4 (Table 4–3). Metacognition refers to 

a person’s ability to select, monitor, manage, and evaluate cognitive processing during the 

learning or performance of a cognitive task. Metacognitive strategies are higher-level methods 

for managing one’s thinking and reasoning while learning or performing a task. Metacognitive 

strategies may play a central role in people’s ability to transfer—that is, in people’s ability to 

solve new problems and learn new things. The ability to apply metacognitive strategies when 
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learning is a key dimension of self-regulated learning, as discussed in Chapter 4. Recent research 

advances have specified metacognitive strategies, determined their role in solving problems in 

mathematics (e.g., Griffin, 2005) and other disciplines, and illuminated how to teach them. These 

advances reflect the central role of metacognition in the development of transferable 21
st
 century 

competencies.  

There are five main issues to consider in developing transferable strategies for effective 

problem solving and metacognition: determining what to teach, how to teach, where to teach, 

when to teach, and how long to teach (Mayer, 2008).  

 

What to Teach 
 

In determining what to teach, the first question one must answer is whether competency 

in problem solving or metacognition is based on improving the mind in general as a single 

monolithic ability or on acquiring a collection of smaller component skills. Early in the history of 

psychology and education the varying beliefs about the nature of cognitive ability were 

epitomized by the opposing approaches of Galton (1883) and Binet (1962). Galton proposed that 

cognitive ability was a unitary construct best measured by reaction time tasks and perceptual 

discrimination tasks. Later research showed that Galton’s battery of cognitive measures did not 

correlate strongly with such measures of intellectual ability as school grades (Sternberg, 1990). 

In contrast, when Binet was charged with developing a test to predict academic success in the 

Paris school system, he conceptualized cognitive ability as a collection of small component skills 

and pieces of knowledge that could be learned, and his test was successful in predicting school 

success.  

Similarly, modern psychometric approaches to human cognitive ability that are based on 

a factor analysis of large batteries of cognitive tests reveal that there are many small component 

factors to cognitive ability rather than a single general ability factor (Carroll, 1993; Willis, 

Dumont, and Kaufman, 2011). And, research-based cognitive theories of intelligence are based 

on the idea that cognitive performance on academic tasks depends on a collection of smaller 

cognitive and metacognitive processes rather than on a single mental ability (Hunt, 2011; Mayer, 

2010). Although conventional wisdom among lay people may hold that intellectual ability is a 

single monolithic ability, research on testing and individual differences in information processing 

suggests that intellectual ability is best seen as a collection of smaller component skills. It 

follows that cognitive strategy instruction should focus on helping students develop a collection 

of clearly defined component skills and how to assemble and integrate them rather than on 

improving their minds in general.  

 

How to Teach  
 

On the issue of how to teach, a key question is whether instruction should focus on the 

product of problem solving (i.e., getting the right answer) or on the process of problem solving 

(i.e., the thinking that goes into getting the right answer). Three research-based instructional 

techniques for the teaching of problem solving and metacognitive strategies are modeling, 

prompting, and apprenticeship. In modeling the learner observes an expert perform the task, 

usually with commentary so that the learner receives a step-by-step explanation for why each 

step is taken. Modeling generally takes the form of worked-out examples that can be printed in 
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books, presented on computer screens, or presented live by an expert. In prompting, the learner is 

given a problem to solve along with questions and hints about the reasons for carrying out 

various actions. For example, in self-explanation methods the learner is asked to explain aspects 

of his or her cognitive processing while solving a problem. Because such explanations require 

reflection on one’s own thinking and learning, these methods help learners develop 

metacognitive strategies.  

In a classic study Bloom and Broder (1950) taught college students how to solve 

problems on exams in college subjects such as economics by asking them to think aloud as they 

solved a problem, watch a model think aloud as he solved the problem, and then compare their 

thought processes with that of the model problem solver. Several hours of training based on this 

modeling of effective problem-solving processes resulted in significant improvements in exam 

scores as compared to a control group that did not receive this training. Modeling of the 

cognitive processes of successful problem solvers has been a component in the development of 

several successful problem-solving programs, as indicated in assessments of the Productive 

Thinking Program (Mansfield, Busse, and Krepelka, 1978; Olton and Crutchfield, 1969), 

Instrumental Enrichment (Feuerstein, 1980), and Project Intelligence (Hernstein et al., 1986; 

Nickerson, 2011).  

Apprenticeship teaching and learning methods can help learners understand and apply the 

process of problem solving. In apprenticeship, a mentor or teacher models problem-solving, by 

describing how he or she approaches the process; coaches, by providing guidance and tips to the 

learner who is carrying out a task; and scaffolds, by directly performing or eliminating difficult 

parts of the task that the learner is unable to perform (Mayer and Wittrock, 2006). One example 

of apprenticeship methods is reciprocal teaching, in which students and a teacher took turns 

discussing strategies for increasing reading comprehension (Brown and Palinscar, 1989; 

Palinscar and Brown, 1984). Students who engaged in reciprocal teaching demonstrated a much 

larger gain in reading comprehension scores than students who learned reading with 

conventional methods, as this method helped them to solve problems they encountered while 

reading text. 

Azevedo and Cromley (2004) identified several metacognitive strategies that are 

commonly used in the learning of new material, including planning, monitoring, using strategies, 

managing, and enjoying. Planning refers to the development of a plan for learning, and it 

includes activating relevant prior knowledge. Monitoring refers to recognizing when one does or 

does not comprehend something and figuring out what needs to be clarified. Using strategies 

involves determining when to use various learning strategies, such as taking notes, writing 

summaries, and generating drawings. Managing involves using time wisely, such as seeking help 

when needed. Enjoying involves expressing interest in the material. 

In short, a reasonable conclusion is that instructional methods should focus on the processes of 

problem solving and metacognition rather than solely on the final products of those processes.  

 

Where to Teach  
 

On the issue of where to teach, the key issue is whether problem-solving and 

metacognitive strategies should be learned in a specific domain or in a general way. Early in the 

history of educational psychology Thorndike sought to test the conventional wisdom of the day, 

which held that certain school subjects such as Latin and geometry helped develop proper habits 
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of mind—general ways of thinking that applied across disciplines (Thorndike, 1932; Thorndike 

and Woodworth, 1901). For example, in a classic study, Thorndike (1923) found that students 

who had learned Latin and students who had not learned Latin showed no differences in their 

ability to learn a new school subject—English. Combined with numerous other studies showing a 

lack of general transfer, these results led Thorndike to conclude that transfer is always specific—

that is, the elements and relations in the learned material must be the same as the elements and 

relations in the to-be-learned material. Research on problem-solving and metacognitive expertise 

supports the idea that competency tends to be domain specific, as discussed in Chapter 4. People 

who are experts in solving problems in one domain are not able to transfer their problem-solving 

skill to other domains (de Groot, 1965; Ericsson et al., 2006). As noted above, research has 

shown that children’s ability to solve problems in science is dependent on their prior knowledge 

of the topic or concept under study (National Research Council, 2007). These findings suggest 

that strategy instruction should be conducted within the specific context in which the problems 

will be solved (i.e., embedded within specific disciplines) rather than as a general stand-alone 

course, 

 

When to Teach  
 

On the subject of when to teach, the key question is whether problem-solving strategies 

should be taught before or after lower-level skills are mastered. Although the research base is 

less developed on this question, there is converging evidence that novices can benefit from 

training in high-level strategies. For example, in writing instruction students can be taught how 

to communicate with words—by dictating to an adult, for example, or by giving an oral 

presentation or being allowed to write with misspelled words and improper grammar—before 

they have mastered lower-level skills such as spelling and punctuation (Bereiter and 

Scardamalia, 1987; De La Paz and Graham, 1995). In observational studies of cognitive 

apprenticeship, beginners successfully learn high-level skills through a process of assisted 

performance (Tharp and Gallimore, 1988) in which they are allowed to attempt parts of complex 

tasks before than have mastered basic skills. These findings suggest that higher-order thinking 

skills can be learned along with lower-order ones early in the instructional process.  

 

How Long to Teach 
  

On the fifth issue, how long to teach, the main question is what the role should be of 

prolonged, deliberate practice in learning problem-solving strategies. Research on the 

development of expertise indicates that “high degrees of competence only come through 

extensive practice” (Anderson and Schunn, 2000, p. 17) and that learners need feedback that 

explains how to improve (Hattie and Gin, 2011; Shute, 2008). For example, students were found 

to develop expert-like performance in troubleshooting electronic and mechanical equipment if 

they spent 20 to 25 hours with a computer simulation in which they received immediate and 

focused feedback (Lesgold, 2001). In case studies, Ericsson and colleagues have found a close 

relationship between the development of professional expertise and the amount of deliberate 

practice—intensive practice at increasingly more challenging levels—even among learners with 

equivalent talent (see, e.g., Ericsson, 2003). Although programs that require only a few hours of 
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work can produce improvements in problem-solving skill, the development of expert problem-

solving skill requires years of deliberate practice.  

Research indicates that extended time and practice also enhances learning in informal 

settings. For example, the National Research Council (2009a) recommends that designers of 

science exhibits and programs support and encourage learners to extend their learning over time, 

noting that “learning experiences in informal settings can be sporadic and . . . without support, 

learners may not find ways to sustain their engagement with science or a given topic.”  

 

Summary 

  

Research and theory to date suggest answers to each of the five questions posed above 

(also see Box 5–1). They suggest that instructors should teach component skills and their 

integration rather trying to improve the mind in general, should focus on the processes of 

problem solving and metacognition (through modeling or prompting) rather than solely on 

product, should focus on using the strategies in a specific context rather than in general, should 

focus on learning problem-solving and metacognitive strategies before or while lower-level skills 

are mastered, and should focus on prolonged, deliberate practice and application rather than one-

shot deals.  

 

BOX 6-3 

  

Issues in Teaching Cognitive and Metacognitive Skills  

 

1. What to teach: Focus on a collection of small component skills, rather than trying to 

improve the mind as a single monolithic ability. 

2. How to teach: Focus on the learning process (through modeling, prompting, or 

apprenticeship) rather than on the product. 

3. Where to teach: Focus on learning to use the skill in a specific domain, rather than in 

general. 

4. When to teach: Focus on teaching higher skills even before lower skills are mastered. 

5. How long to teach: Focus on deliberate practice, to develop expertise.  

SOURCE: Adapted from Mayer (2008).  

 

  

 

Summary: Developing Transferable Cognitive Competencies  

 

A persistent theme in research on learning and teaching for transfer concerns the situated 

nature of learning. That is, it is not fruitful to try to teach high-level thinking skills in general; 

rather, transferable knowledge is best learned within the disciplinary situations or focused on the 

sets of topics with which it will be used. In the previous chapter, we explored learning and 

teaching for transfer within three disciplines—science, mathematics, and English language arts. 

Within each discipline the kinds of teaching techniques for transferable knowledge are adapted 

to the particular subject matter by such means as using multiple representations, encouraging 

questioning and self-explanation, providing guidance and support during exploration, teaching 
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with examples, and priming motivation. The examples included in that chapter (Griffin, 2005; 

Herrenkohl et al, 1999) provide straightforward evidence that pure discovery (or unassisted 

inquiry) is not a particularly effective instructional method and that a more effective approach 

involves a combination of explicit instruction and guided exploration with metacognitive 

support.  

 Similarly, the disciplinary goals discussed in the previous chapter vary in how they 

approach the teaching of cognitive competencies.. On the topic of what to teach, each discipline 

focuses on competencies that are important for the particular subject matter—such as discourse 

structures for argumentation and the interpretation of evidence in science, problem solving in 

mathematics, and making sense of text in English language arts. On the issue of how to teach, 

each discipline adapts various techniques, including the modeling of thinking processes within 

discipline-specific tasks. On the subject of where to teach, high-level strategies are taught within 

discipline-specific situations rather than as general strategies. On the question of when to teach, 

each discipline teaches high-level content along with more basic, foundational content rather 

than waiting for basic skills to be mastered first. Finally, on the subject of how long to teach, 

each discipline views disciplinary learning as a long-term learning progression in which major 

competencies are learned at increasingly more sophisticated levels over the course of 

schooling—such as the way in which learning to read or write becomes more sophisticated and 

adapted for specific purposes.  

 

INSTRUCTIONAL DESIGN PRINCIPLES--INTRAPERSONAL AND 

INTERPERSONAL DOMAINS  

 

The research on instruction that directly targets intrapersonal and interpersonal learning 

goals is less extensive and rigorous than the research on instruction targeting cognitive learning 

goals. Although the limited evidence base poses a challenge to identifying specific principles of 

instructional design to advance intrapersonal and interpersonal knowledge and skills, there is 

suggestive evidence that some of the principles for instruction in the cognitive domain may be 

applicable to instruction in these two other domains.  

 In their meta-analysis of studies of after-school social and emotional learning programs 

described above, Durlak, Weissberg, and Pachan (2010) analyzed the studies’ findings related to 

eight outcomes clustered into three categories, as follows:  

 

 Feelings and attitudes (child self-perceptions, bonding to school) 

 Behavioral adjustment (positive social behaviors, problem behaviors, drug use) 

 School performance (achievement test scores, grades, attendance)  

 

Based on prior research, the authors identified four practices thought to work together in 

combination to enhance the effectiveness of such programs: 

 

 A sequenced, step-by-step training approach; 

 Emphasizing active forms of learning, so that youth can practice new skills; 

 Focusing specific time and attention on skill training; and 

 Clearly defining goals, so that youth know what they are expected to learn.  
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Among the programs evaluated in the studies, 41 followed all four these research-based practices 

listed above, while 27 did not all four. The group of programs that followed the four practices 

showed statistically significant mean effects for all outcomes (including drug use and school 

attendance), while the group of programs that did not follow all four practices did not yield 

significant mean effects for any of the outcomes. These findings support the authors’ hypothesis 

that the four research-based practices work best in combination to support the development of 

interpersonal and intrapersonal skills.  

In a more recent meta-analysis of school-based social and emotional learning programs, 

Durlak et al., (2011) reviewed 213 studies, examining findings of effectiveness in terms of six 

outcomes: 

 

 Social and emotional skills; 

 Attitudes toward self and others; 

 Positive social behaviors; 

 Conduct problems; 

 Emotional distress; and 

 Academic performance. 

 

When the authors considered the findings in terms of the four research-based practices 

identified in their earlier study (Durlak, Weissberg, and Pachan, 2010), they found that the group 

of programs that followed all four of these recommended practices showed significant effects for 

all six outcomes, whereas programs that did not follow all four practices showed significant 

effects for only three outcomes (attitudes, conduct problems, and academic performance). The 

authors also found that the quality of implementation mattered. When programs were well 

conducted and proceeded according to plan, gains across the six outcomes were more likely. 

These four practices are similar to some of the research-based methods and design 

principles described above for supporting deeper learning in the cognitive domain. For example, 

the earlier discussion identified the method of encouraging elaboration, questioning, and self-

explanation as an effective way to support deeper learning of cognitive skills and knowledge. 

Similarly, the research on teaching social and emotional skills suggests that active forms of 

learning that include elaboration and questioning—such as role playing and behavioral rehearsal 

strategies—support deeper learning of intrapersonal and interpersonal skills and knowledge. 

These active forms of social and emotional learning provide opportunities for learners to practice 

new strategies and receive feedback.  

The research on social and emotional skills indicates that it is important for teachers and 

school leaders to give sufficient attention to skill development, with a sequential and integrated 

curriculum providing opportunities for extensive practice. This echoes two findings about 

teaching cognitive skills: (1) Teaching should be conducted within the specific context in which 

problems will be solved—in this case, social and emotional problems; and (2) the development 

of expert problem-solving skill requires years of deliberate practice. Providing adequate time and 

attention for skill development in the school curriculum appears to enhance the learning of 

interpersonal and intrapersonal skills. Finally, the research on social and emotional learning—

like the research on cognitive learning—indicates that establishing explicit learning goals 

enhances effectiveness (Durlak et al., 2011). Just as the research on instruction for cognitive 

outcomes has demonstrated that learners need support and guidance to progress toward clearly 
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defined goals (and that pure “discovery” does not lead to deep learning), so too has the research 

on instruction for social and emotional outcomes.  

Research on team training also provides suggestive evidence that certain instructional 

design principles are important for the deeper learning of interpersonal and intrapersonal skills. . 

In their meta-analysis, Salas et al., (2008) analyzed the potential moderating influence that the 

content of the team training interventions had on outcomes. They identified three types of 

content: primarily task work; primarily teamwork (i.e., communication and other interpersonal 

skills); and both task work and teamwork. Their results suggest that, when the goal is 

performance improvement, the content makes little difference. However, for process outcomes 

(i.e., the development of interpersonal and intrapersonal skills that facilitate effective teamwork) 

and affective outcomes, teamwork and mixed content training are associated with larger effect 

sizes than training focused on task work. The finding that, in situations when the goal is to 

improve team processes, focusing training content on teamwork skills improves effectiveness 

provides further support for the design principle that instruction should focus on clearly defined 

learning goals. The authors caution, however, that this conclusion is based on only a small 

number of studies.  

 

ASSESSMENT OF AND FOR DEEPER LEARNING 

 

Earlier in this chapter we discussed the need for clear learning goals and valid measures 

of important student outcomes, be they cognitive, interpersonal, or intrapersonal. Thus, any 

discussion of issues related to the use of assessment to promote deeper learning presupposes that 

concerns about what to assess, how to assess, and how to draw valid inferences from the 

evidence have been addressed. These concerns must be addressed if assessment is to be useful in 

supporting the processes of teaching and learning. In this section we focus on issues related to 

how assessment can function in educational settings to accomplish the goal of supporting and 

promoting deeper learning. 

Since its beginning, educational testing has been viewed as a tool for improving teaching 

and learning (see, for example, Thorndike, 1918), but perspectives on the ways that it can best 

support such improvement have expanded in recent years. Historically the focus has been on 

assessments of learning—the so-called summative assessments—and on the data they can 

provide to support instructional planning and decision making. More recently, assessment for 

learning—the so-called formative assessment—has been the subject of an explosion of interest, 

spurred largely by Black and Wiliam’s 1998 landmark review showing impressive effects of 

formative assessment on student learning, particularly for low-ability students. A more recent 

meta-analysis of studies of formative assessment showed more modest, but still significant, 

effects on learning (Kingston and Nash, 2011).  

The formative assessment concept emphasizes the dynamic process of using assessment 

evidence to continually improve student learning, while summative assessment focuses on 

development and implementation of an assessment instrument to measure what a student has 

learned up to a particular point in time (Shepard, 2005; Heritage, 2010; National Research 

Council, 2001). 

Both types of assessment have a role in classroom instruction and in the assessment of 

deeper learning and 21st century skills, as described below. (The role of accountability testing in 

the development of these skills is treated in chapter 7).  
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Assessments of Learning 

 

Assessments of learning look back over a period of time (a unit, a semester, a year, 

multiple years) in order to measure and make judgments about what students have learned and 

about how well programs and strategies are working—as well as how they can be improved. 

Assessments of learning often serve as the starting point for the design of instruction and 

teaching because they make explicit for both teachers and students what is expected and they 

provide benchmarks against which success or progress can be judged. For the purpose of 

instruction aimed at deeper learning and development of 21st century skills, it is essential that 

such measures: (1) fully represent the targeted skills and knowledge and a model of their 

development; (2) be fair in enabling students to show what they know; and (3) provide reliable, 

unbiased, and generalizable inferences about student competence (American Educational 

Research Association, American Psychological Association, and the National Council for 

Measurement in Education, 1999; Linn, Baker, and Dunbar, 1991). In other words, the intended 

learning goals, along with their development, the assessment observations, and the interpretative 

framework (the three components of the assessment triangle, National Research Council, 2001) 

must be justified and fully synchronized.  

When this is the case, the results for individual students can be useful for grading and 

placing students, for initial diagnoses of learning needs, and, in the case of students who are 

academically oriented, for motivating performance. Aggregated at the class, school, or higher 

levels, results may help in the identification of new curriculum and promising practices as well 

as in the assessment of teaching strategies and the evaluation of personnel and institutions.  

 

Assessment for Learning: Formative Assessment 

 

In contrast to assessments of learning that look backwards over what has been learned, 

assessments for learning—formative assessments—chart the road forward by diagnosing where 

students are relative to learning goals and by making it possible to take immediate action to close 

any gaps (see Sadler, 1989). As defined by Black and Wiliam (1998), formative assessment 

involves both understanding and immediately responding to students learning status. In other 

words, it involves both diagnosis and actions to accelerate student progress toward identified 

goals. Formative assessment is sometimes referred to as “dynamic assessment,” to reflect this 

active process. 

Such actions may be teacher-directed and coordinated with a hypothesized model of 

learning. Actions could include: teachers asking questions to probe, diagnose, and respond to 

student understanding; teachers asking students to explain and elaborate their thinking; teachers 

providing feedback to help students transform their misconceptions and transition to more 

sophisticated understanding; and teachers analyzing student work and using results to plan and 

deliver appropriate next steps, for example, an alternate learning activity for students who 

evidence particular difficulties or misconceptions. But the actions are also student centered and 

student directed. A hallmark of formative assessment is its emphasis on student efficacy, as 

students are encouraged to be responsible for their learning and the classroom is turned into a 

learning community (Gardner, 2006; Harlen, 2006). To assume that responsibility, students must 

clearly understand what learning is expected of them, including its nature and quality. Students 

receive feedback that helps them to understand and master performance gaps, and they are 



Copyright © National Academy of Sciences. All rights reserved.

Education for Life and Work:  Developing Transferable Knowledge and Skills in the 21st Century

Prepublication copy, uncorrected proofs 

6-29 

 

involved in assessing and responding to their own work and that of their peers (see also Heritage, 

2010).  

The importance of the teacher’s role in formative assessment was demonstrated by the 

recent meta-analysis by Kingston and Nash (2011). The authors estimated a weighted mean 

effect size of 0.20 across the selected studies. However, in those studies investigating the use of 

formative assessment based on professional development that supported teachers in 

implementing the strategy, the weighted mean effect size was 0.30. Formative assessment occurs 

hand in hand with the classroom teaching and learning process and is an integral component of 

teaching and learning for transfer. It embodies many of the principles of designing instruction for 

transfer that were discussed in the previous section of this chapter. For example, formative 

assessment includes questioning, elaboration, and self-explanation, all of which have been shown 

to improve transfer. Formative assessment can provide the feedback and guidance that learners 

need when engaged in challenging tasks. Furthermore, by making learning goals explicit, by 

engaging students in self and peer assessment, by involving students in a learning community, 

and by demonstrating student efficacy, formative assessment can promote students as agents in 

their own learning, which can increase student motivation, autonomy, and metacognition as well 

as collaboration and academic learning (Gardner, 2006; Shepard, 2006). Thus formative 

assessment is conducive to—and may provide direct support for—the development of 

transferable cognitive, intrapersonal, and interpersonal skills.  

A few examples suggest that teachers and students can enhance deeper learning by 

drawing on the evidence of their learning progress and needs provided by the formative 

assessment embedded within simulations and games. One such example, SimScientists, was 

described above. Another example, called Packet Tracer, was developed for use in the Cisco 

Networking Academy, which helps prepare networking professionals by providing online 

curricula and assessments to public and private education and training institutions throughout the 

world. In the early years of the networking academy, assessments were conducted by instructors 

and consisted of either hands-on exams with real networking equipment or else multiple-choice 

exams. Now Packet Tracer has been integrated into the online curricula, allowing instructors and 

students to construct their own activities and students to explore problems on their own. Student-

initiated assessments are embedded in the curriculum and include quizzes, interactive activities, 

and “challenge labs”-structured activities focusing on specific curriculum goals, such as 

integration of routers within a computer network. Students use the results of these assessments to 

guide their online learning activities and to improve their performance. A student may, with 

instructor authorization, access and re-access an assessment repeatedly.  

 

Formative and Summative Assessment: Classroom Systems of Assessment 

 

Assessments of learning and for learning (summative and formative assessments) can 

work together in a coherent system to support the development of cognitive, interpersonal, and 

intrapersonal skills. If they are to do so, however, the assessments must be in sync with each 

other and with the model of how learning develops. Figure 5–2 shows the interrelationships 

among components of such a model. The model features explicit learning goals for targeted 

cognitive, interpersonal, and intrapersonal competencies and poses a sequential and integrated 

approach to their development, as supported by the literature (see, for example, Durlak and 

Weissburg, 2011).  
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In Figure 6–2, the benchmarks represent critical juncture points in progress toward the 

ultimate goals, while the formative assessment represents the interactive process between the 

teachers and students and continuous data that facilitate student progress toward the junctures 

and ultimate goals.  

 

 
FIGURE 6–2 A coherent assessment system. 

SOURCE: Adapted from Herman (2010a).  

 

Formative Assessment: Teacher Roles and Practices 

 

The coherent assessment system depicted in Figure 6-2 depends on formative assessment 

to facilitate student progress. Herman has described formative assessment as follows (2010b, p. 

74):  

Rather than imparting knowledge in a transmission-oriented process, in formative 

assessment teachers guide students toward significant learning goals and actively engage 

students as assessors of themselves and their peers. Formative assessment occurs when 

teachers make their learning goals and success criteria explicit for students, gather 

evidence of how student learning is progressing, partner with students in a process of 

reciprocal feedback, and engage the classroom as a community to improve students’ 

learning. The social context of learning is fundamental to the process as is the need for 

classroom culture and norms that support active learning communities – for example, 

shared language and understanding of expected performance; relationships of trust and 

respect; shared responsibility for and power in the learning process. Theorists observe 
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that enacting a meaningful process of formative assessment influences what students 

perceive as valued knowledge, who can learn, who controls and is valued in the learning 

process (Munns and Woodward, 2006).  

 

Yet formative assessment itself involves a change in instructional practice: It is not a 

regular part of most teachers’ practice, and teachers’ pedagogical content knowledge may be an 

impediment to its realization (Heritage et al., 2009; Herman, Osmundson, and Silver, 2010). 

These and other challenges related to teaching and assessing twenty-first century competencies 

are discussed in Chapter 7. In that chapter, we reach conclusions about the challenges and offer 

recommendations to overcome them.  

 

CONCLUSIONS AND RECOMMENDATIONS 

 

The research literature on teaching and assessment of 21st century competencies has 

examined a plethora of variously defined cognitive, interpersonal, and interpersonal 

competencies. Although the lack of uniform definitions makes it difficult to identify and 

delineate the desired learning outcomes of an educational intervention—an essential first step 

toward measuring effectiveness—emerging evidence demonstrates that it is possible to develop 

transferable competencies. 

 

Conclusion: Although the absence of common definitions and quality measures poses a 

challenge to research, emerging evidence indicates that cognitive, intrapersonal, and 

interpersonal competencies can be taught and learned in ways that promote transfer.  

 

The emerging evidence on teaching and learning of cognitive, intrapersonal, and 

interpersonal competencies builds on a larger body of evidence related to teaching for transfer. 

Researchers have examined the question of how to design instruction for transfer for more than a 

century. In recent decades advances in the research have begun to provide evidence-based 

answers to this question.. Although this research has focused on acquisition of cognitive 

competencies, it indicates that the process of learning for transfer involves the interplay of 

cognitive, intrapersonal, and interpersonal competencies, as reflected in our recommendations 

for design of instruction and teaching methods:  

 

Recommendation 2: Designers and developers of instruction targeted at deeper learning 

and development of transferable 21
st
 century competencies should begin with clearly 

delineated learning goals and a model of how learning is expected to develop, along with 

assessments to measure student progress toward--and attainment of--the goals. Such 

instruction can and should begin with the earliest grades and be sustained throughout 

students’ K–12 careers.  

 

Recommendation 3: Funding agencies should support the development of curriculum and 

instructional programs that include research-based teaching methods, such as:  
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 Using multiple and varied representations of concepts and tasks, such as 

diagrams, numerical and mathematical representations, and simulations, combined 

with activities and guidance that support mapping across the varied representations. 

 Encouraging elaboration, questioning and explanation—for example, prompting 

students who are reading a history text to think about the author’s intent and/or to 

explain specific information and arguments-- either silently to themselves or aloud to 

others--as they read; 

 Engaging learners in challenging tasks while also supporting them with guidance, 

feedback, and encouragement to reflect on their own learning processes and the status 

of their understanding; 

 Teaching with examples and cases, such as modeling step by step how students can 

carry out a procedure to solve a problem and using sets of worked examples;  

 Priming student motivation by connecting topics to students’ personal lives and 

interests, engaging students in collaborative problem solving, and drawing attention 

to the knowledge and skills students are developing, rather than grades or scores; and  

 Using formative assessment to: (1) make learning goals clear to students; (2) 

continuously monitor, provide feedback, and respond to students’ learning progress; 

and (3) involve students in self-and peer-assessment.  

 

The ability to solve complex problems and metacognition are important cognitive and 

intrapersonal competencies that are often included in lists of “21st century skills.” For instruction 

aimed at development of problem-solving and metacognitive competencies, we recommend:  

 

Recommendation 4: Designers and developers of curriculum, instruction, and assessment 

in problem solving and metacognition should use modeling and feedback techniques that 

highlight the processes of thinking rather than focusing exclusively on the products of 

thinking. Problem-solving and metacognitive skills competencies should be taught and 

learned and assessed within a specific discipline or topic area rather than as a stand-alone 

course. Teaching and learning of problem-solving and metacognitive competencies need 

not wait until all of the related lower-level competencies have become automatic. Finally, 

sustained instruction and effort is necessary to develop expertise in problem solving and 

metacognition-- there is no simple way to achieve competence without time, effort, 

motivation, and informative feedback.  

 

Most of the available research on design and implementation of instruction for transfer 

has focused on the cognitive domain. We compared the instructional design principles and 

research-based teaching methods emerging from this research with the instructional design 

principles and research-based teaching methods that are beginning to emerge from the smaller 

body of research focusing on development of intrapersonal and interpersonal skills, identifying 

some areas of overlap and similarities.  

 

Conclusion: The instructional features and teaching and assessment methods listed above, 

shown by research to support the acquisition of cognitive competencies that transfer, could 

plausibly be applied to the design and implementation of instruction and assessment that 
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would support the acquisition of intrapersonal and interpersonal competencies that would 

transfer  

 

  The many gaps and weaknesses in the research reviewed in this research, particularly the 

lack of common definitions and measures, and the limited research in the intrapersonal and 

interpersonal domains limit our understanding of how to teach for transfer across the three 

domains.   

 

Recommendation 5: Foundations and federal agencies should support research programs 

designed to fill gaps in the evidence base on teaching and assessment for deeper learning 

and transfer. One important target for future research is how to design instruction and 

assessment for transfer in the intrapersonal and interpersonal domains. Investigators 

should examine whether, and to what extent, instructional design principles and methods 

shown to increase transfer, derived from research in the cognitive domain are applicable to 

instruction targeted to the development of intrapersonal and interpersonal competencies. 

Such programs of research would benefit from efforts to specify more clearly defined 

constructs and to produce associated measures of cognitive, intrapersonal, and 

intrapersonal competencies. 
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7 

 

 Systems to Support Deeper Learning  

 

 

 

 

 

 

 

 

 

 

 This chapter discusses dimensions of the U.S. education system that present both 

opportunities to advance the process of deeper learning and challenges that may slow such 

advance. The first section focuses on the role of the larger educational system in hindering or 

supporting such learning environments, with attention to two critical elements of the larger 

system: (1) teacher preparation and professional development, and (2) assessment. The second 

section briefly summarizes the opportunities offered by a broad policy movement toward deeper 

learning and the challenges to such movement. The chapter ends with conclusions and 

recommendations.  

 

DESIGNING COHERENT EDUCATIONAL SYSTEMS FOR TRANSFER  

 

The previous chapters presented a vision of the cognitive, interpersonal, and social 

competencies that are valuable for functioning effectively at home, work, and in the community. 

The vision is one in which students develop a suite of enduring, transferable competencies in the 

cognitive, interpersonal, and intrapersonal domains. In Chapter 6, the committee recommended 

that formal and informal learning environments should include a set of coherent, interrelated 

features if they are to support development of such competencies. However, unless there is 

coherence in the larger educational environment, it will be difficult to widely implement 

instruction that incorporates such features.  

In formal education, realizing the vision of deeper, transferable knowledge for all 

students will require complementary changes across the many elements that make up the public 

education system. These elements include curriculum, instruction, assessment, and teacher 

preparation and professional development. 

While this report provides preliminary definitions of the kinds of transferable 

competencies that are valuable, further research and development is needed to create more 

specific instructional materials and strategies—the curriculum—to develop these types of 

competencies. Future curricula inspired by our vision of deeper learning should integrate 

learning across the cognitive, interpersonal, and intrapersonal domains in whatever ways are 

appropriate for the targeted learning goals. For example, when targeting cognitive knowledge 

and thinking strategies, curricula should integrate development of the intrapersonal skills of 

metacognition, self-efficacy, and positive attitudes toward learning that have been shown to 

enhance deeper learning in the cognitive domain.  
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Reflecting our findings about the development of competencies across different ages and 

stages of development, curricula designed to support the process of deeper learning should 

incorporate a developmental perspective. They should provide repeated opportunities across 

grade levels and domains (cognitive, interpersonal, and intrapersonal) for students to develop and 

practice transferable competencies.  

 

Teacher Preparation and Professional Development 

 

Current systems of teacher preparation and professional development will require major 

changes if they are to support teaching that encourages deeper learning and the development of 

transferable knowledge and skills. Changes will need to be made not only in the conceptions of 

what constitutes effective professional practice but also in the purposes, structure, and 

organization of pre-service and professional learning opportunities (Darling–Hammond, 2006; 

Garrick and Rhodes, 2000; Lampert, 2010; Webster–Wright, 2009).  

Ball and Cohen (1999) have called for such major changes, proposing a practice-based 

theory of professional education that would enable teachers to “support much deeper and more 

complex learning for their students” (Ball and Cohen, 1999, p. 7). The authors identified several 

types of knowledge and skills teachers would require for such instruction, including: 

 

 Understanding of subject matter; 

 Knowledge of both students’ common ideas and misconceptions related to the 

subject matter and also the thinking of individual students; 

 Understanding of, and sensitivity to, cultural, ethnic and gender differences; 

 Knowledge of how children learn; 

 A repertoire of flexible, adaptable teaching strategies to engage learners. 

 

 Ball and Cohen (1999) proposed that teachers could develop these capacities by learning 

in and from practice. Teachers would learn how to elicit students’ thinking on an ongoing basis 

and use what they find out to improve their teaching practice, framing, guiding, and revising 

tasks and questions. They would approach teaching from a stance of inquiry. Finally, the authors 

sketched the outlines of professional education that would develop the knowledge and skills 

teachers require. Such education would focus on learning professional performance, cultivate the 

knowledge and skills outlined above, and would be centered in teachers’ professional practice. 

Teachers’ learning would be supported by colleagues in communities of practice, as they 

reflected together on samples of student work or videotaped lessons. Building on this theory of 

practice-based professional education, Wilson (2011), Windschitl (2009), and others have 

recommended replacing current, disjointed teacher learning opportunities with more integrated 

continuums of teacher preparation, induction, support, and ongoing professional development. 

Within such a continuum, Windschitl (2009) proposed that teacher preparation programs should 

center on a common core curriculum grounded in a substantial knowledge of child or adolescent 

development, learning, and subject-specific pedagogy and should provide future teachers with 

extended opportunities to practice under the guidance of mentors (student teaching), lasting at least 

30 weeks, that reflect the program’s vision of good teaching and that are interwoven with 

coursework.  
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 Research to date has identified other characteristics of effective teacher preparation 

programs, including extensive use of case study methods, teacher research, performance 

assessments, and portfolio examinations that are used to relate teachers’ learning to classroom 

practice (Darling–Hammond, 1999). Deeper learning and the acquisition of 21st century 

competenciess—for both teachers and their students—might also be supported through preparation 

programs that help new teachers make effective use of study groups, peer learning, managed 

classroom discussions, and disciplined discourse routines (Ghousseini, 2009; Monk and King, 

1994). Wilson (2011) and others have noted that one of the most promising practices for both 

induction and professional development involves bringing teachers together to analyze samples of 

student work, such as drawings, explanations, or essays, or to observe videotaped classroom 

dialogues. Working from principled analyses of how the students are responding to the instruction, 

the teachers can then change their instructional approaches accordingly.  

 Windschitl (2009) identified a number of features of professional development that could 

help science teachers implement new teaching approaches to cultivate students’ 21st century 

competencies in the context of science. These features are:  

 

 Active learning opportunities focusing on science content, scientific practice, and 

evidence of student learning (Desimone et al., 2002). 

 Coherence of the professional development with teachers’ existing knowledge, with 

other development activities, with existing curriculum, and with standards in local 

contexts (Garet et al., 2001; Desimone et al., 2002). 

 The collective development of an evidence-based “inquiry stance” by participants 

towards their practice (Blumenfeld et al., 1991; Kubitskey and Fishman, 2006). 

 The collective participation by teachers from same school, grade, or subject area 

(Desimone et al., 2002). 

 Adequate time, both for planning and enacting new teaching practices. 

 

More broadly, across the disciplines pre-service teachers and in-service teachers will 

need opportunities to engage in the kinds of teaching and learning environments envisioned in 

this report. Experiencing instruction designed to support transfer will help them to design and 

implement such environments in their own classrooms. Teachers will also need opportunities to 

learn about different approaches to assessment and the purposes of these different approaches. 

For example, as noted in the previous chapter, most teachers are not familiar with formative 

assessment and do not regularly incorporate it in their teaching practice (Heritage et al., 2009; 

Herman, Osmundson, and Silver, 2010).  

 

Assessment 

 

Research has shown that assessment and feedback play an essential role in the deeper 

learning of cognitive competencies. In particular, as noted in Chapter 6, ongoing formative 

assessment by teachers can provide guidance to students which supports and extends their 

learning, encouraging deeper learning and development of transferable competencies. Current 

educational policies, however, focus on summative assessments that measure mastery of content 

and often hold schools and districts accountable for improving student scores on such 
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assessments. Although this focus on summative assessment poses a challenge to the wider 

teaching and learning of 21st century competencies, recent policy developments do appear to 

open the window for a wider diffusion of interventions to develop these competencies. For 

example, the previous chapter noted that the new Common Core State Standards and the 

Framework for K–12 Science Standards include facets of 21st century competencies.  

While new national goals that encompass 21st century competencies have been 

articulated in the Common Core State Standards for English language arts and mathematics and 

in the National Research Council’s science standards framework, the extent to which these goals 

are realized in educational settings will be strongly influenced by their inclusion in district, state, 

and national assessments. Because educational policy remains focused on outcomes from 

summative assessments that are part of accountability systems, teachers and administrators will 

focus instruction on whatever is included in state assessments. Thus, as new assessment systems 

are developed to reflect the new standards in English language arts, math, and science, 

significant attention will need to be given to the design of tasks and situations that call upon a 

range of important 21st century competencies as applied in each of the major content areas. 

Although improved assessments would facilitate a wider focus on teaching approaches 

that support the development of 21st century competencies, there are a number of challenges to 

developing such assessments. First, research to date has focused on a wide variety of different 

constructs in the cognitive, intrapersonal, and interpersonal domains. Although our taxonomy 

offers a useful starting point, further research is needed to more carefully organize, align, and 

define these constructs. There are also psychometric challenges. Although progress has been 

made in assessing cognitive skills, much further research is needed to develop assessments of 

intrapersonal and interpersonal skills that are suitable for both formative and summative 

assessment uses in educational settings. Experiences during the 1980s and 1990s in the 

development and implementation of performance assessments and assessments with open-ended 

tasks can offer valuable insights, but assessments must be reliable, valid, and fair if they are to be 

widely used in formal and informal learning environments.  

A third challenge involves political and economic forces influencing assessment 

development and use. Traditionally, policy makers have favored the use of standardized, on-

demand, end-of-year tests for purposes of accountability. Composed largely of selected response 

items, these tests are relatively cheap to develop, administer and score; have sound psychometric 

properties; and provide easily quantifiable and comparable scores for assessing individuals and 

institutions. Yet, as discussed in Chapter 6, such standardized tests have not been conducive to 

measuring or supporting the process of deeper learning nor to the development of 21
st
 century 

competencies. In the face of current fiscal constraints at the federal and state levels, 

policymakers may seek to minimize assessment costs by maintaining lower cost, traditional test 

formats, rather than incorporating into their systems relatively more expensive, richer 

performance- and curriculum based assessments that may better measure 21
st
 century 

competencies. The fourth challenge involves teacher and administrator capacity to understand 

and interpret the new assessments. The features of instruction and assessment discussed in 

Chapter 6 are not well known to teachers, students, or school administrators.  

With support from the U.S. Department of Education, two large consortia of states are 

currently developing new assessment frameworks and methods aligned with the Common Core 

State Standards in mathematics and English language arts. If these assessment and frameworks 

include the facets of 21st century competencies included in the Common Core State Standards, 
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this will provide a strong incentive for states, districts, schools, and teachers to emphasize those 

facets of in English language arts and mathematics instruction. In 2012, Next Generation Science 

Standards and an NRC study to develop an assessment framework based on the Framework for 

K-12 Science Education are under development. When new science assessments are developed, 

the inclusion of facets of 21st century competencies will, as is the case with mathematics and 

English language arts, provide a strong incentive for states, districts, schools, and teachers to 

emphasize those facets in the context of science lessons.  

 

OPPORTUNITIES AND CHALLENGES  

 

The development of 21st century competencies in K–12 education and informal learning 

environments opens up many new opportunities. Because these competencies support the 

learning of school subjects, more attention to them in school and out-of-school programs could 

potentially reduce disparities in educational attainment. Reducing these disparities would prepare 

a broader swathe of young people to enjoy the positive outcomes of increased educational 

attainment, including greater success in the workplace, improved health, and greater civic 

participation relative to people with fewer years of schooling. At the same time, developing these 

competencies in K–12 education could also lead to positive adult outcomes for more young 

people, independent of any increases in their years of schooling.  

Important challenges do remain, however. For educational interventions capable of 

developing transferable knowledge and skills to move beyond isolated promising examples and 

flourish more widely in the educational system, larger systemic issues involving curriculum, 

instruction, assessment, and professional development will need to be addressed. In particular, as 

noted above, new types of assessment systems are needed that are capable of accurately 

measuring and supporting the acquisition of these skills. A sustained program of research and 

development will be required to create assessments that are capable of measuring cognitive, 

intrapersonal, and interpersonal competencies. As noted in Chapter 3, such assessments are 

needed for research purposes, to increase our understanding of how these competencies affect 

later life outcomes. In addition, improved assessments of the competencies would be valuable for 

formative assessment purposes and might ultimately be used for summative purposes.  

It will be important for researchers and publishers to develop new curricula that 

incorporate the research-based design principles and instructional methods described in Chapter 

6. Finally, as noted briefly above, new approaches to teacher preparation and professional 

development will be needed to help current and prospective teachers understand the instructional 

principles for the teaching and assessment of 21st century competencies, and the role of these 

competencies in the learning of core academic content. If teachers are not only to understand 

these ideas but also to translate them into their daily instructional practice, they will need support 

from school and district administrators, including time for learning, shared lesson planning and 

review, and reflection.  

 

CONCLUSIONS AND RECOMMENDATIONS 

  

While new national goals that encompass 21st century competencies have been 

articulated in the Common Core State Standards for English language arts and mathematics and 

in the National Research Council science standards framework, the extent to which these goals 
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are realized in educational settings will be strongly influenced by the nature of their inclusion in 

district, state, and national assessments. Because educational policy remains focused on 

outcomes from summative assessments that are part of accountability systems, teachers and 

administrators will focus instruction on whatever is included in state assessments. Thus as new 

assessment systems are developed to reflect the new standards in English language arts, 

mathematics, and science, it will be necessary to give significant attention to the design of tasks 

and situations that call upon a range of important 21st century competencies as applied in each of 

the major content areas. A sustained program of research and development will be required to 

create assessments that are capable of measuring cognitive, intrapersonal, and interpersonal 

skills. 

 

Recommendation 7: Foundations and federal officials should support research to more 

clearly define and develop assessments of 21st century competencies. In particular, they 

should provide sustained support for the development of valid, reliable, and fair 

assessments of intrapersonal and interpersonal competencies, initially for research 

purposes and later for formative assessment. Pending the results of these efforts, 

foundations and agencies should consider support for development of s summative 

assessments of these competencies.  

 

Two large consortia of states, with support from the U.S. Department of Education, are 

currently developing new assessment frameworks and methods aligned with the Common Core 

State Standards in mathematics and English language arts. If these assessment frameworks 

include the facets of 21st century competencies represented in the Common Core State 

Standards, they will provide a strong incentive for states, districts, schools, and teachers to 

emphasize these critical facets of 21st century competencies as part of disciplinary instruction.  

 

Recommendation 8: As the State consortia develop new assessment systems to reflect the 

Common Core State Standards in Mathematics and English language arts, they should 

devote significant attention to the design of tasks and situations that call upon a range of 

important 21st century competencies as applied in each of the major content areas.  

 

Common Core State Standards in science are at an early stage of development, and 

assessments aligned with these standards have not yet been created. When new science 

assessments are developed, the inclusion of facets of 21st century competencies will provide a 

similarly strong incentive for states, districts, schools, and teachers to emphasize those facets in 

classroom science instruction.  

 

Recommendation 9: As states and test developers begin to create new assessment systems 

aligned with new science standards, they should devote significant attention to designing 

measures of 21st century competencies properly reflecting a blend of science practices, 

crosscutting concepts, and core ideas.  

 

Because 21st century competencies support learning of school subjects in particular, and 

educational attainment more generally, more attention to the development of these skills in the 

K-12 curriculum could potentially reduce disparities in educational attainment and allow a 
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broader swathe of young people to enjoy the fruits of workplace success, improved health, and 

greater civic participation. However, important challenges remain for attaining such outcomes. 

For educational interventions focused on developing transferable cognitive, intrapersonal, and 

interpersonal competencies to move beyond isolated promising examples and to flourish more 

widely, larger systemic issues and policies will need to be addressed, including new types of 

assessment systems, new curricula that incorporate the research-based features described above, 

and new approaches to teacher preparation and professional development. 

 

 Recommendation 10: The states and the federal government should establish 

policies and programs—in the areas of assessment, accountability, curriculum and 

materials, and teacher education--to support students’ acquisition of transferable 

competencies. For example, when reauthorizing the Elementary and Secondary 

Education Act, the Congress should facilitate the systemic development, 

implementation, and evaluation of educational interventions targeting deeper 

learning processes and the development of transferable competencies.  
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Appendix A 

21st Century Skills and Competencies Included in OECD Survey 

 

 

 

 

 

 

 

 

 

 

1. Creativity/innovation 

2. Critical thinking 

3. Problem solving 

4. Decision making 

5. Communication 

6. Collaboration 

7. Information literacy 

8. Research and inquiry 

9. Media literacy 

10. Digital citizenship 

11. Information and communications technology operations and concepts 

12. Flexibility and adaptability 

13. Initiative and self-direction 

14. Productivity 

15. Leadership and responsibility 

16. Other (please specify) 

 

Source: Adapted from Ananiadou, and Claro (2009).  
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Appendix B 

Reports on 21st Century Skills Used in Aligning and Clustering Skills 

 

 

 

 

 

 

 

 

 

 

Report Skills 

Association for Career and Technical Education. (2010). 

What is Career Ready? Alexandra, VA: Author. 

Available: http://dpi.wi.gove/oea/pdf/crpaper.pdf 

[accessed October, 2011]. 

o Critical thinking 

o Problem solving 

o Oral/written communication 

o Creativity 

o Adaptability 

o Diversity 

o Continuous learning 

o Collaboration 

o Teamwork 

o Responsibility 

o Professionalism/ethics 

Binkley, M., Erstad, O., Herman, J., Raizen, S., Ripley, M., 

and Rumble, M. (2010). Defining 21st Century Skills. 

White Paper commissioned for the Assessment and 

Teaching of 21st Century Skills Project (ATC21S). 

Available on request from ATC21S: 

http://atc21s.org/index.php/resources/white-

papers/#item1. 

 

o Critical thinking 

o Problem solving 

o Decision making 

o Information literacy 

(including research on 

sources, evidence, biases) 

o Information and 

communications technology 

literacy 

o Creativity/innovation 

o Personal and social 

responsibility (including 

cultural awareness and 

competence) 

o Communication 

o Collaboration 

Conley, D. T. (2007). Redefining College Readiness. 

Eugene, OR: Educational Policy Improvement 

Center. Available: 

https://www.epiconline.org/files/pdf/RedefiningColle

geReadiness.pdf [Accessed October, 2011].  

o Problem solving 

o Analysis 

o Reasoning/argumentation 

o Interpretation 
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Finegold, D., and Notabartolo, A.S. (2010). 21
st
 Century 

Competencies and their Impact: An Interdisciplinary 

Literature Review. Paper commissioned for the NRC 

Project on Research on 21st Century Competencies: 

A Planning Process on Behalf of the Hewlett 

Foundation. Available: 

http://www7.nationalacademies.org/bota/Finegold_N

otabartolo_Impact_Paper.pdf [Accessed October, 

2011].  

 

o Critical thinking 

o Problem solving 

o Decision making 

o Information literacy 

o Information and 

communication technology 

literacy 

o Creativity/innovation 

o Flexibility 

o Communication 

o Collaboration 

o Leadership 

o Responsibility 

o Initiative 

o Self-direction 

o Productivity 

Hoyle, R.H., and Davisson, E.K. (2011). Assessment of Self-

Regulation and Related Constructs: Prospects and 

Challenges. Paper prepared for the NRC Workshop 

on Assessment of 21
st
 Century Skills. Available: 

http://www7.nationalacademies.org/bota/21st_Centur

y_Workshop_Hoyle_Paper.pdf [Accessed October, 

2011].  

 

o Executive function 

(inhibition, working memory, 

shifting) 

o Leadership 

o Type 1 processes 

(forethought, performance, 

self-reflection) 

o Type 2 processes (self-

monitoring, self-evaluation, 

self-reinforcement 

Salas, E., Bedwell, W.L., and Fiore, S.M. (2011). 

Developing the 21
st
 Century (and Beyond) 

Workforce: A Review of Interpersonal Skills and 

Measurement Strategies. Paper prepared for the NRC 

Workshop on Assessing 21st Century Skills. 

Available: 

http://www7.nationalacademies.org/bota/21st_Centur

y_Workshop_Salas_Fiore_Paper.pdf [Accessed 

October, 2011].  

 

o Active listening 

o Oral communication 

o Written communication 

o Cooperation 

o Coordination 

o Trust 

o Service orientation 

o Conflict resolution 

o Negotiation 

o Assertive communication 

o Self-presentation 

o Social influence 

Voogt, J., and Pareja Roblin, N. (2010). 21
st
 Century Skills 

Discussion Paper. Report prepared for Kennisnet, 

University of Twente, The Netherlands. Available: 

Search for paper title and authors [Accessed October, 

2011].  

o Problem solving 

o ICT literacy 

o Creativity 

o Communication 

o Collaboration 

 



Copyright © National Academy of Sciences. All rights reserved.

Education for Life and Work:  Developing Transferable Knowledge and Skills in the 21st Century

Prepublication copy, uncorrected proofs 

 App C-1 

Appendix C 

Biographical Sketches of Committee Members 

 

 

 

 

 

 

 

 

 

 

JAMES W. PELLEGRINO is a liberal arts and sciences distinguished professor and 

distinguished professor of education at the University of Illinois at Chicago (UIC). He is co-

director of UIC’s interdisciplinary Learning Sciences Research Institute. Dr. Pellegrino’s current 

work is focused on analyses of complex learning and instructional environments, including those 

incorporating powerful information technology tools, with the goal of better understanding. A 

special concern of his research is the incorporation of effective formative assessment practices, 

assisted by technology, to maximize student learning and understanding. Dr. Pellegrino has 

served on numerous National Research Council (NRC) boards and committees, including the 

Board on Testing and Assessment. He co-chaired the NRC committee that authored the report 

Knowing What Students Know: The Science and Design of Educational Assessment. He recently 

helped the College Board build new frameworks for curriculum, instruction, assessment, and 

professional development in AP Biology, Chemistry, Physics, and Environmental Science. Dr. 

Pellegrino earned his B.A. in psychology from Colgate University in Hamilton, New York, and 

both his M.A. and Ph.D. from the University of Colorado. 

 

GREG J. DUNCAN is a distinguished professor of education at the University of California, 

Irvine. He has published extensively on issues of income distribution, child poverty, and welfare 

dependence. He is co-author with Aletha Huston and Tom Weisner of Higher Ground: New 

Hope for the Working Poor and Their Children (2007) and co-editor with Lindsay Chase 

Lansdale of For Better and for Worse: Welfare Reform and the Well-Being of Children and 

Families (2001). With Jeanne Brooks-Gunn, he co-edited two books on neighborhood poverty 

and child development. He continues to study neighborhood effects on the development of 

children and adolescents and other issues involving welfare reform, income distribution, and its 

consequences for children and adults. Duncan is a member of the interdisciplinary MacArthur 

Network on the Family and the Economy. He was elected president of the Society for Research 

in Child Development for 2009–2011. A member of the National Academy of Sciences, Dr. 

Duncan currently serves on the steering committee for the Board of Testing and Assessment’s 

Workshop on Assessment of Twenty-First Century Skills. He previously served as a member of 

the Panel to Review the National Children's Study Research Plan, and as co-chair of the 

Committee on Evaluation of Children's Health. He received his Ph.D. in economics from the 

University of Michigan.  

 

JOAN HERMAN is director of the National Center for Research on Evaluation, Standards, and 

Student Testing (CRESST) at the University of California, Los Angeles. Her research has 
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explored the effects of testing on schools and the design of assessment systems to support school 

planning and instructional improvement. Her recent work has focused on the validity and utility 

of teachers' formative assessment practices in mathematics and science. She also has wide 

experience as an evaluator of school reform and is noted in bridging research and practice. A 

former teacher and school board member, Herman also has published extensively in research 

journals and is a frequent speaker to policy audiences on evaluation and assessment topics. She is 

past president of the California Educational Research Association, has held a variety of 

leadership positions in the American Educational Research Association and Knowledge 

Alliance, is a member of the Joint Committee for the Revision of the Standards for Educational 

and Psychological Measurement, co-chairs the Board of Education for Para Los Niños, and is 

current editor of Educational Assessment. She served as a member of the National Research 

Council’s Committee on Test Design for K-12 Science Achievement as well as the Roundtable 

on Education Systems and Accountability and the Committee on Best Practices for State 

Assessment Systems and is chairing the Board of Testing and Assessment’s workshop on 

twenty-first century skills. Herman received her doctorate of education in learning and 

instruction from the University of California, Los Angeles. 

 

MARGARET A. HONEY joined the New York Hall of Science as president and chief 

executive officer in November 2008. She is widely recognized for her work using digital 

technologies to support children’s learning across the disciplines of science, mathematics, 

engineering, and technology. Prior to joining the New York Hall of Science, she was vice 

president of Wireless Generation, an education technology company. Earlier she spent 15 years 

as vice president of the Education Development Center (EDC) and director of EDC’s Center for 

Children and Technology. There she directed numerous large-scale research projects funded by 

the National Science Foundation, the Institute for Education Sciences, the Carnegie Corporation, 

and other organizations. As a member of the Educational Advisory Board of the Partnership for 

21st Century Skills, she worked closely with business representatives to define twenty-first 

century skills and consider how to teach and assess them. Her activities have included 

collaborations with public television, investigations of data-driven decision-making tools and 

practices, and creation of one of the first Internet-based professional development programs in 

the country. She currently serves on the National Research Council’s Board on Science 

Education and recently chaired the Committee on Learning Science: Computer Games, 

Simulations, and Education. Earlier she chaired the steering committee for the workshop on IT 

Fluency and High School Graduation Outcomes. She received her Ph.D. in developmental 

psychology from Columbia University.  

 

PATRICK C. KYLLONEN is the director of the Center for New Constructs at Educational 

Testing Service (ETS), Princeton, New Jersey. Before coming to ETS, he was a faculty member 

at the University of Georgia and director of the Cognitive Performance Division of the Air Force 

Research Laboratory. He is the recipient of numerous awards, including one from the technical 

cooperation program for the design, development, and evaluation of the trait-self-description 

(personality) inventory for use in five countries; has served on the board of several journals; has 

been a regular reviewer for the National Science Foundation, the Institute of Education Sciences, 

and other agencies; and is a fellow of Division 15 of the American Psychological Association. 

Dr. Kyllonen is known for his work on the measurement of human abilities, working memory, 

learning and skill acquisition, psychomotor abilities, personality assessment, computer-based 



Copyright © National Academy of Sciences. All rights reserved.

Education for Life and Work:  Developing Transferable Knowledge and Skills in the 21st Century

Prepublication copy, uncorrected proofs 

 App C-3 

testing, and psychometrics. Most recently his focus has been on noncognitive assessment. He 

currently oversees a wide array of research and development projects on measurement of 

noncognitive abilities at all levels of education, from kindergarten through graduate school. He 

participated in an expert planning meeting as part of the National Research Council project, 

Research on Twenty-First Century Competencies: A Planning Process on Behalf of the Hewlett 

Foundation, and currently serves as a member of the steering committee for the Workshop on 

Assessment of Twenty-First Century Skills. Dr. Kyllonen received his Ph.D. in educational 

psychology in 1984 from Stanford University and his B.A. in experimental psychology from St. 

John's University. 

 

HENRY M. LEVIN is the William Heard Kilpatrick Professor of Economics and Education at 

Teachers College, Columbia University, and director of the National Center for the Study of 

Privatization in Education, a nonprofit, nonpartisan research organization. He is a specialist in 

the economics of education and human resources, cost-effectiveness analysis, school reform, and 

educational vouchers. Among his 21 published books are Privatizing Educational Choice with C. 

Belfield (2005) and Readings in the Economics of Education with C. Belfield (2003). He has 

served on several National Research Council committees, including the recent Committee on 

Strengthening Benefit-Cost Methodology for the Evaluation of Early Childhood Interventions, 

the Committee on Educational Excellence and Testing Equity (2000–2002), and the Panel on 

Secondary School Education for the Changing Workplace (early 1980s). He received his 

bachelor’s degree in marketing and economics from New York University and his Ph.D. in 

economics from Rutgers University. 

 

CHRISTINE MASSEY is the director of research and education at the Institute for Research in 

Cognitive Science at the University of Pennsylvania. She is also director of PENNlincs, which 

serves as an outreach arm of the Institute, linking recent theory and research in cognitive science 

to education efforts in public schools and cultural institutions. She has directed major projects 

that combine research investigating students’ learning and conceptual development in science 

and math with the development and evaluation of new curriculum materials, learning technology, 

and educational programs for students and teachers. These projects include development of 

mathematics learning software that incorporates principles of perceptual learning, creation of the 

Science for Developing Minds curriculum series, development of a robotics curriculum for the 

middle grades, and kits and exhibit enhancements to support family learning in zoos and 

museums. She is an Eisenhower Fellow and has also been a fellow in the Spencer 

Foundation/National Academy of Education’s postdoctoral fellowship program. Dr. Massey 

served as a member of the National Research Council’s steering committee for the Workshop on 

the Intersection of Science Education and Twenty-First Century Skills. She earned her Ph.D. in 

psychology with a specialization in cognitive development at the University of Pennsylvania. 

 

RICHARD E. MAYER is professor of psychology at the University of California, Santa 

Barbara (UCSB), where he has served since 1975. His research interests are in educational and 

cognitive psychology. His current research involves cognition, instruction, and technology with a 

special focus on multimedia learning and computer-supported learning. He is past president of 

Division 15 (Educational Psychology) of the American Psychological Association, past vice 

president of Division C (Learning and Instruction) of the American Educational Research 

Association, and former editor of the Educational Psychologist. From the American 
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Psychological Association he received the E. L. Thorndike Award for career achievement in 

educational psychology (in 2000) and the Distinguished Contribution of Applications of 

Psychology to Education and Training Award (in 2008). He has led many research projects 

funded by the Institute of Education Sciences, the National Science Foundation, and other 

agencies. He serves on the editorial boards of 14 journals, mainly in educational psychology, and 

is the author of numerous books and articles, including the Handbook of Research on Learning 

and Instruction (editor, with P. Alexander, 2011), Applying the Science of Learning (2010), and 

Multimedia Learning: Second Edition (2009). He served on the National Research Council’s 

Committee on Opportunities in Basic Research in the Behavioral and Social Sciences for the 

U.S. Military and on the Mathematics Learning Study Committee. He received a Ph.D. in 

psychology from the University of Michigan in 1973. 

 

C. KENT MCGUIRE was recently appointed president and chief executive officer of the 

Southern Education Foundation. From 2003 to 2010 he served as dean of the College of 

Education and professor in the Department of Educational Leadership and Policy Studies at 

Temple University. Previously, he was senior vice president at MDRC, where his responsibilities 

included leadership of the education, children, and youth division. From 1998 to 2001 Dr. 

McGuire served in the Clinton administration as assistant secretary of education, focusing on 

research and development. Earlier, he was an education program officer at the Pew Memorial 

Trusts and at the Eli Lilly Endowment. Dr. McGuire's current research interests focus on the 

areas of education administration and policy and organizational change. He has been involved in 

a number of evaluation research initiatives on comprehensive school reform, education finance 

and school improvement. He has written and coauthored various policy reports, monographs, 

book chapters, articles, and papers in professional journals. He is a member of the National 

Research Council’s Committee on Independent Evaluation of DC Public Schools and previously 

served as a member of the Center for Education Advisory Board. He received his doctorate in 

public administration from the University of Colorado at Boulder in 1991. 

 

P. DAVID PEARSON is a professor in the programs of language and literacy and cognition and 

development at the Graduate School of Education at the University of California, Berkeley, 

where he served as dean from 2001 to 2010. His current research focuses on reading instruction 

and reading assessment policies and practices. Previously he was dean of the College of 

Education at the University of Illinois at Urbana–Champaign. A member of the National 

Academy of Education, he has served as president of the National Reading Conference and on 

the board of directors of both the International Reading Association and the Association of 

American Colleges of Teacher Education. Among his honors are the William S. Gray Citation of 

Merit from the International Reading Association, the Oscar Causey Award for Contributions to 

Reading Research from the National Reading Conference, and the Alan Purves Award from the 

National Council of Teachers of English. He is the founding editor of the Handbook of Reading 

Research, now in its fourth volume, and has served on the editorial boards of many journals 

including Reading Research Quarterly, Science, Journal of Literacy Research, Review of 

Educational Research, Journal of Educational Psychology, and Cognition and Instruction. He 

currently serves on the National Research Council’s Panel to Review Alternative Data Sources 

for the Limited-English Proficiency Allocation Formula. Professor Pearson received his B.A. in 

history from the University of California at Berkeley, after which he taught elementary school in 
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California for several years, and completed his Ph.D. in reading education at the University of 

Minnesota.  

 

EDWARD A. SILVER is William A. Brownell Collegiate Professor in Education at the 

University of Michigan and holds a joint appointment in the School of Education and the 

Department of Mathematics. He is also currently serving as dean of the School of Education at 

University of Michigan–Dearborn. He was formerly at the University of Pittsburgh, where he 

was a professor in the School of Education and a senior scientist at the Learning Research and 

Development Center. His research interests focus on the teaching, learning, and assessment of 

mathematics, particularly mathematical problem solving. He is also actively involved in efforts 

to promote high-quality mathematics education for all students, particularly Hispanic and 

African-American students. Dr. Silver's service with the National Research Council includes the 

Mathematical Sciences Education Board, the Study Group on Guidelines for Mathematics 

Assessment, the Committee on the Foundations of Assessment, and the Committee on the Study 

of Teacher Preparation Programs in the United States. He received a B.A. in mathematics from 

Iona College, an M.S. in mathematics from Columbia University, and an M.A and doctorate in 

mathematics education from Teachers College of Columbia University. 
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