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PREFACE

How to help people learn better. That is what instructional theory is all about. It describes a variety of
methods of instruction (different ways of facilitating human learning and development), and when to use
—and not use—each of those methods.

Volume I of Instructional-Design Theories and Models (1983) provides a “snapshot in time” of the
status of instructional theory in the early 1980s. Its main purpose was to raise awareness of instructional
theories, which were largely overlooked in the shadows of ADDIE and other ISD process models. Most
of the theories are classics and are still very useful today.

Volume IT (1999) provides a concise summary of a broad sampling of work in the late 1990s on a new
paradigm of instructional theories for the Information Age. Its main purpose was to raise awareness of
the diversity of theories that provide a customized or learner-centered learning experience in all
different domains of human learning and development. It also raised awareness of the importance of
values in instructional theory.

Volume IIT (2009) was born out of a concern about the extent to which instructional theorists seemed
to be working in relative isolation from each other, building their own view of instruction with little
regard to building on what knowledge already existed and what terminology had already been used for
constructs they also describe. Therefore, Volume III took some early steps in building a common
knowledge base about instruction with a common use of terms. It also described some tools for
continuing to build a common knowledge base.

These three volumes cover very different territory. None of them was intended to replace its
predecessors. We have made a conscious effort to keep duplication to a minimum, so readers interested
in mastering the art and science of designing powerful instruction will benefit from all of them. Each
volume includes chapter forewords that summarize their main contributions, to give readers a quick
sense of whether or not a chapter addresses their particular interests and needs.

Why a Volume IV?

Our initial thought was to conclude this series with Volume III. However, new instructional methods are
continually developed as advances are made in brain sciences, information technology, and other
relevant fields. Furthermore, as we have evolved deeper into the Information Age, it has become clear
that a change in the paradigm of instruction from teacher-centered to learner-centered requires parallel
changes in aspects of education and training systems that are technically beyond the scope of theories of
instruction. 1

Using systems thinking, we recognize that the learner-centered paradigm of instruction is closely
interrelated with different paradigms of instructional management, assessment, and even curriculum.
First, regarding instructional management, truly learner-centered instruction requires student progress to
be based on learning rather than on time. This is an instructional management strategy as defined in
Chapter 1 of Volume I (p. 8), and has consequently not been addressed by instructional theories. Second,
regarding assessment, truly learner-centered instruction requires student learning to be compared to a
standard of achievement (criterion-referenced—to know when the learner is ready to move on) rather
than to the learning of one’s peers (norm-referenced) and consequently should be integrated with the
instruction rather than being a separate activity. Third, regarding curriculum, truly learner-centered
instruction requires decisions about what to learn that are responsive to student needs in a society that is
much more complex than that of our Industrial-Age forebears.

In sum, decisions about what to teach, how to teach it, and how to assess it must all be dramatically
different now compared to those that were appropriate for the Industrial Age, and those decisions should
be made together because they are interdependent. That interdependency has not been addressed in



Volumes I-III, but it is addressed here in Volume IV. This Volume provides a coherent, comprehensive
set of guidelines for the learner-centered paradigm of education and training that addresses curriculum
and assessment, as well as instruction, because effective design must address all three simultaneously.

Challenges with the Learner-Centered Paradigm

Perhaps the greatest challenge with implementing the learner-centered paradigm of education and
training is the difficulty that instructional theorists, researchers, educational policymakers, and
practitioners face in transcending Industrial-Age mental models or mindsets about instruction in both
education and training contexts. It is hard for us to conceive of schools and universities without grade
levels, without courses, without tests, without grades, and without terms or semesters (Reigeluth &
Karnopp, 2013). To implement the learner-centered paradigm effectively, many stakeholders must come
to understand education in a very different way from traditional mental models.

Another challenge with implementing the learner-centered paradigm is the difficulty of transforming
Industrial-Age systems, which are designed to make change extremely difficult. If piecemeal reforms are
difficult within such a highly politicized and bureaucratic system, paradigm change is an order of
magnitude more difficult. It is like trying to transform a railroad system into an air transportation system.
It requires fundamental changes in all parts of the system, or at least enough parts to reach the tipping
point where more pressure is exerted by the new parts to change the remaining old parts, than the old
parts exert on the new ones to change back. This means that the transformation process is more
expensive and time-consuming than are piecemeal reforms, but there is good evidence that the new
paradigm will be less expensive than the current one (Egol, 2003; Reigeluth & Karnopp, 2013). The
good news is that much is known about an effective process for transforming existing school systems on
the school, district, and state levels, and there are already hundreds of schools that exhibit many features
of the learner-centered paradigm, to serve as examples of what can be (see Reigeluth & Karnopp,
2013).

About this Volume

The primary audience for this volume, like that of the previous three volumes, is instructional theorists,
researchers, and graduate students. An additional audience is instructional designers, teachers, and
trainers who are interested in guidance about how to design instruction of high quality.

In Unit 1, Chapter 1 provides the top-level description of design theory for the learner-centered
paradigm. Chapters 2—5 provide the first level of elaboration on that top-level description, with
chapters on competency-based education, task-centered instruction, personalized instruction, and a new
paradigm of curriculum. Unit 2 offers the second level of elaboration, with chapters on maker-based
instruction, collaborative instruction, games for instruction, instruction for self-regulated learning,
instructional coaching, and technology for the learner-centered paradigm. Finally, Unit 3 provides
descriptions of steps toward the LCE paradigm—instructional designs that can be done within the
constraints of the Industrial-Age paradigm—including instruction for flipped classrooms, gamification in
instruction, considerations for mobile learning, and just-in-time teaching.

We have tried to make it easier for the reader to digest the instructional theories in this Volume by
preparing the same kind of unconventional foreword for each chapter as was done for Volumes II and
III. Each chapter foreword outlines the major ideas presented in the chapter. This offers something akin
to a hypertext capability for you to get a quick overview of a chapter and then flip to parts of it that
particularly interest you. It can also serve preview and review functions and make it easier to compare
different theories. We have also inserted editors’ notes in most chapters to help you relate elements in a
chapter to similar ideas presented in other chapters. Finally, there is a unit foreword that introduces the
chapters in each unit.

It is our sincere hope that this Volume will help instructional theorists and researchers to further
advance knowledge about the learner-centered paradigm of education and training. We also hope it will
help policymakers and foundations to support transformation to the new paradigm. Finally, we hope this



Volume will help instructional designers, teachers, and trainers to implement learner-centered practices
in their educational and training systems.

- CMR., BJB., & RDM.
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UNIT 1

Fundamental Principles of the I.earner-Centered
Paradigm of Education

Unit Foreword

Unit 1 provides a broad yet shallow view of the learner-centered paradigm of education and training.
Chapter 1 presents an “epitome” of design theories for this emerging paradigm. Because decisions about
how to teach in this paradigm are inextricably intertwined with decisions about how to test and even
with decisions about what to teach, this chapter describes design principles for all these aspects of
education and training. Chapters 2—5 then present an elaboration on the principles in Chapter 1, and Unit
2 provides yet another level of elaboration.

The learner-centered paradigm is characterized by far more variations than is the teacher-centered
paradigm. As theorists attempt to provide more detailed guidance, we find that there are alternative
ways (methods) to implement a general principle, and that different ways are preferable in different
situations. We therefore asked all authors to describe situational principles as well as universal
principles. Also, since design principles are goal-oriented and thus normative, they are based on values.
Methods should often vary as one’s values vary, so we asked all authors to describe the values that
underlie their design theories. In sum, all authors were asked to address the following in their chapters:
1) introduction, including definitions, importance, and underlying descriptive theories, 2) values upon
which their design theory is based, 3) universal principles or methods for their design theory, 4)
situational principles for their design theory, 5) implementation issues or case description, and 6)
conclusion or closing remarks.

In Chapter 1 Reigeluth, Myers, and Lee present a comprehensive vision of the learner-centered
paradigm of instruction, a vision founded on the idea that the current paradigm of instruction—now more
than a century old—is no longer appropriate to meet the learning needs of individuals or society. The
Industrial Age conception of education as a process of mass production—in which learners all study the
same thing at the same time and are assessed in the same way—is no longer adequate in the Information
Age. The 21st century is a time of accelerating change, rapidly accumulating knowledge, and
dramatically increasing access to that knowledge. Rote memorization and standardized testing are
resulting in students whose knowledge and skills are practically obsolete upon graduation. We need
graduates who are equipped to embrace change, who are prepared to make sense of the vast amounts of
information at their fingertips, and who are curious and eager to communicate, collaborate, innovate, and
create new knowledge. To help all learners succeed, the authors describe the learner-centered paradigm
as being attainment- (or competency-) based rather than time-based, task-centered rather than content-
centered, and personalized rather than standardized. This requires changed roles for the teacher, the
learner, and technology. It also requires a different paradigm of curriculum, one that is fundamentally
restructured around effective thinking, acting, relationships, and accomplishment.

In Chapter 2 Voorhees and Voorhees elaborate on the attainment-based nature of the learner-centered
paradigm. They address the nature of competency statements, which are largely related to learning goals
and criteria for their attainment. They address sequencing and structuring of competencies to accelerate
learning, principal among which is basing learner progress on mastery rather than time. And they devote
considerable attention to student assessment, which should measure individual skills and knowledge, be
criterion-referenced with predefined rubrics, be performance-based, be personalized with student input
on their design, and much more. The authors also address the importance of a system to keep track of the
competencies that each student has mastered and a system for constantly evaluating and improving the



instruction and assessments.

In Chapter 3 Francom elaborates on the task-centered nature of the learner-centered paradigm. Based
on Merrill’s “first principles of instruction,” he offers guidance for 1) selecting, sequencing, and
scaffolding tasks, 2) activating prior knowledge, 3) demonstrating performance of skills (or part-tasks)
and providing procedural and supportive information, 4) having learners apply those skills and
procedural and supportive information, and 5) providing opportunities for the learners to integrate what
they have learned and explore new ways to use it.

In Chapter 4 Watson and Watson elaborate on the personalized nature of the learner-centered
paradigm. Their design principles offer guidance for personalizing each student’s long- and short-term
instructional goals, creating a personal learning plan for each student, and keeping detailed records of
each student’s progress. Guidance for personalizing the task environment addresses selecting tasks that
are of great interest to the student as well as relevance to the learning goals, and deciding whether tasks
should be done individually or collaboratively. Principles for personalizing scaffolding for the task
address adjusting the quantity and quality of scaffolding to the student’s self-regulation skills and
developmental needs. Principles for personalizing assessment include guidance for deciding how to
assess both task performance and mastery of individual attainments. And guidance for personalizing
reflection address when and how a student should reflect on both the learning process and task
performance.

In Chapter 5, the last chapter in Unit 1, Prensky elaborates on the nature of curriculum for the learner-
centered paradigm. He describes a truly different paradigm of curriculum, one designed to prepare all
people for a useful and successful life. It has some of the content from the current curriculum, which is
organized around the four main subjects of Math, English, Science, and Social Studies (MESS), but it
totally reorganizes them under the four main subjects of thinking effectively, acting effectively, relating
effectively, and accomplishing effectively. He describes many sub-skills for each of these four main
subjects, and he describes how traditional subject areas are needed as vehicles for learning them. It is
our view that the four new subjects are equally relevant for K-12 education, higher education, and
corporate and government training,

In Unit 2 this fairly general set of design theories is elaborated for more detailed and varied guidance
about what methods to use and when to use them in the learner-centered paradigm of education and
training. Then Unit 3 offers design theories that are intended for use in the teacher-centered paradigm as
steps toward the learner-centered paradigm.

- CMR., BJB., & RDM.
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EDITORS’ FOREWORD

Preconditions (when to use the theory)

Content

» All kinds of content.

Learners

» All kinds of learners.

Learning environments

» Learner-centered rather than teacher-centered.
* Attainment-based learner progress rather than time-based progress.
»  Customized rather than standardized instruction and assessment.

Instructional development constraints

*  Requires well-designed resources in the form of tasks and instructional support.

Values (opinions about what is important)

About ends (learning goals)

* Development of intrinsic motivation and love of learning are highly valued.
» Development of learner self-regulation skills (how to learn) is highly valued.

*  Mastery of knowledge and skills is highly valued, including transfer to varied and real-world
contexts.

* Development of collaboration skills is highly valued.

*  Emotional, social, and character development are highly valued, including empathy and desire
to contribute to one’s community.

About priorities (criteria for successful instruction)

» Effectiveness and intrinsic motivation of the instruction are more important than efficiency.

About means (instructional methods)

* The instruction should be customized regarding pace, content, methods, and assessment.
» Intrinsically motivated learning and love of learning are highly valued.

* Learning by doing (active learning) is highly valued.

» Just-in-time instructional support while learning by doing is highly valued.

* Learning from peers through collaboration is highly valued.

» Self-regulated learning is highly valued.

» Self-reflection and self-evaluation are highly valued.

* Both formative and summative assessment should occur throughout instruction.



About power (to make decisions about the previous three)

Empowering learners to make decisions about ends, priorities, and means is highly valued.

Universal Principles

1. Attainment-based instruction

3.

Attainment-based learner progress: Each learner s progress should be based on reaching the
learning goals, rather than based on time.

Attainment-based learner assessment.: Each learner should be assessed through comparison
with the criteria for mastery (criterion-referenced assessment) rather than through comparison
with other learners (norm-referenced assessment).

Attainment-based learner records: Each learner s records should be a list or map of individual
attainments, rather than a traditional report card with names of courses and letter or number
grades.

Task-centered instruction

Task environment: Most instruction should be organized around the performance of a task that
is of great interest to the learner, aligned with the learner s goals, of significant duration,
within an immersive environment, and authentic or realistic.

Scaffolding: Three types of scaffolding should be used whenever the task is too difficult for the
learner: adjusting, coaching, and instructing.

Personalized instruction

Personalized goals: Long-term life goals and short-term learning goals should be
personalized.

Personalized task environment: The task selection should be personalized. Decisions about
collaboration (teammates) should be personalized. And the nature and amount of self-
regulation should be personalized.

Personalized scaffolding: The nature and amount of coaching and instructing should be
personalized.

Personalized assessment: The choice of assessor and format for the assessment should be
personalized.

Personalized reflection: The way the learner reflects on the process and product (or
performance) of the task should be personalized.

Changed roles

The teacher s roles should be: a) to assist learners in setting goals, b) to assist learners in
designing or selecting tasks, c) to facilitate task performance, d) to facilitate learning, e) to
help evaluate performance and learning, and f) to mentor the learner.

The learner s roles should be: a) to be an active learner, b) to be a self-regulated learner, and
¢) to be a teacher of one s peers.

Technology s roles should be: a) to support recordkeeping for learning, b) to assist planning
for learning, c) to provide or support instruction for learning (both the interactive task
environment and the just-in-time scaffolding), and d) to provide or support assessment for and
of learning fully integrated with the instruction.



5. Changed curriculum

» Expanded curriculum: Many important kinds of learning that are currently absent from the
curriculum should be added (and some removed).

»  Fundamentally restructured curriculum: The curriculum should be organized around the four
pillars of effective thinking, acting, relationships, and accomplishment rather than math,
science, literacy, and social studies.

Situational Principles

1. Task environment

*  An inauthentic task environment might be preferable: a) when it is more motivational for the
learner than an authentic environment, b) when it can prevent cognitive overload associated
with an authentic environment, or c¢) when it can be sufficiently safer or less expensive than an
authentic environment.

* Alearner-designed task might be preferable: a) when the available tasks from which to choose
are inadequate given the learner s learning needs and interests, b) when there is sufficient time
for the learner and teacher to design it, and/or c) designing a task is itself an important
learning goal.

* The task may be project-based, problem-based, inquiry-based, or maker-based, depending
mostly on the nature of what is to be learned.

2. Scaffolding

*  Scaffolding can be universal (initiated at a predetermined point in the performance of a task),
or triggered (when a certain learner action indicates it is needed), or requested (when the
learner asks for help).

* Scaffolding can be offered by the teacher, another learner, an expert in the task, or technology.

*  Scaffolding can be in the form of a leading question, or information, or a hint, or an
explanation (developing an understanding).

3. Learner roles

* The kinds and amounts of self-direction given to the learner should vary with the kinds and
levels of self-regulated learning skills the learner has developed.

- CMR., BJB., & RDM.

THE LEARNER-CENTERED PARADIGM OF EDUCATION

I. Introduction

Definition of Learner-Centered Education

The learner-centered paradigm of education stands in contrast to the teacher-centered paradigm. Based
on the work of the American Psychological Association’s Presidential Task Force on Psychology in
Education, McCombs and Whisler (1997) define learner-centered as:

The perspective that couples a focus on individual learners (their heredity, experiences, perspectives, backgrounds,
talents, interests, capacities, and needs) with a focus on learning (the best available knowledge about learning and
how it occurs and about teaching practices that are most effective in promoting the highest levels of motivation,



learning, and achievement for all learners). (p. 9) [emphases added]

Furthermore, that task force (American Psychological Association Presidential Task Force on
Psychology in Education, 1993) produced a report that identified 12 learner-centered psychological
principles (see Table 1.1). Research upon which those principles are founded is reviewed by McCombs
(1994) and Lambert and McCombs (1998). Additional supporting research is reviewed by Bransford,
Brown and Cocking (2000).

Importance of Learner-Centered Education

So, why is the learner-centered paradigm of education important? There are two major reasons, one on
the personal level and one on the societal level (Reigeluth & Karnopp, 2013). On the personal level,
since learners learn at different rates, time-based learner progress forces slower learners to proceed to
new material before they have mastered the current material, so they accumulate gaps in their learning
that make it more difficult for them to learn related material in the future, virtually condemning them to
fail. It also holds faster learners back, squandering their talents. Learner-centered education is the only
way to maximize every learner’s learning—to help all learners reach their potential.

TABLE 1.1 Learner-Centered Psychological Principles

Metacognitive 1. The nature of the learning process: Learning is a natural
and Cognitive process of pursuing personally meaningful goals, and it is
Factors active, volitional, and internally mediated; it is a process of

discovering and constructing meaning from information
and experience, filtered through the learner’s unique
perceptions, thoughts, and feelings.

2. Goals of the learning process: The learner seeks to create
meaningful, coherent representations of knowledge
regardless of the quantity and quality of data available.

3. The construction of knowledge: The learner links new
information with existing and future-oriented knowledge
in uniquely meaningful ways.

4. Higher-order thinking: Higher-order strategies for
“thinking about thinking” — for overseeing and monitoring
mental operations — facilitate creative and critical thinking
and the development of expertise.

Affective Factors 5. Motivational influences on learning: The depth and breadth of
information processed, and what and how much is learned and
remembered, are influenced by (a) self-awareness and beliefs
about personal control, competence, and ability; (b) clarity and
saliency of personal values, interests, and goals; (c) personal
expectations for success or failure; (d) affect, emotion, and
general states of mind; and () the resulting motivation to learn.

6. Intrinsic motivation to learn: Individuals are naturally

curious and enjoy learning, but intense negative cognitions

and emotions (e.g., feeling insecure, worrying about failure,
being self-conscious or shy, and fearing corporal punishment,
ridicule, or stigmatzing labels) thwart this enthusiasm.

Characteristics of motivation-enhancing learning tasks:

Curiosity, creativity, and higher-order thinking are

stimulated by relevant, authentic learning tasks of optimal

difficulty and novelty for each learner.

Developmental 8. Developmental constraints and opportunities: Individuals

Factors progress through stages of physical, intellectual, emotional,
and social development that are a function of unique
genetic and environmental factors.

Personal and Social 9. Social and cultural diversity: Learning is facilitated by social

Factors interactions and communication with others in flexible,
diverse (in age, culture, family background, etc.), and
adaptive instructional settings.

10. Social acceptance, self-esteem, and learning: Learning
and self-esteem are heightened when individuals are in
respectful and caring relationships with others who see
their potential, genuinely appreciate their unique talents,
and accept them as individuals.




TABLE 1.1 (rontinued)

Individual 11. Individual differences in learning: Although basic principles
Differences of learning, motivation, and effective instruction apply to

all learners (regardless of ethnicity, race, gender, physical
ability, religion, or secioeconomic status), learners have
different capabilities and preferences for learning mode and
strategies. These differences are a function of environment
{what 1z learned and communicated in different cultures or
other social groups) and heredity (what occurs naturally as
a function of genes).

12. Cognitive filters: Personal beliefs, thoughts, and
understandings resulting from prior learning and
interpretations become the individual’s basis for
constructing reality and interpreting life experiences.

On the societal level, as we have evolved from the Industrial Age to the Information Age (Toffler,
1970, 1980, 1990). Manual labor is giving way to knowledge work as the predominant form of work,
requiring that many more people be educated to higher levels than ever before. Only learner-centered
education can meet this need, which will benefit our economic competitiveness in a “flat” world
(Friedman, 2005), as well as our political system (through better informed voters and leaders) and
individual citizens’ ability to thrive in an increasingly complex digital world.

However, it is also important to keep in mind that there are situations where the sorting focus is
appropriate, such as when we want to select learners for special awards or programs that have limited
space like the Navy Seals. The learner-centered paradigm needs to become the predominant, rather than
the exclusive, paradigm. For more about this paradigm change, see Wagner and Dintersmith (2015).

Theoretical Foundations of Learner-Centered Education

At the core of learner-centered education is the belief that humans make sense or make meaning out of
information and experience in their own way. Because each person is unique in his or her nature (a
combination of DNA) and nurture (experiences), we each perceive, feel, and think about things
differently. The theoretical foundations of this belief stem from cognitivism, constructivism, and
humanism.

Cognitivism

Cognitivist theories such as information processing theory, schema theory, and mental models provide a
foundation that each learner has her or his own way to process information based on prior experience
and knowledge. Information processing theory tells us that how information is received and structured
within learners’ minds is subject to learners’ mental processes. Learners selectively pay attention to
incoming information, encode it within their short-term memory in their own ways, store it in long-term
memory in their own ways, and retrieve the information based on the way it was encoded (Miller, 1956;
Miller, Galanter, & Pribram, 1986). Thus, selecting, encoding, and retrieving information vary by
individual learners.

Schema theory states that knowledge is organized into units and structured based on their relationships
with other units. When new information comes in, learners use their own schema to process the
information. This schema is continuously and actively developed as learning occurs. Therefore, every
learner with different schemata has a unique way to process, store, and retrieve information (J.R.
Anderson, 1983; Ausubel, 1968; Schank, 1982; Schank & Abelson, 1977).

A mental model is a representation of the relationships between various parts in the surrounding
world. People selectively choose concepts that are important to them, symbolize the concepts in their
own ways, and create relationships among them according to how they perceive them. Therefore,
internalization of incoming information largely depends on individual learners and is affected by
learners’ prior experience and knowledge (Johnson-Laird, 1983).



Constructivism

Based on the epistemological belief that knowledge is subjectively and individually constructed rather
than that it exists external to the learner, constructivism lays down the fundamental theoretical foundation
of learner-centered education ( Jonassen, 1999; Lambert & McCombs, 1998). Constructivists such as
Piaget and Vygotsky state that knowledge is constructed while learners are engaged in social interaction
on the learning topic by experiencing disequilibrium, negotiating and finding an equilibrium through
assimilation and accommodation (Littleton & Hikkinen, 1999; Palincsar, 1998). Therefore, learning
should be designed to facilitate individual knowledge construction by helping learners engage in an
authentic task and meaningful conversation around the task.

Humanism

Carl Rogers (1951), one of the foremost psychologists of the 20th century, argued that the role of
therapists should be to free the client to solve his or her own problems, thereby realizing one’s full
organismic potential, rather than prescribing solutions that develop a false, ideal self based on the
expectations of others. He advocated applying this person-centered approach to education. Rogers
argued that humans have an innate desire to learn, but that a person cannot be taught directly; rather, one
can only facilitate the learning of another (Rogers, 1969). Therefore, learning must be self-initiated and
self-regulated, motivated by the person’s natural desire to learn those things that are necessary to
maintain and develop the self (Rogers, 1959). Consequently, the act of learning requires the full
participation of the learner, which means that the learner “chooses his own directions, helps to discover
his own learning resources, formulates his own problems, decides his own course of action, [and] lives
with the consequences of each of these choices” (Rogers, 1969, p. 162).

Early Pioneers

In this section, we introduce three early educational movements that led the way to learner-centered
education. We briefly present only key figures and ideas from these movements.

Dewey s Progressive Education

John Dewey was a principal figure in boosting American public schools and leading educational reform
from the 1880s. Dewey presented his educational theories in several books (e.g., Dewey, 1899, 1938;
Dewey & Small, 1897). Throughout his books, he maintained that learners learn when they are allowed
to experience, observe, and reflect on their own past and current experience, and all human experience
involves social interaction. Thus, education should be based on experience through a social process, and
the teacher should play the role of facilitator of the process rather than a dictator. He placed a heavy
emphasis on learners’ active participation and ownership in the learning process.

Montessori Education

In the 1900s, Maria Montessori, an Italian physician and educator, pioneered the Montessori education
system. Her educational philosophy places a heavy emphasis on development of a child’s independence,
children taking initiative, and development of natural ability through practical play. This educational
philosophy is based on the four distinct phases of child development that she observed from infants. She
developed appropriate educational methods and environments that can maximally realize natural child
development in each phase (Montessori, 1917, 2013). Some empirical studies on Montessori education
have revealed equivalent or higher educational outcomes compared to traditional education (Borman,
Hewes, Overman, & Brown, 2003; Dohrmann, Nishida, Gartner, Lipsky, & Grimm, 2007; Lopata,
Wallace, & Finn, 2005). A recent study that compared two Montessori programs with different levels of
implementation fidelity to a traditional program found that high-fidelity Montessori programs were



associated with positive effects in several academic outcomes (Lillard, 2012).

Carroll's and Bloom's Mastery Learning

In the 1960s, Carroll and Bloom criticized time-based learner progress of the traditional schooling
system (Bloom, 1968; Carroll, 1963). They argued that having all learners spend the same amount of
time on the same tasks would result in failing learners with low aptitude for the subjects. Therefore,
individual differences in aptitude should be taken into account by allowing individual learners to spend
as much time as they need to reach mastery.

Bloom’s famous synthesis of empirical research on mastery-based learning supported the
effectiveness of this approach. In his synthesis, when learners were given sufficient time to master the
current topic by checking their understanding through ongoing formative assessments and being given an
opportunity to address their learning deficiencies before moving on to the next topic, the achievement
level of the average learner in the mastery group was two sigmas higher than the average learner in the
conventional group, known as the 2-sigma effect. Other studies to date have reported consistent positive
outcomes for competency-based learner progress (S.A. Anderson et al., 1992; Kulik, Kulik, & Bangert-
Drowns, 1990; Light, Reitze, & Cerrone, 2009; Research & Policy Support Group, 2010).

I1. Values of LCI

The learner-centered paradigm of education is founded on the following values:

About ends (learning goals)

* Development of intrinsic motivation and love of learning is highly valued.
* Development of learner self-regulation skills (how to learn) is highly valued.

* Mastery of knowledge and skills is highly valued, including transfer to varied and real-world
contexts.

* Development of collaboration skills is highly valued.

* Emotional, social, and character development are highly valued, including empathy and desire to
contribute to one’s community.

About priorities (criteria for successful instruction)

» Effectiveness and intrinsic motivation of the instruction are more important than efficiency.

About means (instructional methods)

» The pace of instruction should be customized to each learner (attainment-based learner progress).

* The content of instruction should be customized to each learner (individual needs, interests, talents,
and goals).

* The methods of instruction should be customized to each learner (individual learning preferences).

* The methods of assessment should be customized to each learner (individual needs, interests, talents,
and goals).

* Intrinsic motivation and love of learning should be cultivated.

* Learners should typically learn by doing (task-centered instruction).

* Learners should receive just-in-time support while learning by doing (instructional scaffolding).
* Learners should learn much from peers through collaboration.

* Learners should be taught to set their own goals and manage their own instruction as much as



possible (self-determination, self-regulated learning).
» Learners should be involved in assessing their own learning (self-reflection, self-evaluation).

* Both formative and summative assessment should occur throughout instruction (continuous,
integrated assessment).

* Learners should make decisions about ends, priorities, and means.

About power (to make decisions about the previous three)

*  Empowering learners to make decisions about ends, priorities, and means is highly valued.

III. Universal Principles

There are some principles of education that we propose should always be manifest in truly learner-
centered education, while there are others that we believe should be present in some situations but not
others. We describe the universal principles here, followed by the situational principles in the following
section.

One of the key characteristics that distinguishes the Information Age from the preceding Industrial Age
is holism (integration of tasks) replacing compartmentalization (division of tasks). Consequently, it is
inappropriate to try to address instructional theory in isolation from other kinds of educational theories,
such as those for curriculum, learner assessment, recordkeeping, planning, and the proper use of
technology in education. Hence, we address universal principles in all these areas when appropriate.

We propose five foundational educational principles or guidelines for learner-centered education:

1. Attainment-based instruction: Learner progress should be based on learning rather than time.

2. Task-centered instruction: Instruction should be organized around the performance of authentic
tasks.

3. Personalized instruction: Instruction during task performance should be personalized.
Changed roles: The roles of the teacher, learner, and technology should be transformed.
5. Changed curriculum: The curriculum should be extended and reorganized.

The universal principles for learner-centered education are grouped into these five main categories.

1. Attainment-Based Instruction

To be truly learner-centered, instruction must be structured so that learner progress is based on learning
rather than on time (Bloom, 1968, 1981; Carroll, 1963; Reigeluth & Karnopp, 2013). While commonly
called competency-based instruction, there are important kinds of learning besides competencies, such
as dispositions (e.g., attitudes, values, morals, and ethics) and emotional development. Hence, we prefer
the more comprehensive term, attainment-based instruction. For learner progress to be based on
attainments, learner assessment must be criterion-referenced rather than norm-referenced, and learner
records must also be lists (or maps) of attainments rather than lists of courses with grades. Chapter 2
focuses on this principle.

Attainment-based instruction ensures that learners fully master the current topic before moving on to
the next topic. It helps learners to move at their own pace by allowing them to spend as much or little
time as they need on the current topic, which improves efficiency in the learning process by not making
fast learners wait for the rest of the class before they can move on, and by not forcing slow learners to
move on before they have mastered the material, so they don’t accumulate deficits in their learning that
make it more difficult for them to learn related material in the future. Attainment-based instruction
entails three components: attainment-based learner progress, assessment, and learner records.



1.1 Attainment-based learner progress

Each learner’s progress should be based on reaching the learning goals (standards and criteria for
mastery), rather than based on time.” This ensures that learners are not forced to move on to the next
topic without mastering the current one. It helps learners to effectively construct their new knowledge
based on pre-existing or pre-required knowledge and facilitates deep understanding of the subject matter
(American Psychological Association Presidential Task Force on Psychology in Education, 1993;
Bransford et al., 2000).

1.2 Attainment-based learner assessment

Each learner should be assessed through comparison with the criteria for mastery (criterion-referenced
assessment) rather than through comparison with other learners (norm-referenced assessment). The
purposes of assessment in attainment-based instruction are to check learners’ understanding, identify
learning deficiencies, and make sure learners reach a high enough level of mastery on the topic before
moving on. Criterion-referenced assessment is more appropriate than norm-referenced to serve these
purposes, as the domain to be tested is more narrowly and precisely defined, and there should be enough

items to thoroughly cover the content (Thorndike & Thorndike-Christ, 2010).~

1.3 Attainment-based learner records

Each learner’s records should be a list or map of individual attainments, rather than a traditional report
card with names of courses and letter or number grades. The traditional report card does not provide
information about learners’ competencies on specific topics and does not inform about the learners’
learning needs. Having a domain map of individual attainments helps teachers track learner progress
towards their learning goals, identify learning needs,and select appropriate instructional materials

(Miliband, 2006; Sturgis & Patrick, 2010).~

None of these three principles falls under what is typically thought of as instructional design theory. In
Volume 1 of Instructional-Design Theories and Models, Reigeluth identified five major categories of
educational theory: instruction, curriculum, counseling, administration, and evaluation (see Fig 1.1 in
Reigeluth, 1983). Within instructional theory, he identified design, development, implementation,
management, and evaluation as additional categories for theory. The term “instructional theory” is
generally thought to address only the instructional design category. However, the three principles
described here, which belong in the instructional management category, may have a greater impact on
learning than most instructional design strategies.

2. Task-Centered Instruction

To foster intrinsic motivation, instruction should be centered on authentic, collaborative tasks that are
interesting to the learner and appropriate to her or his levels of development. These include projects,
problems, inquiries, and other forms of learning by doing. However, scaffolding should be provided
within the task environment when possible, to accelerate learning and make it more motivating. Chapter
3 focuses on this principle. Chapters 6-10, 12, 14, and 15~ provide multiple examples of specific
instructional strategies that elaborate this principle.~

Task-centered instruction situates learners in an authentic environment in which they are likely to use
the new knowledge, and helps learners to better see connections with other knowledge and skills
(American Psychological Association Presidential Task Force on Psychology in Education, 1993;
Bransford et al., 2000; Merrill, 2013). Much research has revealed several educational benefits of task-
centered instruction, such as development of critical thinking, problem solving, creative thinking,
collaboration, communication, and meta-cognitive skills, as well as learners becoming more motivated
and self-directed (Barrows, 1986; Bell, 2010; Blumenfeld et al., 1991; Duch, Groh, & Allen, 2001;



Gijbels, Dochy, Van den Bossche, & Segers, 2005; Hmelo-Silver, 2004; Jonassen, 2000, 2004; Savery,
2006; Savery & Dufty, 1996; S endag™ & Ferhan Odabas 1, 2009; Torp & Sage, 2002).

2.1 Task environment

Most instruction should be organized around the performance of a task. The task should be:

» of great interest to the learner—relevant to the learner’s life—preferably either designed or selected
by the learner, with teacher and parent input;—

» aligned with the learner’s learning goals (which are typically selected by the learner based on
standards, with teacher and parent input);

» of significant duration—Ilasting for weeks or even months;

 within an immersive environment—real or virtual; 1t

« authentic or realistic, which typically makes them interdisciplinary.ttt

2.2 Scaffolding

Three types of scaffolding should be used whenever the task is too difficult for the learner: adjusting,
coaching, and instructing.”

* Adjusting. The complexity of the task should be adjusted to be neither too challenging nor too easy
for the learner. This is done by identifying conditions that make some real-world versions of the task
simpler than others. The learner’s record of attainments can then be used to select the most
appropriate level of complexity for the task.™

* Coaching. When the learner lacks some relatively easy-to-learn information to perform the task
well, the information should be provided just-in-time. However, that information should be tested

later for retention and possibly transfer, depending on the learning goals.”—

* Instructing. When the learner lacks an attainment that is difficult to learn through a single coaching
experience, then time on the task should be paused, and instruction (tutoring) should be provided
just-in-time until the attainment is mastered, at which point the learner resumes work on the task,
using the newly acquired attainment. Since this instruction is piggybacked onto the task environment,
it is often called “instructional overlay.”! Merrill (2013) is an outstanding resource for designing
such just-in-time tutorial instruction.

3. Personalized Instruction

To maximize learning, instruction should be personalized, with respect to the goals, the nature of the
tasks used to achieve the goals, the nature of the scaffolding provided during the task performance, the
nature of assessment of the learner’s learning and task performance, and the nature of reflection on the
learner’s learning and task performance. The principles for each of these five aspects of personalized
instruction are described here. Furthermore, instruction should be personalized based on learners’
competency level, learning or career goals, interests, and other characteristics. Chapter 4 focuses on
these principles. Instructional theories described in Chapters 6, 7, 10, and 14 implement many of these

principles. it

3.1 Personalized goals

Two kinds of goals should be personalized:*

* Long-term goals. Career and life goals should be discussed and established by each individual
learner, even though they are likely to change often. They provide extra motivation and direction for



learning.”
* Short-term goals. The learning goals to be pursued for the next project period should be discussed
and established by each individual learner. They provide the basis for task selection (see 3.2

below).”~=

3.2 Personalized task environment

Several aspects of the task environment should be personalized:!

* Task selection. The task itself should be personalized to the learner’s learning goals, interests, and
prior learning. This includes adjusting the task complexity to the level appropriate for the learner’s

development.tt

» Collaboration. The decision about whether to have teammates and who to have as teammates should
be personalized to the learner’s needs and preferences. ™t

* Self-regulation. The nature and amount of self-regulation should be personalized to the learner’s
self-regulation skills and developmental needs.*

3.3 Personalized scaffolding

Two aspects of the coaching and instructing should also be personalized:+

«  Quantity. The amount of coaching and instructing should be personalized to the learner’s needs.

* Quality. The nature of the coaching and instructing should be personalized to the learner’s needs and
learning styles.

3.4 Personalized assessment

Two aspects of assessment should be personalized:*

* Assessor. The choice of assessor of the performance (teacher, peer, computer system, or external
expert) should be personalized.

* Representation. The choice of representation or format for the demonstration of competence should
be personalized.

3.5 Personalized reflection

Two aspects of reflection should be personalized:=

* Learning process. The way the learner reflects on the process by which he or she learned during the
task should be personalized.

* Learning outcome. The way the learner reflects on the product or performance that results from
completion of the task should be personalized.”™™

4. Changed Roles

To implement the above principles of learner-centered instruction, the teacher’s role must change
dramatically, from the “sage on the stage” to the “guide on the side” (Reigeluth & Karnopp, 2013). The
teacher must be a co-designer (or co-selector) of learner work, a facilitator of learner work (provider of
scaffolding), and a caring mentor. The learner’s role must change from passive and teacher-directed to
active and self-directed (which is not an easy change for older learners). And technology’s role must



change from primarily a tool for the teacher to primarily a tool for the learner.® This includes four major
functions: planning for learning (selecting tasks and creating a personal learning plan for each learner),
instruction for learning (often providing an immersive task environment and a virtual pedagogical agent
for just-in-time scaffolding), assessment for/of learning (criterion-referenced and integrated with the
instruction, as in the Khan Academy), and recordkeeping for learning (a list or map of individual
attainments). These transformed roles are addressed throughout most of the chapters in this volume.

It is unusual for roles to be specified by instructional design theory, yet roles are critical for
successful implementation of any instructional strategy. Therefore, it is important to offer design
guidelines for the roles of the teacher, learner, and technology.

4.1 Teacher roles

The teacher’s role should be dramatically different in the learner-centered paradigm, as follows:

* Assist learners in setting goals. The teacher should help the learner to select long-term career
goals (“What do you want to be when you grow up?”’) and short-term learning goals, both those that
meet state standards and those that are of greatest personal interest to the learner.”

* Assist learners in designing or selecting tasks. The teacher should help the learner design or select
appropriate tasks to pursue his or her learning goals or, when appropriate, should do the designing
or selecting for the learner.” The teacher should also assist in decisions about whether to work in a
team and who the teammates should be. This work results in creating a personal learning plan or
learning contract.

» Facilitate task performance. The teacher should coach the learners as they work on their tasks.
This may occur on the level of individual skills needed to perform the task, or the level of higher-
order thinking skills such as self-direction and reflection, or the level of project management, team-

building, interpersonal relationships, and emotional development.”—
» Facilitate learning. The teacher should ensure that instruction is provided just-in-time when needed.

This goes beyond coaching by providing tutorials, including practice with immediate feedback, as
well as demonstrations and explanations. Often, such instruction is provided by technology or peers,

with monitoring by the teacher.t

* Help evaluate performance and learning. The teacher should ensure that both formative and
summative evaluation are provided within both the task environment and the instructional overlay (in

the scaffolding).” Again, such evaluation is often provided by technology or peers, with monitoring
by the teacher, and the results of the summative evaluations are recorded.

* Mentor the learner. Every learner should have a caring mentor who motivates and guides the
learner in all aspects of her or his development. This is particularly beneficial for learners who do

. . skok
not receive much emotional support at home.—

4.2 Learner roles

The learner’s role should include the following:

* Active learner. The learner should be an active rather than passive learner. This means learning by
doing rather than learning by listening, watching, or reading. =

* Self-regulated learner. The learner should be self-directed rather than teacher-directed, as much as
possible, given the learner’s self-regulation skills. The teacher should devote considerable effort to
developing those skills, including goal setting and designing or selecting tasks.

* Learner as teacher. The learner should engage in teaching things that she or he has just learned, for
this is as great a benefit to the one teaching as to the one being taught.™



4.3 Technology rolestt

To support learner-centered instruction, technology should be used whenever appropriate to serve the
following functions:

* Recordkeeping for learning. Provide a list or map of all standards that are possible to learn (not
just a “common core”), broken down to the level of individual skills, understandings, and other
kinds of attainments. Provide the capability to mark all of those attainments that have been mastered

by each individual learner (as is done by the Khan Academy).* And provide an inventory of each
learner’s characteristics that should influence the nature of the instruction for that learner, including
interests, learning styles, learning strategies, multiple intelligences, and much more.

* Planning for learning. Provide a tool to help each learner, in collaboration with his or her teacher
and parents, to select career goals, select short-term learning goals (e.g., for the next project period),
select tasks as vehicles for meeting those learning goals, select teammates (if any) for each task, and
create a personal learning plan or contract.

* Instruction for learning. Provide either an immersive, authentic, virtual, task environment or
suggestions for engaging in a real, local, task environment. Also, either provide virtual, just-in-time
coaching and instruction (“instructional overlay” or scaffolding), preferably through a virtual
pedagogical agent, or provide guidance for just-in-time peer and/or teacher coaching and instruction.

» Assessment for and of learning. Provide for formative evaluation for learning through immediate
feedback on learner performances in the instructional overlay. Also, provide for summative
evaluation of learning through immediate determination of whether the learner has met the criterion
for mastery in the instructional overlay (e.g., the last 10 practice items correct without assistance).
Finally, provide for formative and summative assessment of team performance in the task
environment.

5. Changed Curriculum

What to teach is considered curriculum theory, in contrast to instructional theory, which is concerned
with how to teach it. Yet, this is an aspect of paradigm change that is arguably as important as
instructional theory, assessment theory, and other dimensions of educational theory (educational
superstructure) such as attainment-based learner progress and new roles for teachers, learners, and
technology. Therefore, it is important to offer principles about what should be taught.

To be truly learner-centered, instruction must address all important aspects of each individual
learner’s development, including emotional, social, and character development, as well as cognitive and
physical development. It must also be reorganized in a way that is more closely related to people’s lives
and more interdisciplinary, such as thinking effectively, acting effectively, relating effectively, and
accomplishing effectively. Chapter 5 focuses on this principle. Chapters 6, 7, and 14, focused on
production-oriented instruction, describe the implementation of instruction that is not constrained by
current academic curriculum alignment.

5.1 Expanded curriculum

The Partnership for 21st Century Skills (n.d.) has identified particular attainments that fall into these
categories: 1) core subjects (the 3 Rs) and 21st-century themes; 2) learning and innovation skills
(creativity and innovation, critical thinking and problem solving, and communication and collaboration;
3) information, media and technology skills (information literacy, media literacy, and technology
literacy”); and 4) life and career skills. Furthermore, Daniel Goleman (1995, 1998) popularized the
understanding that emotional development is more important than cognitive development to a person’s
success in life. Emotional and social development, largely overlooked in the teacher-centered paradigm
of education (and training), should therefore be addressed. Mental and physical health is equally
important to the individual and society. And attitudes, values, morals, and ethics are also important to



the success of individuals, families, communities, and entire countries. However, adding so much to the
curriculum would be problematic, even with the considerably greater efficiency of learner-centered
instruction, so paradigm change is needed within the curriculum and some elements of the current
curriculum should no longer be required of all learners.

5.2 Fundamentally restructured curriculum

Prensky (2014) has proposed a fundamental redesign of the P-16 curriculum, from being organized
around the four pillars of math, science, literacy, and social studies, to being organized around the four
pillars of effective thinking, effective acting, effective relationships, and effective accomplishment.
Many elements of the current curriculum would still be taught, but they would be reorganized. For
example, effective thinking would include mathematical thinking and scientific thinking, as well as
critical thinking, problem solving, design thinking, systems thinking, and self-knowledge of one’s

. skek
passions, strengths, and weaknesses, among others.—

IV. Situational Principles

In Chapter 1 of Volume III of Instructional-Design Theories and Models, Reigeluth and Carr-Chellman
(2009) described that methods (and therefore the principles that encompass them) exist on a continuum
ranging from high generality (universal, used in all situations) to low generality (local, or only used in
rare situations). The authors also described that methods (and therefore principles) exist on a continuum
ranging from highly imprecise to highly precise in the guidance they provide. The more precise a
principle or method, the more useful yet local (narrow) it is likely to be. The principles described above
are highly imprecise but serve to provide a useful “big picture” of learner-centered education.

The remaining chapters in this volume provide greater precision and thereby greater usefulness to
designers, educators, and trainers. However, we also offer here some situational variables
(situationalities) that call for variations in the methods described in the above principles. Of course,
there are many more situationalities not described here, with correspondingly more detailed
descriptions of the methods and guidance for each. Here we just identify ones we believe are most
important.

Principle 2.1: Task Environment. One aspect of this principle is that the task should be authentic or
realistic. However, some fantasy task settings can be powerful vehicles for learning. The universal
aspect of this principle is that the nature of the performance should be authentic, so the cognitive
processing will be authentic and thereby transfer to real settings. However, the task environment within
which the learning occurs does not always have to be authentic. Some situations in which an inauthentic
environment would be preferable include: a) when it is more motivational for the learner than an
authentic environment, b) when it can prevent cognitive overload associated with a truly authentic

. . . . . . k
environment, or ¢) when it can be sufficiently safer or less expensive than an authentic environment.-

Principle 2.1: Task Environment. Another aspect of this principle is that the task should be of great
interest to the learner. This can be accomplished in different ways: by helping the learner to select a task
or by helping the learner to design his or her own task. Designing might be preferable: a) when the
available tasks from which to choose are inadequate given the learner’s learning needs and interests, b)
when there is sufficient time for the learner and teacher to design it, and/or ¢) designing a task is itself an
important learning goal.

Principle 2.1: Task Environment. The task may be project-based, problem-based, inquiry-based, or
maker-based. The selection of each of these variations depends mostly on the nature of the task needed,
which in turn depends on the nature of what is to be learned. For example, in medical school, problems
are much more common than projects, whereas in instructional design programs, projects are much more
common than problems. Inquiry-based tasks tend to be more appropriate for basic science (descriptive
theory), whereas maker-based tasks tend to be more appropriate for applied science (design theory).

Principle 2.2: Scaffolding. Just-in-time coaching and instructing can be universal (initiated at a



predetermined point in the performance of a task for all learners), or triggered (when a certain learner
action indicates it is needed), or requested (when the learner asks for help). Triggered is likely
preferable when efficiency of learning is more important than developing self-regulated learning skills.
Universal is likely only preferable when cost or logistical factors are paramount.”

Principle 2.2: Scaffolding. Just-in-time coaching and instructing can also be offered by the teacher,
another learner (peer), an expert in the task, or technology. In a classroom situation, it may be preferable
for it to be offered by another learner (because this tends to help the other learner as well, to build
relationships among learners, and to be least expensive). If that doesn’t work, then it will likely be best
for it to be offered by the teacher. But if an outside expert in the task is available and the difficulty the
learner is having is of sufficient magnitude, the outside expert is usually the best option. In a computer
system (simulation or virtual learning environment), it is preferable to use a virtual coach if the number
of learners justifies the expense of creating the virtual coach and sufficient budget is available.

Principle 2.2: Scaffolding. Just-in-time coaching can be in the form of a leading question or
information or a hint or an explanation (developing an understanding). This depends largely on the kind
of learning and kind of learning problem the learner has. Questions and hints tend to cause deeper
cognitive processing and better understanding and retention. Providing information and explanations
tends to be quicker (more time efficient). Information tends to be useful for lower levels of learning,
while explanations are more useful for higher levels.

Principle 4.2: Learner roles. The kinds and amounts of self-direction given to the learner should
vary with the kinds and levels of self-regulated learning skills the learner has developed.

These are but a few of the many situational principles that can be identified as we provide more
detailed guidance for each of the universal principles. The remaining chapters in this volume provide
additional guidance within this big-picture view of the learner-centered paradigm of education.

V. Closing Remarks

The learner-centered paradigm of education is fundamentally different from the teacher-centered
paradigm. The universal principle of attainment-based instruction means that grade levels, grades, and
even classrooms as we know them are inappropriate and detrimental to learner success. Consequently,
best practices for the teacher-centered paradigm typically bear little resemblance to best practices for
the learner-centered paradigm. Furthermore, to be useful, research on design theory for the learner-
centered paradigm needs to be conducted within that paradigm, or the results will be suspect.

This means that there is a strong need for researchers and theorists to work in school systems that
conform to the basics of the learner-centered paradigm. Fortunately, there are many such systems

already. In 2012 a research team at Indiana University! identified over 140 such systems (see Appendix
A in Reigeluth & Karnopp, 2013).

There is also a strong need for educators to recognize that the features of a learner-centered school
system cannot be adopted one at a time. This would akin to trying to transform a railroad into an airline
one feature at a time. Fundamental changes in just a few features makes those features incompatible with
the rest of the system, which consequently tries to change them back. A “critical mass” of features must
be changed all at once, so that they will exert more pressure on other features to change than the other
features will exert on the transformed features to change back. For more about the transformation
process, see Chapter 4 in Reigeluth and Karnopp (2013).

It is our sincere hope that readers of this book will join the effort to advance knowledge about the
learner-centered paradigm and contribute to the transformation process for the benefit of our children,
their communities, and their country.
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Notes

| %

Editors note: This is addressed by Principle 3 in Chapter 2, Principles for Competency-Based Education; by
Principle 5 in Chapter 10, Designing Instructional Coaching, and by several principles in Chapter 9, Designing
Instruction for Self-regulated Learning. While none of the approaches in Unit 3 explicitly advocates this
principle, all seem compatible with attainment-based approaches.

| %

Editors’note: This is elaborated by Principles 4-6 in Chapter 2, Principle 4.8 in Chapter 8, Designing Games
for Learning, Principle 3 in Chapter 9, and Principles 1.1 and 4.2 in Chapter 11, Designing Technology for the
Learner-Centered Paradigm of Education.

*
*

Editors note: This is addressed by Principle 7 in Chapter 2 and Principle 1.2 in Chapter 11.

I*l

Editors’note: The just-in-time instruction described in Chapter 15 specifies engagement in tasks that may be
simpler and shorter in duration than tasks as described in this chapter and Chapter 3.

*

**  Editors’note: Content gamification of instruction as described in Chapter 13 emphasizes engaging learners in
activities that offer meaningful choices and foster a sense of autonomy. These activities could be structured as a
series of increasingly challenging tasks with scaffolding and feedback.

*** Editors’note: This is elaborated by Principle 1 in Chapter 6, Designing Maker-Based Instruction, Principle 1
in Chapter 7, Designing Collaborative Production of Digital Media, and Principle 1 in Chapter 9.

1 Editors’note: This is elaborated by Principle 3 in Chapter 6 and Principle 1 in Chapter 10.

it Editors’note: This is elaborated by Situational Principle 1 in Chapter 6, Principle 1.2 and Principle Category
2 in Chapter 8, and Principle 3 in Chapter 14.

11t Editors’ note: This is addressed by Principle 1 in Chapter 3, Principle 5 in Chapter 6, and Principle 1.2 in
Chapter §.
*  Editors’note: This is elaborated by Principle 4 in Chapter 6 and Principle Category 3 in Chapter 8.

**  Editors’note: This is elaborated by Principle 3.1 and Situational Principal 5.1 in Chapter §.



*** Editors’note: This is elaborated by Principle 3.2 and Situational Principle 5.2 in Chapter 8.
1 Editors’note: This is elaborated by Principles 2—5 in Chapter 3 and Principle 3.3 in Chapter 8.

i1 Editors note: While Chapter 12, Designing Instruction for Flipped Classrooms, does not directly address
personalizing instruction, it embraces the idea that a community of learners will adapt designed instruction to
meet its needs. Similarly, in the just-in-time approach discussed in Chapter 15, learners exert great influence on
in-class instruction because it is adapted based on the learners’pre-class activities and expressed
understandings.

*  Editors’note: These are both elaborated by Principle 1 in Chapter 4, Principles for Personalized Instruction,
Principle 2 in Chapter 9, and Principle 1 in Chapter 10.

**  FEditors note: This is elaborated by Principle 2.1 in Chapter 11.
*** Editors ’note: This is elaborated by Principle 2.3 in Chapter 11.
i Editors’note: These are elaborated by Principle 2 in Chapter 4, Principle 1 in Chapter 7, and Principle 3.1 in

Chapter 11.

i1 Editors’note: This is elaborated by Principles I and 3 in Chapter 6, Principle 1.6 in Chapter 8, Principle 2 in
Chapter 10, and Principle 2.4 in Chapter 11. Aspects of gamification discussed in Chapter 13 could apply
personalization by structuring the content so that many paths through a variety of increasingly difficult tasks
are available to learners.

i1t Editors’note: This is elaborated by Principle 1.6 in Chapter 8 and Principle 2.5 in Chapter 11.
1 Editors’note: This is elaborated by the third situational principle in Chapter 9.

it Editors’note: These are elaborated by Principle 3 in Chapter 4, Principle 6 and Situational Principle 3 in
Chapter 6, most of the principles in Chapter 10, and Principle 3.2 in Chapter 11.

Iit Editors’note: This is elaborated by Principle 1.4 in Chapter 8.

*  Editors’note: These are elaborated by Principle 4 in Chapter 4, Principle 3 in Chapter 6, Principle 3 in
Chapter 7, Principle 5 in Chapter 10 and Principle 4.1 in Chapter 11.

**  Editors note: These are elaborated by Principle 5 in Chapter 4, Principle 2 in Chapter 7 and Principle 6 in
Chapter 10.
*** Editors’note: This is elaborated by Principle 7 in Chapter 6.

1 Editors’note: The approach to mobile learning discussed in Chapter 14 emphasizes these changed roles, with
teachers being much more facilitative, learners being much more self-regulating, and the affordances of mobile
technology being a critical factor in the learning experience.

*  Editors’note: This is elaborated by Principle 1 in Chapter 4, throughout much of Chapter 5, Principle 3 in
Chapter 6, and Principle 1 in Chapter 7.

**  Editors note: These are elaborated by Principle 2 in Chapter 4, Principle 4 in Chapter 6, Principle 2 in
Chapter 9, and Principles 2 and 3 in Chapter 14.

*** Editors’note: These are elaborated by Principle 1 in Chapter 3, Principle 3 in Chapter 4, Principle 5 in
Chapter 6, Principle 1 in Chapter 9 and Principle 2 in Chapter 10.

1 Editors’note: These are elaborated by Principles 1-5 in Chapter 3, Principle 3 in Chapter 4, Principle 6 in
Chapter 6, and Principles 3, 4, and 5 in Chapter 10.

*  Editors note: These are elaborated by Principles 5 and 6 in Chapter 2, Principle 4 in Chapter 3, Principle 4 in
Chapter 4, and Principle 2 in Chapter 7.

**  Editors note: This principle is not addressed by many theories in this volume, due to their focus on academic
learning to the exclusion of educating the whole learner. However, Principle 4 in Chapter 7 does address
academic mentorship.

*** Editors’note: This is elaborated by virtually all the chapters in this volume.

i Editors’note: This is elaborated in greatest depth by all of Chapter 9.

it Editors note: This is elaborated by Principles 3 and 4 in Chapter 4 and Principles 2—4 in Chapter 7.

111 Editors’note: This is elaborated in detail in Chapter 11.

Editors’note: This is addressed by Principle 3 in Chapter 13, Gamification Designs for Instruction.

Editors’ note: These skills are a particular focus on Chapter 14, Design Considerations for Mobile Learning.
Editors note: This is elaborated extensively by all of Chapter 5.
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Editors’ note: Chapter 8 provides an illustration of this situational principle, since many game-based
instructional environments create immersive yet inauthentic environments that are instructionally effective.

Editors’note: This is elaborated by Principle 6 in Chapter 6.
The research team, led by Dabae Lee, included Yeol Huh, Chun-Yi Lin, and Charles M. Reigeluth.
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EDITORS’ FOREWORD
Preconditions (when to use the theory)

Content

* CBE can guide the mastery of all content.

Learners

» Self-motivated and older learners tend to do better in CBE, as do students with previous CBE
experience.

Learning environments

» CBE is easier to implement in environments where time is flexible.

Instructional development constraints

* Individual competencies must be identified, which requires significant development time.

Values (opinions about what is important)

About ends (learning goals)

* Learning is both explicit and measurable.
* Each individual student’s successful learning is highly valued.

* The learning experience should be driven by a documented gap between what the learner
knows and what she or he needs to know.

About priorities (criteria for successful instruction)

» Effectiveness is more important than efficiency or appeal.

About means (instructional methods)

» Time is only a proximal measure of learning.
*  Allowing each student sufficient time to learn is highly valued.
* Demonstration provides proof that learning has occurred.

* The instructor s role should be transformed from the keeper and purveyor of information to
facilitator of learning.

About power (to make decisions about the previous three)

» Learners should play a critical role in establishing assessment expectations.

Universal Principles

1. State competencies based on desired learner performance



3.

4.

The statement of each competency should indicate its domain (cognitive, affective, or
psychomotor); its level in Bloom's taxonomy;, its measurement context, its criteria and
threshold for learner mastery; and how it should be adjusted to the prior experiences, traits,
characteristics, and needs of the learner.

Each competency statement should use active and specific language unambiguously.

Competency statements should be clear, with tight definitions of what the learner needs to
demonstrate, and compatible with other competency statements. This requires consensus on
vocabulary and performance assessment.

Complex competencies should be decomposed into observable behaviors and measurable
competency Statements.

The learning outcomes and expected performance should be clearly understood by the learner
and teacher before the instruction begins.

Use scaffolding to support achievement of an entire set of competencies

Scaffolding should be used to demarcate a clear pathway or map showing alternative
sequences for the learner to achieve a set of competencies, as well as linkages among the
competencies.

The sequence of competencies should be adjusted based on learner experience.

Structure competencies to accelerate learning

Learner progress should be based on mastery rather than time.
Competencies should be customized to fit the preexisting knowledge of each individual learner.

The structure of the CBE program should not be too elaborate. Exclude superfluous steps to
mastery of a competency.

Competency assessments should be criterion-referenced, personalized,

and flexible

5.

Competency assessments should be criterion-referenced rather than normative (comparing
Students to each other).

The methods and techniques by which competencies are assessed should be flexible, be
designed to fit the individual, and provide teachers and learners a framework in which to
experiment.

Competency statements determine appropriate assessments

Learners should know a priori how they will be assessed. This will help them to direct their own
learning.

Competencies should be assessed frequently to inform the learner and teacher.

Assessments should be guided by predefined rubrics that specify the level of performance
required.

Assessment (including by self and peers) should be done through demonstrations of learning.

Higher levels of learning should be assessed by decomposing them into part tasks that can be
demonstrated and measured.

Learners should participate in determining how they will be assessed.

CBE should assess the extent to which learners can generalize or transfer a given competency
to diverse situations.



6. Balance the use of locally and commercially developed assessments

Commercial assessments may not provide guidance to improve student learning. In such cases,

faculty-developed assessments should be developed and used.

Commercial assessments should only be used if they accurately and meaningfully measure
mastery of the student s education goals.

7. Implement a CBE tracking system

Systematic recording of each learner s mastery of competencies is critical and more difficult
than recording accumulated credit hours and clock hours.

Try to find or create technology tools to use for competency tracking.

8. Successful CBE instruction requires evaluation

Evaluation of the CBE instruction should be an integral part of the instructional process and
used to improve the instruction

Frequent assessment of competencies should guide the recalibration of competencies based on

previous learner performance.

Situational Principles

When only part of a program changes to CBE, some features cannot be implemented, such as
organizing instruction around tasks instead of courses, student progress based on learning
rather than time, student records in the form of lists of competencies attained rather than
norm-referenced grades, and use of direct rather than indirect assessment.

The assessment of a higher-order competency may make it unnecessary to assess its sub-

competencies. Conversely, continuous assessment of sub-competencies as they are learned may
make it unnecessary to have a final, higher-order assessment.

Implementation Challenges

CBE requires changes to the traditional instructional and business models in education.

Teachers’ mental models, knowledge, skills, and desire to engage in the change all need to be
developed for successful CBE.

Full implementation of CBE requires significant resources, leadership, and other capabilities.
Learners and faculty may resist the shift to CBE.
Continuous improvement will be an important element in CBE implementation.

Administrative support is key to CBE implementation and whether CBE can be scaled or
sustained.

When an organization decides to move toward locally developing assessment, formal training
of faculty and staff are required.

It may become necessary to rearrange or streamline the course structure.

It may be difficult to strike the right balance between granularity (unique competencies) and
interoperability (general competencies).

Insufficient technological tools are available to support the student and teacher in CBE.
Accurate measurement will require teacher training.

Given the complexity of implementing CBE, periodic use of an organizational evaluation
checklist may be helpful.

- CMR., BJB., & RDM.



PRINCIPLES FOR COMPETENCY-BASED EDUCATION

I. Introduction

This chapter explores the connections between instructional design and competency-based approaches
to education, especially how these connections can help people learn more effectively. Chapter 1 in this
volume makes the case for attainment-based education, an approach that not only incorporates what most
practitioners have in mind when referring to competency-based education, but extends the paradigm
somewhat to consider other concepts including dispositions, values, and emotional development. While
these two terms may eventually become synonymous to many practitioners, we use the more ubiquitous
term, competency-based education, throughout this chapter.

Our focus is to recognize the designer’s role in organizing content, activities, and assessments to
improve learning. We do so by presenting and reviewing principles for the effective design of
competency-based education, principles that can also be used to develop and improve attainment-based
education. An instructional designer is frequently a team member working with subject-matter experts,
assessment experts, graphic specialists, and/or instructors who facilitate desired learning. Each role
will benefit from clear design principles that can improve the effectiveness, efficiency, and appeal of
instruction. While most of this chapter’s discussions center on postsecondary education, the principles
and practices explored here are also applicable for K-12 education as well as the wider non-credit and
workplace training arenas.

Competencies challenge century-old traditions for measuring and reporting learning progress. That is
to say that educators have become accustomed to relying on time spent on structured learning activities
as a proxy for documenting learning. In 1910, the Carnegie Foundation for the Advancement of Teaching
developed the standard units of time for higher education (credit hour) and secondary education (student
hour) as the preferred form of academic currency. However, this standardization moved the instructional
focus to “the efficiency and productivity of educational institutions in a manner similar to that of
industrial factories” (cited in Barrow, 1990, p. 67).

The Imperative and Context for Competencies

Competency-based education (CBE) provides a fresh look at learning because it shifts the focus from
seat time as a passive activity to active and intentional demonstrations of learning. While its history is
now more than five decades old, recent recognition of its utility in demystifying educational processes
by linking learning to measurement has brought CBE increasingly to the forefront. In K-12 education,
adoption of the Common Core State Standards by 42 states and the District of Columbia has accelerated
interest in measuring student learning.! New Hampshire, for example, has established a CBE system that
translates the new core standards into actual skills (Education Week, 2015). Higher education
periodicals and the national press document CBE’s potential and actual impact on policymakers,
academic leaders, foundations and institutions, chiefly as a perceived faster route to completion of
degrees and certificates. It is now estimated that 500,000 students across 750 colleges will be enrolled
in CBE programs by the year 2020 (Eduventures, 2015). The federal government recently reminded
postsecondary institutions that it is permissible to award student financial aid for programs that are not
directly tied to the credit hour (U.S. Department of Education, n.d.).

At the K-12 level, a handful of states are using CBE to reinvent secondary education. New Hampshire
is initiating high school redesign that replaces the time-based Carnegie unit with a competency-based
system focused on personalized learning (U.S. Department of Education, n.d.). Oregon has a long history
in CBE that culminates at the secondary level in a Certificate of Initial Mastery (CIM), Certificate of
Advanced Mastery (CAM) and Proficiency-based Admissions Standards System (PASS) for entry into
that state’s public higher education system (Oregon Department of Education, n.d.). Most institutions of
higher education have some experience in providing options for students to receive credit for learning
occurring outside of the college classroom. The Council for the Advancement of Experiential Learning
(CAEL) has advocated for CBE since the early 1970s (CAEL, n.d.). CAEL pioneered the concept of



Prior Learning Assessment and established guidelines for the evaluation and assessment of an
individual’s life learning for college credit, certification, or advanced standing toward further education
or training. The American Council of Education’s College Credit Recommendation Service connects
workplace learning to college credit by publishing equivalency guides for formal courses and
examinations taken outside traditional higher education degree programs (American Council on
Education, n.d.).

What is now different at the postsecondary level is the adoption of direct assessment by a handful of
institutions. The traditional process for exchanging competencies for credit meant mapping a set of
competencies from students’ learning experiences to time-linked courses and programs, a process known
as indirect competency assessment. In direct assessment, the award of credit is based entirely on
assessed learning, not indirectly on time spent in existing courses. Northern Arizona University recently
created a competency-based personalized learning program for which students are issued two
transcripts. The first is a traditional academic transcript, and the second directly describes their
proficiency in pre-defined competencies and concepts required for their degree.

Resurgent interest in competencies is accompanied by important cautions. Situationally, some students
may be more likely to succeed in CBE than others. Recent literature suggests that self-motivated learners
are a better match for CBE than are younger, less mature, or less motivated individuals (Wang, 2015).

CBE models fit the lifestyles of older students” who are beset with other non-collegiate obligations and
for whom time is a premium. There are exceptions, of course, to generalized findings; it would seem
logical that students in K-12 education that have experience in mastery learning might succeed in a
higher education CBE program at a higher rate than former K-12 students without this background. There
is a paucity of research, however, that connects student backgrounds, dispositions, and experiences to
eventual success in CBE, meaning that precise guidance about what types of learners are the best match
for CBE and under which circumstances is not immediately available to designers and instructors.

Competencies in other contexts

In addition to traditional education providers and K-12 educators, CBE is found in both mature and new
contexts.

Unique classes, training sessions, or self-directed learning. CBE can animate one or more learning
experiences within a given course or training session not linked to a full CBE program or curriculum.
Particularly valuable to the learner is the practice of combining these competencies into one or more
bundles that may have currency with employers, institutions of higher education, and other walks of life
that require the demonstration of specific skills.

Industry-defined certifications. Certifications may also be earned apart from postsecondary
education providers, including private certifiers, corporations, professional societies, and trade groups.
Certifications are portable across the same industry or other allied industries, and since they are earned
against a recognized standard, they are attractive to employers. Postsecondary certificate and degree
programs can embed competencies required for industry certification within their curriculum, preparing
the learner for the option of taking the certifying exam.

Learning as badges. Learning opportunities designed around a competency-based approach may
result in the award of academic credit from an accredited higher education institution, may generate
noncredit certificates of completion, or can result in “badges.” Typically issued by organizations outside
of traditional postsecondary providers, badges have become visible symbols of competency attainment.
There is no current national or international standard for badges, which, in turn, raises questions of
legitimacy among traditional education providers.

Theoretical Foundations

Defining competencies



Conflicting definitions of competencies and competency-related concepts and vocabulary abound.
Differences in terminology and constructs also plague the larger field of instructional design (Reigeluth
& Carr-Chellman, 2009a). The touchstone U.S. Department of Education report, Defining and Assessing
Learning: Exploring Competency-Based Initiatives (Jones, Voorhees, and Paulson, 2002), lamented the
definitional nuances and personal vocabulary choices that impede competency-based practice. This
semantic stew includes many variations: competencies, goals, skills, traits, characteristics, objectives,
domains, proficiencies, attainments, and outcomes. In a work nearly four decades old, Spady identified
tension between practical and theoretical definitions of the CBE movement as “a bandwagon in search
of a definition” (1977, p. 9).

Overlap and dissimilarities punctuate other educational approaches that make use of competencies.
For example, outcomes based education (OBE), mastery learning, proficiency-based learning, and
performance-based education are either directly subsumed by CBE or, to many observers, are
synonymous. The vocabulary of mastery learning is most prevalent in elementary schools, less common
in middle and senior high schools, and infrequently used at the college level (McCowan, 1998). While
practitioners use mastery learning and CBE interchangeably, an important distinction should be
observed. Competencies incorporate not simply an outcome, but also an expected level of performance
so that the learner can demonstrate her or his mastery. In that light they are key to “performance based
learning systems that document that a learner has attained a given competency or set of competencies”
(Moorhees, 2001, p. 8).

By moving the emphasis from outcome to performance, we suggest that competencies define
themselves by the uses to which they are put, rather than a narrow definition based on personal choice or
even tradition. The reader requires some guidance, and to that end we favor the straightforward
definition offered by the 2002 U.S. Department of Education report that one of the present authors co-
authored (Jones et al., 2002). Namely, a competency is “the combination of skills, abilities, and
knowledge needed to perform a specific task” (p. 8).

Accenting the practical, Figure 2.1 depicts the relationship among the concepts and vocabulary used
in this chapter. Each rung is thought to influence those rungs above and beneath. The first rung consists of
prior experiences, traits, and characteristics that form the foundation for learning upon which further
experiences can be built. Differences in prior experience, traits, and characteristics can be used to
explain why people pursue different learning experiences and acquire different levels and kinds of
skills, abilities, and knowledge. These are developed through learning experiences, broadly defined to
include, among other possibilities, not only classroom instruction, but also work and participation in
community activities. Competencies in this figure are the result of integrative learning experiences in
which skills, abilities, and knowledge interact to form combinations of learning germane to the task for
which they have been assembled. Finally, demonstrations of competency attainment form the apex of

Figure 2.1.

Bloom's Taxonomy and mastery learning
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(Adapted for this chapter from Jones, Voorhees, and Paulson, 2002)

If the structure of Figure 2.1 looks familiar to instructional designers, it could be because of its
similarities to Bloom’s (1956) classification of learning behaviors. Bloom’s Taxonomy also is depicted
as a pyramid with knowledge at the lowest level and evaluation at the top. Bloom identified three types
of learning: cognitive (knowledge), affective (attitude), and psychomotor. Six major categories define
Bloom’s cognitive domain. Starting from the simplest to the most complex, with increasing degree of
difficulty and behaviors required, these categories are: knowledge, comprehension, application,
analysis, synthesis, and evaluation. Lower-level categories are normally mastered before the learner can

proceed upward to the next category.”

The affective domain includes how learners deal with emotions, such as feelings, values, motivations,
and attitudes. Krathwohl, Bloom, and Masia (1964) array affective categories hierarchically from
bottom to top: receiving phenomena, responding to phenomena, valuing, organization, and internalizing
values.? The psychomotor domain is characterized by progressive levels of physical skill development
from observation to mastery. Beyond the traditional classroom, Bloom’s work is influential in the
training world. Trainers frequently refer to Bloom’s cognitive, affective, and psychomotor domains as
KSAs (knowledge, skills, and attitudes). In other countries, especially within the European Union,
Bloom’s Taxonomy and similar frameworks are subsumed under the label of KSC, short for knowledge,
skills, and competences (see, for example, Winterton, Delamare-Le Deist, & Stringfellow, 2006).
Bloom’s Taxonomy has also been subject to suggested revisions to incorporate active learning strategies
(Anderson, Krathwohl, Airasian, Cruikshank, Mayer, Pintrich, Raths, & Wittrock, 2001).

Learner-centered approaches and competencies

The foundations set by Dewey (1902), Taylor (1903), Thorndike (1918), Skinner (1957, 1958), and
Gagné (1985) support the tasks of describing, analyzing, and measuring learning, the basis of
competency-based approaches. The common ties among the learner-centered paradigm, those
researchers’ advocacy for the scientific method applied to education, and leadership for assessing
learning propel the competency-based movement.

CBE lends specificity to the learning experience by identifying not just key learning tasks, but also a
framework for learner progression toward a desired outcome. In other words, CBE meets learners
where they are on a predefined set of learning expectations and follows them along the entire sequence
they need to succeed. This learner-centered approach is transparent and simultaneously provides
learners a firm idea of the expectations before them and a map to navigate the journey. A visible system
of intended progression for competency attainment helps learners to distinguish with greater precision
which competencies they have attained, thereby defying the notion that learning happens by osmosis and
spreads only by happenstance. When learners understand that a given competency or set of competencies
leads, in turn, to other competencies, they can more actively engage in their own educational
experiences.

I1. Values Underlying Competency-Based Education

A series of interrelated values underpin the design of CBE. In our experience these values are inherent
in competency-based instruction.

* The individual and her or his successful learning is the focus.
» Learning is both explicit and measureable.
* Learners are a critical element in establishing assessment expectations.

* A documented gap between what the learner already knows and what she or he needs to know drives
the learning experience.

* Demonstration provides unambiguous proof that learning has occurred.
» Time is critical, especially for individuals with other life obligations.



* Time is an imperfect measure of learning,

* The transformation in instructor role from purveyor of information to facilitator of learning is healthy
for learners as well as instructors themselves.

III. Universal Principles

Table 2.1 is a distillation of design principles for the development or strengthening of competency-based
instruction drawn from our practical experience and from synthesizing sources found in this chapter’s
reference section. We believe there are “many paths to the river” for assessing and measuring learning
that can speed learner progress. Excellent competency-based instruction will make use of clear
principles to fulfill its promise. Table 2.1 summarizes the principles we propose.

Principle 1: State competencies based on desired learner performance

Learners advance through a competency-based curriculum when they demonstrate mastery of explicit
skills and knowledge needed for success. Fully formed competency statements set the stage for this
mastery. A first and fundamental part of any competency statement is whether the learner will be
required to demonstrate cognition, affective behavior, or psychomotor skills for a given competency
statement. The second part is to locate expected learner performance along the continuum from recall to
synthesis found in Bloom’s Taxonomy or its suggested revisions (see for example, Krathwohl, 2002).
For example, will the learner be expected only to demonstrate rote memory (as in recall), to apply a
skill correctly, or will she or he be expected to integrate and synthesize concepts that suggest a higher-
order mastery? A third part of the statement is to determine the measurement context. For example, will
the learner be asked to write a paper or essay? Will she or he be required to make a verbal
presentation? Is a physical demonstration necessary? Will a role-playing exercise be the context in
which performance is judged?

A fourth part of a competency statement is to identify the threshold for learner mastery. For example,
will she or he be asked to correctly recite eight of ten items in a list? Should the threshold be higher or
lower? For another example, if mastery of a given competency requires synthesis, what weight is given
the correct introduction of underpinning knowledge or concepts? Should the learner identify three of four
facts upon which to lay the foundation for an argument or all four? For yet another example, if the learner
is expected to assemble a circuit board, how many circuits must be correctly soldered before mastery is
conferred? A fifth and critical part is how the expected performance matches the prior experiences,
traits, and characteristics the learner brings to the instruction. That is, should the bar be set higher for
those whose background may be more amenable to a higher level of performance? Or, alternatively,
should careful analysis of the learner’s background lead to waiving one or more specific performance
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TABLE 2.1 Design Principles for Competency-Based Instruction

State Competencies Based on Desired Learner Performance

Use Scaffolding to Support Achievement of an Entire Set of Competencies
Structure Competencies to Accelerate Learning

Competency Assessments Should Be Criterion-Referenced and Flexible
Competency Statements Determine Appropriate Assessments

Balance the Use of Locally and Commercially Developed Assessments
Implement a CBE Tracking System
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Successful CBE Instruction Requires Evaluation

Successful competency-based instruction carries the obligation to define a priori the learning
outcomes and expected performance that will be developed as a result of the learning experience
(Wiggins & McTighe, 2005). This is much simpler to say than to do. CBE instruction is demarcated by a
front-end investment that provides facilitators and learners alike with definitions and realistic levels of
learner performance. These are necessary so that instruction occurs systematically and provides a fully



developed scheme for competency attainment. That is even more important in multi-course and program
designs to avoid duplication between or among learning experiences and courses, and to determine
integrated assessments like capstones.

Learners know that they have reached a pre-defined level of competency when they demonstrate an
expected level of performance, although it is also possible that a facilitator will need to serve as a final
arbiter. Well-crafted competency statements illuminate the learning process. In contrast, loose
definitions of what a learner will know or be able to demonstrate only add to ambiguity. Tight
definitions that benefit the learner require consensus about vocabulary and performance measurement
among those charged with developing CBE before a meaningful set of competency statements is created.
Accurate description and labeling also help ensure compatibility with competency statements that have
been previously developed.

Measurement is always nettlesome. A visible (and hence measurable) competency might be, for
example, “Perform a series of events needed to pilot an airplane.” On the other hand, a trait such as
“honesty” should be decomposed into observable behaviors and competency statements. Some may
argue that complex learning cannot be measured. To that stance we respond that, while in some instances
measurement may be imperfect, all learning and underlying learner traits can be assessed given careful
articulation of underlying behaviors and associated measurement of those behaviors. Complex behaviors
can and should be decomposed and measurement strategies developed to capture learning that some may
previously have thought to be impossible to measure.

Because a competency statement is based on learner performance, it also seems wise to consider
learner characteristics carefully in setting desired performance levels. While attainment of a set of
competencies may be expected of all individuals across an organization, different performance levels
also could be set for different responsibility levels. Job responsibilities in a complex organization, for
example, may require higher performance on some competencies for back-office workers than for front-
line workers. Differences in expected performance should be clearly articulated for each level of
responsibility.

A competency statement should begin with a present tense, active verb because it implies action
(performance). For example, verbs such as apply, integrate, implement, differentiate, and formulate
imply deeper engagement with the instructional content, while verbs such as “enhance” and “improve”
imply hope but are largely meaningless. The expression of the level of learner performance required for
mastery should reflect the learner’s background.

Given specificity as a goal for describing competency statements, certain qualifying words should be
avoided: good, effective, appropriate, quickly, slowly, immediately. Instead, the competency statement
should have words that can be quantified so that the learner can see the required level of learner
performance necessary to master a given competency. In the same vein, avoid qualifying phrases within
competency statements. For example, the phrase “reading with renewed insight,” can only obscure what
the learner or facilitator might expect from their efforts. Competency statements require only words that
are necessary and provide clarity. For example, hackneyed phrases such as “in terms of,” “so as to say,”
and “with respect to”” add nothing of value to competency statements.

Principle 2: Use scaffolding to support the achievement of an entire set of
competencies

A collection of competencies placed before learners may be overwhelming if not accompanied by clear
scaffolding.” Such scaffolding would demarcate a clear pathway for the learner to achieve a set of
competencies, including a clear overview of how each is linked to achieve overall learning as well as
which competencies, when mastered, lead to mastery of other, higher-order competencies along that
pathway. In designing for higher-level competencies, instructional objectives should define the learning
that is required at lower levels of Bloom’s Taxonomy to master a higher-level competency. Domain
maps (Bunderson, Wiley & McBride, 2009) can be created that indicate all competencies and how they
are qualitatively and quantitatively related to each other (different kinds of competencies and different



levels of competency).=

Competency maps depict sequenced and integrated competencies, providing the instructor and learner
with clear learning alternatives. Scaffolding illustrates how individual competencies can be placed
along the continuum from recall to synthesis in Bloom’s Taxonomy.? Key to success are the systematic
sequence of how learners can most productively progress through the intended scaffolding and the
capability to adjust sequencing based on learner experience.

Instructional objectives within units of a course” and how they are sequenced can also play a role in
creating scaffolds. Each learner in a given experience may seek or be guided along unique pathways,
necessitating correspondingly unique assessments of their learning that would be posed along her or his
pathway that may, in turn, trigger new learning experiences. We urge that learner choices of pathways be

developed in purposeful ways.?

Principle 3: Structure competencies to accelerate learning

Learner progress should be based on mastery rather than time.™ Adult learners with competing demands
are likely to seek opportunities to speed or accelerate their learning experiences as a result. The extent
to which learning is accelerated depends in no small part on whether instruction is customized to fit the
preexisting knowledge of each individual learner.” The promise of CBE is found in understanding what
the learner needs to demonstrate at the conclusion of a learning experience and what she or he brings to
that experience so that individual learning gaps can be accurately identified and addressed. Pre-

assessment is therefore a key instructional task.

The use of pre-assessment to determine individual learning gaps does not ensure that learning can be
accelerated, however. The structure of the CBE program itself may pose a hindrance if care is not
exercised to ensure that it is not over-complicated nor unwieldy. It is important that the learner not
become ensnarled in steps unnecessary to the ultimate goal, mastery of selected competencies. At the
same time, hard-headed thinking about the necessity for each competency is needed, since human nature
holds that it is easier to add competencies within a structure than to eliminate them. Elaborate and multi-
faceted competency structures can stymie efficient progress through a CBE program.

Principle 4: Competency assessments should be criterion-referenced and
flexible

Competency assessments are inherently criterion-referenced and should be linked directly to a specific
skill or attribute. This is a very different paradigm of assessment requiring precision that is often
missing in conventional assessment. Traditional methods for judging learning are normative in nature
and seek to compare learners with one another so as to assign letter grades that signify a quantity of
learning. In contrast, competencies should ideally be designed to fit the individual and not the group,
resulting in multiple and unique pathways for each learner to demonstrate mastery.” The methods and
techniques by which they are assessed should be flexible and provide learning facilitators and learners a
framework in which to experiment. When it comes to designing instruction or assessment, there can be
no “one size fits all.” Ultimately, the flexibility for both learner and facilitator to approach construction
and assessment of competencies toward a recognized learning goal underlies this chapter’s theme,
“many paths to the river.”

Principle 5: Competency statements determine appropriate assessments
As discussed above (in Principle 1) a complete competency statement contains criteria and a threshold

for learner mastery. In other words, a competency statement cannot exist without spelling out its
accompanying assessment component. Creating these two sides of the same coin—competency



statements and assessment criteria—is time and labor intensive, but the rewards are many. When
learners can see a priori how they will be assessed, the entire set of competencies, or system, can be
nearly self-automating, since learners and learning facilitators alike will know the steps required to
reach mastery of one or more competencies. Given this information, learners can act independently and
will be less dependent on the facilitator to decide when and how to undertake next steps. It also follows
that, if their perceptions are actively sought about the appropriateness of competencies and assessment,
they will be more engaged.

Frequent assessment of competencies should be used to inform both the facilitator and learner of the

exact status of learning at defined points along the learning continuum.” To make assessment transparent
to learners and facilitators, it should be guided by pre-defined rubrics that specify the level of
performance that learners are to meet to master a given competency or set of competencies. Assessment
should be done through student demonstrations of learning, during which they should also assess their
own learning, which, in turn, can be shared with other learners engaged along the same or similar
pathways.

Assessing higher-order competencies. We have heard often from some colleagues that the higher
levels of learning (analysis, synthesis and evaluation in Bloom’s original taxonomy) or (analyzing,
evaluating, and creating in Anderson et al.’s revision) defy measurement or assessment. We argue that
they can and should be assessed by decomposing the activities underneath each level into tasks that can
be demonstrated and measured.” Within different instructional contexts, types of demonstration may
include playing musical compositions, writing essays, doing research projects, creating business plans,
designing website designs, and generating prototypes. Capstone projects are a frequent vehicle for
demonstrating and combining higher-order competency attainment.

Learners and competency assessment. We also believe that learners should be drawn into the
process of determining how they will be assessed and by which technique or techniques when

possible.”~ We recommend that this conversation should be convened very early in the CBE process.
Having a choice of assessment can ensure learner buy-in for competency assessment.

Assessing Degree and Breadth of Learning Transfer. CBE should also assess the extent to which
learners can generalize or transfer a given competency to diverse situations. This requires instruction
that addresses the general applicability of the competencies at hand in other contexts, coupled with
either a direct measurement scheme that can follow the learner through future contexts in which she or he
must apply acquired competencies, perhaps even beyond completion of the CBE program. Less ideally,
generalizability to other contexts could be estimated by an indirect scheme that relies on comparison of
competency statements and patterns of competency statements across CBE programs.

Principle 6: Balance the use of locally and commercially developed
assessments

Jones et al. (2002) point to the paradox created when faculty and institutions move away from
commercial assessment instruments and toward locally developed assessments to determine
competencies. Faculty and staff who use commercially developed assessment methods produced by
national testing companies frequently rely on these organizations to document that their testing methods
are reliable and valid. On the other hand, some dissatisfied faculty have found that commercial tests do
not accurately or meaningfully measure whether students have achieved the education goals specific to
their academic program or institution. In addition, many find that these instruments provide neither
direction nor guidance about where and how to improve student learning. For example, Jones et al.
observe that students may perform poorly on a publisher’s critical thinking test, but such results do not
tell faculty which dimensions of critical thinking need to be improved.

Educators have all experienced assessment, and we often return to those experiences in selecting or
designing assessments. Instructional designers may incorporate faculty test items or a publisher test bank
in project based-designs as a vehicle for learner demonstration. By whatever avenue or combination of



avenues, the challenge for competency-based assessment design is the selection of assessments that
measure the competencies, and not extraneous knowledge, skills, or abilities.

Given the general inability of commercially developed instruments to match the potential range of
competencies within a CBE program, we recommend development of local assessments, especially in
writing.” To do so well requires addressing reliability issues, including training assessors extensively
about how to score student work consistently over time. Unfortunately, at this stage of CBE evolution
there is a dearth of published reports on the results of faculty-developed efforts to grapple with
reliability and validity of faculty-developed assessments that can serve as a guide.

Principle 7: Implement a CBE tracking system

Because competencies are criterion-referenced statements of learning, it follows that their tracking will
be quite unlike traditional academic recordkeeping and transcription of credit in which the accent is
upon how students’ grades compare to other students’ grades in a normative paradigm. Reigeluth, Myers,
and Lee, in Chapter 1 of this volume, discuss the need for student recordkeeping for attainment-based
learning. This issue is also currently a focus of several national higher education workgroups who are

pursuing pilot testing of new and adapted software with student information system software vendors.>
In the meanwhile, workarounds within existing student information systems have been a necessary short-
term solution for institutions implementing CBE.

Tracking competency attainment is critical to understanding not just how individual learners are
progressing in a CBE, but also to evaluate how the entire CBE system is functioning. A time-honored
vehicle for recording learner progress is the grade book, in which a teacher manually keeps track of
assignments and student performance on those assignments. Tracking competencies requires either a
more voluminous grade book and tenacity from the learning facilitator to manually capture learner

. k
performance, or a software solution.-

Principle 8: Successful CBE instruction requires evaluation

Any innovation requires careful evaluation of its inputs, throughputs, outputs, and outcomes. In addition
to tracking patterns of competency attainment, qualitative and other quantitative analyses should guide
CBE learning experiences to aid in their continuous improvement.” The use of aforementioned tracking
software will help to identify systematic gaps in the program. These data and analyses should be
supplemented by other quantitative data gathering as well as qualitative techniques. Focus groups and
surveys administered near mid-stream of an individual learner’s experience in CBE can help identify
instructional practices that are helping or frustrating student learning processes.

A well-crafted feedback mechanism can help to create better competency statements, including their
potential recalibration. For example, if consistent feedback indicates that learners perceive that
demonstrated mastery of a specific competency is overly simple or even boring, one of two factors may
be in play. First, that competency statement might be misspecified and does not match learner
characteristics; perhaps learners have already mastered the competency prior to entry in the CBE
program. While pre-assessment of a set of competencies should at least minimize redundancy, it is wise
not to view pre-assessment as an ironclad guarantee. The facilitator will want to consider whether the
competency itself is necessary or whether the mastery threshold has been set too low to challenge the
learner. At the opposite extreme, a consistent pattern of learner failure to demonstrate mastery may
indicate the assessment bar has been set unrealistically high or may signal that alternate pathways for
learner mastery should be developed.

IV. Situational Principles

The eight general design principles we present above are intended to explore the intertwined



components of CBE at a high level. These principles do not provide detailed guidance. Reigeluth and
Carr-Chellman (2009b) note that general (universal) principles of instruction are not sufficiently precise
(or detailed) for practitioners to create high quality instruction. It is not possible in this chapter to offer
detailed guidance for all our principles. The current paucity of detailed CBE research mitigates against
guidance for overall instruction and certainly against exceptions to universal principles. We expect
reports of CBE practice to become more abundant if research interest in CBE accelerates in coming
years. We are hopeful that emerging CBE literature will focus more fully on learner experiences that
may, in turn, provide a research base that can more fully inform successful instruction. At this juncture in
CBE’s evolution, and drawing from our work in the area, two situational principles are paramount: CBE
program structure and content and the totality of competency assessment.

CBE Program Structure and Content

Choices made in the organization of a CBE program determine a range of factors that, in turn, shape
subsequent instruction. If the program is based solely on competencies, instruction will be unlike the
traditional face-to-face classroom. There also will be no imperative to segment the instructional day into
hours and to shift academic subjects at different points in a term.” This frees CBE to span academic
terms and even years. Learners could start at different times and could end their experiences at different
times depending on their individual pace (as well as program structure, as discussed above). Depending
on their maturity and need for supervision, learners in a CBE program could conceivably come and go
given their learning proclivities.

Full CBE instruction is still the exception rather than the rule, however. Among schools and colleges
experimenting with CBE, it is more than likely that only one or a small handful of programs will be
offered via CBE. It may be even more likely that only a small part of a program is offered through CBE.
For example, a particular subject such as biology might be offered through CBE, while the remainder of
the program might be offered in traditional face-to-face, teacher-centric formats. In both instances,
traditional scheduling of the instructional day, term, and year would prevail.

Another important instructional situationality is whether the program will use direct or indirect
assessment. Indirect assessment equates competency attainment to credit or clock hour equivalents. In
this case, student learning gained through CBE is documented by issuance of a traditional grade report or
transcript and categorized by letter grades (A, B, C, D, and F). Direct assessment, in contrast, moves
beyond the credit hour as a unit of instruction, and learning attainment is recorded most often in a
narrative transcript. Direct assessment requires learning facilitators to engage with learners perhaps
more often than instructors in indirect assessment, with the goal of creating a narrative record of
formative and summative student progress.

Direct assessment also carries important accreditation considerations that, in turn, bear directly on
how instruction looks. In higher education, for example, institutions seeking approval for direct
assessment from a regional accreditor must demonstrate faculty oversight and prescribed engagement
with the program. The Southern Association of Colleges and Schools Council on Colleges stipulates, for
example, that institutions show that, “qualified faculty with subject matter expertise design the
competency-based program’s curriculum, this faculty or other similarly qualified faculty or instructors
also regularly engage with students during the course of the program, provide expert assistance and
support to students in the program, and have a meaningful role in directing and reviewing the assessment
of competencies” (SACSCOC, 2013).

Totality of Competency Assessment

Another important situationality concerns the decision whether to assess all competencies and sub-
competencies in a given set. It may well be that demonstration of mastery for an overarching competency
would make assessment of each sub-competency unnecessary. Conversely, slavish incorporation of a
final or summative assessment into all CBE may be both cumbersome and unwarranted. On the other



hand, continuous and successful interaction by the learner with sub-competencies that support a higher
competency may be preferable to requiring a final demonstration of that higher competency.

V. Implementation Challenges

When an organization commits to the learner-centered paradigm, it is difficult to identify a learning
environment in which CBE could not work, in no small part, to provide learners with customized or
personalized learning plans. At the same time, the timeworn adage, “if it were easy, everyone would be
doing it,” certainly applies to the implementation of CBE. While it is likely that a typical instructional
designer may possess a firm grasp of competencies and how they can accelerate learner mastery, it is
equally likely that those who are on the frontlines of learning do not. This creates the obligation for the
instructional designer to educate her or his colleagues and may even mean that significant “unlearning”
will have to occur before CBE can be implemented.

An institutional choice to offer some or all of a program through CBE will depend on that institution’s
resources and capabilities to fully implement CBE. Organizations with a history of innovation are more
likely to be receptive to CBE and understand the changes to a traditional instructional and business
model it would require. Strong organizational leadership is required to implement and sustain CBE. The
wholesale conversion of an existing education institution and its prevailing culture to a total CBE
institution may be more difficult to achieve than the invention of a new CBE organization.

Shifting Roles for Faculty and Learners

It is nearly trite to say that CBE fundamentally shifts the role of faculty. Faculty do not operate fully in
isolation, however. Implementation of CBE also challenges learners and administrators. Learners, for
example, may resist the shift away from their well-known credit hour system to a system that seemingly
requires much more effort. Faculty may also perceive that much more effort is required to engage with
CBE. The shift to CBE, in which faculty are no longer the sole arbiter of learning, is daunting.

Most faculty in higher education have not been formally trained in instructional pedagogy, having only
learned how to teach from their graduate school mentors and other faculty (see, for example, Brownell
& Tanner, 2012). It certainly is difficult to tell faculty that methods they have been using in the classroom
over many years may not be the most effective approach. Teachers in K-12 classrooms may or may not
have had specific training in CBE in their teacher preparation; and where they haven’t, the learning
curve may also be steep. In any event, Brownell and Tanner (2012) argue that the historical use of
individual, subjective, and inconsistent methods and lack of established conceptual frameworks for
instruction perpetuate the problems in both educational and practice settings.

Asking faculty to engage in CBE often means that new skills need to be developed. Because CBE may
be new to their organizations, it may also be likely that they need to keep the “old” teaching and learning
paradigm (teacher-centered instruction) alive while finding the time and energy to create competency-
based learning experiences. This can easily create overload. Whether or not they accept the premise that
a course is a collection of competencies that can be assessed, faculty may view CBE as threatening their
autonomy. To be successful, instructional designers would do well to identify where faculty are along
these continua and to secure their good will and cooperation in the implementation process (Rogers,
1983). Instructional designers can also model continuous quality improvement by engaging faculty with
other professionals from the beginning stage of CBE program development, through its initial
implementation, researching its benefits for learners and faculty alike, and through modifying the
program prior to redeployment.

Administrative Support

Administrators can add much to an organizational shift to CBE by supporting its implementation and,
afterward, supporting whether it is taken to scale and sustained. CBE challenges routine operations



while presenting a range of issues for resolution, most of which will be new. Foremost is how to
accommodate faculty workload in the new CBE paradigm. This is especially the case for direct
assessment programs in which there is little time referent. Should teachers be compensated based on
enrollment in CBE programs or the number of learners who complete a pre-defined number of
competencies? Further, because faculty participation in program design is a sine qua non for
accreditation, should they be compensated for development time and, if so, at what rate? Beyond
financial support, does the administrative structure support the risk-taking that accompanies the CBE
paradigm? For example, will learning facilitators be accorded the flexibility to create student-centric
CBE programs even if the original reason they were hired was to deliver traditional teacher-centered
instruction? When administrative support is lukewarm, instructional involvement in CBE is likely to
follow the same trajectory.

Training Faculty to Develop Local Competency Assessments

When an organization decides to move toward locally developing assessments, it is almost certain that
formal training of faculty and staff will be required. Such training can start with instructional designers
but should also make appropriate use of institutional researchers and assessment staff, as well as faculty
members with experience in statistics or educational psychology. These experts can help faculty create
strong, locally developed instruments and then track their reliability and validity over time. In future
work, faculty can explore ways to design local assessments that are increasingly reliable and valid. The
process of establishing inter-rater reliability among faculty creating CBE learning experiences can be, in
turn, a useful learning experience that helps improve competency statements and assessments. While it
may not be the instructional designer’s role to create the content of the assessment, asking questions of
other team members about validity and reliability provides guidance for creating accurate assessments.

Managing Competencies at the Organizational Level

Using competencies to describe and analyze existing curricula and programs carries distinct advantages
for educational organizations. Mapping an organization’s intended learning competencies can pay large
dividends. CBE increases the organization’s capability to identify where redundant learning occurs.
Although learners may be aware of where their efforts are duplicated, faculty and administrators may not
be aware of specific techniques to rearrange or streamline a program’s structure. Describing and
mapping competencies across programs and curricula provides a macro-level view that allows the
organization to see what competencies it may be missing as well as those competencies that should be
emphasized to match the organization’s vision of its overall learner outcomes. Mapping competencies
also provides a factual basis for determining where any overlap may be appropriate to reinforce
learning,

Interoperability Versus Granularity

In our experience, managing competencies is best approached at a granular level. At the same time, there
are natural tensions between granularity—a detailed description of a given competency—and
interoperability—ensuring that the purpose of that competency can be adapted across more than one
instructional program or context. The former tack may be necessary to ensure that a competency or group
of competencies fits within a local context, and that may, in turn, lead to faculty buy-in as the competency
is adopted. A skillful instructional designer, however, should acknowledge the impact of program
decisions while striking a balance between unique competencies and general competencies that can be
applied across courses or other learning experiences. A reasonable goal for CBE is to help the learner
to generalize or transfer a given competency or set of competencies to other contexts. Granular
competencies set deeply within a specialized field would appear not to serve this goal well. One
potential solution is to leave a space in the course for an additional competency or two to be added by
the instructor to provide the basis for generalization of course outcomes to other situations.



Software Solutions to Track Competency Attainment

Traditional software systems in use at schools, colleges, and universities are administrator-centric and
largely unresponsive to student-centric CBE. Existing student data systems capture course titles,
beginning and ending dates, and a letter grade for each student within those courses, but they almost
never operate at the granular level of detail necessary to capture competency attainment. Because they
are mostly aligned with the Carnegie unit and credit hours, nearly all student information systems exist to
generate a traditional transcript, to calculate tuition bills, and to generate auditable reports for funding
agencies. Student information systems are also bounded by academic terms, making it a special instance
to record instructional activity that occurs across traditional academic terms.

Implementers of CBE will want to keep pace with emerging software solutions and to engage others
in the organization, especially the organization’s information technology unit, to determine whether
existing systems can accommodate CBE (doubtful) and the compatibility of any new software solution
with the organization’s existing system. While it is beyond the scope of the present chapter to review the
expanding number of software solutions, we note that at this writing there appears to be no single or
wholly satisfactory solution.

Measurement Error, Reliability, Validity, and Competency Assessment

Accurate measurement is a ubiquitous challenge to all types of assessment, competency-based learning
included. It falls beyond the scope of this chapter to provide even a wide overview of measurement
theory and the selection of appropriate statistics to estimate measurement error. At the same time, some
key measurement concepts and terms are important to the instructional process.

Competencies that are simple in structure, those that assess a single performance task and have been
rigorously constructed with a clear rubric and criteria, lend themselves well to measurement. In reality,
however, competency statements are seldom monotonic; most often their measurement is tied to more
than one task that demand different levels of performance. A writing competency, for example, might
involve researching the topic at hand, organizing salient points to be covered, composing iterative
drafts, and reaching a point at which the facilitator and the learner agree that the writing competency has
been mastered. More complex competencies, such as leadership, personal efficacy, and interpersonal
communication, present much more complicated measurement challenges. Such constructs represent high
levels of abstraction requiring the instructional designer to reach agreement with her or his colleagues
about the parameters of the construct and, in turn, to decompose that construct into manageable
components that can be observed and measured. The difference between what is observable and an
underlying and unobservable concept is the basis for measurement error.

Understanding sources of measurement error can help the instructional designer create better
competencies, including setting clearer criteria for mastery, and create correspondingly better measures.
Measurement error will never disappear, but being armed with knowledge of basic concepts that
underlie error can go a long way to ensure credible work. The concepts of reliability and validity are
key concepts in accurate assessment and should be part of every instructional designer’s practice.

Reliability refers to the internal consistency of a measure. Carmines and Zeller (1979) identify four
techniques for judging reliability in competency assessments: test-retest, alternative form, split half, and
internal consistency. Of these techniques, internal consistency or inter-rater reliability is most critical,
especially in developing consistent competency measures. Inter-rater reliability estimates the degree of
agreement between two or more raters in their appraisals of learner performance. Unlike multiple-
choice test items, open-ended questions typically have multiple correct solutions. Learner
demonstrations of complex behaviors, such as role playing exercises, may also have more than one
correct solution. Each case requires that raters evaluate responses consistently, the sine qua non of
inter-rater reliability. While the designer may not be involved in the practice of inter-rater reliability, the
creation of a rubric that requires inter-rater reliability provides good assessment practice at the design
level.



Validity, on the other hand, asks the question: “Are we measuring what we think we are measuring?”
(Kerlinger, 1966, p. 444). Tests and assessments may indeed be reliable, but they may not align with the
knowledge, skills, and abilities the instructional designer should measure. Validity is concerned with
accuracy while reliability is concerned with precision (Carmines & Keller, 1979).

Organizational Evaluation

Many units within an organization contribute to a successful shift to competency-based instruction.
Bedard-Voorhees (2001) recommends the use of a checklist for organizations and units within those
organizations to evaluate gaps and opportunities brought about by competency-based instruction.
Updated for this chapter, this checklist can aid those interested in creating competency-based instruction
to avoid its pitfalls and maximize opportunities (see Table 2.2).

TABLE 2.2 A Checklist for Evaluating Implementation of Competency-Based Education

Faculty Preparation

Have faculty been oriented to the shift from teacher-centered delivery to leamer-centered
performance?

Have faculty been involved in conceptualizing, identifying, and delivering program and
COUrse competencies?

Have faculty participated in training to write measurable competency statements?

Do faculty understand the levels of mastery expressed by Bloom's Taxonomy for the
creation of competencies and related instructional objectives?

Can faculty implement classroom assessment techniques to evaluate student leaming?

CBE System Preparation

Does the competency-based system relate to and further the institution’s stated
mission?

How do industry-related competencies draw from state and national standards and
credentials?

Are all competencies assessable?

What provisions are there within the system to ensure that competencies are valid and
reliable?

Does the institution have a publicized statement on expectations for student learning?
If so, are competencies aligned with that statement?

What is the life cycle of competencies within the system? Is there a replacement
schedule that aligns with new developments in knowledge or career areas?

Student Advisement

How are leamers trained or oriented to the competency-based system?
Are learners made aware of how they might import their preexisting demonstrations of
competency into the system?

Administration

Is there commitment at the top of the organization to CBE?

Are adequate resources available to implement and sustain the system?

How will competencies be tracked and recorded?

What steps have been taken with other organizations and entities to ensure that
competencies are portable?

What mechanisms are in place for formative evaluation? For summative evaluation?

VI. Closing Remarks

More than a decade ago one of the authors argued that CBE was a “necessary future” even despite
uncertainty that the challenge would be met (Voorhees, 2002). Now, more than a decade later, green
sprouts are showing through years and layers of traditional educational practice. The principles
described in this chapter provide the tools and foundation to make learner-centered approaches to
improving education a reality. For learners, CBE promise a transparent mechanism to meet their learning
needs. For teachers and faculty, CBE—although requiring a heavy initial investment—holds the promise
to transform their role from learning arbiters to facilitators and supporters.



At the same time, most of what is now known about the effectiveness of CBE comes from medical
training. K-12 and other higher education disciplines, in general, suffer from a paucity of hard research
data that document improvements in student learning resulting from CBE. Published research
documenting the effects of CBE is rare. Evans and King’s (1994) observations several decades ago that
existing evidence was largely perceptual, anecdotal, and small-scale persists more than two decades
later. We fully agree with their summation, that “testimonials, speeches, and narrative descriptions may
be inspirational and helpful, but they provide little solid ground on which to build a reform movement”
(Evans & King, 1994, p. 12). One explanation for the dearth of needed data about CBE in public
databases is economic; education dollars are not allocated to schools and colleges based on the learning
outcomes they produce. In the interim, we are left largely with anecdotal data suggestive of dramatic
improvements in learner-centered practice but little in the way of replicable studies.

Implementing learner-centered models should not be mistaken for easy and uncomplicated work. As
Reigeluth notes, careful selection and extensive training of staff is required because few people in a
given organization will have had experience with the new roles required in the learner-centered
paradigm of education (Simsek, 2013). The design and implementation processes for implementing CBE
undoubtedly will be more extensive than past practice within a given organization. In our experience, a
missing element in competency-based undertakings is collaboration. The effort required to describe,
develop, and record student learning in specific competencies requires focus and commitment across
many roles in an organization. In meeting the challenge, instructional designers will play a pivotal role
in positioning their organizations to successfully implement and refine CBE.
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Notes

=

Number of participating states is accurate as of October 2015. See Common Core State Standards Initiative (n.d.),
retrieved October 26, 2015 at http://www.corestandards.org/standards-in-your-state/

| %

Editors’note: It is interesting that Montessori schools have long used CBE with children as young as three
years old, with great success (Dohrmann, Nashida, Gartner, Lipsky, & Grimm, 2009, Lillard, 2012, Lopata,
Wallace, & Finn, 2005).

Editors note: Unlike Gagné's, Bloom's Taxonomy is not a learning hierarchy depicting learning-prerequisite
relationships. Rather, it depicts complexity relationships. For example, one can learn to apply a skill without
first acquiring knowledge or understanding, even though a skill (application) is typically more complex.

| %

[\S)

Krathwohl, Bloom, and Masia’s (1964) hierarchy of affective development can be used to map the key learning
components in the attainment-based approach (dispositions, values, and emotional development) advanced by
Reigeluth, Myers, and Lee in this volume’s first chapter.

| %

Editors note: This principle is about personalizing the goals for each learner. For more about this, see
Principle 1 in Chapter 4, Personalized instructional goals.

| %

Editors’note: The scaffolding described here is but one of many kinds of scaffolding. For more about
scaffolding, see Principle 3 in Chapter 4, Personalized scaffolding of instruction.

**  Editors note: For more about sequencing instruction, see Chapter 3, Principle 1, and Chapter 4, Principle 1.

o8]

Reigeluth’s (1999) Elaboration Theory is a useful guide that can inform decisions about selecting and sequencing
content.

| %

Editors note: It seems likely that in most cases instruction will be organized around tasks (projects, problems,
inquiries, etc.) rather than courses. The Minnesota New Country School is a good example of this (see Aslan &
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Reigeluth, in press; Thomas, Enloe & Newell, 2003).

4  Wiley (2000) edited a comprehensive overview that can help designers more efficiently embed learning objects in
curricula.
*_*

Editors note: This is Principle 1.1 in Chapter 1, Attainment-based learner progress.

*** Editors note: This is similar to Principles 1 and 2 in Chapter 4, Personalized instructional goals and
Personalized task environment.

i Editors’note: Of course, if CBE has been used in prior instruction, pre-assessment may not be necessary
because the learner’s current competencies are already known.

*  Editors’note: This is similar to Principle 4 in Chapter 4, Personalized assessment of performance and learning.

Editors note: A powerful way to do this is to fully integrate teaching and testing by using the notion of practice
until perfect, as is done in the Khan Academy (see Chapter 11, Principle 4, Assessment for/of student learning).

| %

Editors note: This is the issue of granularity of competencies and assessments. National and state standards
are typically clusters of related competencies. There is a natural tension between assessing individual skills and
understandings and assessing an integral set of competencies as a whole, including their interrelationships.
Perhaps the best approach is to do both, with formative assessment the focus of the former and summative
assessment the focus of the latter.

Editors note: This is similar to Principle 4 in Chapter 4, Personalized assessment of performance and
learning, and Chapter 9 on self-regulated learning.

| %

Editors note: As described in Chapter 9, Principle 3, students should play a role in designing and carrying out
their own assessment (self-assessment) to develop self-regulation skills.

o

IMS Global, in conjunction with the American Association of Collegiate Registrars and Admissions Officers, is
leading the development of aprototype extended transcrlpt de51gned to support cornpetency-based programs. See,
for example, https:

| %

Editors note: See Chapter 11 for more about the design of a technology system to help with student tracking in
CBE.

Editors note: While this principle does not strictly indicate what the instruction or assessment should be like, it
does identify an important method for gathering formative data about what the instruction should be like.
Technically, this is ISD process knowledge rather than instructional theory, but we nevertheless feel it warrants
inclusion here.

sk

*  Editors’note: These fundamental changes are part of what makes learner-centered education a different

paradigm from teacher-centered education, rather than just another reform within the current paradigm.


https://www.imsglobal.org/initiative/enabling-better-digital-credentialing
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EDITORS’ FOREWORD
Preconditions (when to use the theory)

Content

» The content entails application and transfer, not just memorization.

Learners

o All students.

Learning environments

» Learner-centered rather than teacher-centered (learning is more important than “covering”
content).

Instructional development constraints

*  Minimal.
Values (opinions about what is important)

About ends (learning goals)

» Construction of specific knowledge and skills is highly valued.
» Transfer of learning to a diversity of real-world situations is highly valued.

» Development of higher-order thinking skills (critical thinking, problem solving, and so forth) is

highly valued.
» Self-regulation skills and group-process skills are highly valued.

About priorities (criteria for successful instruction)

» Effectiveness, efficiency, and intrinsic motivation of the instruction are all highly valued.

About means (instructional methods)

* Learning by doing (active learning) is highly valued.
* Learning from peers through collaboration is highly valued.

About power (to make decisions about the previous three)

*  Empowering learners to make decisions about ends, priorities and means is highly valued.
Universal Principles

1. Learning tasks

» Center all learning around whole, complex, ill-defined, real-world tasks.



Sequence those tasks from simple to complex to match the advancing level of the learners.

Provide additional scaffolding in the form of support and guidance, and gradually fade them
out over time.

2. Activation of prior knowledge

Remind learners of their prior knowledge by having them share relevant previous experiences
and thinking.

3. Demonstration/modeling

Show learners how to perform parts of the complex learning task and provide procedural and
supportive information, and gradually fade them out over time.

4. Application

Have learners practice the desired skills for parts of the learning task.
Provide coaching and feedback on the practice, and gradually fade them out over time.
Encourage learners to self-monitor their performance.

5. Integration/exploration

Provide opportunities for the learners to explore new ways to use what they have learned in
everyday life.

Provide opportunities for the learners to reflect on or teach what they have learned and to
critique what their peers have done.

Situational Principles

Variations in learning tasks

Compromise on fidelity when there is a lack of authentic resources.
Adjust the complexity of tasks to match learner expertise.

Use part-task instruction when needed.

Adjust amount of support to student needs.

Variations in activation

Vary the methods of prior knowledge activation depending on the kind of learning: physical
skill, intellectual skill, or attitude.

Variations in demonstration/modeling

Attainments that take a long time to demonstrate should be broken into parts that are
demonstrated separately.

For an intellectual skill, the demonstration should show the actual performance, not just the
result.

Media format varies depending on several factors (described in the chapter).

Demonstrations in the affective domain should primarily be done through role-play, case study,
and/or real-world observation.

The timing for presenting supporting information varies depending on several factors



(described in the chapter).

Variations in application

* Frequency of coaching and feedback vary with the needs of individual learners.

»  Speed of fading of coaching varies with the needs of individual learners.

»  For complex new skills needed during task performance, part-task practice should be used with
additional coaching and feedback, if needed by individual learners.

»  When the nature of faulty performance is not known, the student should think aloud during
performance.

*  When a learner has encountered difficulties in task performance, reflection activities should be
used.

Variations in integration/exploration

» Constraints such as time and resources might restrict the methods used to transfer learning to
real-world situations. Having fewer resources typically requires simpler methods, such as
discussion, reflection, and case study.

Implementation issues

» Identification of learning tasks. It is difficult to identify good learning tasks.

* Resources. In the teacher-centered paradigm, there may not be sufficient instructional time,
equipment and technologies for the number of students.

* Content coverage. Since content is learned in a deeper and more transferable manner in TCI, it
may be difficult for teachers to cover as much content as they are used to.

» Ensuring mastery. In collaborative work on learning tasks, different students may play different
roles and not learn all the desired competencies.

- CMR., BJB., & RDM.

PRINCIPLES FOR TASK-CENTERED INSTRUCTION

I. Introduction

One main focus of the learner-centered paradigm of education involves centering learning on real-world
tasks to support intrinsic motivation and collaboration in learner-centered instruction. Many different
task- or problem-centered models for learning have been proposed over the years, with various names
such as problem-based learning, problem-centered learning, discovery learning, task-centered learning,
task-centered instruction, task-based learning, and more.

Of the many different models for centering learning on real-world tasks or problems, one main area in
recent literature attempts to balance the effectiveness of learning by completing real-world tasks with
the efficiency of providing adequate learner support. The models within this area of practice are
referred to as task-centered instruction (TCI) in this chapter.

In this chapter, I introduce the concept of TCI and differentiate it from other forms of problem-
centered learning. I discuss the values of TCIL Universal principles for TCI are presented based on
previous work, along with a summary of research studies related to these universal principles. I discuss
the connections between TCI and the learner-centered paradigm of education and provide situational
instructional design principles that relate to the implementation of TCI. Finally, several pertinent issues
surrounding the implementation of TCI are presented.



Task-Centered Instruction

TCI is a task-centered approach to learning that prescribes the use of five main elements (Merrill,
2002b, 2009): learning tasks, activation, demonstration'modeling, application, and
integration/exploration (Francom & Gardner, 2014). TCI stems from such theories and models as
cognitive apprenticeship (Brown, Collins, & Duguid, 1989; Collins, Brown, & Holum, 1991),
elaboration theory (Reigeluth, 1979, 1999), the four-component instructional design model (van
Merriénboer, 1997; van Merriénboer & Kirschner, 2013), and first principles of instruction (Merrill,
2002b, 2007; Merrill & Gilbert, 2008).

TCI can be differentiated from other forms of problem- or task-centered learning models through its
epistemologies, goals, and prescriptions (Francom & Gardner, 2013). For instance, “pure” problem-
based learning is based mainly on constructivist views about learning (Hung, Jonassen, & Liu, 2008;
Savery & Duffy, 1995), while TCI comes from cognitive information processing, andragogy, motor
learning, and cognitive apprenticeship-based beliefs about learning (Merrill, 2002b; van Merriénboer &
Sluijsmans, 2009). Based on these differing epistemologies, the goals of problem-based learning and
TCI also differ in important ways. TCI goals tend to value application and transfer of knowledge to
realistic contexts as well as effective and efficient learning (Francom & Gardner, 2013). By contrast,
problem-based learning goals tend to be more concerned with developing flexible knowledge, deep
understanding, problem solving skills, self-directed learning skills, effective collaboration, and self-

directed motivation (Barrows, 1996; Jonassen, 2000).f

TCI adds on several important prescriptions for learning that are not necessarily present in “pure”
problem-based learning, including scaffolding (Masters & Yelland, 2002) that is faded out over time
(Francom & Gardner, 2013) to help with task performance. These important elements of support and
guidance—which are not prescribed in a “pure” problem-based learning approach—help to make
learning more efficient and increase the chances that target concepts and skills will be gained by
learners (Francom & Gardner, 2013, 2014).

Many researchers today argue for the importance of centering learning on real-world problems to
support knowledge construction and offer a meaningful, relevant learning experience in the Information
Age (Anderson, 1993; Barrows, 1996; Bender, 2012; Hung et al., 2008; Jonassen, 2011; Merrill, 2002b;
van Merriénboer, 1997). However, some of the main problems that have come out of this approach
include a lack of learning efficiency for gaining target skills and knowledge outcomes (Reigeluth, 2012;
Spector, 2004). TCI provides a possible middle ground in which learning is centered on real-world
tasks, but the learner receives support and guidance to learn to perform these tasks. This allows for
efficiency of learning while still enhancing motivation and enabling meaningful knowledge construction
among learners through meaningful experience with learning tasks (Francom & Gardner, 2014).

The importance of TCI also lies in its connection to the learner-centered paradigm of education as a
learner-centered approach that matches the learning needs of the Information Age. TCI focuses on
learning by doing, rather than learning through teacher presentation, and allows for self-directed rather
than teacher-directed learning. TCI can take advantage of intrinsic motivation among students and is
particularly well suited to the idea that student progress should be attainment-based instead of time-
based (Reigeluth, 2012).

In addition, the Information Age is characterized by abundant information sources, providing the user
with facts and procedures on almost any subject. In the Information Age, skills for finding this
information become much less important than skills for applying this information to the completion of a
specific problem or task (Francom, 2014; Francom & Gardner, 2013). Because of these key
characteristics, TCI plays a prominent role in the learner-centered paradigm of education (Reigeluth,
2012; Reigeluth & Karnopp, 2013).

I1. Values for Task-Centered Instruction

The goals of TCI include the application and transfer of knowledge to realistic contexts, and effective



and efficient learning (Francom & Gardner, 2013). These goals help drive decisions about which types
of learning and instructional goals to pursue with this method.

The focus on application and transfer of knowledge leads the instructional designer or instructor to
use TCI when it is important to gain specific and transferable knowledge and skills. TCI requires the
possibility to have learners apply their knowledge within a course or designed learning experience.
Because tasks can take a longer time to complete, TCI may not be the best choice for learning objectives
that require the memorization or drill and practice of many specific terms, ideas, or repetitive problems.
The types of learning objectives chosen for TCI are usually practical skills that are transferable to
everyday life.

TCI experiences tend to make the instructor and learners think more clearly about ways in which what
is being learned is actually useful in outside-of-school settings. With each learning task, learners may
focus on the attributes of the learning task that transfer to real-world settings, and they also learn how to
perform the task like it might be performed outside of school or training.

TCI is especially useful in situations where a learner-centered experience is desired, and
motivational and authentic learning elements are also required, but a “pure” problem-based learning
approach without some kind of learning structure, guidance, and support, is not plausible. In most cases,
a “pure” problem-based learning approach is not plausible because of time constraints, student
frustrations, and a lack of mastery assurance (Kirschner, Sweller, & Clark, 2006; Mayer, 2004).
Experience has shown that the addition of learner support and guidance is needed to make discovery
learning forms like problem-based learning more effective and efficient (Kirschner et al., 2006; Mayer,
2004; Merrill & Gilbert, 2008; Spector, 2004). TCI prescribes the addition of this type of support and
guidance (scaffolding) for learners who are performing a learning task, and this support and guidance is
faded out over time as learners gain expertise.

I11. Universal Principles for Task-Centered Instruction

Four main models have influenced TCI in important ways (Francom & Gardner, 2014). These models
include cognitive apprenticeship (Brown et al., 1989; Collins et al., 1991) and elaboration theory
(Reigeluth, 1979, 1999), which have influenced more recent conceptions of TCL, as well as Merrill’s
first principles of instruction (Merrill, 2002b) and van Merriénboer’s four-component instructional
design model (van Merriénboer, 1997; van Merriénboer & Kirschner, 2013). All four of these models
have been synthesized into prescriptive principles for TCI that fall into five main areas: learning tasks,
activation of prior knowledge, demonstration/modeling, application, and integration/exploration (see
Francom & Gardner, 2014). I will discuss each of these areas in turn.

1. Learning Tasks

Learning tasks are easily the most central element of TCI. Students should be engaged in completing
learning tasks as a central aspect of the TCI experience. These tasks are meant to be real-world, so that
learners use knowledge and skills in much the same way that knowledge and skills would be used in
outside-of-school settings. In TCI, learners apply their knowledge and skills to complete whole tasks
from start to finish (Merrill, 2002b). The learning tasks should be matched to the ability level of the
learners to start out, and then they should progress to be more complex as learners gain knowledge and
skill (Merrill, 2002b, 2007; Reigeluth, 1999; van Merriénboer & Kirschner, 2013).

To implement a TCI approach, an instructor or instructional designer must have a task-centered rather
than topic-centered focus (Merrill, 2009). This means that—rather than determining topics to be covered
and presented to learners in a course of study—the instructor or instructional designer should identify
tasks that would require learners to apply their knowledge of important course concepts and skills in
realistic ways. These tasks must be modeled after real-world tasks the learner will face after instruction,
and should include as many of the same aspects of the real-world tasks upon which they are modeled as
possible within the constraints of the learning situation (Merrill, 2009; van Merriénboer & Kester,



2008). Some characteristics of such tasks include that they are ill-defined enough to allow for more than
one correct way to complete them, and that artifacts or activities of task completion can take various
forms (Merrill, 2002a, 2007). Simple tasks that do not require the learning of a variety of related skills
—or that can be completed by learners in a short amount of time with little skill or cognitive activity—
may not qualify as learning tasks in TCI. However, there are no hard and fast rules about exactly how
complex a task must be or how long it must take to complete it, since these variables depend on the
knowledge and skill of learners and other situational constraints.

In TCI, sequences of learning tasks are identified that are related to required course topics, so that
learners must learn and apply these topics to complete the tasks (Merrill, 2007). The sequences of tasks
should be developed so that increasingly more knowledge of course topics is required to complete
additional learning tasks (Reigeluth, 1979, 1999). In TCI, sequences of tasks that vary in the ways that
they vary in outside-of-school performance should be designed and implemented (Merrill, 2007; van
Merriénboer & Kirschner, 2013). From these sequences of tasks, learners can master relevant
information and cognitive strategies from the experience and then transfer these strategies for future
experiences (van Merri€nboer, 1997; van Merriénboer & Kirschner, 2013).

TCI makes use of scaffolding, in which learner support and guidance are faded out over time. The
first learning task in a sequence should be a simple version of a real-world task so that learners are able
to complete it without much prior skill and knowledge (Reigeluth, 1999). This simplification can be
accomplished through selecting a version of the task that has a reduced number of variables associated
with it and, if necessary, having some of the task elements completed before learners must finish it.
Learning tasks at the beginning of a learning experience should be accompanied with higher levels of
support and guidance, which fades away as learners gain more expertise in completing learning tasks.

Current research supports the use of real-world tasks or problems at the center of the learning
experience (see Hmelo-Silver, 2004; Hung et al., 2008; Jonassen, 2011), yet a large body of research
also supports the need for carefully structured learning tasks along with an appropriate level of guidance
for learners (see Kirschner et al., 2006; Mayer, 2004). Several studies also support the use of whole-
task learning, in which more complex and integrative learning tasks are implemented (see van
Merriénboer & Kester, 2008). For example, Lim, Reiser, and Olina (2009) compared a whole-task
learning experience to part-task learning and found superior learning performance in the whole-task
learning group. Wightman and Lintern (1985) found similar results in a study of tracking skills for
manual control. Overall, studies support the use of carefully structured learning tasks along with
coaching and guidance for task completion for better transfer of learning (see van Merriénboer, 1997;
van Merriénboer & Kester, 2008).

Learning tasks are the pivotal aspect of TCI. The four following principles— activation,
demonstration/modeling, application, and integration/exploration—relate to the use of learning tasks in
TCI (Francom & Gardner, 2014).

2. Activation of Prior Knowledge

Activation of prior knowledge means activating cognitive structures that relate to the topics and tasks to
be studied and completed. The activation principle comes from the cognitive information processing
view of learning in which relevant mental structures must be prepared to receive new information and
experiences (van Merriénboer & Kester, 2008). Effective activation is based on an understanding of
learners’ prior knowledge, which can be obtained through learner analysis methods including
observation, pre-testing, questionnaires, expert review, and more- (Dick, Carey, & Carey, 2009;
Morrison, Ross, Kemp, & Kalman, 2010).

Activation is an integral part of TCI, and prior knowledge can be activated by having learners share
relevant previous experiences with each other or recall a structure for organizing new knowledge
(Merrill, 2009). This provides an opportunity for learners to prepare to process complex information
and procedures, and also gives the instructor a chance to provide remedial instruction if needed (Collins
et al., 1991; Merrill, 2009). Activities that might support activation include written assignments, whole-



class discussions, presentations, or small-group explanations that introduce learners’ prior knowledge.

Much of what we believe about activation of prior knowledge comes from earlier experimental
studies, which have found that relevant prior knowledge activation leads to better recall of information
(Bransford & Johnson, 1972; Dooling & Lachman, 1971). Subsequent research on the importance of
prior knowledge activation has continued to support this practice (Elbro & Buch-Iversen, 2013; Gurlitt
& Renkl, 2008; Schmidt & Patel, 1987; Spires & Donley, 1998). This research has also sought to
determine best practices for prior knowledge activation methods and techniques, studying several
different methods including note taking during activation (Wetzels, Kester, van Merrienboer, & Broers,
2011), concept mapping (Gurlitt & Renkl, 2008), small group discussion of prior knowledge (Schmidt &
Patel, 1987), and advance organizers (Gurlitt, Dummel, Schuster, & Nuckles, 2012). Activation of prior
knowledge in these studies has led to improved learning outcomes on recall, near transfer, and far
transfer tests.

3. Demonstration/Modeling

Demonstration/modeling in TCI includes showing learners how to perform a learning task and also
providing procedural and supportive information relevant to the learning task. The term “demonstration”
comes from Merrill’s (2002b, 2009) first principles of instruction, and the term “modeling” comes from
cognitive apprenticeship (Collins et al., 1991). The amount of demonstration/modeling that is presented
to learners fades over time as learners gain expertise.

In TCI, learners must see how to perform learning tasks. This demonstration/modeling is more than
just presenting about learning tasks or giving task requirements. It involves showing how knowledge of
course topics and task procedures can be applied to perform the task.

Demonstration/modeling also plays a part in the presentation of information that is relevant to the
completion of learning tasks. In order to demonstrate and model, an instructor should show the process
for performing a part of a complex learning task, while making particular mention of generalities or
other information that are required for task completion (Collins et al., 1991; Gardner, 2010; Merrill,
2009). Some information pointed out by an instructor during demonstration/modeling might include
categories, concepts, or procedures that relate to the learning task. The instructor shares how the
learning task relates to these categories, concepts, or procedures (Merrill, 2002b, 2009). Finally,
demonstration/modeling should be done with relevant media, which follows cognitive principles of
multimedia learning (Clark & Mayer, 2011; Merrill, 2009).

Information related to learning tasks is presented prior to or during an actual demonstration showing
how to perform the learning task. This information can be separated into two categories: procedural
information and supportive information (van Merriénboer, 1997; van Merriénboer & Kirschner, 2013).
Procedural information is defined as information about the general steps that should be taken to perform
a learning task. Supportive information includes topics or concepts that are relevant to the learning task
but do not include the steps for completing the learning task. Subject-matter concepts that can be applied
to the learning task are considered supportive information. Learning tasks fall on a continuum from
procedural to heuristic (Reigeluth, 1979, 1999). For tasks that are more heuristic in nature, learners
more heavily rely on supportive information to help them perform the tasks. For tasks that are more
procedural in nature, learners more heavily rely on procedural information. For most learning tasks,
learners apply a combination of procedural and supportive information as they perform learning tasks.

Extensive research has long supported the effectiveness of demonstration techniques in learning
activities (Bandura, 1965, 1975; Bandura & Kupers, 1964). The area of motor learning provides a rich
research base showing that demonstration/modeling is effective for supporting learning in whole- and
part-task learning situations (McCullagh, Law, & Ste-Marie, 2012; van Merriénboer & Kester, 2008).
More recent research continues to support the effectiveness of demonstration/modeling over lecture
presentation (Balch, 2012; Corpus & Eisbach, 2005). Further research has focused on the effectiveness
of different types of demonstration, including face to face, video, and peer demonstration (Katsioloudis,
Fantz, & Jones, 2013; Martineau, Mamede, St-Onge, Rikers, & Schmidt, 2013).



4. Application

In TCI, learners apply their knowledge to perform learning tasks. Unlike many learning experiences,
which are designed to assume that application of the learning will take place after a course of study is
over, application in TCI happens as part of the actual course learning experiences. Application must be
consistent with the desired skills to be learned, so learning tasks must be designed to support learners in
practicing the desired skills for a learning objective.

In application, learners perform learning tasks by applying the procedural and supportive information
that they have learned, and they also receive coaching and feedback on their task performance. This
coaching and feedback might include corrections for task performance, guidance on how to proceed, and
feedback about how well learners are performing (Collins et al., 1991; Merrill, 2009; Reigeluth, 1999;
van Merriénboer & Kirschner, 2013).

As mentioned in Principle 1, learners complete learning tasks in carefully designed sequences. The
tasks are designed to go from simple to complex, and to vary in ways that tasks vary outside of school,
giving learners an opportunity to develop higher-order thinking skills and transfer these skills for future
experiences (Merrill, 2009; van Merriénboer & Kirschner, 2013). As learners apply their knowledge to
complete tasks in a sequence, the coaching and feedback they receive for task performance gradually
fade away.

Application of learning provides a built-in performance-based assessment opportunity. The level of
support and coaching for task performance is faded until a learner no longer needs external support to
perform the task. At this point it can be determined that the learner has mastered this type of learning task
and is therefore ready to move on to other tasks. As long as the learning task that has been mastered
correlates with a target competency, then it can be assumed that the learner has achieved the competency.

Application should include active personal monitoring of performance by learners as they determine
ways that they can improve their own performance. Models of cognitive apprenticeship advocate having
learners verbalize their own thought processes as they perform learning tasks (Brown et al., 1989;
Collins et al., 1991). This allows the instructor to point out information or ideas that the learner has
missed or correct any misunderstandings that the learner may have.

Based on extensive research, practice activities in which learners apply their knowledge are essential
to effective learning. Findings to this effect are described in research reviews of problem-based
learning (Barrows, 1996; Hmelo-Silver, 2004; Hung et al., 2008), motor learning (Twining, 1949;
Walker, Brakefield, Morgan, Hobson, & Stickgold, 2002; Wulf & Schmidt, 1997), and in a variety of
TCl-related approaches (e.g., Gardner, 2011b; Melo & Miranda, 2014; Sarfo & Elen, 2007; Snyder,
2011). Also, research reviews support the idea that application or learning practice should be
accompanied with some guidance and coaching in order to be successful (Kirschner et al., 2006; Mayer,
2004). The idea of scaffolding—in which extra support and guidance are provided at the beginning of a
learning experience and then faded out over time—also has an extensive research base of support (see
Masters & Yelland, 2002).

5. Integration/Exploration

Integration/exploration also happens as part of a TCI experience (Francom & Gardner, 2014). This is a
phase of learning in which learners use their new knowledge and skill in everyday life, or explore new
ways and ideas for using the new knowledge and skills. The term “integration” comes from Merrill’s
first principles of instruction (Merrill, 2002b), and the term “exploration” comes from cognitive
apprenticeship (Collins et al., 1991). Integration/exploration means taking what has been learned
through the completion of learning tasks to the next level, either by applying it to new tasks or by further
exploring new options and ideas (Collins et al., 1991; Merrill, 2009; van Merriénboer & Kirschner,
2013).

Research studies have supported the concept of integration/exploration. Research and practice



reviews have long advocated supporting the transfer of learning through activities in which learners
show their understanding in new ways by discussing, reflecting upon, defending, and applying their
knowledge to unique situations (Brown et al., 1989; Collins et al., 1991; Merrill, 2009; Perkins &
Salomon, 1994). Transfer of learning depends on the learner being able to mindfully search for
connections and abstractions (Perkins & Salomon, 1994). Reflection practices like those that are
involved in integration/exploration have long been found effective learning tools (see Boud, Keogh, &
Walker, 2013; Mezirow, 1990), particularly in authentic, work-based learning situations (Boud, Cressey,
& Docherty, 2006). Activities in which learners enhance their learning and transfer by creating new
projects based on what they have learned are also well substantiated in research studies (see Bender,
2012; Harel & Papert, 1991).

Research on Task-Centered Instruction

Prior research conducted on the design of TCI environments that include principles of activation,
demonstration/modeling, application, and integration/exploration within the context of real-world
learning tasks has shown strong relationships with increased student learning (see Frick et al., 2009;
Frick, Chadha, Watson, & Zlatkovska, 2010; Gardner, 2011b; Lee, 2013; Merrill, 2002a; Sarfo & Elen,
2007). Additional studies have been conducted that implemented TCI approaches in educational
situations (see English & Reigeluth, 1996; Francom, 2011; Francom, Bybee, Wolfersberger, & Merrill,
2009; Gardner, 2011a; Gardner & Jeon, 2009; Mendenhall, 2012; Mendenhall et al., 2006; Snyder,
2011). Although more research is certainly needed on how to effectively implement TCI in learning
situations—and on the effectiveness of TCI as a learning method—the overall body of current research
is positive. The research suggests that TCI, properly designed, can be an effective way to support
authentic and relevant learning of target knowledge and skills.

Task-Centered Instruction and the Learner-Centered Paradigm of
Education

Reigeluth and colleagues have described a new learner-centered paradigm of education for the
Information Age (Chapter 1 of this volume; Reigeluth, 2009, 2012; Reigeluth & Karnopp, 2013). TCI
has been suggested as a central learning method in this new paradigm of education because of its
compatibility with learner-centered instruction. Some of the other main ideas of the new paradigm of
education include attainment-based learner progress, personalized instruction, changed roles for
teachers and students, and collaborative learning (Reigeluth, 2012; Reigeluth & Karnopp, 2013).

Attainment-based learner progress

TCI can be designed to support attainment-based learner progress. In TCI, learning tasks are designed in
sequences that support learner development of skills and knowledge as they complete tasks that become
more complex over time. These tasks are carefully designed to build upon one another and to vary so
that all of the desired knowledge and skills that students should learn are required for task completion.

Criterion-referenced assessment—a hallmark of the learner-centered paradigm of education
(Reigeluth, 2012)—is especially compatible with a TCI approach. Application in TCI is an authentic
way for students to prove that they are proficient with authentic criteria standards by completing learning
tasks that require knowledge and skills in relation to specific criteria (see MacAndrew & Edwards,
2002; Oh, Kim, Garcia, & Krilowicz, 2005).

Personalized instruction

Another hallmark of the learner-centered paradigm of education is personalized instruction. To support
this type of learning, TCI can be adapted to individual learners, and scaffolding can be adapted to their



needs. For instance, more advanced learners can work on more advanced learning tasks with less
guidance and coaching, while less advanced learners can complete simpler tasks with more guidance
and coaching. Tasks that are well designed can allow more capable students to work somewhat
independently so that the instructor has time to provide coaching and feedback to other students on a
differentiated basis.

Technological and information resources that are abundantly available in the Information Age can be
used to support more personalized instruction in TCI (Reigeluth, 2012; Reigeluth & Karnopp, 2013).
Learners can view or read resources that are available online, such as instructional videos, websites,
and media presentations, to help them perform learning tasks.

Changed roles

The learner-centered paradigm of education also features changed roles for teachers and students. In the
Information Age, the instructor serves as a designer of learning experiences, and a facilitator of learning,
among other roles (Francom, 2014; Reigeluth, 2012; Reigeluth & Karnopp, 2013).

As a designer of learning experiences, the instructor in TCI identifies learning tasks that require
students to apply their knowledge and skills. Sequences of learning tasks are developed which provide
an appropriate level of challenge for learners. The instructor may also determine how to personalize and
differentiate tasks based on students’ prior knowledge.

In TCI, the teacher serves as a facilitator by explaining the learning task and demonstrating how parts
of the task are to be performed or to help students learn this on their own. During application in TCI, the
instructor continues to serve in a facilitator role by recommending appropriate resources and providing
coaching and feedback to students as they work on learning tasks.

The roles of students in the learner-centered paradigm of education also change to self-directed and
collaborative learners, among other things (Reigeluth, 2012; Reigeluth & Karnopp, 2013). In TCI,
students play the role of self-directed learner by managing their own learning processes as they
perform learning tasks. TCI helps students to gradually take more and more ownership of their learning
as they gain more knowledge and skill.

Finally, students in the learner-centered paradigm of education are collaborative learners who teach
and learn from each other (Reigeluth & Karnopp, 2013). TCI provides a natural framework for
collaborative learning activities, which include discussions, teamwork, presentations, and peer-critique
(Merrill & Gilbert, 2008).

IV. Situational Principles for Task-Centered Instruction

In Volume III of Instructional-Design Theories and Models Reigeluth and Carr-Chellman (2009)
discuss principles of instruction that apply only in some situations. Learning methods such as TCI can be
made more precise by describing kinds, parts, and/or criteria for their use in different situations
(Reigeluth & Carr-Chellman, 2009). Though TCI models and prescriptions have always been presented
in a general way, there are some situational principles that can be applied to TCI. These situational
principles are presented, while recognizing that it is impossible to provide prescriptions for all possible
learning situations.

Variations in Learning Tasks

Learning tasks are central to TCI; however, several general prescriptions might vary based on different
learning situations: base tasks on real-world performance, adjust the complexity of tasks to match
learner expertise, use whole tasks, and fade out support for learning over time (see Francom & Gardner,
2014).

First, for basing tasks on real-world performance, the degree of fidelity depends on the amount of



equipment and resources that are available in the educational setting. Ideally the same resources and
equipment that are used in the real world should be available in the learning situation; however, this may
not always be the case. For instance, a learning task designed to mimic a real biologist taking and
analyzing water samples may have to be made lower fidelity because a nearby body of water is not
available or because a field trip experience is not possible. Instead, students could receive water
samples already taken from the body of water in question and then analyze them in the classroom or lab.
By contrast, in another situation, fidelity could be high. Students working on computers with a
spreadsheet application might authentically perform a learning task designed to mimic a real accountant
working in the same spreadsheet application.

As mentioned previously, the complexity of each task in a TCI experience should match the level of
learners’ prior knowledge and skill. Therefore, the instructor must adapt the complexity and difficulty of
each learning task to provide an appropriate level of challenge for learners. When students do not have
sufficient knowledge to start on a more complex whole task, it is necessary to use a simpler version of
the task. Because there is a need for flexibility for determining the complexity of a task or how long it
must take to complete it, some tasks could conceivably be completed in a day or few hours, while other
tasks might last much longer.

Within TCI a universal principle is to keep the “wholeness” or authenticity of the tasks intact. This
requires occasional use of part-task instruction. For instance, there may be parts of tasks that cannot be
completed unless students have first gained sufficient automaticity of a skill. In such situations, learners
may have to pause to receive just-in-time instruction that includes specific knowledge and skills needed
to perform a learning task (Reigeluth, 2012; van Merriénboer & Kirschner, 2013). When this part-task
instruction is finished, the learner returns to the whole task.

Different students need different amounts of support for learning. The instructor should increase
support for students who struggle to learn a part of the learning task, or fade support more quickly for
students who have little difficulty. An instructor, or technologies such as adaptive learning systems or
media demonstrations, may be able to more immediately adjust support levels for learners during the
just-in-time learning process.

Variations in Activation

Different kinds of learning might lend themselves better to different methods of prior knowledge
activation. For instance, physical skills, such as learning how to swing a golf club, would better lend
themselves to activation of prior knowledge through methods that require students to demonstrate their
knowledge through physical activity or through visual methods. In contrast, intellectual skills may
require activation of prior knowledge through visual demonstration, discussion, or a combination of
these methods. Attitudes may better lend themselves to activation of prior knowledge through the sharing
of case studies, scenarios, and personal experiences.

Variations in Demonstration/Modeling

In TCI, learners receive a demonstration showing how to perform a learning task. For tasks that can be
performed over a short period of time, this demonstration may show how to perform the whole task. For
tasks that take a longer time period to complete, demonstration may comprise a series of part-task
demonstrations.

There are several different types of demonstration methods that could be implemented within different
skill domains. For instance, if a learning task involves an intellectual skill like writing and sending a
properly formatted business letter, then demonstration should show the actual processes of writing and
sending this letter.

Different relevant media formats could be used to demonstrate this task, including a live instructor-led
demonstration, a video, or a screencast. The live demonstration would work best for a smaller face-to-



face class; the video or screencast would be needed for distance learning or for classes too large for all
students to see.

In contrast, a demonstration method for a task in the affective domain might require the use of a role-
play, case study, or real-world observation in combination with procedural and supportive information
presented visually in order to help students succeed.

The methods for presenting procedural and supportive information in TCI may also vary according to
the situation. Procedural information is usually made available to students just in time, as they are
performing learning tasks. However if it is determined that students must memorize the steps of a
learning task, then this information may not be made available throughout the application phase.
Supportive information is normally presented before learners perform learning tasks as long as these
tasks are not too complex. However, if a learning task is complex, or will take a long time to complete,
then supportive information may be presented sequentially during key points as students perform the
learning task. In addition, if supportive information is too complex to remember, or if students may not
recall this information sufficiently, supportive information could be provided just in time as learners
perform a learning task.

Variations in Application

Application of learning in TCI means that students complete learning tasks as part of their learning
experience and learners receive coaching and feedback on their performance that fades away over time.
Application of learning also may include part-task practice for learners. The fading away of coaching
may occur more quickly or slowly depending on the needs of individual learners. For instance, if
learners are truly struggling with a learning task, the frequency of coaching and feedback might be
increased to help them. Alternatively, coaching and feedback might be quickly faded out if learners are
able to complete a learning task without much difficulty or if they have become too dependent on the
instructor and must learn to practice on their own.

For more complex learning tasks, application activities will include instances where learners must
pause task performance, focus on knowledge and skill development, and then resume task performance
(Reigeluth, 2012). These types of activities, called part-task practice, are necessary when learners must
gain a high level of automaticity, or when there is a need for repetition to help learners internalize a skill
(van Merriénboer & Kirschner, 2013). Situations in which the learner needs to apply skills in diverse
circumstances, or in which a particular complex learning task does not sufficiently support the
development of a specific skill among learners may also warrant the implementation of part-task
practice. Part-task practice usually includes additional instruction and coaching that helps learners gain
key knowledge and skills so that they can return to and continue to perform the learning task (Reigeluth,
2012; van Merriénboer & Kirschner, 2013).

Also during application, if a learner makes a misstep and the instructor doesn’t know the reason, the
learner should be directed to share his or her thought processes while completing the task. Reflection
activities, such as journaling and group and class discussion might also need to be implemented in TCI
when learners need help on their learning task performance. Also, if learners are not able to remember
the steps for learning task completion, they may need to be reminded of the procedural information that
they had previously learned during demonstration/modeling.

Variations in Integration/Exploration

In TCI, learners transfer their new knowledge into everyday life. A variety of methods could work to
support integration/exploration in a course of learning. The instructor could set up sessions where
learners demonstrate their new knowledge or skill to a public group. Learners might be required to
discuss or defend new and different ways to perform a task or solve a problem as part of a reflection
activity. Learners could critique each other on their task performance to support integration/exploration
(Merrill, 2009). Integration/exploration tasks might include showing new skills to others, reflecting on



new skills and knowledge, and creating new ideas and projects based on knowledge and skills learned
(Collins et al., 1991; Merrill, 2002b).

The method that is used to help learners integrate or explore their knowledge should vary according to
the type of learning task implemented and available resources in the learning situation. Constraints such
as time and resources might restrict the extent to which learners are able to transfer their learning to
real-world situations. If there are not sufficient time and resources to allow learners to go to realistic
settings and perform the learning task there, then more simple learning methods could be used such as
discussions, reflections, and case studies. In these activities, learners could discuss how a learning task
might be different if performed outside of school, reflect upon and share different methods for
completing a learning task, or become involved in a case study showing how the task might be different
in a real-world setting. If many learning tasks have been implemented in a TCI approach and these tasks
have included much variability, then integration/exploration may already be embedded in the overall
learning experience.

V. Implementation Issues for Task-Centered Instruction

In the implementation of a TCI approach, there are several different issues to consider. These issues
generally fall into four main categories, including identification of learning tasks, resources available
versus number of students, breadth versus depth of learning, and ensuring mastery. I will discuss each of
these in this section.

Identification of Learning Tasks

It is difficult for even experienced instructional designers to identify and design appropriate learning
tasks that will provide real-world experience, cover all of the required knowledge and skill, and match
the skill level of the learners. In a study by Mendenhall (2012), many instructional designers in a
university setting felt that they didn’t have a sufficient understanding of TCI to fully implement this
learning method. Gardner and Jeon (2009) faced a similar difficulty in designing web-based learning.
After studying how award-winning professors use TCI in higher education, Gardner (2011a) discussed
the difficulties of determining the size and amount of learning tasks to implement. He lamented that little
guidance is available for effectively determining the right amount and complexity of learning tasks.

In many cases those who are designing or identifying learning tasks have limited instructional design
experience, which can lead to uneducated learning task choices (see Francom et al., 2009; Mendenhall,
2012). Learning tasks must be chosen that help learners get enough practice using the target knowledge
and skills, yet remain authentic and relevant. Identifying these learning tasks requires an extensive but
rare combination of prerequisite knowledge, including knowledge of the subject area, knowledge of
TCI, an understanding of learners’ prior knowledge, and an understanding of the content required to
complete a prospective learning task.

Resources Versus Number of Students

The resources for implementing TCI, which include instructional time, equipment, and technologies, can
be greatly diminished when there are large numbers of students in a learning situation. In my experience
implementing TCI in higher education settings (see Francom, 2011; Francom et al., 2009), sufficient
instructional and learning time for completing learning tasks has been difficult to find. In one TCI
implementation, for instance, there were over 300 students working in small groups in a general
education biology class (Brickman et al., 2012; Francom, 2011). The number of students and the short
time they had working together greatly restricted the time the instructor and teaching assistants could
spend designing, implementing, and assessing learning tasks.” In this situation, a compromise was made
in which only part of the class was a fully implemented version of TCI.

Though sufficient time is usually made available for activities like demonstration/modeling in TCI,



time for activation of prior knowledge and coaching and feedback is often severely limited. Instructors
in larger classes are often forced to simply make an educated guess to determine each student’s learning
gaps and to match learning tasks to learner needs (Francom, 2011; Francom et al., 2009). Instructor
coaching and feedback is also limited as the instructor likely cannot be available to observe and help
every student in a large class as they perform learning tasks. TCI is much better suited to the new
learner-centered paradigm of education in which students work as individuals or teams within smaller
class sizes.

One potential technological solution to this problem is to make use of online Information-Age
resources to provide learning task support such as demonstration/modeling, coaching, and scaffolding.
For example, instructional time can be conserved if learners watch tutorial videos or presentations
showing how to perform tasks on their own time. Some resources that have great potential for
demonstration/modeling include the Khan Academy, university open courseware, and instructional
videos on YouTube, SchoolTube, and TeacherTube. TCI software applications that have scaffolding and

coaching functions could also be developed to guide learners through the process of performing tasks.™

Breadth Versus Depth of Learning

The TCI method tends to favor depth of learning over breadth of learning. TCI is certainly not as
efficient at getting students to memorize and recite a large list of concepts and ideas, and time limitations
may make it difficult to cover all important knowledge and skills. However, the smaller range of skills
and concepts that are learned and applied to learning tasks are much more likely to be internalized and
transferred by learners in TCI than they are in other types of learning that do not include application of
concepts and skills.

This issue connects back to the previous issue of identifying learning tasks. There is a need to identify
learning tasks that cover a wide enough range of desired concepts and skills, yet still include activities
that are whole, real-world, and relevant to support depth of learning. This is a balance that has not yet

proven to be an easy job for instructional designers, let alone instructors (Francom, 2011; Francom et
al., 2009; Mendenhall, 2012).

If there is a need to cover a wider range of concepts and skills than can be supported in identified
learning tasks, a potential solution is to make use of Information-Age technological and media resources.
For instance, students could view online instructional videos and presentations or participate in
interactive activities to help them more effectively learn and memorize key concepts. Because there are
many effective instructional resources freely available, learners can gain a wider range of skills and
concepts without sacrificing a great deal of instructional time.

Ensuring Mastery

Ideally, each student must master every target concept and skill. Collaboration is often a major element
in TCI, as learners work together to perform learning tasks. In collaborative activities, it is often
difficult to ensure that all learners master target concepts and skills. Group members may take on
different roles in the learning process, and different members of each group may perform different
elements of a learning task, thereby applying different concepts and skills.

In order to help ensure that all learners gain the target knowledge and skills in TCI, the instructor
might have to add further structure to the collaborative work that each group performs. Some structure
that could be added to the collaborative work might include rotating group member roles so that each
group member has opportunities to apply the same knowledge, or assessing students individually to
determine their knowledge. One way to assess the progress and quality of learning is to assess the whole

group on learning task completion and separately assess individuals for key concepts and skills.”

As mentioned previously, Information-Age media resources can play a role in the acquisition of target
skills. Online videos, presentations, and articles can be assigned so that each learner in a group is able



to learn target concepts and skills, even if they play different roles as they perform a learning task.
Learners can develop knowledge and skills as they pause from performing a task in order to participate
in part-task practice.

The majority of issues related to the implementation of TCI will likely continue to fall into these
categories: identification of learning tasks, resources available versus number of students, breadth
versus depth of learning, and ensuring mastery. Determining and overcoming TCI implementation issues
will be an important pursuit in the learner-centered paradigm of education. Information-Age technology
and media resources are likely to play an important role in improving and overcoming these issues.
Technology and media resources will continue to proliferate and improve, allowing more and more TCI
learners to build skills independently, while instructional time can be conserved for learning-task
activities.

VI. Conclusion

TCI is an approach to learning that centers on learning tasks, with activation, demonstration/modeling,
application, and integration/exploration as major components. This type of learning stems from several
different learning theories and models, including cognitive apprenticeship (Brown et al., 1989; Collins
etal., 1991), elaboration theory (Reigeluth, 1979, 1999), the four-component instructional design model
(van Merriénboer, 1997; van Merriénboer & Kirschner, 2013), and first principles of instruction
(Merrill, 2002b, 2007; Merrill & Gilbert, 2008).

Learning tasks in TCI are modeled from real-world performance, and learners complete carefully
designed sequences of learning tasks that progress from simple to complex. Activation of prior
knowledge is also an essential element of TCI as the instructor or instructional designer must address
learning gaps among learners and match learning tasks to learners’ prior knowledge. In TCI, learners see
a demonstration showing how to perform a learning task, and they receive supportive and procedural
information that will help them learn how to perform the task. Learners also use their knowledge to
perform learning tasks as part of the learning experience while receiving coaching and feedback.
Finally, learners integrate and explore new ways to use their knowledge and skills.

TCI can be differentiated from problem-based learning because it prescribes the use of structure,
guidance, and coaching that is faded out over time as learners gain expertise. It is especially appropriate
for learning objectives that are performance based and lend themselves to practice and transfer of
learning to authentic situations. TCI is particularly well suited to the learner-centered paradigm of
education because it is compatible with attainment-based learner progress, personalized instruction, and
changed roles for teachers and students.

There are some situational principles that may vary in TCIL. These include the authenticity of the
learning tasks, the wholeness of the learning tasks, the rate at which tasks progress from simple to
complex, the methods for activating prior knowledge, demonstration/modeling methods, application
methods, and integration/exploration methods. Also, implementation issues for TCI fall into four major
categories: identification of learning tasks, resources available versus number of students, breadth
versus depth of learning, and ensuring mastery. Many Information-Age technological and media
resources can be used to improve and overcome issues surrounding the implementation of TCL

Research to date supports the use of TCI and its various components, including learning tasks,
activation, demonstration/modeling, application, and integration/exploration. Future research is still
needed, however, to continue to improve the effectiveness of TCI for different situations, to study
implementation issues for TCI, and to further connect TCI to other aspects of the learner-centered
paradigm of education.
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*  Editors’note: As with most terms in instructional theory, TCI has different meanings for different people.
Francom and Gardner (2013) contrast TCI from PBL, with TCI focusing primarily on application and transfer
and effective learning, and PBL focusing primarily on the other items listed here. In contrast, in Chapter 1, we
defined TCI as a generic term that encompasses problem-based learning, project-based learning, inquiry
learning, hands-on learning, maker learning, and other forms of learning by doing authentic tasks. This
highlights the importance of making extra effort to understand an author’s definitions rather than assuming
they are the same as yours. Other chapters in this volume that address some form of task-centered instruction
include Chapter 6, Designing Maker-Based Instruction, Chapter 7, Designing Collaborative Production of
Digital Media, Chapter 8, Designing Games for Learning, Chapter 12, Designing Instruction for Flipped
Classrooms, Chapter 13, Gamification Designs for Instruction, and Chapter 15, Designing Just-in-Time
Instruction, though all the chapters assume a task-centered approach.

*  Editors’note: When competency-based student progress is used, records are kept on individual competencies,
making learner analysis unnecessary.
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*  Editors’note: This illustrates the difficulty of trying to fit aspects of the learner-centered paradigm into the
prevailing structures of the teacher-centered, time-based paradigm. Effective implementation requires

fundamental structural changes.
**  Editors note: See Chapter 16 for design specifications for such a software application.

*  Editors’note: This separate assessment could be fully integrated into the instruction by using a system like the
Khan Academy that requires practicing a skill until a criterion of the last 10 items in a row correct unaided.
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EDITORS’ FOREWORD

Preconditions (when to use the theory)

Content

All kinds of content.

Learners

All kinds of students.

Learning environments

Learner-centered rather than teacher-centered.

Instructional development constraints

Minimal.

Values (opinions about what is important)

About ends (learning goals)

Development of student self-regulation skills is highly valued.
Development of intrinsic motivation and love of learning is highly valued.
Mastery of knowledge and skills is highly valued.

About priorities (criteria for successful instruction)

Effectiveness and intrinsic motivation of the instruction are more important than efficiency.

About means (instructional methods)

Choices that foster intrinsic motivation are highly valued, including student goals, learning
tasks, assessments, and reflection.

Learning through social interaction is highly valued.

About power (to make decisions about the previous three)

Empowering learners to make decisions about ends, priorities, and means is highly valued.

Universal Principles

1. Personalized instructional goals

Learners should set and periodically revisit their long- and short-term learning goals with
appropriate amounts of guidance through social interaction with their teacher and parents.

The development of a personal learning plan should be structured around long- and short-term



goals and required and optional standards.
» The teacher should help students to identify strengths and interests they were unaware of.

*  Motivational whole-task projects should be selected in a way that encompasses competencies
that are less engaging to the learner.

* Adetailed record should be kept of the student’s progress on his or her personal learning plan.

2. Personalized task environment

»  Selection of the instructional task should be personalized to align with the learner s interests,
goals, and prior learning.

* An instructional agent should offer subsets of potential tasks for the student to choose from or
design.

* The degree of collaboration on tasks should be personalized, with the teacher and student a)
negotiating which tasks will best be done individually and which through collaboration, and b)
negotiating the students with whom to collaborate.

3. Personalized scaffolding of instruction

»  The quantity and quality of instructional scaffolding should be personalized to the student s
self-regulation skills and developmental needs through a combination of embedded scaffolds
and scaffolding from teachers and peers.

4. Personalized assessment of performance and learning

» The assessors of task performance and attainments should be personalized by choosing among
the teacher, external experts, peers, and computer systems.

» The means of assessing task performance and attainments should be personalized to align with
the student s goals and interests through choice of the nature of the product or activity and its
representation.

5. Personalized reflection

*  When and how a student reflects on her or his learning process should be personalized.

* Personalization should occur regarding when and how a student reflects on how her or his
resulting product or performance met and did not meet expected outcomes.

Situational Principles

Personalized instruction in time-based systems

*  Students could choose to master a subset of a course’s objectives in exchange for a lower
negotiated grade.

» Teachers could integrate learning tasks across courses to provide additional time for learning
and more authentic, whole-task learning approaches.

* Teachers could give students incompletes until they master all required learning objectives.

* Goals could be lowered from mastery to competence, or grades could be awarded based on
where the student lies on the continuum between novice and expert.

Personalized instruction without supporting technology

* A paper-based system should be implemented to plan for, track, store, and report on student



learning.

Personalized instruction for traditional students

*  Special attention should be paid to developing self-regulated learning skills in students from
teacher-centered schools, with significant scaffolding early in their personalized learning
process.

» Teachers should work with families to help them fully understand and reinforce the culture and
philosophy of personalized learning.

Personalized instruction for online learning

* A strong communication process should be used to ensure frequent communication among
teachers, students, parents, and collaborators.

»  Students should be given more scaffolding and structure.
* A strong sense of learning community should be established.
* Greater advantage should be taken of collaborators from around the globe.

Case Description

o The Decatur Enrichment Center

—CMR., BJB., & RD.M.

PRINCIPLES FOR PERSONALIZED INSTRUCTION

I. Introduction

Definition

The information-age paradigm of instruction is customized rather than standardized, learning-focused
rather than content-delivery focused, student-directed (or jointly directed) rather than teacher-directed,
and entails active learning rather than passive learning, as described in Chapter 1 of this volume and
Chapter 1 of Volume II (Reigeluth, 1999). While the theoretical underpinnings of personalized
instruction share a number of commonalities with other frequently utilized terms, such as customized,
learner-centered, individualized, self-directed, and independent, this chapter describes the nature of
personalized instruction specifically for the realization of an information-age, learning-based paradigm.

Related concepts, such as learner-centered (which was precisely defined in Chapter 1), have been
broadly defined and used to describe a variety of different instructional methods. S.L. Watson and
Reigeluth (2008) review the framework of learning-centered research, including the American
Psychological Association’s 12 learning-centered psychological principles (1997), as well as
McCombs and Whisler’s (1997) two features for learner-centered schools and classrooms: a focus on
individual learners and their characteristics, and a focus on the best available knowledge on learning
and teaching.

S.L. Watson and Reigeluth (2008) also describe similar terms, including personalization. Keefe
(2007) describes the origins of personalized learning, tracing it to the 1970s with the National
Association of Secondary School Principals (NASSP) and the Learning Environments Consortium
(LEC) International, and notes how the special education field adopted it (such as in the form of
individualized education plans). Keefe (2007) goes on to describe the 40 (now 50) year history of
personalization in education and synthesizes a number of definitions to create his own that assimilates



the common concepts in this literature, writing that:

Personalization . . . is a systematic process for organizing a school for success. It is an attempt to achieve a balance
between the characteristics of the learner and those of the learning environment, between what is challenging and
productive and what is beyond the student’s present capabilities. It is a systematic effort on the part of a school to take
into account individual student characteristics and effective instructional practices in organizing the learning
environment. It is a learning process in which schools help students assess their own talents and aspirations, plan a
pathway to meet their own purposes, work cooperatively with others on challenging tasks, maintain a record of their
explorations, and demonstrate their learning against clear standards in a wide variety of media, all with the close
support of adult mentors and guides. (p. 221)

Despite decades of promotion in the literature by a core set of authors, personalized learning has
recently gained increasing cachet as a concept. However, it still lacks a specifically defined and widely
accepted definition. Recently, one group of philanthropists and educational technology advocates
published a definition of personalized learning, identifying four attributes: competency-based education,
flexible learning environments, personal learning plans, and learner profiles (Bill & Melinda Gates
Foundation et al., 2014). The United States’ Department of Education (2010) defined personalization in
its 2010 National Education Technology Plan report: “Personalization refers to instruction that is paced
to learning needs, tailored to learning preferences, and tailored to the specific interests of different
learners. In an environment that is fully personalized, the learning objectives and content as well as the
method and pace may all vary (so personalization encompasses differentiation and individualization)”

(p- 12).

Bray and McClaskey (2015) also define personalization by contrasting it with differentiation and
individualization in a chart that demonstrates the learner-centered and learner-driven nature of
personalization, and they review some of the relevant research on personalization. In seeking a common
language for personalized learning, they define it as meaning that learners:

* know how they learn best, are co-designers of the curriculum and the learning environment
* have flexible learning anytime and anywhere

» have a voice in and choice about their learning

* have quality teachers who are partners in learning

* use a competency-based model to demonstrate mastery

» self-direct their learning

* design their learning path for college and career. (p. 34)

The role of technology in personalized learning has also become a more prevalent component of the
concept and its definition, as the use of data mining to support personalized learning is another aspect in
the literature (Keeffe, Brady, Conlan, & Wade, 2006; Lin, Yeh, Hung, & Chang, 2013). We have
proposed a vision for a learner-centered learning management system that we call the Personalized
Integrated Educational System (PIES). It calls for four primary functions: record-keeping for student
learning, planning for student learning, instruction for student learning, and assessment for student
learning, in addition to some secondary functions, for the systemic application of technology to support
personalized learning (Reigeluth, et al, 2008; Reigeluth, Watson, & Watson, 2012; Reigeluth, et al., in
press; W.R. Watson, Watson, & Reigeluth, 2012; W.R. Watson, Watson, & Reigeluth, 2015).

Ultimately, personalized learning should refer to a process or model of education and not be limited
to a specific tool, whether that tool is educational data analysis or competency- or project-based
education, all of which could be tools implemented to support personalization. Furthermore,
personalized learning should truly focus on learning, meaning that it should move beyond the
systematized approach of system-driven customization for learners and instead incorporate learner-
control in order to develop self-regulated learning skills and not just knowledge.

Importance



Personalized learning has taken on an increased importance in modern society that has not yet been
reflected in actual substantive changes to our educational systems. Reigeluth (1994) describes how the
time-based system of education was appropriate for meeting the needs of industrial-age societies that
sought to sort students into factory-line workers and their managers by holding instructional time
constant and therefore forcing variations in performance. Conversely, current information-age societies
require critical thinkers and life-long learners, educational outcomes less likely to be developed in a
time-based system and therefore requiring a system of education focused on student learning and mastery
of skills and knowledge (McCombs & Whisler, 1997; Reigeluth & Watson, 2008). Such transformation
of education requires personalization of instruction.

Theoretical Foundations

The personalization of instruction is founded on established and widely accepted learning theory and
psychological frameworks, including constructivism, goal-orientation theory, self-regulated learning,
self-determination theory, and flow theory.

Constructivism

Constructivism grew from prior learning theories such as Piaget’s cognitive and developmental views,
situated cognition’s focus on the contextual nature of learning, and Bruner and Vygotsky’s emphasis on
interaction and culture (Driscoll, 2005). Bruner (1961) argued that the goal of education is to support the
development of autonomous and self-driven thinkers. He stressed the importance of instruction being
suitable for the developmental stage of the individual learner and recommended discovery learning
through the solving of culturally appropriate and realistic problems. Vygotsky (1978) highlighted the
importance of social interaction for the creation of higher mental processes and described the zone of
proximal development as what a learner is able to learn with collaboration or scaffolding from a peer or
teacher. Driscoll (2005) identifies constructivist conditions for learning as embedding learning in
complex and realistic environments, incorporating social negotiation, supporting multiple perspectives,
using multiple modes of representation, encouraging ownership of learning, and nurturing self-awareness
of knowledge construction.

Goal-orientation theory

Goal-orientation theory argues that learners should have their own goals for learning, and conceptualizes
student motivation as mastery- or performance-based (Ames & Archer, 1988). Mastery goals represent
the desire to develop understanding or a new skill (criterion-referenced), while performance goals
represent the desire to appear competent when compared with peers (norm-referenced) (Ames &
Archer, 1988). By focusing on students’ mastery goals, instruction can highlight individuals’ progression
in learning rather than producing negative perceptions of ability that can arise when comparing students’
performance to their peers.

Self-regulated learning

Self-regulated learning describes the process wherein students actively participate in their own learning
through metacognition, behavior, and motivation (Zimmerman, 2002). Self-regulated students are
equipped to set their own learning goals, plan for meeting those goals by identifying appropriate
strategies, implement and evaluate the efficacy of the strategies, and reflect on their learning progression

(Zimmerman, 2002).~

Self-determination theory

Self-determination theory argues that the nature of a goal, whether it is determined by the student and is



thus intrinsically motivated or whether it is set by someone else and therefore extrinsically motivated,
impacts the likelihood that the goal will be attained (Deci, Ryan, & Williams, 1996).

Flow theory

Flow theory is another motivational theory that describes attributes of activities that are conducive to
motivation and deep engagement. Csikszentmihalyi (1990) identifies such attributes as clear goals,
individual control, tasks that the individual is capable of successfully completing, and skills that must be
learned.

Guiding Models for Universal Principles

As previously described, personalized instruction is foremost an attempt to realize a learner-centered
paradigm of education by focusing on the individual student and supporting active student control of the
learning process. Despite its long history, there are limited formal models in the literature for
personalizing instruction. This is perhaps due to the challenges of implementing personalized
approaches to instruction within the current time-based, instructor-driven system of education.
Nevertheless, several models have been put forth, representing both the long history of personalized
instruction as a targeted ideal in education and the continued relevancy and desire to realize
personalized instruction, as well as significantly different approaches to achieving personalized
instruction. We first review relevant models in the literature that informed the identification of universal
principles.

Personalized system of instruction (PSI)

Interestingly, the first broadly used model for a personalized approach to instruction arose out of a focus
on implementing the tenants of behaviorism rather than the underlying theory of constructivism that was
previously identified as supporting personalized approaches. PSI is primarily attributed to Keller
(1968) who sought to implement Skinner’s behaviorist approaches, particularly programmed instruction.

It included the following five elements: 1) personalized pacing allowing students to progress through
a course at their own pace; 2) a focus on mastery learning where students progress only after they have
mastered content that has been divided into smaller packages; 3) the use of peer proctors for frequent
formative assessing, proving immediate feedback, tutoring, and offering social support; 4) limited
lectures utilized primarily for motivation; and 5) the use of text for course communications. Through this
system, Keller (1968) found that he could personalize learning for his undergraduate students despite
large enrollment numbers, and that student learning and satisfaction were improved.

Interest in and implementation of PSI peaked in the 1970s before declining despite positive reports of
its efficacy in the literature (Cracolice & Roth, 1996; Kulik, Kulik, & Cohen). However, interest in PSI
continues, and a number of recent articles have looked to PSI, including a case study of its use for
increasing college retention in eight courses that found an overwhelming positive response from faculty
and students (Foss, Foss, Paynton, & Hahn, 2014). Also, Eyrie (2007) reviewed current research and
found that PSI is now being applied to online learning. PSI highlights a number of key principles of
personalized instruction, namely personalized pacing, a focus on mastery learning (or competence),
formative assessments to help students recognize their own level of competence rather than to contribute
to a final grade, and a focus on social interaction and support. Of note, however, is PSI’s limited support
for student control of instructional format or goals.

Montessori method

One of the most visible models to incorporate significant elements of personalized instruction is the
Montessori method (Montessori, 1964). Over 100 years old, the first Montessori school was developed
for impoverished preschoolers in Italy and was estimated to now have over 5,000 schools in the United



States, including 300 public schools, some of which are high schools (Lillard & Else-Quest, 2006).

The Montessori method has the teacher act as a guide rather than director, encourages curiosity and
intrinsic motivation in students, has students of mixed age who work individually or collaboratively in
groups, and gives students choice over what they will work on—although the activities are well
structured and less flexible, and an orderly classroom is stressed to provide an effective learning
environment (Lillard, 2005).

Lillard and Else-Quest (2006) conducted a study comparing groups of randomly assigned five-year
olds and 12-year olds who had completed kindergarten and elementary school, respectively, in
Montessori and traditional schools and found that the Montessori students performed higher, not only in
academic areas, but also in social skills. Not all studies have shown positive outcomes, and Lillard
(2013) posits that this may be due to the fact that Montessori is not trademarked and not all schools
adhere strictly to the method like the schools she and her colleague examined.

The Montessori method implements numerous aspects of personalized instruction, including a learner-
centered focus with intrinsic motivation and the teacher acting as a guide, self-pacing, some student
choice in instruction, a focus on mastery, and learning through social interaction. It should be noted that,
while students have broad choice in their learning activities or “work™, the instruction itself is quite
structured and ordered around specific approaches.

Personalized task selection model

A more recent model seeks to mitigate the criticisms of system-directed approaches to personalization,
in which computer systems select learning tasks for individual students based on data. It does this by
incorporating student choice and thus retaining the benefits of learner-driven approaches to
personalization while also avoiding the potential for cognitive overload that can come from presenting
too many task choices to the student (Corbalan, Kester, & van Merriénboer, 2006). Whole-task learning,
which promotes learning through authentic (and therefore complex) tasks while promoting transfer and
integrating knowledge, skills, and attitudes, can be overwhelming, particularly to novice students (van
Merriénboer, Kirschner, & Kester, 2003). The personalized task selection model (Corbalan, et al.,
2006) was informed by the four-component instructional design model (4C/ID model) (van Merriénboer,
1997), but has a narrower focus on personalization and task selection than the later ten steps to complex
learning from which it was adapted (van Merriénboer & Kirschner, 2012).

The model (Corbalan, et al., 2006) has three components: characteristics, personalization, and
learning-task database. The characteristics are comprised of task characteristics and student
characteristics, which are documented in a portfolio. Task characteristics include the task’s complexity
or difficulty, embedded support for students, and data on other task features, such as performance context
or task input and output format. The student characteristics, contained in a learner portfolio, are
information about the student’s expertise through performance on tasks and mental effort required on
completed tasks. The personalization mechanism supports processes for system-controlled instruction
through task-selection rules and learner-controlled instruction through students selecting tasks from a
pre-selected subset (the size of which is based on learner expertise). The learning-task database
contains the learning-tasks themselves from which the subset is selected for the student to choose from,
based on such aspects as complexity or the level of embedded support.

A study by the authors utilizing this model with 55 first-year Health Science students found that
adaptive task selection with program control (an intelligent tutoring system makes instructional
decisions based on domain goals, current student learning, and student input) was more efficient and
resulted in greater student perceived task involvement (greater effort directed at learning), while
adaptive learning coupled with shared task selection (student selects task from system derived list)
produced greater task involvement (calculated by learning outcomes and self-reported mental load)
(Corbalan, Kester, & van Merriénboer, 2008). Another study found greater training performance,
transfer test performance, and student perceived task involvement when students (94 first-year students
in Health Sciences) were able to select from pre-selected tasks with different surface features than
previous tasks (Corbalan, Kester, & van Merriénboer, 2009). While Corbalan and her colleagues’ model



(2006) does an excellent job of addressing the issue of cognitive overload that can come with students
directing their learning, it serves as a midpoint between system-directed instruction and learner-directed
instruction.

Recently, Taminiau et al. (2014) offered a similar take on adaptive instruction called on-demand
education with a stronger focus on learner choice in learning pathways through a cycle of task
performance, self-assessment, and task selection—with advice generated by the system. Both
personalized task selection and on-demand education focus on computer adaptive instruction rather than
incorporating guidelines for teacher-supported task selection or learner-directed setting of learning-
goals but nevertheless have shared goals with personalized instruction in supporting a degree of student
control in task selection, and provide maps of considerations for how this process might occur. While
adaptive approaches to task selection are important to explore, they are limited by the student data and
inputs they draw from and the artificial intelligence model and rules programmed to manage the
complexities of individual student considerations that must be analyzed in order to select the best
instructional tasks for learners. Furthermore, by removing the social interaction that takes place during
negotiation of task selection between students and teachers, valuable learning opportunities are lost.

These three models highlight existing designs for personalizing instruction while also reporting
related research. We next look at values and then universal principles for personalizing instruction
informed by these models as well as underlying theory.

I1. Values

It becomes apparent, when defining personalized instruction and describing its underlying theories, that
a number of specific values provide a better understanding of what it should entail and how it should be
implemented. Personalized instruction is at its most basic level focused on being learner-centered.
While the concept of learner-centered, like personalization, can be used broadly, we use personalization
as an aspect of learner-centeredness that supports a significant degree of learner autonomy and direction
of the learning process. A personalized approach should develop student self-regulation, promote
intrinsic motivation, and engage the learner, in addition to promoting knowledge-based learning
outcomes.

A personalized approach values learning, meaning the focus should be on learning outcomes and
mastery of knowledge and skills, not on what might be the most efficient means of instruction. Rather, it
should focus on what will be most effective, particularly when considering self-regulatory skills.
Furthermore, while the importance of the teacher should not be understated, their role should shift to
being a facilitator of learning and mentor rather than content provider. A personalized approach should
focus on the individual learner and best meeting her needs, incorporating learner choice and goal setting
rather than developing a system that merely adapts existing components to individuals based on their
characteristics. This is not meant to diminish the effectiveness and positive outcomes that data analysis
and adaptive computer systems can play in supporting a personalized process. Instead, this value
highlights the importance of social interaction throughout the learning process, including personalizing
goal setting, the task environment, assessment, and reflection for self-regulated learning, which would be
a core element in an ideal implementation of personalized instruction.

III. Universal Principles

A number of universal principles can be drawn from relevant models and theories for guiding the design
of personalized instruction. These focus on personalized instructional goals, personalized task
environment, personalized scaffolding of instruction, personalized assessment of performance, and
personalized reflection on the learning process and the learning outcome.

. R %
1. Personalized Instructional Goals—



As previously discussed, self-determination theory argues that individual control over learning goals
supports intrinsic motivation and an increased likelihood that the goals will be met (Deci, Ryan, &
Williams, 1996). The three personalized models reviewed all fell short of true self-determination,
although all also contained elements of learner-determination of the learning process. Complete
personalization of instructional goals is a challenging and difficult principle to meet, as some required
educational standards typically exist, and rightfully so. Furthermore, learners are often not the best
equipped to make accurate decisions as to what goals are most important to pursue. However, self-
determination does not mean goal selection is done by the student in a vacuum with no support. A
process of personalization should be applied to developing a learner’s short- and long-term learning
goals and should support the periodic and systematic reexamination of these goals. The development of
a personalized learning plan should be structured around required standards as well as optional ones
and should have some direction based on the learner’s current competence and informed by the learner’s
parents if appropriate (or agreed to by the learner in the case of legal adults).

Where adapted learning falls short in addressing individual learning goals is the lack of social
interaction around the identification and planning for these goals. It is very common for students,
particularly those with limited self-regulation skills such as many students within today’s one-size-fits-
all system of education, to lack a clear vision of what they want to learn, what they need to learn, and
why. Good teachers are able to facilitate the exploration process and bring valuable experience to the
conversation, identifying strengths and interests the student may be unaware of. This process can be no
less than life altering and is a key component of the mentoring that can arise around human relationship.
So, while adaptive instruction systems can store and access learner goals, an ideal implementation of
personalization will incorporate and facilitate mentoring,

Personalizing instruction, therefore, begins with eliciting personal goals, both short-term and long-
term, and documenting a learning plan and record of attainment. Depending on the process in place for
monitoring and adjusting these goals, instruction can be designed by merely accessing these data, or if it
has not yet been elicited and captured, the process needs to be initiated in order to align instruction with
the individual’s specific goals, motivation, and current learning.

Personalized long-term goals

The setting of goals has been shown to be highly effective for developing self-regulated learning
(Schunk, 1990; Schunk, 1991; Zimmerman, 1990) and should be encouraged throughout a learner’s
education. This is key to developing an effective personal learning plan (PLP), as learners must
understand potential learning outcomes and the reasoning behind them in order both to be motivated to
attain them and to internalize the relationships among skills, knowledge, and culture that comprise the
whole-task they select (van Merri€nboer, et al., 2003). Furthermore, personalization of goals does not
mean that the learner must meet specified standard competencies that domain experts have identified. If
the learner desires to be an environmental scientist, the setting of long-term goals will identify what
domain-specific competencies must be met as well as what general competencies all learners must meet.
Long-term goals will also help to identify potential collaborators in peers who share similar or
complementary long-term goals.

Personalized short-term goals

Just as the process of identifying personal long-term goals is essential to establishing a PLP, so is the
identification and tracking of short-term goals established to plan how the learner will progress towards
meeting long-term goals. This is a key requirement for personalizing the task environment. Short-term
goals identify what specific competencies must currently be targeted. This can also be used to motivate
the learner. While intrinsic motivation is the foremost goal of developing personal long-term goals,
establishing short-term goals can provide a degree of extrinsic motivation to complete required standard
competencies that the learner may be less motivated to pursue.

While the process of creating and updating the PLP will provide discussion over why these required



competencies are necessary for meeting long-term goals, learners may naturally desire to focus more
narrowly on what they are most motivated to learn. Broad learner choice and control is necessary, and
integrating competencies that are less engaging to the learner within motivating whole-task projects is
ideal. Therefore, restricting access to desired goals until a certain level of required competence is met
in less motivating competencies can be a way to extrinsically motivate students to pursue such
competencies. This is similar to how video games require periods of less engaging gameplay to unlock
more desirable gameplay experiences, a process commonly referred to as “grinding” that can
nevertheless be very effectively utilized with highly engaging games. For example, a learner with
identified long-term goals associated with creative writing might perform at a lower level in
mathematics and be less motivated to select required math standards. Restricting further work on goals
directly related to creative writing until the learner has met minimal required mathematical
competencies could be effective if the whole-task writing projects that integrate these competencies
cannot be satisfactorily completed without that competence in mathematics.

Personalized learning record and plan

As previously described, long-term goal setting will inform the co-creation of the short-term goals and a
PLP by student and teacher (and possibly parent or other guardian). Options for the learning pathways
available for meeting the short-term goals should be provided. The process of identifying and revisiting
long-term goals and adjusting the PLP to align near-term projects and the goals they address will help
move the PLP from broader to more specific as more short-term goals are identified and met. A record
of a learner’s progression along this PLP will be essential to aligning the task environment to the
learner’s individual learning goals and mastery of specific domains while ensuring broad competencies
and education of the whole person.

[ . *
2. Personalized Task Environment —

Personalizing the task environment manages the process of personalizing the task selection,
personalizing any collaboration involved in completing the task, and personalizing the self-regulation
process.

Personalized task selection

As described in the Personalized Task Selection Model (Corbalan, et al., 2006), learner choice in
selection of the instructional task should be personalized to align with the learner’s interests, short-term
goals (which are aligned with long-term goals as specified in the PLP), and prior learning (progression
along the PLP and its learning pathways). Corbalan and colleagues (2006) note the dangers of causing
cognitive overload, particularly in—but not limited to—mnovice learners, by presenting too many
possible tasks to select. In their proposed adaptive system for personalization, they recommend using an
instructional agent to select subsets of potential tasks for the student to choose from. Ideally, we should
capitalize on the expertise and experience of an instructor who is deeply familiar with the student and
her characteristics as well as relevant high-quality instructional tasks. A database of existing tasks to
select from will be helpful to this process, but collaboration between the instructor and the student and
potentially her peers can also result in truly personalized tasks and just-in-time instructional task design
to meet specific learning needs, personal goals, and interests. Furthermore, in order to avoid cognitive
overload or the selection of inappropriate tasks, tasks can be adjusted or chosen based on their difficulty
level and fit with the student’s current level of competence or expertise. Corbalan et al. (2006) designed
an adaptive system based on data on the amount of mental effort required to complete earlier, related
tasks but which could likewise be recorded in the student’s PLP to guide the process of social
negotiation for task selection.

Personalized collaboration



The degree of collaboration involved in completion of tasks should also be personalized. Social
interaction is a core component of personalized learning as reflected in its social constructivist
approach to instruction. However, this does not mean that students will always learn in groups. The
teacher will play a key role in negotiating with the student which tasks will best be done individually
and which would benefit from collaboration. Learning from and with peers should be a common
occurrence and, as reflected in research on the Montessori method (Lillard & Else-Quest, 2006), can
result in improved social skills, an important outcome for whole-person education. Student
collaboration can match students with similar or complementary goals or skills, helping students fill
roles in tasks aligned with their current learning needs, as well as take into account interests and long-
term goals. Additionally, preference on which teammates to collaborate with can be taken into account
to help avoid destructive group interactions that negatively impact the learning of all as well as ensuring
that students do not always base work groups on friendships rather than task goals.

Personalized Self-regulaztionj<

As described by Corbalan and colleagues (2006), students have different levels of self-regulation skills,
and therefore the nature and amount of support or scaffolding should be personalized based on the
student’s self-regulation skills and developmental needs. This is of particular importance for students
who have been educated in a traditional instructional environment, as the lack of focus on student control
likely will result in limited self-regulation skills. Scaffolding of self-regulation will need to be stronger
and the structure of task completion and progress on PLPs more directive for novice self-regulators and
then faded with time as students develop stronger ability to own their learning process and make more
informed and effective decisions.

3. Personalized Scaffolding of Instruction™—

Much like personalization of the nature and amount of scaffolding for self-regulation is needed, the
quantity and quality of instructional scaffolding should also be personalized.

Personalized quantity and quality of scaffolding

Keller’s (1968) PSI model makes recommendations for personalizing the quantity of scaffolding for
individual students. Students are able to work on their own and advance at their own pace through
instruction but receive individual tutoring from peers whenever necessary. By utilizing peers who have
successfully completed the course, support for students working through instruction on their own is
available whenever needed, and formative evaluation is frequent, in the form of immediate scoring and
feedback. By offloading the responsibility for all scaffolding and assessment from the teacher to peer
tutors, instruction is improved and the teacher is freed to focus more on facilitating the broader learning
process.

Corbalan et al. (2006) embed support for learners in their adaptive computer system. However, this
raises the limitations of utilizing a strictly computer-based system for such support. The Montessori
(1964) method uses demonstration by teacher and peers that can be faded or skipped altogether based on
the student’s current learning. Furthermore, just as students have preferences for types of instruction, they
also have preferences for types of scaffolding, with some preferring computer-based scaffolds and
others face-to-face demonstrations, or even examination of previously completed peer products aligned
with their current task. Ultimately, a combination of embedded learning scaffolds and the availability of
opportunities for scaffolding from teachers and peers should be available for personalizing the quantity
and quality of instructional scaffolding based on the student’s zone of proximal development (Vygotsky,
1978).



. . *
4. Personalized Assessment of Performance and Learning—

Personalization of the assessment of student performance on selected instructional tasks and attainments
should also be incorporated. This can be realized through personalizing the selection of the assessor of
the performance and personalizing the student’s product or activity to represent her competence in the
targeted performance.

Personalized assessor

In the current teacher-centered system, teachers must be content experts and are therefore separated by
domain expertise. Students typically work on part-task problems that simplify tasks and deconstruct them
into separate domains. In a whole-task system, a more integrated understanding of tasks is needed to
properly assess these more authentic and complex tasks. Therefore, who is assessing a task performance
should also be personalized for efficient and effective assessment of student learning. A focus on
authentic tasks can expand student work beyond the constraints of the classroom and into the community.
Therefore, external experts, including parents, business employees, and other stakeholders in the
community, whether they be a physical or virtual (online) community, could be utilized to assess student
task performance when needed. Furthermore, some learning could be assessed by computer systems and
other learning by peer tutors and collaborators. Students assessing the learning of their peers can serve
to further strengthen their own learning. Keller (1968) included the opportunity for students to negotiate
and discuss the assessment provided by their peers in order to improve accuracy and further develop
learning,

Personalized representation of competence

The opportunity for learners to have choice not only in learning goals, but also in the representation of
their competence, can further develop intrinsic motivation. In creating a personal portfolio of
attainments, students will compile a collection of demonstrated competence aligned with their PLP.
Competence could be demonstrated in a variety of formats. Corbalan et al. (2006) note that repeated
representation of competence in different formats can support more detailed and accurate assessment
and support transfer of learning to different contexts. A significant aspect of task selection will be
identifying potential products that students will produce by completing instructional tasks, and these
should be personalized to align with student goals and interests. Depending on the goals, tasks and
resulting products could be traditional written work, such as a persuasive letter to the editor or to the
student’s state or federal representative, or a research report, video capture of a public speech or
performance, a digital product such as a student-developed video game or other multimedia, or even a
physical product such as an artwork, a robot, an architectural model, or a product prototype.

5. Personalized Reﬂectioni

Personalization of student reflection should be done on both the learning process and the learning
outcomes.

On the learning process

Related to personalizing the level of self-regulation provided, it is important for students to meta-
cognitively reflect on their learning process as part of their overall learning and to better develop and
recognize their level of self-regulation. When and how this reflection takes place should also be
personalized. Some students will most effectively be able to reflect with built-in frequent reflection
points throughout the project, while others could best be served by reflecting at the conclusion of the
project. This can be informed by their current level of self-regulation and past learning experiences and
can be supported and scaffolded in a variety of ways: as part of portfolio work, as quick questions



provided and stored by the computer system, or as a piece of their product, such as a reflective essay or
a portion of a speech.

On the learning outcomes

Finally, personalized reflection on the learning outcomes of tasks or projects is needed to close the cycle
of learning and self-regulation. Learning products or performances resulting from chosen tasks provide
the opportunity to connect the learning process to the learning outcomes reached and targeted goals
remaining. It is expected that students will not always adequately realize their targeted learning
outcomes. Formative feedback is an important part of the learning process, and some projects that were
targeted to meet certain learning outcomes may not have resulted in satisfactorily meeting those goals.
By reflecting on how their resulting product or performance met and did not meet expected outcomes,
students will be better prepared to identify future instructional tasks as well as potentially examine how
to approach additional work on products and the accompanying learning process in order to better meet
desired outcomes. These data, including learning outcomes and student effort—Iabeled task involvement
by Corbalan et al. (2008)—is important for better personalizing future instruction.

IV. Situational Principles

A number of situational principles exist that only apply in some situations and that impact the prescribed
methods for designing personalized instruction. These include incorporating personalized instruction
within a time-based system, designing personalized instruction without the support of technology,
utilizing personalized instruction with students who have been operating within traditional instructional
systems, and personalizing instruction in an entirely online environment.

Personalized Instruction in Time-Based Systems

Personalized instruction is clearly best suited for implementation within a system designed to support
customization and student progress based on learning, as opposed to a system based on standardization
and time-based student progress. However, PSI (Keller, 1968) demonstrates that it is possible to

implement personalized approaches within such systems.” Keller’s experiences and guidelines provide
insight into how to support personalization within systems designed with different fundamental goals
than the learner-centered paradigm (sorting-focused as opposed to learning-focused and teacher-
centered as opposed to learner-centered). Keller (1968) utilizes PSI within a class environment, so
students are still enrolled in a traditional course; however, they are given control of their instructional
pacing by progressing according to their ability and knowledge, whether that results in faster or slower
progression.

Keller (1968) did describe the case of a student who moved significantly slower than others and
ultimately enrolled in the course twice in order to complete the desired learning. Time is a primary
concern with this sort of approach as the semester calendars determine when time has run out, which is
contrary to the stated focus on mastery. An alternative approach with PSI in the cases reported by Foss
et al. (2014) was for students to select what their final grade would be based on how much of the course
they intended to master. Students reported satisfaction with the course even when choosing to aspire only
to a C or B in the course. PSI utilizes peer tutoring, frequent formative feedback, and self-directed
learning to give learners control over learning in a fashion they choose within the given time frame, and
positive results have largely been reported. However, a student’s choice to not master a significant
portion of the course is not reflective of PSI’s ultimate goals, and Keller (1968) reported a significantly
reduced number of students scoring lower grades with his approach to implementation.

Ultimately, the difficulty of implementing personalized approaches within a traditional system may
have led to the decline in popularity of PSI. Some hypothesize the non-traditional teacher role may have
led instructors to abandon the approach out of concern for how it might reflect on them, given traditional
professional expectations for lecture in higher education (Buskist, Cush, & DeGrandpre, 1991).



Approaches to implementing personalized instruction within time-based systems must take special care
to consider unique strategies to support self-paced and mastery learning within time constraints.
Considerations could include integrating learning tasks across courses to provide additional time for
learning and more authentic, whole-task learning approaches. Giving students incompletes until they
master all required learning objectives is another alternative. Lowering goals from mastery to
competence, or awarding grades based on where the student’s learning places her on the continuum
between novice and expert is another consideration. All have potential drawbacks but could still prove
beneficial to instructors desiring personalized learning but limited by the system in which they find
themselves.

Personalized Instruction without Supporting Technology

The support of computer technology can significantly ease the implementation of personalized
instruction. As described in our articles detailing the functions of PIES (Reigeluth et al., 2008; Reigeluth
et al., in press; Reigeluth, Watson, & Watson, 2012; W.R. Watson, Watson, & Reigeluth, 2012; W.R.
Watson, Watson, & Reigeluth, 2015), technology is a powerful tool in a system where learning is
personalized, because each student’s goals, current progress, and record of attainments must be tracked.
Clearly, advocates for adaptive instructional approaches to personalized instruction focus on computer
technology and intelligent instructional agents to not only facilitate but also drive the process of
personalization.

However, technology is not a prerequisite for personalization of instruction.“Many Montessori
classrooms utilize personalized instruction with limited computer resources. Furthermore, in the case
detailed later in this chapter, we describe an alternative high school with highly limited resources that
tracked student learning entirely on paper. Certainly, an organized and structured approach must be taken
and a paper-based system implemented to plan for, track, store, and report on student learning in a
personalized approach. Students should have easy access to their personalized learning plans (in the
case we studied, student plans were placed where easily visible to students and staff), and these plans
should be updated frequently, even daily. Evidence of student attainments and their alignment with
standards should be stored as portfolios, and sample instructional tasks and scaffolds should be stored
in files to support instructional task selection. The lack of computer-based instruction puts more of the
responsibility on students and teachers, but is nevertheless feasible.

Perhaps the most challenging aspects of a paper-based system are the reporting requirements, which
require more effort for students and staff to access, and create an additional layer of effort for parents to
keep track of their child’s progress. However, the development of intrinsic motivation to succeed can be
powerful, and, as detailed later in our case, students made sure that they knew what they were working
on and how they were progressing towards graduation.

Personalized Instruction for Traditional Students

Special attention must also be given to helping students transition from a traditional instructional
environment to a personalized one. As detailed in her multiple case study of three families transitioning
their children from traditional elementary classrooms to Montessori elementary classrooms, Stroud
(2015) reported that all three families identified difficulty with their children adjusting to self-directed
learning in regards to weekly planning and time management of work periods with long periods of work
time. Two families noted that it took six weeks for their child to adjust to the personalized nature of the
new environment (Stroud, 2015).” This is to be expected, and special attention should be paid to
developing self-regulated learning skills in transitioning students, with significant scaffolding early in
their personalized learning process as they adjust to expectations of more ownership of their learning.

It could potentially take years for students to develop the intrinsic motivation and self-regulation
skills to perform as expected within a personalized environment. Teachers should work with families to
establish a relationship and develop communication that can further establish expectations and



understanding of the learning process. Stroud (2015) stressed the need for strong communication
between educators and families and for families to fully understand the culture and philosophy of the
school in order to support transition, although all three families reported a positive spike in intrinsic
motivation to learn once the children adjusted to the culture.

Personalized Instruction for Online Learning

Finally, there could be situations where personalized instruction takes place entirely online. Although
collaboration and social communication can be more challenging in online environments, an online-only
environment does not require that personalization of instruction be system-driven. A strong
communication process is needed to ensure frequent and necessary communication among teachers,
students, parents, and collaborators, whether they are peer tutors, peer students in project teams, or
external experts supporting assessment and scaffolding.

It can be easier for students to get lost in online environments, so a personalized environment requires
more scaffolding and established structure where students are expected to login and report their learning
activities and progress. Online environments are also free of some of the restraints that come with a
physical building, so they also potentially can open up access to collaborators from around the globe or
peer learners from different cultures and backgrounds who can bring valuable perspectives and
experiences to the learning community. The establishment of a learning community is also of significant
import in online personalized instruction to ensure the social aspects of learning are incorporated and
strengthened.

V. Case Description

This section reports on a sample case study that we conducted of an alternative high school that
implemented personalized instruction. An alternative high school within the Indianapolis Metropolitan
School District of Decatur Township presents an interesting and beneficial example of one school’s
implementation of personalized instruction (S.L. Watson, 2011; S.L. Watson & Watson, 2011). The
school district was one of 11 public school districts in Indianapolis and serves approximately 5,600
students. According to the National Center for Education Statistics (2008), the district was
predominantly white, including less than 9% minority population. Exceeding the Indiana state average,
51% of the district’s students received free or reduced-price lunch.

Originally, the Decatur Enrichment Center (DEC) alternative school was established for students in
the school district who would choose to learn in a more project-based, flexible learning environment.
However, the focus had shifted, and students who had been expelled from the high school or were
clearly failing at school were the only students enrolled. These students typically did not receive enough
family support, had problems with pregnancy or drugs, were getting in trouble with the law, or had
extreme behavioral problems in school. They were students who had been struggling because of the
disadvantaged processes in their local communities, families, and schools due to economic, family, and
social pressures (Natriello, McDill & Pallas, 1990; Synder & Sutherland-Smith, 2002).

At the time of S.L.. Watson’s (2011) study, DEC had approximately 70 students and five staff members,
including two full-time staff (the principal and one teacher) and three part-time staff members: two
instructional aides and a counselor. It was located a mile from the district high school, and the
alternative students were not permitted to visit the high school or the district library, or they would be
arrested.

DEC was a one-classroom schoolhouse, with two small teacher offices on each side of the entryway.
Computer stations and desks for group-based project work were scattered around the room, with a small
kitchen located at the far end. The classroom walls were decorated with a variety of different artwork
and graffiti that the students had painted.

The classroom usually had around 20 students, as they would come in at the time of day they wanted
to but at a time prearranged with the teachers. All staff assumed the role of teachers, helping students



with their daily schoolwork. The class environment was always very active, with humor and discussions
about life and politics. On a typical day, you would see several students sitting at computers and tables,
alone or in groups, supporting each other through various forms of peer-tutoring. Teachers worked with
an individual student or small group of students. Often, students would go to the kitchen to fix food for
themselves, as well as going to the credit checklist to see their individual schoolwork progress.

The students’ level of learning would usually be considerably lower than in the traditional school
when the students started in the DEC. However, during the next few years, the students would rapidly
progress in the personalized environment. By their senior year, most took the Graduation Qualifying
Exam (GQE) without problems, with DEC graduating about 15 students every year. Furthermore,
graduating students reported a well developed sense of intrinsic motivation and post-graduation
aspirations for higher education.

The DEC displayed many unique characteristics while operating with a personalized instructional
environment. First, the curriculum and instructional process at the DEC were very flexible. The school
curriculum had a list of learning objectives and instructional choices available, and the students would
take the lead in picking a learning objective and their instructional task for that particular topic. The
teacher would then work with each student to ensure that learning outcomes would align with state
standards. The instructional curriculum provided four primary instructional choices for the students:

1. learning packets, which were booklets or worksheets students could go through;

2. technology projects, such as creating PowerPoint presentations, brochures, multimedia websites, or
games;

3. seminars that were similar to traditional lectures, and, finally;
4. computer-based instructional tutorials such as the PLATO learning system.

Students were respected as co-collaborators of the teachers, engaging in an active and reflective
process of setting learning goals and tasks. They also held each other accountable for completing a
certain number of credits every few weeks, which helped them to set and meet the mini deadlines that
they established for themselves on their own. Students came to the school based on their own schedule,
so some came in the morning and some at night. Every day students would enter the school and
immediately check their progress on their PLP, which was posted in the room. They would identify what
they were working on that day and begin their work. Student records and instructional tasks were kept in
the staff’s filing cabinet.

The learning process at the DEC focused on both learning the content and enhancing motivation and
self-regulatory skills by placing responsibility and ownership on the students. Teachers reported that
when students first arrived at the DEC, teachers were viewed with suspicion and dislike, but once
students realized that they directed their learning, behavior problems quickly vanished and a respectful
and healthy community was formed.

For additional cases of personalized instruction, several sources in the literature are available. A
number of other sample schools and school districts implementing personalized instruction are
described in Reigeluth and Karnopp (2013), and they also provide a list of what they identify as “new
paradigm” schools which utilize personalized instruction. Aslan, Reigeluth, and Thomas (2014)
conducted a case study of the Minnesota New Country School which also implements a highly
personalized instructional process.

VI. Conclusion

A personalized approach to instruction shares and can incorporate a variety of instructional designs,
theory, and tools, including such methods as problem-based learning, project-based learning, computer-
based instruction, adaptive instruction, and competency-based education. Furthermore, as highlighted at
the beginning of this chapter, personalization is not precisely defined and is used broadly without a
widely agreed-upon common definition. Nevertheless, it has core values and principles that this chapter
has described. Also, the goal of personalized instruction has been presented for over half a century and



remains a vibrant and frequently proposed vision, with recent federal reform funding pushing for
personalized approaches. Further research is needed to continue to refine and support the principles and
methods put forward here.
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Notes

Editors note: For more about this, see Chapter 9.

| % | %

Editors’note: Most of the other theories in this volume also address goal setting, especially Chapters 6
(Principle 3), 8 (Principle 1), 9 (Principle 2), and 10 (Principle 1).

Editors note: A task focus is characteristic of all the theories in this volume, but Chapters 3, 6, 7, 8, 12, 13, and
15 devote considerable attention to offering guidelines about the design and use of tasks.

| %

*  Editors’note: For more about self-regulated learning, see Chapter 9.

**  Editors’note: Guidelines for scaffolding are offered by most theories in this volume, especially Chapters [
(Principle 2), 2 (Principle 2), 3 (Principle 1), 6 (Principle 6), 8 (Principle 3), and 13 (Principle 3).

*  Editors’note: Assessment is addressed by most theories in this volume, but fairly detailed guidance is offered
by Chapters I (Principle 1), 2 (Principles 4—6), 7 (Principles 3—4), 9 (Principle 3), 10 (Principle 2), and 15
(Principles 1-2).

*  Editors’note: Reflection is an important part of the learner-centered paradigm and as such is dealt with in most

chapters, but especially in Chapters 3 (Principle 5), 7 (Principle 2), 10 (Principle 6), and 12 (Principles 1-2).

*  Editors’note: Using personalization within the constraints of time-based student progress, as a step toward the
learner-centered paradigm, is related to the focus of theories in Unit 3 of this volume.

*  Editors’note: Using personalization within the constraints of low technology, as a step toward the learner-
centered paradigm, is also related to the focus of theories in Unit 3 of this volume.

*  Editors’note: Of course, these problems would not exist if students had begun in a learner-centered school, like
a Montessori school.
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EDITORS’ FOREWORD

As a curriculum theory, this has some different kinds of components from an instructional theory.

Preconditions (when to use the theory)

For all kinds of contexts in which purposeful learning is desired, both formal and informal.

Values (opinions about what is important)

The curriculum should not be the same for all students; students should have much more choice
over what to learn.

The curriculum should be skills based (organized around skill sets) not knowledge-based
(organized around subject matter areas).

The curriculum should be much broader, containing many more major topics.

True education is about people becoming good, capable, flexible people who can maximize
their talents and reach their goals.

For a post-industrial society, the pillars of the curriculum should be effective thinking, acting,
relating, and accomplishing, which should be taught directly, instead of by proxy.

Equating education with the learning of math, English, science, and social studies is deceitful
because it no longer prepares students for tomorrows world, contrary to our promises.

Universal Principles

Top-level skills

The four main subjects of a curriculum to prepare all people for a useful and successful life are
effective thinking, acting, relating, and accomplishing. They are what students get assessed in.

Sub-skills for effective thinking

Effective thinking includes: understanding communication, quantitative and pattern thinking,
scientific thinking, critical thinking, historical perspective, problem-solving, curiosity and
questioning, creative thinking, design thinking, integrative thinking, systems thinking, financial
thinking, inquiry and argument, judgment, self-knowledge, and more. These need to be taught
systematically, in a way that is comprehensive and likely to get them acquired.

The subject domain for thinking effectively doesn 't matter, as long as it is of interest to the
student.

There are some things that we want all or kids to think about, such as ethics and forms of
government, but there are fewer of these than most people think.

Sub-skills for effective action

Effective action includes: habits of highly effective people, body and health optimization,
agility, adaptability, leadership and followership, decision making under uncertainty,
experimentation, research, prudent risk-taking, reality testing, patience, positive mindset,
resilience and “grit,” entrepreneurship, innovation, improvisation, breaking down barriers,
project management, and more. These need to be taught systematically, in a way that is
comprehensive and likely to get them acquired.

The subject domain for acting effectively doesn 't matter, as long as it is of interest to the



student.

Sub-skills for effective relationships

* Effective relationships include: Communication and collaboration (one-to-one, in teams, in
families, in communities, at work, online, in virtual worlds), listening, networking,
relationship-building, empathy, courage, compassion, tolerance, ethics, politics, citizenship,
conflict resolution, and more. These need to be taught systematically, in a way that is
comprehensive and likely to get them acquired.

Sub-skills for effective accomplishment

» Effective accomplishment consists of doing projects in the real world—small, or local projects
and group and individual accomplishments in the early years, and larger, eventually
worldwide, projects and accomplishments in later years. This needs to be taught systematically,
in a way that is comprehensive and likely to yield powerful results for both the individual and
the community/world.

» The focus for effective accomplishment doesn 't matter, as long as it is of importance to the
Student.

Different Situations

*  An individual curriculum should be offered for each student, but it should still have all four
top-level, core skills.

Implementation Issues

» Technology should be the foundation for implementation of this curriculum.

» The teacher s role must change from distributing content to guiding and motivating student
learning, offering respect and empathy, and fostering self-directed learning.

» Adifferent kind of teacher training will be needed that focuses on the new role and at least one
of the four core skill areas.

* The new paradigm of curriculum will benefit from different approaches rather than the single
one we have in our Industrial-Age curriculum.

- CMR., BJB., & RDM.

ANEW PARADIGM OF CURRICULUM

I. Introduction

The idea of what we teach—i.e., what subjects comprise (or do not comprise) our curriculum—does not

get nearly enough attention.” I believe it is an underlying cause of our current education malaise at least
as much, and probably more, than our issues with “how” we teach.

We do have endless “curricular” debates about standards, details, scope and sequence, and other
things. But, at the overall level, we all stick to a curriculum composed of what I call the “MESS” (i.e.,
math, English language arts, science, and social studies) or the “MESS+” (the same including arts, phys.
ed., foreign languages, and other electives).

Such a knowledge-based curriculum that is the same for all is already outmoded; more and more
subscribe to the idea of a skills-based curriculum. And a curriculum that truly includes all the key skills
that today’s students need to know would be very different than anything proposed today—which is



typically nothing more than embedding or grafting a particularly few new skills, such as creativity,
innovation, or entrepreneurship, onto the old. A better curriculum would be much broader, and contain
many more major topics, in many different areas, than we teach today. And it would be organized not by
subject matter, but by skill sets.

The choice of the subject matters that comprise the MESS goes back to decisions made in the 19th
century (The Committee of 10, 1893). The MESS-based curriculum is now more or less standard all
around the world—almost no school, or school system, offers anything other than some version of the
MESS(+). It’s what parents expect. It’s what we license teachers on, test on, grade on, and admit kids to
college on. It needs serious rethinking for our current age.

Curriculum, particularly at the highest level, is so important because it is our “bet” on what will be
important for our kids in the future. For a long time we “bet” on Greek and Latin, until we finally
accepted that they would not be very useful for most students. But we still, over 100 years after the
“Committee of 10”—ten college presidents, assembled by the National Education Association—did its
job in 1892: make a big bet on the MESS.

But the strangest thing about the world’s current MESS-based curriculum is that it is not based on
people’s real underlying educational needs at all. It is based, rather, on a set of “proxies.”

Most people would agree that to succeed in the world, a person—any person—needs to be able to
think effectively, act effectively, relate effectively, and accomplish effectively. But we do not teach
those things directly to our students, nor do those things compose our curriculum.

Instead, we have for ages used mathematics, language, science, and history (or social studies) as
“proxies” or “vehicles” for teaching and acquiring many of the truly needed skills.

Algebra, for example, is not something we teach our kids because they will use it—most students
certainly won’t after their schooling. We teach algebra as a proxy or vehicle for teaching abstract and
symbolic thinking. Geometry is a proxy for teaching logic. The historical chronology, geography, and
other details are proxies for the underlying lessons of human conflict, cooperation, and change. Native
and foreign languages are proxies for communication skills. Literature is a proxy for understanding
human behavior and teaching students to express themselves well. Science (especially the “history of
science” we now mostly teach) is a proxy for underlying skills of inquiry and skepticism.

While all of these subjects do have, for some, intrinsic interest and merit, that interest varies widely
from person to person. Almost no student needs all the things we now teach her or him. What all students
do need are the underlying skills that the subjects we teach are proxies for: the ability to think
effectively, act effectively, relate to others effectively, and accomplish useful things effectively—in
whatever particular area is of interest to them.

Today, we teach these most basic underlying skills extremely indirectly. In many cases we never even
communicate to our students what the real underlying skills actually are. Some teachers may say to
students, “My real job is to teach you to think.” And some students may figure out on their own that
“social studies” is not just the name of a subject, but is really about people and society. (I never did,
until college.) But that’s not the norm.

Worse, we don't even have proxies for many important skills—we just don’t include them at all.
Effective acting, relating, and accomplishing are rarely, if ever taught (or ever mentioned) in K-12
education.

Even our best independent schools—often with long lists of “character skills” they try to build—are
severely limited in the scope of the underlying skills they teach: they still focus heavily on “academics,”
i.e., the old “core proxies” of MESS.

But that’s not nearly enough for tomorrow’s adults.

Proxy education and limited scope may have been sufficient (and even good) in previous times. Many
of the needed underlying skills not taught in school were taught at home, or in the church, or though
apprenticeship. The top schools taught “character skills” to the elite. And the actual (as opposed to the



underlying) skills and knowledge obtained from the proxies was what many students needed back then,
something they could not, in those times, obtain easily, or at all, in other ways.

So that combination may have worked in the 18th, 19th and 20th centuries—a time when education
was much less universal, and the world was a different place. Clearly we had, in those times,
“educated” people.

But the approach has never worked for all. And it is certainly not the education that will work, and
prepare our kids, for today and tomorrow.

So is indirect (i.e., proxy-based) education the best thing—or even a good thing—to do? Or is there a
more direct way to go about education?

Imagine if—because we clearly want to teach kids to be alert and focused, and because someone
realized that truck driving requires being alert and focused—we decided that every student should spend
years learning to drive trucks—starting with vans in elementary school and working their way up to
tractor-trailers in high school. And imagine that we required all kids, in order to graduate (so as to
demonstrate their focused attention), to handle an 18-wheeler? Ridiculous, of course. But it’s not so far
different from what we do now with MESS.

After much observation and speaking with kids around the world, I believe strongly that the biggest
reason kids are dissatisfied with their education today—and are increasingly failing in school and
dropping out in large numbers around the world—is less our outdated teaching methods (although they
certainly contribute) and far more the fact that what we are asking our kids to do and learn is, for most of
them, not teaching them skills they know they will need for life and success. Most of what we teach will
never be of use to them directly, and is in the curriculum only as an outdated proxy for helping acquire
the skills they really need to have. And everyone knows it.

So it’s less how we teach that’s the real problem,” and more what we teach. This is incredibly
obvious to most kids, but most adults either can’t see it, or choose not to.

Whatever curricular innovation exists in the world—and some does—is limited not only in scope, but
also in usage. Significant curriculum beyond the MESS (and the arts) is used in only a relatively few
schools around the globe—almost all of them privately funded. Typically, the curricular innovations are
created and funded by special-interest groups with a single, or narrow purpose in mind. Laudable
(though not very widely used) curricula have been produced for skills like emotional intelligence,
negotiation, entrepreneurship, and the Seven Habits of Highly Effective People.

Attempts at larger-scale, comprehensive curricular change are often met with strong opposition from
parents and often from educators as well. Reasons for the opposition include the belief, as we noted, that
mastering the “subjects” of MESS is what education is about, and therefore what all kids need, plus an
attitude of “Don’t experiment with my kid” from parents. Yet in this time of change, we can responsibly
do nothing but experiment in our schools.

Any large-scale large curricular reforms that do pass and get implemented, like the U.S.’s Common
Core initiative, do not offer alternatives to the existing core subjects, but merely “tighten up the
standards” for that old curriculum. This is not even remotely enough.

I1. Values

Math, Language Arts, Science, and Social Studies Are NOT What
“Education” Is About

Because we’ve been teaching the four “core” subjects of MESS so universally, for so long, many have
come to accept those four things as what “education” is truly about. It’s why people actually believe and
accept that one narrowly focused test, such as PISA, can compare—and rank—“the education” in
countries across the world.



But I submit that is false.

PISA can certainly rank 15-year olds on their scores on the PISA test. But I submit that it doesn’t
measure “education.” Education is far less about “learning subjects” or even acquiring specific skills
like mathematical thinking, and far more about people becoming: becoming good, capable, flexible
people who can maximize their talents and reach their goals. We call that, in English, “becoming
educated.”

Further, I submit that “education” is, at the highest level, about a particular kind of “becoming.”
Education is—or should be—about each person becoming able to think effectively, to act effectively,
to relate effectively to others, and to accomplish useful things effectively, to the best of their
capabilities, regardless of the field they choose to enter. Moreover, I believe that to become an educated
person, none of those categories can be omitted, even though three out of the four are generally omitted
from school today.

Under the main categories of Effective Thinking, Effective Action, Effective Relationships, and
Effective Accomplishment, there are a great many skills and sub-skills to be acquired as part of an
education (see further down for the list). But nothing is “above” these four main skills in terms of our
educational requirements. Other skills that ought to be acquired—ethics, culture, citizenship, preparation
for employment—all are part of, and flow from, acquiring the top-level skills of Effective Thinking,
Effective Action, Effective Relationships, and Effective Accomplishment.

Those four skills, I believe, are where we should be focusing our kids’ education and attention;
individualizing by passion; and using modern pedagogies and technologies that students understand,
relate to, and enjoy.

The assumption that education is only—or even mainly—about the MESS, and that these are the main
things our kids should study in school, is a false and deceitful one. Worse, this old assumption is now
leading the world, and the education of our youth, in extremely harmful directions. It is time for us to
lose the “proxies” and tell our students directly what they really need and what we really want from
them.

We can—and I believe we must—do this.

The reason I say equating “education” with the learning of MESS is “deceitful” is because it no
longer prepares students for tomorrow’s world, as we promise kids, explicitly or implicitly, that
education will.

Kids no longer fall for that pitch. They know that the world they will live in—i.e., the world we are
educating them for today—is a new and very different one from the one we knew (and originally
designed our current paradigm of education for).

» Their new world has far more variability, uncertainty, complexity, and ambiguity (“VUCA”—
Google it) than ours ever did.

» Their world’s pace of change is not just faster, but is greatly accelerating—humans have never
before experienced such rapidly accelerating change.

» Their brains, extended and enhanced by our new technology, are becoming more capable, providing
them with new capacities humans never had before (such as the ability, for example, to collect and
analyze trillions of data points.)

And those huge changes are not even the most significant differences in our kids’ world.

The most important difference of all, I believe, is that they have a new world network—the Internet.
As the Internet quickly becomes universal, all of them, and all the world’s people, are becoming
connected, to all human information—and to each other—by an always-on, real-time web of
synchronous and asynchronous connectivity. Best viewed as mankind’s first large-scale public
experiment at living in and using this new connected world, Facebook already has over a billion
participants. And Facebook and its contemporaries represent only a small first step in harnessing and
applying the network’s true power.



Because of the Internet we already we have, said Time Magazine in May 2013, a worldwide
generation of young people more similar to one another than to their parents and elders in their own
countries and cultures.

This new reality for today’s youth frightens a great many parents and other adults. But it has important
implications for the future of global education—the first of which is for us to get every kid in the world
online.

As the world changes in so many ways, so do its educational “basics” and requirements. Nowhere is
it “ordained”—important as the MESS subjects have been for us in the past—that those subjects are the
“right” pillars on which to base our entire education for all time, and particularly for the future.

In fact, those subjects were not codified as the basic “canon” for education in the U.S. until 1892,
when the Committee of 10 recommended that those four subjects comprise the bulk of every high school
curriculum. Through a combination of tradition, copying, and influence, those four subjects have now
become our “world curriculum” of today.

Although other subjects, including art, music, physical education, hygiene, shop, home economics, and
more recently information technology—each with strong proponents—have been added at various times
to the curriculum, almost all world educators today would agree that the four “core” MESS subjects are
the “key” ones. They are the parts of the curriculum that don’t get eliminated, or relegated to after-school
programs, when money is short.

But mastering the MESS curriculum we teach today, while of course still important for some students,
does not come anywhere close to preparing a/l our young people sufficiently for their new, changing
world.

Not only are those four subjects, as we have seen, just proxies for needed underlying skills, but,
worse, a great many of the skills all our kids do need for the future are currently missing from our
curriculum, especially in the important areas of acting, relating, and accomplishing.

Essentially, we now focus the bulk of our kids’ valuable attention, during their most “influence-able”
years, on wrong things. And this difficult and dangerous situation can’t, and won’t, be fixed by just
adding on a few “21st-century skills,” as many currently propose (for reasons I will discuss below).
What’s needed is a wholly new and differently focused curriculum, one that directs our kids’ attention to
the skills they really need, and not to areas that all of them need “only some of”; that directs their
attention not just to fields such as STEM, but to the skills that underlie success in al// fields.

III. Universal Principles

An Alternative

It is important to bear in mind that having MESS as the fundamental, top-level components of the
curriculum is not the only way to organize education—there are many other ways. And it is becoming
clear that, despite our educational history and traditions, some of those ways are far better for the
students of today and tomorrow.

I am not the first to think this, of course. There are schools all over the world teaching curricula of
many different sorts. But the issue, as I see it, is that almost all of those schools still consider MESS to
be “the core” of education (or of what our kids need to succeed). So they make whatever changes they
do in addition to teaching MESS, rather than instead of.

I propose something very different.

What if, instead of organizing our education at the top level by the four subjects of MESS—and
measuring and evaluating our kids only on them (e.g., “How good are you in math?”” “What’s your verbal
SAT score?” “What is your country’s PISA ranking in science?”), we chose a different framework for
our education?



Suppose we were to organize education—comprehensively from kindergarten to secondary—around
four very different “top-level” subjects? What if we organized education around the key things that are
actually important to the success of every person in the world?

I believe, that if we did this, those four subjects would be the following:

» Effective Thinking

» Effective Action

» Effective Relationships

» Effective Accomplishment.

Those are the top-level skills that people—any people—need to be good at to have a useful and
successful life, no matter what their location, work, or interests.

“What do you mean by ‘effective’?” you may well ask. The adjective is there, for me, not as a
definition (effective takes a huge variety of different forms), but rather as a distinguisher from
“ineffective.” Most of us have learned to recognize the distinction between effective and ineffective—
although often it’s difficult. As part of their education, our young people need as much practice as we
can give them in doing so.

So—with the qualifier of “effective”—thinking, acting, relating, and accomplishing are the four main
subjects of this new curriculum. All students “take” them as their four main subjects for 13 years. They
are what students get assessed and graded in.” And unlike the subjects of today, the names of those top-
level subjects—Thinking, Acting, Relating, and Accomplishing—make it very clear to the students what
their education is about, what they should become better at, and on what criteria they will be evaluated.

The Sub-Categories

Three of the four main subjects of the curriculum are further broken down into sub-categories. These
include those shown in Table 5.1. They are not definitive, and others may be added.

The fourth main subject, “Effective Accomplishment” consists of doing projects in the real world—
small, or local projects and group and individual accomplishments in the early years, and larger,
eventually worldwide, projects and accomplishments in later years. The categories of projects will
depend on the interests and passions of the particular students, the needs of the community and world,
and the skills teachers feel it is in the best interest of individual students to acquire or improve.

TABLE 5.1 Subcategories of Effective Thinking, Action, and Relationships



Effective Thinking

Effective Action

Effective Relationships

Understanding
Communication
Quantitative & Pattern

Thinking
Scientific Thinking
Critical Thinking
Historical Perspective
Problem-Solving

Habits of Highly
Effective People

Body & Health optimization
Agility

Adaptability

Leadership & Followership

Communication &

Collaboration

— One-to-one

— In teams

— In families

— In communities

— Individual Decision Making — At work

— Collaborative Under Uncertainty — Online
Curiosity & Questioning Experimentation — In virtual worlds
Creative Thinking Reesearch Listening

Design Thinking Prudent Risk-Taking MNetworking
Integrative Thinking Reeality Testing/Feedback Reelationship-Building
Systems Thinking Patience Empathy

Financial Thinking Positive mindset Courage

Inquiry & Argument Resilience & “Grit” Compassion
Judgment Entrepreneurship Tolerance

Transfer Innovation Ethics

Aesthetics Improvisation Politics

Habits of Mind Ingenuity Citizenship

Positive Mindset Strategy & Tactics Conflict Resolution
— Passions Project Management Megotiation

— Strengths & weaknesses Programming Machines Coaching

Stress Control Making Effective Videos Being Coached

Focus Innovating with Current & Peer-to-Peer Teaching
Contemplation & Future Technologies Mentoring
Meditation

It can be easily seen that most of the above sub-topics are not today covered, either systematically or
at all, in almost any school. It should also be noted that even all of the so-called “21st-century skills”
proposed comprise only a small fraction of the skills kids need to learn. The same is true of other
proposed frameworks, such as the so-called “4Cs” (Communication, Collaboration, Creativity, and
Critical Thinking).

Let me examine each of the four proposed new subjects—Effective Thinking, Effective Action,
Effective Relationships and Effective Accomplishment— in turn.

Effective thinking

Here are some of the components that would be in the “effective thinking” portion of the curriculum, as
shown in Table 5.1:

* Understanding Communication
* Quantitative and Pattern Thinking
* Scientific Thinking
* Critical Thinking
» Historical Perspective
* Problem-Solving
Individual
Collaborative
* Curiosity and Questioning
* Creative Thinking
* Design Thinking
* Integrative Thinking
* Systems Thinking
* Financial Thinking
* Inquiry and Argument



* Judgment

» Transfer

* Aesthetics

* Habits of Mind

* Positive Mindset

* Self-knowledge of One’s:

Passions

Strengths and Weaknesses
» Stress Control
* Focus

* Contemplation and Meditation.

Almost anyone would, I believe, agree that all of these are important. Yet today, other than the top
three or four, these are not things all kids are taught in our K-12 curriculum. Not that teachers, and
schools, don’t teach some of them—some do. But not systematically, in a way that is comprehensive and
likely to get them acquired. The only components we do teach systematically to all are reading and
mathematical thinking. More recently, scientific thinking, critical thinking, and problem solving may also
be included in this group.

But all of the other “thinking” skills, including the extremely important skills of design thinking,
systems thinking, judgment, aesthetics, habits of mind, and self-knowledge of one’s own passions and
strengths (and, of course, others), are not taught systematically as part of our curriculum. Even those
areas that are taught are often approached more in terms of “content” than of “thinking.”

A result of this approach is that today many of our college teachers complain frequently that, “I have
to teach my students to think.” But college is not the time to be starting this—it would be beneficial much
earlier. Our kids should be spending a much larger portion of their K-12 time learning, systematically, to
think effectively. So “Thinking Effectively” should be a top-level subject for every student.

But thinking, you might ask, about what? Many academics argue that thinking has to be “domain-
grounded,” and, while there are differences of opinion on the subject, they may very well be right.

But which domain doesn’t matter, as long as kids learn to do their thinking well. All of the
fundamentals of good thinking can be learned by considering situations and problems in whatever area is
of interest to each individual student.

There are some things, of course, that we would like a// of our kids to think about—ethics, and forms
of government, for example. But there are, I believe, many fewer of these than most think. A key
principle in education should be “General skills for all, individual examples for each student.”

For example, I recently heard of a math course that begins by analyzing mathematically the question
“Am I popular?” While this is important to many young people, other students might have their own
questions to analyze mathematically. And all of those same questions can also be analyzed in many other
ways as well. So we do not need a textbook full of “officially appropriate” or “relevant” problems,
because any problem of appropriate scope and level can be used to teach the components of effective
thinking. We will never run out of these.

The positive result of doing this is that we would focus our students’ attention far less on the subject
matter, and far more on the way they approached thinking about it. After taking “Effective Thinking” for
13 years, students would come out able to think effectively about almost any problem or issue in
multiple ways—wearing, as Edward DeBono puts it, multiple “hats” or “thinking caps.” Our young
people would also be able to recognize which types of thinking were ineffective in particular situations,
something that today’s kids are not, for the most part, focused on or good at.

So we certainly can—and I believe we must—teach the crucial subject area of “Effective Thinking”
more specifically, more systematically, and better than we do today in our curriculum.

But another big part of our educational problem today is that most curricula are on/y about “thinking.”



Other huge domains that are crucial for life and success—particularly acting, relating, and
accomplishing—are almost entirely missing. But not in this new curriculum.

Effective action

Everyone is familiar with people who know lots of things, but can’t do much. One good reason for this
is that we hardly ever teach—or don’t teach—eftective action in school. But we certainly could.

Thanks to Stephen Covey (1989), for example, The “Seven Habits of Highly Effective People” have
been known and recognized for over a quarter of a century. What justification can there possibly be for
our being aware of these incredibly important habits, yet not teaching them, systematically, to our kids?
(The habits are: Begin with the end in mind, Do first things first, Be proactive, Seek first to understand,
then to be understood, Think win-win, Synergize, and Sharpen the saw.) Having learned them from his
books, I use them every day, and try to practice all of them regularly. Our kids could too—but they
generally don’t learn, or practice, these habits in class. Ironically, the Covey Institute has developed a
curriculum to teach the habits to students, so we even have good ideas about how to do it. This
curriculum is used by some schools, but not by most.

Components of effective action that we could and should be teaching our kids include positive
mindset, resilience, “grit,” entrepreneurship, innovation, improvisation, breaking down barriers, project
management, and more (see Table 5.1). There are experts—and often already developed curricular units
—in almost all of these areas. But they are not part of our standard curriculum. Why not?

Here’s just one simple example: We often have our kids read, in kindergarten (in the U.S., at least) the
story of The Little Engine That Could. 1t’s a useful introduction to positive thinking, But then we don’t
systematically follow up and build on this by teaching the incredible power of a positive mindset (as
shown, for example, in the work of Carol Dweck, 2006, 2012), for the subsequent 12 school years.

Or we say to our kids we want them to be resilient, but we don’t feach them resilience over our entire
curriculum, even though it’s a skill acquired largely though practice over time.

There exist, around the world, curricula for teaching entrepreneurship and creativity, but few of our
K-12 schools use them. Few schools, if any, include project management anywhere in what they teach,
even though it’s a well-established and highly useful discipline, valuable in any walk of life.

Again, we could do this. Doing so would be incredibly helpful to our kids—imagine what they could
accomplish if we did.

Effective relationships

Many consider building and maintaining effective relationships to be the most important skill a person
can possess. Relationships, of course, do often come up in school—in classrooms, in projects and in
literature.

Yet how much of our curriculum is devoted to systematically analyzing those relationships, with the
goal of making students better at building and maintaining their own effective relationships?

The answer is little, if any, despite the fact that the study of relationships is deep and well known.
Again, many curricular units on “emotional intelligence” and “social skills” already exist, but are not
widely-used.

Most teachers do try to help kids deal with one-on-one relationships and issues as they occur in the
classroom (although not, generally, as part of the curriculum). But they could also be helping their
students, particularly if it were in the curriculum, become far more effective at building and maintaining
relationships in teams, families, communities, workplaces, and, of course, online.

We could also systematically be helping our kids become more effective at skills that help build
effective relationships, such as empathy, ethics, politics, citizenship, negotiation, and conflict

resolution.” Yet again, for almost all of these, there already exist curricula created by various groups.



What if we made building and maintaining effective relationships a key pillar of the world’s
curriculum?

Effective accomplishment

Of all the things missing from today’s curriculum, not teaching our kids, systematically, about
accomplishment in the real world is perhaps our greatest failing. I say that because, if we did, it could
improve so many important things. Today, we essentially waste almost all the enormous potential
“accomplishing power” of our youth, by not requiring them to use it.

Imagine, for example, if “first grade” in any of the world’s poor villages lacking a water cistern was
about building one. And “second grade” was about building a water purification system. And “third
grade” about building a Wi-Fi system. And so on. The same principle, of course, could apply to any
place, rich or poor—just substitute whatever they are missing and need, e.g., facilities for seniors, better
connectivity, etc.

We stopped our kids from working in the real world in former times™ because the kids were often
physically exploited. But times are now different. Much of the work to be done in the world today no
longer requires physical work, but rather intellectual work (e.g., designing, creating, and coding on
computers).

All kids, even our youngest ones, love to work on real, important projects. Most can figure out how to
manage themselves, both as individuals and groups, particularly as they get older. Students of all ages,
joined together on our increasingly powerful networks, could be accomplishing enormous numbers of
desperately needed things in the world—mnot just in their local areas, but in nations and businesses
around the globe.

All of these projects would give our kids powerful and valuable educational experience. We should
not only be encouraging this, but using our curriculum to help kids do it systematically, throughout their
K-12 years. If we did this, our kids could leave school not just with a transcript of their grades, but with
a résum¢ of what they have accomplished in the world (Chen & Black, 2010).

IV. Different Situations

It is important to understand that because each student is different in terms of their needs and interests,
what we need, in the way of subject matter, is an individual curriculum for each student.” Impossible in
the past, this is becoming more and more of a possibility through technology. But differences in
individual interests or situations do not affect the basic human need for effective thinking, effective
action, effective relationships, and effective accomplishment. That is the true value of organizing a
curriculum in terms of these basic human skill areas. They are all necessary, in some combination, by all
people, for success.

V. Implementation Issues

A saying, usually attributed to St. Augustine, is: “In essentials unity, in non-essentials, liberty, and in all
things charity.” Once we unify around what the basic human skill groups are, and that that is what we
want to teach our kids, there is an infinite number of ways we can organize and teach those skills:

directly, through problems, through real-world accomplishments, and many, many more.” That is the
type of liberty and diversity we want in our schools.

Here are a couple of wider issues.

The Role of Technology

What I am proposing here is a curriculum for the future. Yet that curriculum hardly mentions technology.



Why is that?

The answer was provided to me, a few years ago, by a high school student, who said: “You guys [i.e.,
adults] think of technology as tools. We think of it as a foundation—it underlies everything we do.”

Technology’s role in the new curriculum is as a foundation—a support for everything we do. The
entire curriculum I propose here should be thought of as bathed in, and supported by technology, which,
these days, is rapidly and continually improving,

Technology also allows that support to be differentiating. This is a similar foundational role, of
course, to that provided by reading and writing (also technologies) for the last several hundred years.
Our reading and writing “foundation” is now morphing into a much broader technological foundation for
education.

While the four overarching “core” skills of the new curriculum—Effective Thinking, Effective
Action, Effective Relationships, and Effective Accomplishment—remain the same for all students,
technology enables each student, every day, to do individualized work on each of those four key skills,”
as well as to do many old things faster and better.

Importantly, however, even though it is a curriculum for the future, the new curriculum does not focus
primarily on technology. Its goal, rather, is to use technology—in as powerful and up-to-date a fashion
as possible—to help improve our students’ becoming better at Effective Thinking, Effective Action,
Effective Relationships, and Effective Accomplishment.

The Role of Teachers

And what of teachers? What is their role in this new curriculum? Will it change from what it is today?

Teachers—good teachers—continue to play a huge and important part in education, and in this new
curriculum. Adults will always have an important role in educating our kids—we need good teachers
desperately. But the teacher’s job, and role, will never again be the same as it has been in the past, or is
today.

We no longer need our teachers to be the distributors of content about MESS. Already,
technology can do a reasonable job of distributing all of our content—in more and more interactive,

participative and creative ways——to those students who require it. The Khan Academy and MOOCs of
today are already doing this, and they should be seen as, and evaluated as, only our very first baby steps.
Technology’s capabilities will continue to improve rapidly. Soon technology will be doing a great job
on the content side.

But technology can’t, and shouldn’t, do everything in education.

For one thing, a great many—perhaps all—of the new skills and sub-skills included in the new
curriculum require nuance—nuance that, for now, only a human can provide. Educators must work with
technology to assure that the technology does what it can do best—e.g., provide lots of differentiated and
individualized examples—and that humans do what they do best—e.g., help students understand and
interpret those examples in all their human complexity.

We also need good teachers for the extremely important things that technology can t do at all. These
include motivating our students deeply, respecting our students, empathizing with them, and encouraging
their individual passions. Motivation, respect, empathy, and passion do not—and will not (at least for
the foreseeable future)—come from machines. Those are the human traits needed for a successful
education. They are the things we require our human teachers to provide.

And, additionally, good teachers are required for teaching our students to teach themselves,”
deliberately and well, for the rest of their lives, as they will have to do.

The training and preparation (and licensing) of teachers for a curriculum organized around Effective
Thinking, Effective Action, Effective Relationships, and Effective Accomplishment will, of course, have



to be different from that of today. Most teachers will no longer be specialists in math, language arts,
science, or social studies, but rather they will become specialists in the four new top-level areas of:
Thinking, Action, Relationships, and Accomplishment. You might want to reflect a moment, as a reader,
on which of these four new domains you might be interested in specializing in and/or teaching. What
would draw you there?

Will it Work?

“Interesting, but will it work?”” is something that will be asked by many (by funders especially, but also
by educators and parents). Will it work, importantly, not just in the small sense of raising achievement
scores (we would need new tests for this), but in the larger sense of making the world, over time, a
better place, with better-educated people.

The only honest answer is “we don’t know.” But since our current education is now failing, we need
alternatives—something we don’t currently have enough of.

There are, however, many reasons for optimism, reasons to think that this new curriculum, or
something like it, will work, in some useful sense, for a great many more kids than does today’s MESS
curriculum.

For one thing it is a lot more direct: it lets students know exactly what is important and we want from
them. And it is also becoming apparent to many that kids can deal with concepts far earlier in life than
many of us thought—and like to do so.

It is also becoming clearer that people learn and accomplish far more when they are applying
concepts to their own areas of interest, and not to general problems manufactured for all.

And finally, we know from centuries of apprenticeships that people learn well through
accomplishment.

But, asking whether a curriculum based on “what people really need to succeed,” and on “individual
passion-based examples for each student,” and on “real-world accomplishment rather than just learning”
in fact works, is not like asking whether some new test preparation software works. The goal of having
all people become educated, and of having a world where all—or at least more—people can think, act,
relate, and accomplish effectively, is a complex one. Comparing two systems as different as our current
curriculum and this new one will not be easy.

In a sense, it is perhaps more like people in the 18th century asking, “Will a system based on people
governing themselves—i.e., democracy—work?” The answer is not something we can or will measure
precisely, determine quickly or easily, or judge by small, controlled experiments. Society is far too
complex for that. At some point someone will have to take a leap of faith, as the fledgling United States
did, and run a “grand experiment.”

Will it Work for All?

This is proposed as a “curriculum for all.” So a key question is whether this new curriculum will work
—and work better—not just for the top 10% of our kids (almost anything will work for them) but also
for the remaining 90%, as well as for kids who are not today receiving any formal education at all.
Because the strongest arguments for this curriculum are (1) that it is both more useful; and (2) that it is
passion-based, there are strong indications that it could.

In the end, any curriculum is only as good as its implementation, and this is never uniform. Teachers
will have to be trained and become good at implementing this new approach. Education, like democracy,
takes many forms, and has implementations that are very different. So, in all likelihood, will this
curriculum.

It is imperative that we do think about and try new approaches to our curriculum—approaches that are



different and more suited to our world and kids of today and tomorrow than the single one we now have.

My argument is not that this is the ultimate alternative but, rather, that we need alternatives. This new
curriculum’ is offered in the spirit of this need for experimentation and change.

VI. Closing Remarks

What we are really changing, of course, is our underlying philosophy about education. The underlying
philosophy of the new curriculum is that focusing education on Effective Thinking, Effective Action,
Effective Relationships, and Effective Accomplishment, acquiring those skills through students’
individual passions, and applying them to life through real-world accomplishments will be a better
approach than focusing everyone on MESS.

One thing we can say with certainty is that this will not harm our kids. It will clearly benefit many—
and I believe all.

The Goal of Education

Underlying our need to change the curriculum is a new—or revised—understanding, not just of our
changed context, but of what education is for in our society—what its goal is.

If asked “What is the goal of education?” many would answer it is “learning.” “Learning” is what we
try to measure in our assessments. We often refer to our students as “learners.” Almost all the books
found in the “education section” of bookstores today—online and off—are about some type or method of
“learning.”

But learning is not the real goal of education—certainly not any more. Today “learning” is only a
means to the real goal of education, which is “becoming”: becoming a good, capable, and flexible
person, who will help make the world a better place.

“Becoming” is—or should be—the real goal of education in the world, the goal we pass on to our
children. And until everyone realizes this, accepts it, and acts on it, much of the huge amount of time and
money the world now spends on education will remain, essentially, wasted.

It is my great hope that by moving to something like the new curriculum described here, and by
focusing our young people, therefore, on the “true” basics of Effective Thinking, Effective Action,
Effective Relationships, and Effective Accomplishment, acquired through individual passions and
applied to helping the world—rather than focusing kids on what we teach kids today—the world will
take giant steps toward the goal of effectively educating all its people and, therefore, toward making the
world a better place for all of us, and our posterity, to live.
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Notes

*  Editors’note: The field of instructional design addresses “what to teach” through needs analysis and content
or task analysis. While this is extensively used in corporate and government training, it is seldom, if ever, used
in K-12 and higher education. Perhaps the reason is that the latter forms of education are public goods, rather
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than private goods, and consequently should appropriately be based to a large extent on the values of the
community and its individuals. This chapter helps make that link more visible.

Editors’note: This may be a bit overstated, given the ideas presented in the other chapters of this volume and
its previous volumes, but the point that paradigm change in curriculum is very important and largely
overlooked is a valid one.

Editors’ note: Think of “graded” as criterion-referenced rather than norm-referenced student records, as
described in Chapter 1.

Editors note: See Chapters 21 and 22 in Volume II of Instructional-Design Theories and Models.
Editors note: Specifically, during the Industrial Age.
Editors’ note: For more on this, see Chapter 4.

Editors note: The other chapters in this volume provide guidance about how all of these instructional methods
can be combined in a coherent educational or training system.

Editors’ Note: This is a major theme of Chapter I and our focus on how to teach.

Editors note: For more on this, see Chapter 11, Designing Technology for the Learner-Centered Paradigm of
Education.

Editors note: This is the notion of self-regulated learning, the focus of Chapter 9.

Editors’ note: It should be clear that this is not just a new curriculum, but a new paradigm of curriculum—one
that has many of the same elements but a totally different structure from our current paradigm of curriculum.



UNIT 2

More Detailed Designs for the I.earner-Centered
Paradigm

Unit Foreword

In Unit 2 we present five instructional designs that elaborate on the fundamental principles of learner-
centered instruction in a variety of educational settings across K-12 and higher education. Each of these
designs incorporates one or more of the five universal learner-centered design principles described in
Chapter 1, but none of them incorporates all. We’ve also included a chapter at the end of Unit 2 that
describes the design of a Personalized Integrated Educational System (PIES) that would provide the
technology backbone to support a truly learner-centered instructional system that implements all five
universal learner-centered design principles. Though PIES has not yet been built as an integrated whole,
as you read this chapter you should recognize several components that do already exist in disparate
systems and some components that may yet need to be created.

Unit 2 begins with Chapter 6, Designing Maker-Based Instruction, by McKay and Glazewski. The
authors describe maker-based instruction, an approach which facilitates students building meaningful
artifacts to achieve learning goals and demonstrate understanding of content. The authors explain how
maker projects can not only help students learn production and design-oriented skills, but also create
opportunities for students to produce an artifact both meaningful and personally valuable; the meaning
and value come from the making process itself. This approach implements such learner-centered
principles as attainment-based instruction, task-centered instruction, personalized instruction, and
changed roles. The extent to which each principle is implemented depends on the specific design
decisions, instructional context, and other important factors present in the educational setting.

In Chapter 7, Designing Collaborative Production of Digital Media, Kalaitzidis, Litts, and
Halverson describe a “New Literacies” perspective on instructional design and explain its
implementation in an instructional environment that engages learners in collaborative, creative, interest-
driven, and production-oriented digital media projects. This active learning approach implements such
learner-centered principles as attainment-based instruction, task-centered instruction, and personalized
instruction. In this design, also, the extent to which each principle is implemented depends on the
specific design decisions, instructional context, and other important factors present in the educational
setting.

In Chapter 8, Designing Games for Instruction, Myers and Reigeluth describe a games-based
approach to instruction that promotes learning in rich, immersive, simulated, problem-oriented
environments designed to challenge learners in multiple ways. The authors state that this approach
implements “learning by doing” in a social environment and leads to deeper learner engagement, which
elicits greater learner effort and ultimately results in improved student learning. This approach generally
implements such learner-centered principles as attainment-based instruction, task-centered instruction,
personalized instruction, and changed roles. The extent to which each principle is implemented depends
on the specific game design decisions, and other important factors associated with the encompassing
instructional system (students, instructor, school, home environment, etc.).

In Chapter 9, Designing Instruction for Self-Regulated Learning, Huh and Reigeluth describe why
supporting self-regulation in learners is of even greater importance now, in the Information Age, than
ever before, and how instruction can be designed to improve learner self-regulation. As learners take on
a more active role in all forms of learner-centered instruction (such as those described in this volume),
the ability to self-regulate learning is critical for the development of effective lifelong learning skills.



The design explained in this chapter is intended to help learners assume more ownership for, take
control of more aspects of, and find ways to customize (personalize) their own learning experience to
better fit their own needs and goals. The details of a specific implementation will determine how
significantly such learner-centered principles as attainment-based instruction, task-centered instruction,
personalized instruction, and changed roles are supported.

The final chapter in Unit 2 that describes an existing instructional design is Chapter 10, Designing
Instructional Coaching, by Knight, Hock, and Knight. The authors describe an instructional design that
changes the traditional teacher-learner relationship to one modeled after a classic coaching approach.
The specific design context of this chapter is teacher mentoring and professional development (with
classroom teachers taking on the role of learners), but the principles apply to many other instructional
settings. As explained by the authors, in the instructional coaching design, goal setting, questioning, and
data gathering (typical of one-to-one coaching) are integrated with explanation, modeling, and feedback
to help teachers teach more effectively and improve student learning. This approach implements such
learner-centered principles as attainment-based instruction, task-centered instruction, personalized
instruction, and changed roles. The extent to which each principle is implemented depends on the
specific design decisions, instructional context, and other important factors present in the educational
setting,

In the last chapter in Unit 2, Chapter 11, Designing Technology for the Learner-Centered Paradigm
of Education, Reigeluth does not present an existing instructional design, but rather describes design
features of a proposed system, PIES, that would provide the technological supports for truly learner-
centered instruction as we’ve described it in Chapter One. The author explains four major functions
required to support students (recordkeeping for student learning, planning for student learning,
instruction for student learning, and assessment for/of student learning) and three secondary functions
(communication and collaboration, PIES administration, and improvement of PIES). If developed fully,
this approach would support the implementation of all five learner-centered principles: attainment-
based instruction, task-centered instruction, personalized instruction, changed roles, and changed
curriculum.

As in Unit 1, at the outset of each chapter, we provide a summary of the key elements of each
instructional design, highlighting important contextual factors and listing instructional values, universal
design principles, situational design principles (when included by authors), and implementation
considerations. In several chapters, the authors have also provided helpful summary tables to aid your
understanding and provide a useful resource for later reference.

As you read these chapters, you might find that you are familiar with various aspects or elements of
these designs, having experienced them as a student or instructor in the past. You might also think about
ways that you could adapt one or more of these designs to fit your own specific educational setting. We
encourage you to think creatively as you reflect on your own experiences and consider the possibilities
for further personal and professional application of each design.

- CMR., BJB., & RD.M.
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EDITORS’ FOREWORD

Preconditions (when to use the theory)

Content

» Content that can be experienced through the production of tangible products.

Learners

o All students.

Learning environments

» Application-oriented, learner-centered environment that supports the production of meaningful
physical artifacts that students value.

Instructional development constraints

» Significant planning and development may be required to provide the location, resources, and
instructional supports needed by students as they create physical artifacts.

Values (opinions about what is important)

About ends (learning goals)

» Generating physical objects that are personally meaningful and valuable is highly valued.

» Conceptual understanding and connections between the theoretical and physical properties of
materials are highly valued.

About means (instructional methods)

* Learning through doing (active learning) is highly valued.
* Learning situated within a collaborative community is highly valued.

About priorities (criteria for successful instruction)

» Effectiveness and appeal are more important than efficiency.

About power (to make decisions about the previous three)

o Self-directed learning is highly valued.

Universal Principles

1. Identify a starting point

» Identify a starting point based on a learner s inspiration, interests, and interactions, for
making to be productive and inventive.



2. Provide tools, materials, and resources

» In order to make products, appropriate tools, materials, and resources are required. (See the
Situational Principles section for variations.)

3. Formulate design goals

* Design goals should be co-constructed between a learner and instructor.

* Design goals should be guided by human-centered design questions, such as “Why am I making
this?” and “Who will experience it?”

4. Structure the design task

» The design task should expand the learner s ability in purposeful directions through iterative
artifact development and refinement or re-development.

* Provide appropriate design guidance. (See the Situational Principles section for variations.)

5. Foster cycles of prototyping, failure, and refinement

» Use prototyping to test an initial hypothesis in a real-world situation.

» As flaws in the design solution become apparent in use, the analysis and understanding of
failure should guide further product development (refinement).

» Continue the cycle of prototyping, failure, and refinement until an acceptable solution emerges.

6. Assist learners in generating meaningful inquiry questions

* Use meaningful inquiry questions to support learners’interest and progress toward learning
goals.

» Instructors should provide direct assistance to most learners to develop meaningful inquiry
questions. Instructors should use a scaffolding process of asking a series of inquiry questions
(of increasing complexity) to help learners develop inquiry skills.

7. Facilitate value beyond the lab

» Facilitate maker activities that are directly connected to content and have an authentic
purpose for the making.

» Explicitly connect student making efforts to broader value beyond school.

Situational Principles

Designing the maker space

» The provisioning of a space with resources and the type of artifacts which may reasonably be
produced depend on the design of the maker space. Common designs and their affordances
include:

Dedicated space allows for more substantial fabrication tools, enabling more complex
processes and artifacts.

Pop-up space allows for a smaller maker space footprint, often more ideal for an
occasional maker project in an otherwise non-maker (traditional) curriculum.

Mobile cart space is useful when one or more fabrication tools are used in various
locations rather than in a fixed space, and is particularly useful in spreading the maker



space technology (and process) to multiple classrooms and embedding the process directly
into “regular” classrooms.

Forefronting content or purpose

» The ideal set of tools and resources is not only determined by budgetary constraints, but is also
guided by the purpose of the maker space activity. Significant variations often occur in setting
with varying orientations.

STEM orientation, such as robotics or engineering projects, may require extensive technical
fabrication tools.

Design and craft orientation projects often require relatively simple hand tools, which may
allow for effective integration of maker projects into regular curriculum and may better
support the development of maker-oriented culture in a school setting.

Providing learner guidance

* Guidance for tools and materials varies according to the tools, materials, and methods of
application to maker projects.

* Guidance varies for application of learning from the maker project to the overall discipline or
curriculum.

Provide opportunities for reflection, timely coaching, and direct assistance when required
to support learners completing projects.

Case Description

* The Interactive Book Project

- CMR., BJB., & RDM.

DESIGNING MAKER-BASED INSTRUCTION

I. Introduction

We begin with an historical overview of digital fabrication technologies developed at MIT that grew to
include incorporating analog technologies, design, and art processes intersecting with the digital. This
progression has led to considerable dialog within the maker community to include a wide array of
making projects that in the past might have been considered prime for home economics and shop classes,
such as sewing, wood working, and welding. This nature of making includes transdisciplinary processes
combining digital and analog methods, stems in part from Piaget and Dewey, and reflects a convergence
of digital fabrication technologies, visual art practice, and inquiry, all of which will be explored in the
chapter. Additionally, we detail specific principles that guide making in formal contexts, which include
the following: a common starting point, tools and resources, design goals, and learner guidance. We also
detail situational principles that guide use and integration of making practices: (1) inquiry; (2) value
beyond the lab; and (3) prototyping, failure, and refinement.

What Is Making?

The current cultural and educational phenomenon known as “making” has its roots in MIT’s Fab Lab
(shorthand for digital (fab)rication (lab)oratory) as conceived by Neil Gershenfeld. MIT’s lab was
originally constructed as a technology space centered on learner-driven processes using the rapid



prototyping tools of engineering and design, such as 3D printers and laser cutters (Gershenfeld, 2005).
Making, as defined for this chapter, references a practice that is located at the intersections of art,
design, engineering, and traditional craft, resulting in a physical object. The maker movement, as it is
termed, references the broader community that has formed out of these practices and reflects a set of
shared goals and values enabling the individual to generate objects through open source knowledge and
technologies.

Groups of like-minded individuals focused on innovation, collaboration, and shared resources have
formed and turned a practice initially found only in higher education institutions into a broader
community of maker practice. These group-oriented efforts that are moving the center of maker culture
outward can be found in collaborative studios called maker spaces or hacker spaces.

In this broader context, researchers and educators have begun to explore the capacity for maker

technologies to enhance children’s learning.” One example of how a craft and technology interface is
being incorporated into the learning environment can be seen in the development of circuits that are
sewn into textile work, from t-shirts and backpacks to any number of other textile crafts (Buechley,
Eisenberg, Catchen, & Crockett, 2008), resulting in electronic textiles, or e-textiles. The circuits are
relatively easy to integrate into the textiles, and are programmable to create an interactive e-textile
project.

Because e-textile circuits are constructed with uninsulated conductive thread, in order to avoid
creating a short circuit, and thereby a non-functional circuit, significantly more attention than in
traditionally constructed circuit projects needs to be paid in the circuit-building process. This extra
attention to detail suggests there may be beneficial aspects of e-textile projects that lead to increased
learning of some engineering principles related to circuitry (Peppler & Glosson, 2013). There is also an
indication that projects such as e-textiles may provide a more successful entry point for girls in
engineering-oriented projects (Buchholz, Shively, Peppler, & Wohlwend, 2014).

Maker-oriented projects, however, function not only to develop engineering-oriented literacies, but
also to create opportunities for children to make something that has both meaning and personal value by
the very fact of the making process. This is further emphasized in how individuals highlight their
personal projects in websites such as DIY.org, and Instructables.com. This echoes Papert and Harel’s
(1991) ideas where “learning as ‘building knowledge structures’ . . . happens especially felicitously in a
context where the learner is consciously engaged in constructing a public entity” (p. 1).

Making and learning: Foundations

While considered by some as new and groundbreaking, these maker-oriented processes resonate with
learning theories a century old. Dewey and Vygotsky spoke to the possibilities of improved learning
through systems of authentic, experiential, and holistic problem- and project-based learning as far back
as the 1920s. Within the context of maker culture, learning can be considered as an experiential and
aesthetic process (Dewey, 1934/2005), and as a socially situated process (Vygotsky, 1978) where the
learner comes to knowledge within zones of proximal development. Additionally, learning can be
frequently engaged via problem-based and project-based processes through collaborative digital
technology as activity systems seen in theories of situated cognition (Greeno, 2006).

II. Values

Integration of maker practices reflects a set of values that informs how the instructional environment is
arranged:

* Learning can be fostered through doing in a meaningful context.
* Learning through making is situated within a community.
* Learning through making should be largely active and self-directed.

Each of these is discussed in more detail below.
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Learning through Doing

Many makers find value in a making-to-learn orientation rather than a learning-to-make as the former
places emphasis on the process rather than the object. We argue that as individuals make and create, they
are engaging their environment in ways that may help them connect both theoretical and physical
properties of materials and their uses. For example, when building a sensor circuit that detects
temperature, the learner is applying knowledge of circuitry as well as the conductive properties of
materials. Children live in a digital world full of programmed objects they interact with, and maker
projects may allow children to begin to understand just how the computational element of the world they
experience actually works. As Ackermann writes, “knowledge is not information to be delivered at one
end, and encoded, memorized, retrieved, and applied at the other end. Instead, knowledge is experience
that is acquired through interaction with the world, people and things” (2001, p. 3). However, we note
that this orientation does not go far in explaining how learning might happen, which is why learning
should take place within a community context.

Dewey set foundational structures for thinking about teaching and instruction with meaningful context
in mind. He argued for the need to enable continuity of experience, foster meaningful interaction, and
present a progressive organization of material (Dewey, 1938). For Dewey, this “more organized form”
is in the educator’s role to make decisions about curriculum and material, holding in mind both the need
and prior experience of the learner in an interactive and connected environment. In a maker context, such
activities might have potential to devolve into less productive, or even non-productive, activity;
therefore we consider the importance and role of instructional structures, which we discuss later in this
chapter.

Situated within a Community

We acknowledge that sociocultural theories of learning consider how the social environment affects the
individual where the learning takes place, and contend that learning takes place within physical, social,
and cultural environments that are at play and shape how learning develops (Jarvis, 2009). One’s
learning is in context to that environment, and developing a connection to the contextual nature of
learning may allow for authentic learning processes to unfold. Ackermann (2004) makes the point that
knowledge then is not “a commodity to be transmitted” (p. 2), but an experience to be actively built
through interactions with materials, peers, and experts. Projects that require learners to craft models,
texts, or other representations of knowledge can be transformed with the addition of computing elements
where their knowledge and skill is distributed across the community. While not a primary focus of this
paper, we reference the sociocultural frame in order to forefront the value of authentic and interest-
driven knowledge building that can be fostered in a community. This is evidenced in the organization of
maker spaces: shared expertise in which both individual and collaborative endeavors are propelled
forward by the collective work and participation of everyone.

Active and Self-Directed

The origins of many of our ideas regarding learner self-direction can be traced back to John Dewey,
who argued that relevant and deep learning should take place in an environment that entrusts control to
the learner (Dewey, 1938). Dewey was clear to point out that self-control is not fostered by absence of
teacher or other control, but, rather, by giving the learner freedom to pursue that which is intrinsically
worthwhile in a guided environment. His ideas are in direct contrast to what he terms “traditional”
education, defined as students confined to seated rows in a primarily didactic environment. He stated:

There cannot be complete quietude in a laboratory or workshop . . . There should be brief intervals of time for quiet
reflection provided for even the young. But they are periods of genuine reflection only when they follow after times
of more overt action and are used to organize what has been gained in periods of activity in which hands and other
parts of the body beside the brain are used (Dewey, 1938, p. 62—63).



However, it is important to note that maker activities might have potential to devolve into less
productive, or even non-productive, activity and therefore we consider the importance and role of
instructional design.

II1. Enacting Design Practices: A Set of Universal Principles

In order to understand the principles that might guide and reflect the instructional considerations in a
maker lab, we begin with some critical questions. How might making intersect with formal learning

environments and standardized curricula?” What are the affordances of learning environments rooted in
practices found within maker culture? What are the drawbacks? We suggest that successful integration, at
minimum, needs the following;

A starting point

Tools, materials, and resources

Design goals

Structure for design task

Prototyping, failure, and refinement

Learner inquiry that begins with meaningful questions

N AL =

Value beyond school.

1. Identify a Starting Point

Productive and inventive making begins with a starting point based on an individual’s inspiration,

interests, and interactions that eventually will result in objects developed in the context of a community.”
For example, children may choose to engage in working on robotics projects, and the proliferation of
official robotics challenges may serve to fuel such activities. In the context of rich online communities
such as DIY.org, children may find inspiration through each other, and the sharing community it
engenders is one in which all manner of making is encouraged.

One difficulty of formalizing an interest-driven community and converting it to instructional settings is
that characteristics of maker spaces in informal learning contexts are not easily replicable in

classrooms.” Maker spaces, which are often set up as fab labs and hacker spaces, are slowly becoming
more prominent in the broader context of the informal learning environment; moreover, the informal
community within these spaces exists to enable individuals to pursue self-defined goals. Thus,
membership is both evolving and permeable. By contrast, a formal setting, such as a classroom, does not
typically involve evolving or permeable membership, though self-defined goals and learner choice do
not necessarily have to be forfeited in order to achieve learning outcomes. In fact, Dewey (1938) argued
that learning purposes are located in such self-directed practices:

There is, I think, no point in the philosophy of progressive education which is sounder than its emphasis upon the
importance of the participation of the learner in the formation of the purposes which direct his [sic] activities in the
learning process, just as there is no defect in traditional education greater than its failure to secure the active
cooperation of the pupil in construction of the purposes involved in his studying (p. 67).

In other words, active learner cooperation can be characterized as a foundational and requisite element
of any meaningful instructional setting. Thus, we suggest that any number of instructional contexts might
hold the potential to enable learners to learn through making, but one critical element is a starting point
that prioritizes learner interests and self-direction” that are realized in the practices of design and
making. Tools and resources are integral to this endeavor.

2. Provide Tools, Materials, and Resources


http://DIY.org

While some making labs are defined spaces, others can be multi-use areas or even mobile carts.” Rapid
technological advances have reduced both the scale and the price of the production tools of maker
spaces, such as laser cutters, 3D printers, and vinyl cutters. Additionally, while traditional engineering-
oriented learning spaces have incorporated circuit-building projects through the use of complicated
process-based activities that require specialized tools such as soldering stations, significant
technological advances have been made in materials science that allow for circuit-building activities
using simple low-tech materials such as pencils and paper already found in any classroom.

However, some noted difficulties with the process of physically incorporating making in educational
settings are the costs of the tools to outfit a lab, and the need to have a dedicated space for the lab. Some
barriers of having a dedicated maker space in a fixed location are the need to move the students into the
space to work and the concurrent structured pedagogies that may create classroom formats similar in
structure to the traditional classroom science lab. These are noted as barriers because they tend to
induce learning structures and environments that are counterintuitive to the capacities and affordances of

maker technologies to create learning conditions driven by the interests of the learners.”— These are
constraints that might be avoided by introducing the technologies directly into the classroom space so
that they might be integrated directly into the curricular activities of the class, and allowing for those
activities to be co-constructed with the learner based on her interests.

3. Formulate Design Goals

We consider design goals a critical element of the context. Design goals might be primarily learner-
driven, though they are typically co-constructed with an instructor in some way. We define design as a
unifying process across many disciplines and ideas. Design is a way in which an ecology or
constellation of elements may be interwoven to convey information that fluctuates between the micro and
the macro, to create a system of signs to mark out the individual and the whole (Nelson & Stolterman,
2012). Design works then to create a network of elements that are interwoven to convey information and
useful affordances through the realized object, artifact, or experience. For Ackermann (2007), this is
how “designing (projettare in Italian) can be seen as the flipside of reflective abstraction: an iterative
process of mindful concretization, or materialization of ideas (concrétisation réfléchie in French)” (p.
2). As in the designing and crafting of artifacts with maker technology, “to design is to give form, or
expression, to inner feelings and ideas, thus projecting them outwards, making them tangible”
(Ackerman, 2007, p. 230).

Thinking in these terms allows for a way to consider how ideas and information are parsed out to
convey meaning through systems that both clarify and, through juxtapositions, create a mental instability
that helps us to reconsider what we know. This is conceived as human-centered design rather than as
technology-centered design (Krippendorft & Butter, 2007). It is the difference between asking, “Why am
I making this and who will experience it?” (human-centered) and “What can I make?” (technology-
centered). Materials, resources, and tools are assembled out of the individual’s goals, ideas, and
collaborations, resulting in the overarching structure that comprises the designed object.

4. Structure the Design Task

Because a maker space is such a complex learning environment, we consider the most productive ways
to structure the design task. How do the maker activities allow for the structuring to assist the learner

beyond his or her current capacities?"This is where Jonassen’s (2010) framework for design problem
solving informs a deeper understanding of the iterative processes that serve to support and allow the
individual learner to grow through guidance of experts and other more knowledgeable peers. Jonassen
(2010) notes that design problems are among the most complex and ill-structured, but that most
designers engage a cycle that begins with a problem space and moves toward interests, ideas, and
artifacts (see Figure 6.1). While the cycle should be interpreted as iterative and learners can move both
to previous elements of the cycle at any point, we have deliberately depicted the artifact as a cycle of



object that enters the world and can then be refined (multiple times if the learner is motived to do so).
Using these processes, learners can be assisted to both form the “appropriate” cognitive mental models
from a task and engage in a task that may reshape the learner’s ideas and understanding. Guidance can
assume many forms, which we discuss in the Situational Principles section.
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FIGURE 6.1 Design Cycle

5. Foster Cycles of Prototyping, Failure, and Refinement

In understanding prototyping, failure, and refinement, it is helpful to consider design processes as they
are motivated via inquiry processes. In coming to an initial solution to a problem identified through the
inquiry process, a prototype is first constructed in order to test a hypothesis in a real-world situation. To
use an example from the section on learner inquiry, when a learner asks “Can I help people with arthritis
through design of a better stove knob?” a prototype of a stove knob needs to be fabricated and tested for
the ways in which it is useful in relation to people with arthritis.

Real-world prototyping is used to discover a designed object’s true affordances in use. When the
prototype’s design doesn’t function to solve the structured problem, this may be characterized as failure.
While there is a tendency to consider failure as negative, we argue that failure functions in a positive
way to help guide further refinements of prototypes toward a final model. If the learner forms a
hypothesis (i.e., “this specific shape of a stove knob is easier for someone with arthritis to use”) and if
the hypothesis doesn’t hold true in a real-world application through testing of the prototype, then there is
new knowledge for the learner to use in the next iteration of the prototype.

This next iteration in the design process is what we are referring to as refinement. Refinements occur
by way of continued inquiry processes used to understand the outcomes of using prototypes in the
physical world. When the prototype is not functioning as a successful solution to the structured problem,
the failures are noted and applied to the next iteration of the prototype.

These aspects of prototyping, failure, and refinement can be well supported by the tools and
processes found within maker spaces. Additionally, the full array of disciplinary practices within which
rapid prototyping tools can be used is indication of the potential positive affordances of the tools within
an educational setting. This is in fact now being played out extensively through the work of building fab
labs in schools that have expressed interest and desire to incorporate the tools and connected curriculum
(Blikstein, 2013).

6. Assist Learners in Generating Meaningful Inquiry Questions

We define inquiry in this context broadly. In short, we mean any form of activity that is driven by
interests in the pursuit of meaningful questions through engagement with tools, texts, materials, peers,
guides, and other resources- (Abrams, Southerland, & Silva, 2008; Anderson, 2002; Savery, 2015). A
meaningful question can be generated and located from anywhere within the situation: learner interest



(“Can I help people with arthritis through design of a better stove knob?”’) or materials curiosity and
testing (“How can I discover and explain what happens when these two plastics of different densities
are combined?”’) or combined representation (“What if I represent my ideas through a textbook that
incorporates screen animations when you turn the page?”). In these examples, each inquiry question
forefronts both the design goals and the purpose of the design.

However, we note that it is not likely a learner will develop a meaningful and complex inquiry
problem without guidance toward a meaningful question, which we discuss below under situational
principles. Thus, the teacher should guide interests and help students articulate a question that will likely
lead to meaningful learning. For example, we can imagine a situation in which a student says, “I want to
mix these two different plastics together,” a motivation that may not necessarily be articulated out loud.
It is up to the teacher to decide how to provide guidance and in what forms.™ The initial impulse
(mixing two different plastics) can be accomplished without much forethought; the plastics can be mixed
and the outcome can be observed, but this does not suggest or indicate any form of deep learning or
meaningful engagement. However, if the teacher engages a process that will enable both maker activity
combined with disciplinary engagement, she might ask and probe:

*  “Describe the materials to me.”

+  “What do we know about these materials? What are the terms we use to describe physical properties
of materials and objects in our world?”

*  “What about the two plastics makes them different?”
*  “How do you define ‘combine’ and what makes you think the plastics can be combined?”’

* “How can we combine them? What processes do you know about? Should we learn about new
processes?”

*  “What do you think might happen?”
* “How will you make and record your observations?”

* “OK, let’s forma question, plan our test, and record our observations. Then let’s plan a test in which
we replace one of the plastics for a different material, and make some broader inferences.”

Arriving at an inquiry question through these forms of probing and guidance accomplishes at least
three goals: (1) enabling the teacher to enlist the student in the idea investment, (2) helping the teacher
evaluate knowledge and understanding, and (3) fostering productive inquiry and disciplinary
engagement. From this point, the learner can move forward with a plan. However, the learners should
also be provided with knowledge of value beyond the lab. In other words, how is this object connected
to a broader audience, conversation, or disciplinary activity?

7. Facilitate Value Beyond the Lab

In their landmark study of the relationship between authentic intellectual work and standardized tests,
Newmann, Bryk, and Nagaoka (2001) conducted detailed observations from three grade levels over the
course of three years from more than 400 Chicago classrooms. They asked a big question: What happens
when you compare outcomes from classrooms of higher authentic intellectual work to those of lower

intellectual work on standardized tests?” They found that three dimensions were required in the
classroom to observe the greatest benefit and outcome: construction, inquiry, and value beyond school.
In the context of making, construction and inquiry have already been covered elsewhere in this chapter;
value beyond school is meant to lend deeper purpose to the work of making and likely fosters what
Dewey (1938) referred to as the felt need. By Newmann et al.’s definition, student activities and
artifacts are connected to a larger audience or disciplinary activity. More specifically, instructors should
facilitate maker activities that are directly connected to content and have an authentic purpose for the
making.

In the example above with the plastics testing, the learner can be led to understand that she is doing
much more than smashing two different forms of plastics together. More specifically, she is engaging in a
fundamental experiment with roots in physics, chemistry, and materials engineering. Materials engineers



try to create new materials, and they use processes of processing, testing, and experimenting to
understand properties and behaviors of materials under different conditions. They record their
observations, explain their results, and make inferences regarding potential applications. Advances in
materials testing have given us everything from objects in our pockets, such as microchips to power our
phones, and in our bodies, such as new polymers to repair bones. Thus, when students are engaged in
materials experimentation, observation, and inference, whether with plastics or any other materials, they
are also engaging in typical engineering practices. Such practices, when made visible to them, may
connect students and their making efforts to broader value beyond school.

IV. Situational Principles

There are at least three situational principles that can guide use and integration of making practices in an
instructional making environment, and it is up to the teacher to guide learners in what and how to
consider these elements: (1) designing the maker space, (2) forefronting content or purpose, and (3)
providing learner guidance.

1. Designing the Maker Space

While we consider the provisioning of a maker space with appropriate tools and resources to be a
universal principle, we understand the design of any maker space to be variable as they are each situated

in different contexts. Various factors influence design decisions.”

Dedicated space

When space and funding are available, it may serve to create a dedicated maker space. Such a space
could be designed with the fabrication tools in fixed locations around the perimeter; adequate work
surfaces placed centrally; cabinets for power tools, chemical storage, and personal safety equipment to
be easily accessed; and a central fume and dust extraction system installed to ensure a healthy working
environment.
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FIGURE 6.2 Dedicated Space Plans



FIGURE 6.3 Dedicated Space Sketch

Pop-up space

When resources are particularly limited, and only a small selection of equipment is available, such as
having only a sewing machine, 3D printer, and a basic selection of hand tools, a maker space may be
designed to function as a pop-up space. This may also be a particularly useful design option when the
integration of maker tools and processes into curriculum and instruction is intermittent, or if instructors
are only just beginning to explore the capacities and affordances of maker spaces. A pop-up space could
involve a simple procedure of setting up a 3D printing station on a desk, and pulling out hand tools for
use as needed for various projects.

Mobile cart

Yet another option in designing for space is to create a mobile system. This is particularly useful when
there is an opportunity to procure several of the primary digital fabrication tools, such as laser cutter, 3D
printer, and vinyl cutter, but there is not available room for constructing a dedicated maker space. A
mobile system also allows for the spread of the technology across multiple classrooms, and inserts the
tools and processes for engaging them directly into the classroom environment.




FIGURE 6.4 3D Printer on Desk for Pop-up Space

FIGURE 6.5 Mobile Maker Cart with 3D Printer and Laser Cutter

We argue that this latter aspect is a critical feature of maker spaces in schools and may create the
conditions to more fully integrate maker technologies and processes into curricular and instructional
practices.” This may be an advantage of a mobile system over that of a dedicated shop-like space where
students only engage maker practices in a more piecemeal fashion. A mobile cart is the design option
used in the following case description given below, and highlights some of the affordances of this design
choice (McKay & Peppler, 2013).

2. Forefronting Content or Purpose

While we have discussed some potential issues around designing space, a significant consideration in
what resources to procure relates to what is being forefronted pedagogically. We consider there is value
in having a full spread of tools from analog hand tools such as ratchet sets and hot glue guns, to computer
numerically controlled (CNC) digital fabrication tools such as laser cutters and CNC mills. However,
there will always be a need to carefully weigh the pedagogical mission of any particular maker space
against the budgetary constraints in determining what the best spread of tools and resources may be. This

is true of any instructional environment.-

STEM orientation

If the pedagogy in an instructional environment is to forefront STEM content then robotics and
engineering oriented projects may be favored. In such a case laser cutters, 3D printers, and soldering
stations become necessary for the efficient fabrication of engineered physical structures. An advantage
of such pedagogical choices can be found in taking advantage of the rapid prototyping capacity of such
machines. This can also allow for students to engage in the iterative design processes that come in
concert with the design failures inherent in testing engineering designs.

Design and craft orientation

When forefronting pedagogy rooted in design processes is a focus, the procurement of tools promoted as
the flagships of maker spaces (laser cutters and 3D printers) is useful but perhaps not as necessary. This
may be particularly so when projects take the form of high and low-tech integration. Examples of such
projects can be found in the aforementioned e-textiles as well as paper circuits. In both of these



examples, circuits are integrated into analog materials that are crafted and shaped by hand. This
approach may allow for learners to acquire new knowledge in computational thinking obliquely to the
project rather than through science-based methods and reasoning processes.

Furthermore, when this approach is taken, teachers can learn maker-oriented processes in a way that
allows them to more smoothly transition into working with the oftentimes more difficult to master digital
fabrication machines. Integrating maker processes into the classroom represents more of a cultural shift
in the learning environment than it does a simple use of tools and materials to support learning. Making
design decisions to create a maker space that are oriented toward a more moderated integration can also
create conditions for teachers to develop a more in-depth knowledge of the affordances and capacities
of the tools and resources. As educators progress in that knowledge they may procure tools and
resources with a broader integration and purpose in mind rather than relying on the tools and resources
to inform the content.

3. Providing Learner Guidance

There are at least two dimensions under which an expert or instructor should provide guidance. The first
is with use of materials and tools. The second relates to specific forms of learning guidance that foster
connections between the activities of making and disciplinary content.

Guidance for tools and materials is critical to ensuring both fidelity of artifact design and safety in the
environment. Some labs might require external certification while others might consider this process
more informally. There may be moments in which materials testing is part of the goal, in which case the
instructor might want let learners experiment with materials to achieve different outcomes. For example,
the instructor might want learners to build speaker cones for a sound project through a variety of
materials in order to achieve different shapes and forms. One goal in this case might be to help learners
see how cones shape sound, and enable direct connections to the physical properties of sound. In a case
like this, materials discovery is part of the process; however, the learner will still need knowledge
about tools that might be use to cut and shape cones, such as use of a number 10 blade, specific cutting
techniques, and other shaping tools. Direct guidance regarding tools will likely result in a more refined
design and a safer context.

Instructors also want to consider productive engagement with disciplinary content. In some cases,
instructors may want to foster reflection within the design cycle and help students to think about their
own design thinking. This is generally prompted either individually or within the group setting: “Why
did you make this choice?” “Tell me about your use of materials here.” “Where will this idea go next?”
Or guidance may involve specific coaching through complex or difficult problems, such as how to build
a motor that meets certain requirements. In some cases, a student may be genuinely “stuck,” which
requires direct assistance; at other times, the learner may be satisfied with a superficial or flawed or

cluttered design, at which point the teacher will prompt more refinement and deeper understanding.”

Decisions about when to enact these forms of guidance are based on learner facility and situation
within the design cycle. Novice learners may require instruction with tools or safety certification prior
to even entering the maker lab. Learners may not need additional guidance after they have acquired
knowledge of tools, though new materials might need additional support and consideration to understand
their primary use and affordances. Furthermore, each project or new endeavor may require just-in-time
learner assistance to ensure disciplinary engagement.

V. Case Description: The Interactive Book Project

One such investigation into these ideas comes in the form of an intervention co-developed by one of the
authors with teachers and administrators at a community-based K-8 charter school in a small
Midwestern city: the Interactive Book Project. The project is supported by a mobile cart that hosts a
nearly full complement of the tools and equipment that can be found in a fuller scale fab lab, but is
contained in a small portable unit that can be utilized directly in the classroom spaces. While the cart



functions to provide the tools and learning environment of a fab lab to the students, another major
consideration is how the cart functions toward integrating a culture around making with the pre-existing
school culture of the faculty and staff. This latter aspect is intended to serve as a platform from which
teachers may then be able to integrate maker projects contextual to their curriculum and instructional
practices directly into their classrooms.

As the teachers learn how to navigate the world of programming and physical computing, finding the
intersections of maker practices and classroom teaching becomes an easier endeavor. But these digital
tools carry with them some level of abstraction from an embodied experience, which is a significant
aspect to our learning processes. With this in mind we have developed a simple low-tech project that
combines the physical crafting of a small folded book with digital storytelling developed in the entry-
level programming environment of Scratch (see Figures 6.6 and 6.7). The book has a simple circuit
drawn into it, which in turn is connected to an object interface board known as a Makey Makey that
allows the book to operate the Scratch program.

The Scratch programming language, developed by Mitchell Resnick and his team at MIT, allows
children easier access to learning the principles of programming. Released in 2006, it is utilized
extensively in both traditional school environments and informal learning spaces such as the Computer
Clubhouse where it was first tested. Programming in Scratch is a process of connecting Graphical User
Interface (GUI) drag-and-drop blocks into a work window. There are eight different types of blocks—
Motion, Control, Looks, Sensing, Sound, Operators, Pen, and Variables—that work in concert through
their various commands (see Figure 6.8).

As a GUI programming environment, the focus is taken away from needing to be syntactically correct
in the programming process. This utilization of a GUI is intended to encourage a more playful process of
developing programming literacy, by allowing for the programmer to move quickly through iterations of
their building of the program.

With Scratch, young people can program their own interactive stories, animations, games, music, and
art—then share their creations with one another online. In the process, young people learn important
mathematical and computational ideas, while also learning to think creatively, reason systematically, and
work collaboratively. Scratch is designed to make the activity of programming more tinkerable, more
meaningful, and more social—and thus appeal to broader, more diverse audiences than traditional
programming languages. Scratch builds on youth interests in popular culture, social media, and
expressive communication.

FIGURE 6.6 Interactive Book with Circuits that Connect to the Makey Makey Interface Board



FIGURE 6.8 Scratch Programming Interface

Makey Makey is an object interface board developed parallel to, and intended to work in concert
with, Scratch. Makey Makey consists of a printed circuit board (PCB) that has all of the inputs that it
takes to operate a computer keyboard, and a USB port that allows for the Makey Makey board to be
connected to a computer. This feature allows for several keyboard command operations to be conducted
through the Makey Makey board directly, but more importantly the board allows for the connection of
any conductive object to run keyboard operations by connecting the objects directly to the Makey Makey
board.

Makey Makey boards are commonly demonstrated by connecting bananas to the board, and then using
them as “piano keys” to play a virtual piano on the computer. This interactive book project uses all of
the same basic parameters of hooking up the board to external objects, but utilizes a circuit that is drawn
across the extent of the book in graphite. While the graphite is fussy at times, and will rub away, leaving
behind an inadequate substrate for the circuit to function properly, it is simple to develop the circuits,
and also provides opportunity for the bookmakers to debug their book.

Significantly, however, the book is a tangible object that is itself constructed, and done so in concert
with programming in Scratch. Thus it may provide a means for the maker to not only deepen their story



in the book through external events in Scratch, but also develop multiple literacies across media. The
media in this way are no longer abstracted from one another, nor is a story developed solely within a
singular environment, either as only a book or on the screen. Additionally the bookmaker has an
opportunity to create their own visual and auditory environments in design programs such as Illustrator,
Inkscape, Audacity, or Garage Band, among many others.

The interactive book project also reflects the universal and situational principles discussed above.
First of all, students engage in meaningful inquiry through choice and selection regarding purpose,
message, and representation. The inquiry question does not embody a project, such as “What book can |
make and what animation forms can I integrate?”” but rather, “How do I represent my ideas?”” Second, the
project reflects value beyond school. Not only is there an audience for the book, but there is opportunity
to foster a deeper connection to the historical ways in which humans have used and modified text and
imagery from our earliest days until now. Finally, the project incorporates prototyping, failure, and
refinement. More specifically, students must put all the pieces together before the book “works,” so to
speak, which involves complex circuit building, programming, graphic design, and story making.
Furthermore, as all the animations are mutable (and possibly the paper text, depending on the design),
there are no limits to the number of times a learner can refine or redefine the graphics in the project.

VI. Closing Remarks: Building Up

In considering the implementation of these maker technologies into the classroom, it is necessary to look
at instructors’ capacities to work with the technologies in the learning environment in a manner that
works in context with the curricular activities they design for their students. While many of the
assumptions around the difficulties of teachers in integrating technology into the classroom hold up, key
factors toward the successful implementation of that technology has also been attributed to teachers’
technology proficiency, social awareness, and an ability to match their pedagogical beliefs with
technology to effect successful innovations in the classroom (Zhao et al., 2002). While it is not the
purpose of this paper to detail these specifics, it is important to note that, as with any new initiative,
instructors are also likely to need support and guidance, particularly as they need to account for the
various situational nuances within their own contexts.

As maker technologies become more available in schools and communities, the potential exists to
realize new and different forms of engagement that may lead to deeper learning. However, as we have
argued, there are numerous considerations that inform how we might foster productive engagement and
learning. Dewey (1938) informed how we might consider the ways in which learning happens through
doing in ways are best gained through trial and error in the context of rich social interaction.

However, as we have also noted, it is not enough to have a rich context without instructional
structures that inform organization of the context. Dewey (1938) informed how these structures might
look, and his ideas are just as relevant today as they were a century ago: the educator’s responsibility is
to make decisions about curriculum and material, holding in mind both the interest and prior experience
of the learner within the interactive and connected environment. Thus, the learner is given numerous
degrees of freedom, but in a bounded environment that capitalizes on interests while also fostering the
environment of shared expertise and values that support maker culture.
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Notes

| %

Editors’note: In Chapter 5, Prensky identified “effective accomplishing” as one of the four pillars of a new
paradigm of curriculum. Maker technologies seem focused on this as a kind of learning outcome, in addition to
being a method for such other outcomes as Prensky’s “effective thinking” and “effective relating.”

| %

Editors note: This “looking for intersections” among old systemic structures and new practices is a common
starting perspective when shifting from primarily teacher-centered to more learner-centered approaches to
instruction.

| %

Editors’ note: To the extent that this is truly individualized, this principle aligns with several universal
principles for learner-centered instruction described in Chapter 1 and with Principles 1 and 2 in Chapter 4.

Editors note: A key aspect of paradigm change is transforming the classroom into a learning environment in
which maker spaces and other forms of task-centered instruction are a central feature.

Editors’ note: For more on this, see Chapter 9, Designing Instruction for Self-Regulated Learning.

Editors note: The use of mobile carts may enable maker-based instruction in a variety of informal learning
environments. Chapter 14, Design Considerations for Mobile Learning, provides useful design principles when
mobile technologies are used to support learners bridging formal and informal learning environments.

*** FEditors ' note: These potential barriers highlight the need for strategic alignment of the various components of
the entire instructional system to fully implement learner-centered instruction. This need is discussed in detail in
Chapter 1.

Editors note: Approaches to assist each learner beyond his or her current capability is an important aspect of

learner-centered instruction and is described by the Scaffolding sub-principle (2.2) of the Task-Centered
Instruction principle in Chapter 1.

| %

| %

Editors’ note: This need for individually meaningful questions (and associated instructional elements) supports
an important aspect of learner-centered instruction further described by the Task Environment sub-principle
(2.1) of the Task-centered Instruction principle in Chapter 1.

**  Editors’note: This aspect is an example of the need for changing the role of the teacher in learner-centered

instruction and is described by the Teacher Roles sub-principle (4.1) of the Changed Roles principle in Chapter
1
*  Editors note: This question highlights an inherent challenge when attempting to support the Information-Age
instructional paradigm in predominantly Industrial-Age systems. Measuring the effect of new paradigm methods
with old paradigm assessment tools and methods is systemically inconsistent, and supports the need for a
comprehensive approach to learner-centered instruction as explained in Chapterl, including learner-centered,

attainment-based assessment.



| %

| %

| %

| %

Editors’ note: For a comprehensive discussion of the nature of situational design factors, see Chapter 1, What
is Instructional-Design Theory, and How is It Changing? in Volume I of this series.

Editors’note: See Chapter 14, Design Considerations for Mobile Learning, for more instructional design
principles associated with mobile learning environments.

Editors’ note: The need to align pedagogy with other systemic elements, such as budget constraints, is similar
to the need to align specific instructional methods and activities to overall instructional strategies or
approaches. The need for systemic alignment is also discussed in the situational principles section of Chapter
13, Designing Instruction for Flipped Classrooms, and Chapter 15, Designing Just-in Time Instruction.

Editors note: These varying aspects of learner guidance align well with the Scaffolding sub-principle (2.2) of
the Task-centered Instruction principle in Chapter 1.
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EDITORS’ FOREWORD
Preconditions (when to use the theory)

Content

» The content entails application and transfer, not just memorization. Learners’ content
understanding can be represented through digital media.

Learners

o All students.

Learning environments

* Collaborative, creative, interest-driven, learner-centered and production-oriented.

Instructional development constraints

* Requires a digital media production environment (hardware, software, and network) and
instructor development skills.

Values~ (opinions about what is important)

About ends (learning goals)

» Enculturation, becoming, and being, not just knowing.
» Literacy is viewed as primarily a sociocultural phenomenon rather than a psychological one.

» Self-expression, creativity, collaboration skills, acceptance of diversity and subjectivity, and
development of technical, critical, and social skills.

»  Empowerment to create one'’s own future.

About means (instructional methods)

» Interest-driven learning, learning by doing (constructionism, production orientation),
community, contextual authenticity (situative-sociocultural perspective), and
critique/reflection.

*  An emphasis on learning systems rather than individual learners, content, or instruction.

About priorities (criteria for successful instruction)

» Effectiveness and appeal, more than efficiency.

About power (to make decisions about the previous three)

» Self-directed learning.

Universal and Situational Principles



1. A production-oriented approach to learning

2.

Develop learner—artifact relationships. Learners should create something personally
meaningful and innovative. Instructors should provide adequate tools and time for this
relationship to develop and deepen.

Support learners’identities as designers. Learners should learn to think and talk about their
artifacts like designers, using a grammar of design.

Remake class into a workshop, with learners engaged in a collaborative production process.
Situational considerations include:

Assessing artifact quality: The instructional design should provide measures of artifact
assessment relative to the genre, historical time, and target audience of production.
Distribute technological expertise across learners: Choose tools based upon the choice of
project rather than constraining project choice to the tools available or already known by
the instructor.

Align time constraints: Consider how much time learners need to create artifacts that
satisfy their own creative expectations rather than setting strict constraints, as these may
hinder learners’ relationships with the object of their production.

The importance of critique and reflection

Practice critique and reflection: Critique and reflection should be routine activities of learning
and design. Offer regularly scheduled critique and reflection sessions. Also encourage
spontaneous critique and reflection at opportune situations.

Keep design journals: Require that students keep and submit logs of their design and learning
activity.

Use theoretical resources (readings, explanatory materials, experts, etc.) to develop meta-
representational competence—the ability to use representational tools, reflect on which tools
should be used, and to understand how the interaction between tool and meaning work toward
a purpose.

Situational considerations include:

Frequency of critique: Instructors must keep a pulse on learning throughout projects in
order to balancing critique and reflection with production. At times it may be necessary to
offload critique to online forums as project deadlines near.

Managing failure: Learners may not always meet the expectations or deadlines set by
instructors. In these instances of “‘failure,” instructors have two situational alternatives to
keep learners engaged and motivated: offer them more time to finish the project or allow
them to explain how their projects meet or do not meet goals.

The presence of an authentic audience for work

Consider audience from the outset: Audience should play a generative role throughout the
creative process. Instruction should ask learners to identify potential audiences from the outset
of their work.

Find audiences: Appropriate audiences might include invited peers, friends, family, school
communities, online viewers, and much more. Help learners find appropriate audiences and
engage with those groups as the artifact takes shape.

Use audience in assessment: It is crucial to examine how student artifacts perform “in the
wild.” Presenting work to authentic audiences and receiving their feedback is one of the few
ways to make student work more legitimate.

Situational considerations include:
Appropriate audiences: Instructors should determine at the outset whether the audience



should be closed (class-only) or open (public) audience. The choice of audience helps guide
the constraints of a project.

Correlating audience to assessment: Consider the assessment environment. As class size

increases, a more standardized assessment may be needed. Standardized measures can be
provided to certain kinds of audiences to aid in assessment.

4. Reframing teaching as mentorship

Distribute learning: Spread the onus of learning across the entire class community, including
the teacher (mentor) as learner.

Distribute teaching: Acknowledge and leverage the variations of learner interests as
pedagogical opportunities. The class community should function as a distributed system, all
members—instructors, mentors, and learners—should learn from each other and the tools they
choose to use. In this model, more senior class members model the process of learning.

Distribute assessment: Expand who assesses to include peers, audience, and mentor, and
expand what is assessed to include learning process, products, and the instructional design.

Situational considerations include:

Dialogic, flexible design: Instruction and the design of it should not be rigid, top-down
activities. As learners grow, create, and demand new resources, the design of instruction
must adapt to meet their needs. Instructors should elicit ideas for these refinements from
learners themselves.

Distribution in education: Instructors must reconcile the notion of distribution with their
own institutional expectations. Note that even from a distributed perspective, teachers
should retain a central role as planners and guides of activity.

Implementation Issues

Finding and accessing expertise. The demand and need for production-oriented expertise may
exceed the capability of an instructor to supply. External expert resources may be needed to fill
the role of “more experienced other,” or additional expertise may be developed within the
learning community itself.

Access to resources. Even with digital production-oriented project environments, necessary
resources may be expensive to acquire and cumbersome to install and manage.

Issues of “time”. Learner-centered production is a lengthy process, so the breadth and depth of
assigned projects must be carefully managed.

—-CMR., BJB., & RDM.

DESIGNING COLLABORATIVE PRODUCTION OF DIGITAL MEDIA

I. Introduction

A New Literacies Perspective on Instructional Design

In2

006, a group of learning theorists predicted an upcoming “decade of synergy” during which scholars

would synthesize diverse learning research to transform the design of education (Bransford et al., 2006).
This synergy is well underway, especially in the field of literacy learning: the New Literacy Studies

(Ge
al.,

e, 2011; Lankshear & Knobel, 2007), recent scholarship concerning informal, digital cultures (Ito et
2010; Jenkins, Purushotma, Clinton, Weigel, & Robison, 2006), and “situative” developments in

learning theory (Harel & Papert, 1991; Wenger, 1998) all describe becoming literate as involving
production, community, and authenticity. From these perspectives, literacy means doing, becoming, and



being, not just knowing. In this chapter, we take up Bransford et al.’s call for synthesis to describe a
convergent “New Literacies” perspective (Lankshear & Knobel, 2011) on instructional design. In the
following sections, we operationalize this perspective to assemble a New Literacies pedagogical
framework intended to engage learners in collaborative, creative, interest-driven, and production-
oriented digital media projects that enable them to become active participants within and beyond the
classroom.

Two key ideas define the New Literacies perspective. First, literacy is reinterpreted as primarily a
sociocultural phenomenon rather than as a psychological one. While sociocultural interpretations of
literacy vary, all share a paradigmatic shift in reconceptualizing literacy from decoding and encoding
text to a set of productive, consumptive, and negotiative meaning-making practices mediated by social,
cultural, and material contexts; literacies are inherently multimodal, technology-dependent, always
ideological, and wrapped-up in social identities (Gee, 2003a, 2011; Lankshear & Knobel, 2006, 2011;
Street 2003). A sociocultural perspective does not deny that reading and writing text represent one type
of literacy practice, but it does argue that there exist multiple, equally valid others (Cazden et al., 1996),
pushing educators beyond traditional understandings of literacy by encouraging them to consider what
counts as literacy, how and why it is practiced, and for whom.

These questions give rise to the second key idea: A New Literacies perspective focuses on the
ontological shift that occurs as digital technologies reshape how and what people learn as they
participate in literacy practices (Lankshear & Knobel, 2007). Central to this position is the
understanding that digital media technologies afford new ways to make meaning and, therefore,
empower people. Anyone with a computer and Internet access may participate in communities as both a
consumer and producer of meaning and share these creations with an audience to effect change (Jenkins
et al., 2006; Lankshear & Knobel, 2011). Scholars Doug Thomas and John Seely Brown (2011)
characterize this transformation as a cultural reawakening, going so far as to apply the label “the new

culture of learning.””

Other scholars offer similar characterizations of this new form of making and doing literacy. While
labeled differently—"“participatory culture,” “affinity spaces,” “passion communities,” “interest-driven
networks”—all present a situative, sociocultural interpretation of how people increasingly use digital
technology to 1) form informal communities around a shared interest or domain; 2) learn to legitimately
participate in its practices; and 3) produce and share artifacts meaningful to that community and beyond
(Halverson, 2012). What people learn by participating in these communities remains an unsettled
question; nonetheless, the common characterization does indicate that these communities thrive upon
innovation in tools, meanings, and ways-of-knowing, and favor distributive, emergent, and egalitarian
methods for achieving goals (e.g. Jenkins et al., 2006). In the following discussion, we operationalize
this characterization of New Literacies to construct a learner-centered instructional design framework
intended to address the changing social, cultural, and technological realities of literacy and learning in
the 21st century; we call this framework a New Literacies Pedagogy (NLP).

99 ¢

Theoretical Foundations of NLP

Issues of equity, critical awareness, and relevance

Three changing realities linked to literacy and learning make NLP immediately pertinent, if not
necessary for the redesign of education. Drawing upon Jenkins et al.’s (2006) seminal work in this area,
these three are best described as problems of equity, critical awareness, and relevance.

The equity problem. Since the mid-1990s scholars have been arguing that if youth are to realize
successful 21st century futures, they must find opportunities to legitimately participate in New Literacies
practices (Cazden et al., 1996; Drotner, 2008). This is no less true today. Youth themselves have become
quite aware of this reality; their participation in informal digital learning communities continues to grow
(Ito et al., 2010; Peppler, 2013). Yet, even if we assume that many youth have the opportunity to
participate in digital communities, it is certain that not a// do (Jenkins et al., 2006). How can educators



ensure that all youth have these opportunities?

The critical awareness problem. Even for those youth who do participate in online communities, it is
not clear that they develop the critical competencies necessary to navigate today’s convergent media
landscape or that they are able to articulate what they have learned (Kafai & Peppler, 2011). This can be
construed as a lack of access, not to technology, but to understanding, what Jenkins et al. (2006) refer to
as “the participation gap”. How might educators frame participation in digital literacy practices in ways
that inspire critical dispositions?

The relevance problem. It is clear that 21st-century learners turn to informal, digital communities
because such communities are relevant in ways that formal schooling, currently designed, is not. That is,
not only do digital communities offer youth opportunities to learn new literacies, but they also allow for
interest-driven learning and self expression, encourage collaboration, instill acceptance of diversity and
subjectivity, and develop technical, critical, and social skills valued in contemporary home and work
environments (Peppler, 2013). Most importantly, they empower people to be active participants in
creating their own futures (Cazden et al., 1996; Cope & Kalantzis, 2000). Simply, learners now demand
more customization, voice, and practicality from learning arrangements, and can find it almost
exclusively outside of formal, designed education. How might educators adapt their learning
environments to meet these demands?

NLP addresses these challenges by proposing a design methodology that dovetails features of
informal, digital learning culture with the affordances of formal learning spaces. Sociocultural literacy
interventions often address equity issues through critical approaches to reading and writing texts. NLP
takes up this agenda and operationalizes it through the lens of digital culture. To that end we offer a
systematic design composed of four thematic categories: 1) a production-oriented approach to learning,
2) the importance of critique and reflection, 3) the presence of an authentic audience for work, and 4)
reframing teaching as mentorship.

Connecting situative-sociocultural and constructionist theories

NLP synthesizes two related theoretical traditions — constructionist and situative-sociocultural theories
of learning. While each theory begins with differing epistemological positions and units of analysis, both
lead to similar instructional design choices (Barab & Duffy, 2000; Hannafin, Hannafin, Land, & Oliver,
1997). The combination of these learning theories provides purchase to conceptualize and design for the
symbiotic relationship between learners and environments.

Constructionist theorists assert that learning happens when we create artifacts in the real world. Only
through making something work can we truly understand and demonstrate our understanding of complex
processes. Seymour Papert’s (1980, 1996) curiosity to uncover the art of learning drove his conception
of the theory of constructionism. At the heart of this theory is construction, both of knowledge and of
artifacts. In essence, constructionism argues for the existence of a unique, interdependent relationship
between personally meaningful external artifacts and knowledge-in-the-head; both interpret and
reinterpret each other (Kafai & Resnick, 1996). Created artifacts—or “objects-to-think-with,” as Papert
describes them—sit at the “intersection of cultural presence, embedded knowledge, and the possibility
for personal identification” (Papert, 1980, p. 11). Learning happens when one “makes” rather than
“gets” both knowledge and artifacts (Kafai & Resnick, 1996).

Fundamental to constructionism is the idea that learning does not occur in a void (Papert, 1980; Kafai,
2006); contexts play a crucial role. Situative-sociocultural theories expand upon this insight by focusing
analysis upon the distribution of cognition across complex systems (Gee, 2010; Greeno, Collins &
Resnick, 1996; Pea, 1997). This collection of theories generally characterizes learning as an
interdependent process of legitimate participation in the practices of a community, which often involves
the creation of meaningful artifacts (Lave & Wenger, 1991; Wenger, 2010). Learning, situative-
sociocultural scholars argue, is a social process of enculturation and becoming (Brown, Collins, &
Duguid, 1989; Wenger, 1998).

We believe situative-sociocultural and constructionist theories of learning complement each other



(Cobb, 1994). Whereas constructionism underscores the relationship between the learner and their
artifact, the situative-sociocultural perspective focuses upon the contexts that mediate learners’
knowledge construction. Balancing these two theoretical emphases proves indispensable to our NLP,
through which we seek to design for how individuals learn to participate in established practices of
communities where such participation entails the negotiation, redesign, and sharing of appropriated and
recontextualized representations of meaning (Thomas & Brown, 2011).

Learner-centered design: Authenticity and the New Ethos~

A New Literacies Pedagogy requires both a paradigmatic and an ontological shift toward learner-
centered design. In broad terms, it is a transition from “teaching about the world” to “engagement within
the world” (Brown & Adler, 2008; Scardamalia & Bereiter, 1994, 2006). This entails a recalibration of
design focus away from individuals, content, and skills toward communities, cultures, and practices
(Wenger, 1998). Two value-laden implications become immediately apparent.

First, NLP encourages educators to strive for authenticity of learning activities (Brown, Collins &
Duguid, 1989): When learning, being and doing are inseparable from context, it makes the most sense to
design learning activities that interact with real-world cultures, communities, and practices. By
“authenticity” we might mean any one of the following:

* tasks that are personally meaningful;
 tasks that honor disciplinary and/or professional practices;
* tasks that can be assessed within the context of the production and learning process;

+ tasks that connect to practices in the real world either through legitimate communities of practices or
in simulated scenarios (Hay & Barab, 2001; Shaffer & Resnick, 1999).

Scholars and designers who value “thick authenticity” (Shaffer & Resnick, 1999) argue for the
inclusion of all of these forms in the creation of production-oriented learning tasks. Clearly there are
trade-offs associated with each of these approaches, and design methods are likely to vary based upon
conditions such as the expertise of learners, access to out-of-school communities, and the nature of
practices to be learned.

Second, the sociocultural foundations of NLP compel educators to account for and to incorporate the
ideology that pervades the new culture of learning. To that end, scholars define this ideology as the New
Ethos: a worldview that is more inclusive, more participatory, more sensitive to multiplicity and
diversity, and more egalitarian (Lankshear & Knobel, 2011; Chavez, & Soep, 2005). Above all else, the
New Ethos embraces change (Thomas & Brown, 2011). While such a view may paint too positive a
picture of digital culture as a whole, we find agreement in the way it problematizes traditional, stable,
and hierarchical educational arrangements. We aim to take seriously the ethos of democratic engagement
through new literacies practices, and we have seen that this ethos inspires a more learner-centered
design.

TABLE 7.1 Values of NLP Design

Values Description

Authenticity A quality of leaming activity marked by legitimate participation,
simulated practice, or personal meaning.

The New Ethos An ideology inherent to participatory culture that tends toward
“bootstrapping,” distribution, egalitarianism, diversity, and
multiplicity.

Learner-Center An instructional design perspective that emphasizes learning

Design systems rather than individual learners, content, or instruction.

Indeed, these values inform our interpretation of the “learner-centered” construct. We believe that
learner-centered designs should privilege neither the environment, nor the curriculum, nor the student.
Instead, a learner-centered design focuses upon a complex system of authentic and legitimate learning



activity (for a similar perspective, see Moss, 2008; Rogoff, 2008; Rogoff et al., 2007). Thus in this
chapter, we offer an instructional framework that places learners on an equal footing with their
environment. Such designs should empower learners by asking them to transform their environment, both
within the classroom and beyond (Pea, 1997; Scardamalia & Bereiter, 2006). In order to do so, learners
must also develop the competency to adapt to and move amongst the contexts and standards within which
their activities reside. Table 7.1 summarizes the value system embedded within NLP design.

IIT and IV. Universal and Situational Principles of NLP

From a situative perspective, instructional strategies inevitably vary based upon context. Yet, we also
believe that NLP intimates themes that cut across all conditions. To that end, we explicate four broad

categories of principles with some attention to situational caveats.”

1. A Production-Oriented Approach to Learning

NLP empowers learners to be producers and designers of meaningful digital media. To do this, we have
focused on designing a learning environment that supports the relationship between the learner, the
external artifact they create, and the community within which they do so. We call this a production-
oriented approach to learning and propose three universal ideas to realize it: 1) facilitate learners’
productive relationship with artifacts, 2) develop learners’ identities as designers, and 3) encourage
collaboration among learners within a media-rich environment through a workshop-style instructional
environment.

Develop learner—artifact relationships

Foremost, if learners are to produce digital media, then the instructional design must facilitate the
development of learner—artifact relationships. This entails two instructional strategies. First, instructors
guide learners to create something both personally meaningful and innovative. Instructional goals
should allow learners the freedom and choice to create an external artifact of personal interest and value
(Harel & Papert, 1990), while simultaneously pushing them to use and repurpose existing cultural
resources (Lankshear & Knobel, 2011). Personal interest can originate with the content (e.g., I want to
tell the story of my first year at high school), the format (e.g., I would like to create a video remix), or
both. The aim is twofold: give learners agency and ownership over their artifact and connect it with
broader contexts. In this way, learners create contextualized artifacts that speak both to self and to
community.

The second relationship-building strategy is more practical: instructors should provide adequate tools
and time for learners to deepen their relationship with the object they are making. Many of these tools
may be low tech, what Papert (1980) calls “objects-to-think-with,” that concretize learners’ abstract
project ideas. In a game design project for example, instructors can create or source scaffolded index
cards to support cycles of paper prototyping. This allows learners to construct and refine ideas with
minimal investments of technical effort. In terms of time, instructors must prepare for the naturally
iterative “debugging” (Papert, 1980) process that happens when learners make things. Debugging can
take different forms; it becomes most apparent as students transition from paper-prototyping to digital
production. During this phase, instructors must aid learners through their debugging frustrations by
persistently encouraging them to test, refine, and share their ideas.

Support identities as designers

In a production-oriented approach, educators must also develop learners’ identities as designers. By
“design identities,” we mean that learners appropriate the conceptual tools and discourses necessary to
build a relationship with both their artifact and communities of designers; this entails two basic
strategies. First, encourage learners to think and talk about their artifact like designers by modeling



discourse around a grammar of design (Cazden et al., 1996). A design grammar refers to the tools and
means of communication that are authentic to a given genre, providing learners with the concepts and
terminology necessary to articulate their individual design goals and ideas. Making a radio documentary,
for example, requires knowledge about audio capture and editing tools, narrative reporting, music and
other sound effects, and how people who make radio use these tools to effectively communicate ideas
using only sound. Second, situate learners within a community of designers who are motivated by
participation in authentic practices. Learners need to see that they are not working in a vacuum and need
opportunities to share victories and challenges with others working on similar problems. Not only is it
vital to leave room for personal drive and interest to mature, but also to engage learners in design
practices that connect to out-of-class communities (Barab & Dufty, 2000; Hay & Barab, 2001). When
the design goal is both internally and externally valuable, learners tend to adopt the language and
practice of design, supporting their identities as designers.

Remake class into a workshop

Last, a production-oriented approach to learning converts “class” into a workshop-style format where
learners engage in a collaborative production process through which they may pursue their own

individual projects, yet work together toward the same “umbrella goal” (Harel & Papert, 1991).% In this
space, even if learners do not appear to be working together directly, they are engaging in “collaboration
through the air”, a process of indirectly “picking up” and “trying out” others’ ideas, and “dropping” the
ones that do not work (Harel & Papert, 1991). Likewise, encouraging informal and spontaneous
conversation among learners is just as important as ensuring the community has the proper tools. Make
technology and example projects available (e.g., in eyesight) in the space; ideally, instructors should
select a collection of technologies based upon 1) their use by real-world communities and 2) their
ability to support multimodal, “convergent” representations (Kafai, Peppler, & Chapman, 2011). Table
7.2 summarizes the principles involved in a production-oriented approach to learning.

Situational considerations

When taking a production-oriented approach to learning, a few key situational considerations emerge:
assessing artifact quality, distributing technological expertise across learners, and aligning time
constraints to specific creative production processes. First, since assessment is a necessary component
of formal learning environments, measures of quality must be designed. These measures are situated in
the context of the genre for production (i.e., what makes a “good” documentary is different from what
makes a “good” mash-up), historical time of production (sitcoms in 2013 look substantively different
from sitcoms in 1962), and for whom the product is intended (an audience of peers will receive a piece
differently from an audience of outsiders) (Halverson et al., 2012). These aspects must be considered as
instructors develop product assessment measures. Particularly, we suggest that instructors either craft a
measure of quality a priori that is grounded in “what counts” as good within a specific genre” or take a

collaborative assessment approach by measuring quality according to the class’s self-defined goals.”

TABLE 7.2 Universal Principles of a Production-Oriented Approach to Learning

Universal Principles Description

Develop Instruction should encourage leamers to create personally
learner—artifact meaningful artifacts and provides the appropriate tools and
ionships time for production to occur.

Support identities as Instruction should embed learners within a community of
designers designers, providing opportunities to learn and adopt authentic
discourse through situated practice.
Remake class into a “Class” should become a productive environment where learners
workshop proximally or distally collaborate to design digital media.

Second, our approach to production requires a distributed, just-in-time orientation— toward
technologies (Gee, 2003a; Halverson, 2012). As a result, the choice of technological tools (both



software and hardware) depends upon the type of project, rather than the other way around. Students
learn to use tools as needed, and instructors should plan for students to acquire technological expertise
as part of the production process, rather than as a separate set of skills. This means that individual
project choice may lead a learner to tools that instructors had not anticipated. An important situational
understanding is that not all students will learn the same tools at the same time or with equivalent
mastery. Instead, expect for technological expertise to be distributed across the community. In
preparation for such distributed variations of technology use, instructors should reserve local
technological resources, encourage students to share their technological expertise with others, and
support and serve students in a just-in-time manner rather than making all decisions about which
technologies to teach and use a priori.

TABLE 7.3 Situational Considerations of a Production-Oriented Approach to Learning

Universal Principles Description

Develop Instruction should encourage leamers to create personally
learner—artifact meaningful artifacts and provides the appropriate tools and
relationships time for production to occur.

Support identities as Instruction should embed learners within a community of
designers designers, providing opportunities to learn and adopt authentic
discourse through situated practice.
Remake class into a “Class” should become a productive environment where learners
workshop proximally or distally collaborate to design digital media.

While new technologies have made productive work both more accessible and efficient, any time
“saved” by utilizing these technologies typically gets redistributed to creative pursuits. For example,
video production software expedites aspects of the editing process—Ilearners no longer need to develop,
physically cut, and replace film. Yet, as learners spend less time engaged in the “dirty work™ of editing,
they are afforded opportunities to creatively play with various editing possibilities. In both instances,
creative projects require large investments of time. Instructional designers must consider the time
allotted for these projects based upon the expectations for production, the quantity and/or duration of
media to be produced, and the level of communal expertise. For example, projects expecting high levels
of production, more in-depth media products, or a high level of communal expertise will require more
time to reap the benefits of learning that a production-oriented approach offers. Instructors may want to
“scope” project choice in advance and create clear time and depth parameters for students in order to

make finishing projects manageable within the course of class time and some out-of-class work.” Table
7.3 summarizes the situational considerations involved in a production-oriented approach to learning.

2. The Importance of Critique and Reflection

Production-oriented activities are a powerful method for learning; yet, on their own they have the
potential to provoke narrow, “producer-like” outcomes (Gee, 2003b). NLP aims to engender a critical
awareness by encouraging meta-cognition in ways that may not emerge naturally through the production
process. A critical vantage enables students to move amongst different communities, refine designs, and
ultimately improve and innovate practice (Kress, 2000; Kafai & Peppler, 2011). To reach this goal, we
use activities of critique and reflection as a “balance” to interest-driven productive activities. In this
section, we provide three strategies to realize such activities in a meaningful way.

Practice critique and reflection—

First, critique and reflection must be a routine practice of the learning community. By critique we do not
mean criticism; rather we refer to arts-based pedagogies seen in visual arts classrooms (Hetland,
Winner, Veenema, & Sheridan, 2013) and out-of-school arts organizations (Soep, 2006), as well as in
emergent discourse commonly found in online digital production communities (Ito et al., 2010). Critique
is a method for moving work forward through group dialogue and reflection. A meaningful critique sees



learners incorporate conceptual resources as they converse with their peers about their own products,
and those products’ relation to other students’ work and to outside audiences.

As students create artifacts, instruction provides both scheduled and informal opportunities to engage
in critique. This means that instructors both assign specific time for critique and allow students to set
aside productive activities to engage in constructive dialogue at will. Scheduled critique should be
included at a variety of scales including informal peer discussion, within-group critique sessions (see,
for example Soep, 2006, for a description of how small groups engage in critique during the production
process), and whole class discussions where groups present their piece in process and the group
responds to the work by describing their personal responses to the work. Critique sessions from outside
experts are also useful, when available in the form of guest artists, former student participants, and
colleagues. The combination of these dialogic activities strengthens the class community and affords
students a regular opportunity to take on, experiment with, and refine design discourse.

Keep design journals

Second, instructors should assign design journals. While journaling is not a routine practice of digital
communities, it has a history of use in literacy and design pedagogy (e.g. Puntambekar & Kolodner,
2005). Design journals prompt learners to routinely reflect upon the products and processes of their
learning. Product-oriented entries develop the relationship between the learner and the object of their
production so that learners can refine their representations and relate these refinements to critique and
context. Ideally, product-oriented entries speak to two scales. First, learners address the progressive
refinement of their product itself, analyzing the development of the relationship between content, form,
technology, and function over multiple iterations. We expand upon this idea in the next point where we
discuss meta-representational competence. Second, product-oriented entries ask learners to explore
how their works draw upon, interact with, and transform available cultural resources.

Process-oriented entries prompt learners to transition from a preoccupation with the objects of their
production toward conceptualizing their increasingly legitimate participation as representative of
meaningful learning (Collins, 2006). They assist learners in making the development of their thinking
“visible” and “intentional” (Collins, Brown & Newman, 1989; Puntambekar & Kolodner, 2005;
Scardamalia & Bereiter, 2006). Good process entries are introspective in nature, demonstrating a
learner’s progressively reflexive, situated awareness of their activity over time. Instructors should not
be discouraged by initial “superficiality.” Learners may not have previously encountered such reflexive
exercises; thus, instructors can expect these entries to drastically transform over the duration of a course.
Part of this transformation entails a growing willingness on the part of learners to disclose failures as
opportunities for redesign and learning. Because honest reflection upon testing, failure, and refinement
are atypical of schooling, modeling by more experienced class members during scheduled discussion
sessions is essential for engendering this willingness. By the end of a course, these journal entries
become valuable data for longitudinal assessment, representing a partial trajectory of an individual’s
learning.

Aim for meta-representational competence

Third, use theoretical resources to develop meta-representational competence (MRC). By “theoretical
resources” we mean course readings and instructor-created support materials, as well as guest lectures
from experts when possible. Specifically, these resources should cover design and learning theories in
order to provide students the analytic frame to support their production, journal reflections, and critique
activities. Instructors should include theory in at least two ways: First, arrange regular class discussions
about a text or material itself; this means that students are expected to read outside of class and are
prepared to discuss it. Second, theory should form the conceptual foundation for scheduled critique
sessions.

We have found that theoretical resources assist in the development of students” MRC. MRC is the
ability to use representational tools, to reflect on which tools should be used, and to understand how the



interaction between tool and meaning work toward a purpose (diSessa & Sherin, 2000; Halverson,
2013). For example, a student should both be able to edit a video using software and be able to
articulate their use of editing choices (quick cuts, introduction of new music, slow motion, etc.) in order
to convey specific meanings in relation to context and audience. In this instance, theoretical materials
concerning film production would provide the conceptual frame. Students demonstrate MRC as they
articulate how their vision aligns with the affordances of the technology in use and guides their
technological choices towards tools that support the representation of their intended meaning. MRC
assists in engendering the critical awareness necessary to navigate digital “convergent culture” (Jenkins,
2006; Kafai & Peppler, 2011) and is a useful measure for learning in art (Halverson, 2013), math
(Enyedy, 2005) and science (diSessa & Sherin, 2000). Table 7.4 summarizes the key principles involved
in critique and reflection.

Situational considerations

In our experience, learners tend to favor production-oriented activities over those of critique and
reflection. We believe this indicates not a flaw in NLP, but rather raw excitement to create. That
excitement needs always to be nurtured. While robust critique and reflection are necessary learning
catalysts, they are also time-consuming activities; we acknowledge that on some days learners simply
need time to work together, especially as project deadlines near. We do not recommend eschewing
critique altogether during these phases; instead, we suggest that once trust has been established among
the community, it may be possible to offload some critique into an asynchronous, online space.
However, be aware that face-to-face interactions often prompt spontaneous conversation in ways
difficult to emulate in online interactions. We leave it to individual educators to decide the frequency of
in-class and online critique and reflection based upon approaching deadlines, project scope and learner
acumen.

TABLE 7.4 Principles of Critique and Reflection

Universal Principles Description
Practice critigue and Critque and reflection should be routine activities of learning
reflection and design. Offer regularly scheduled critique and reflection

sessions. Also encourage spontaneous critique and reflection at
opportune situations.

Keep design journals  Reequire that students keep and submit logs of their design
and leaming activity. These logs should typically take the
form of written journals. However, they can take a variety
of forms, including blogs, audio joumals, video diaries, or a
combination of these modalities.

Develop meta- Use course readings and discussions to develop meta-
representational representational competence. MR.C is the ability to use
competence representational tools, to reflect on which tools should be

used, and to understand how the interaction between tool
and meaning work toward a purpose (diSessa & Sherin, 2000;
Halversan, 2013).

TABLE 7.5 Situational Considerations of Critique and Reflection

Situational Considerations Description

Frequency of critique Instructors must keep a pulse on learning throughout
projects in order to balancing critique and reflection
with production. At times it may be necessary to offload
critigue to online forums as project deadlines near.

Managing failure Learners may not always meet the expectations or
deadlines set by instructors. In these instances of
“failure,” instructors have two situational alternatives to
keep leamers engaged and motivated: offer them more
time to finish the project or allow them to explain how
their projects meet or do not meet goals.




How instructors manage “failure” also becomes a situational task. Given that students are taking risks,
producing unfamiliar artifacts, and working toward a situated understanding of their activity, it is
possible that they “fail.” We put “fail” in quotation marks because typically, failure is constructed as not
learning or not meeting learning objectives. We construct failure as a legitimate part of the learning
process that instructors can capitalize on in their work with students. In NLP, instructors always need to
help learners work through failure. Yet, it remains a situational consideration because, when failure
arises, instructors have two circumstantial options. In our experience, it is not uncommon for students to
express a latent revelation only a few days before a project deadline and request more time to rectify
their work.

We want to emphasize that if learners openly acknowledge their previous “failure” and ask for time
for improvement, this is necessarily a “success.” In this circumstance, 1) instructors can allow students
to articulate why their piece does not meet the goals of the genre (as well as the ways it does) and to
reflect on what they would do differently; this is MRC in action and is a logical choice when time

constraints disallow extending project deadlines;~ and 2) if the situation allows for a deadline extension
(e.g., it is the middle rather than end of a term or semester), instructors can give learners more time to
complete the project in a way that fits the genre and therefore the goals. If extensions are an option, all
students in the course must understand that learning processes are developmental and that more time
does not indicate special consideration, but rather the chance for this project to complete another
iteration. Table 7.5 summarizes the situational considerations involved in critique and reflection.

3. The Presence of an Authentic Audience for Work

As we’ve emphasized, NLP enrolls learners as legitimate community members who engage in authentic
New Literacies practices. From a situative-sociocultural position, legitimate membership requires
increasingly central and proficient participation (Lave & Wenger, 1991). In New Literacies, centrality
and proficiency are typically demonstrated by sharing digital artifacts not only with close peers, but also
with broader audiences. Accordingly, NLP asks learners to consider audience throughout the creative
process and share their work with colleagues and the public at large (Halverson, 2012; Lankshear &
Knobel, 2011).

Consider audience from the outset

It is important to recognize that audience plays a generative role throughout production, critique, and
reflection activities, not just at the end of a process when an artifact is ready to be shared (Magnifico,
2010). Consequently, designers must identify target audiences from the outset and engage with these
groups throughout the process. Critique and reflection can be used to guide learners to consider audience
at multiple scales, including their classmates, out-of-class peers, the university or school community,
and potential online viewerships. In this way, audience comes to partially motivate the work; production
decisions are made as a result of who the audience is (and will be) and what this audience understands
about the content and genre of the work.

Find audiences

Since audience plays such an influential role throughout production, finding the appropriate audience is
imperative to supporting learners’ design processes. Beyond sharing with peers in critique and
reflection, instructors can also create public sharing opportunities within the context of the course. These
may include “poster session final exams” with invited experts or “gallery days” with invited peers,
friends and/or family. In these cases, learners can be required to bring peers to an assessment project as
part of their participation in the course.

Furthermore, because NLP aims, in part, for a participatory model of authenticity (Hay & Barab,
2001), instructors should find legitimate ways for students to engage with broader publics as a core part
of the course experience. Some of these opportunities could include: 1) in-school/on-campus



opportunities (e.g., campus-wide symposia or presentation opportunities); 2) out-of-school/off-campus
opportunities (e.g., Maker Faires or digital video competitions); 3) public opportunities (e.g., a
YouTube channel or social media outlets); 4) collaborations with other organizations locally (e.g.,
public libraries) and nationally (e.g., YOUMedia). We believe that it is the instructor’s responsibility to
seek out opportunities to interact with legitimate audiences as a normal part of learning activity.

Use audience in assessment

TABLE 7.6 The Principles of Engaging Audience in NLP

Universal Principles Description

Consider andience Audience plays a generative role throughout the creative process.
from the outset Instruction should ask leamers to identify potential audiences

from the outset of their work.

Find audiences Appropriate audiences might include invited peers, friends, family,
school communities, online viewers, media competitions,
Maker Fairs, or even public outlets such as YouTube. Help
learners find appropriate audiences and engage with these
groups as the artifact takes shape.

Audience and Audiences should play a role in assessment. It is crucial to
assessment examine how student artifacts perform “in the wild.” While
placing student work “in harm's way” and using the results for

assessment may disrupt the “safety of the classroom,” presenting
work to authentic audiences is one of the few ways to make
student work more legitimate.

Considering audience throughout the production process includes distributing assessment to the
audience. Instructors should include audience members as co-participants in the assessment process by
examining how student productions perform “in the wild.” Instructors can provide audiences with
rubrics to help guide their evaluation, if there exist specific outcomes that need to be addressed with the
work. For example, if students are expected to create a narrative for audiences, instructors can ask
audiences to respond to the narrative they experienced. Audience feedback can also be solicited without
a priori structure as a way to determine what they take from the experience. If students create short
films, an open film festival can be followed by a question-answer session with the audience as a way to
hear audience reactions. Or films can be posted on a public or semi-public site and audiences can
respond asynchronously through comment features on the site. The degree of expertise of the audience
will, in large part, determine the degree to which audiences may need the feedback process scaffolded
for them. Table 7.6 describes the role of audience in NLP.

Situational considerations

Selecting an appropriate audience and the role audience plays in assessment are both dependent on the
circumstantial purposes of the task. As we have made clear, designing for audience is always a
situational undertaking since audience should align with the goals and constraints of the task. Because
representational decisions and critique depend on whom the group determines will ultimately receive
the work, instructors should decide at the outset whether the audience is closed (class-only) or open
(public) audience. Additionally, the choice of audience helps guide the constraints of a project; for
example, if a class will participate in a public digital video competition, learners need ample time to
achieve competitive product quality. In our experience, introducing or changing the audience partway
through a project has disrupted the design process. Therefore, instructors should consider audience
throughout and take seriously the notion that work will be viewed by outsiders.

TABLE 7.7 Situational Considerations in the Use of Audience for NLP



Situational Considerations Description

Appropriate audiences Instructors should determine at the outset whether the
audience should be closed (class-only) or open (public)
audience. The choice of audience helps guide the
constraints of a project.

Correlating andience to Consider the assessment environment. As class size

assessment increases, a more standardized assessment may be needed.
Standardized measures can be provided to certain kinds
of audiences to aid in assessment.

Moreover, instructors should consider the assessment environment in which they work. Again, the
relationship between traditional classroom assessment and external audience assessment will be
determined by the situational purposes of the task. For large classes with many sections, a more
standardized assessment may be needed. For smaller courses, a more externally-driven assessment
design may be appropriate. A more standardized assessment could take the form of a rubric that
audience members will use to offer feedback on students’ final projects, while a more externally-driven
assessment could be constructed in the context of a sharing opportunity such as a film festival or a
planned audience event. Table 7.7 summarizes the situational considerations involved in the use of
audience for NLP.

4. Reframing Teaching as Mentorship

In NLP, we reframe teaching as mentorship in order to address how the roles and responsibilities of the
“teacher” and “student” must transform in ways that reflect distributed learning relationships in digital
culture. To define this notion, we draw upon Kafai, Peppler, and Chapman’s (2009) perspective of
mentorship that expands upon “top-down” teacher models to include “more equitable, constructionist
and learner roles” (p. 90).” This vantage significantly blurs the boundary between teacher and learner.
Specifically, we see mentorship as extending theories of distributed cognition and intelligence
(Salomon, 1997) to practices of teaching, learning, and assessment. While the notion of “distribution”
necessarily interferes with our typically siloed understanding of teaching, learning, and assessment, we
still find it helpful to frame the universal principles using those three familiar categories.

Distribute learning

NLP distributes learning by joining all community members as partners in production, sharing, and
critique activities. In this way, we reframe teachers as mentors, for they not only provide explicit
scaffolding and goals for students when appropriate, but also collaborate with and learn from students
throughout the production of digital artifacts. This type of mentorship requires both a practical and
attitudinal shift. At face value, mentors partake in the same learning practices—they create digital
media, share what they have made, and contribute to critique sessions—but do so in a way that makes
explicit the learning process. For example, a mentor could articulate a solution to a pervasive design
problem, explain the strategy used to realize it, and hear alternative solutions from students who may
have solved the same problem in a different way.

Because mentors are, quite literally, part of the learning community, they must also express an open
attitude toward learning. This open attitude carries two crucial implications. First, mentors may well
have to learn new technologies and techniques alongside students. In fact, it is common for learners to
request novel technologies for class use; a mentor explores these possibilities, learns how to use new
technologies with learners, and changes the instructional design accordingly. Second, mentors cannot
expect all learners to learn the same things, at the same time, and from the “top-down.” Learners must be
allowed to produce customized projects, master new technologies, and develop new discourses and
ways-of-knowing. In this way, it becomes entirely reasonable that learners might surpass the official
teacher in certain areas of expertise. A mentor leverages distributed learner interests as learning
opportunities by eliciting instructional dialogue from these budding experts. Such a distributed, open
attitude aligns with digital culture and strengthens the community: mentors model appropriate ways to



work, interact, and learn; what’s more, when mentors learn from their mentees, learners themselves
begin to view their activity as legitimately contributing to the community.

Distribute teaching

In NLP, one cannot distribute learning without also distributing teaching. In broad terms, this means that
mentorship stretches across the learning environment. The idea contains both obvious and subtle
strategies. Most plainly, instructors should enroll more advanced learners to mentor peers on targeted
tasks (Brown et al., 1993). Peer mentors, because they are engaged in similar production activities, are
often able to situate design problems and solutions within the appropriate conceptual frame (Collins et
al., 1989). Moreover, peer mentors demonstrate the process of learning to solve design problems; they,
like teacher-mentors, become models for “learning how to learn” (Brown et al. 1993; Brown &
Campione, 1996). More subtly, the distribution of teaching stretches across tools as well as people (Pea,
1997). There are times when no one in the room knows the answer to a question. Learners are
encouraged to use technological resources including open source materials such as YouTube and Khan
Academy, as well as more specific communities such as Google groups and listservs that focus on
solving problems of practice.

We acknowledge the difficulty of designing these types of informal peer mentoring relationships,
especially when students are allowed to follow individual interest (rather than being assigned to work in
teams). Instead, we argue that if instructors have executed other NLP strategies, distributed teaching
tends to occur naturally. When instructors notice it, they must encourage it by either asking learners to
help others or by requesting that they share their learning process with the class.

Distribute assessment

Our construct of mentorship impacts methods of assessment. A distributed view of assessment pushes
educators to reconsider both who does the assessing and the assessed object. When learners are
collaborators, instructors should afford learners the opportunity to provide feedback on the contributions
of their peers. This type of peer assessment can take a variety of forms; we find that learners provide the
most useful responses when their evaluations are confidentially created and stored. We suggest that
instructors generate formal documents that students complete and submit electronically outside of class.
Further, when instructors factor peer evaluation into the assessment of participation, learners begin to
view peer mentoring as part of legitimate learning activity rather than as an unfair aid to those who have
“fallen behind.”

Likewise, distributed mentorship also widens the focus of assessment: when mentors are also
learners, the instructional design itself must be open to evaluation. It is incumbent upon instructors to ask
learners if the instructional design has met their needs, and, if not, what might be done to improve it.
Taken together these two ideas intimate that instructional designs cannot be static frameworks, but rather
“reflective practicums” (Brown & Adler, 2008). Table 7.8 describes the principles involved in
reframing teaching as mentorship.

Situational considerations

It is clear that a distributed notion of mentorship complicates the instructional design process. Whereas
“instructional design” often implies professionally p/anned learning activity, the distributed perspective
of NLP—a perspective common in digital culture—disrupts the idea that instruction and the design of it
can be rigid, top-down activities.~ As learners create, reflect, critique and share, the instructional design
process necessarily transforms. Indeed, opening the designs to change, learning from student activity,
and empowering learners to shape the instructional framework become integral to nurturing a learner-
centered digital design community where peer mentorship is the norm rather than an exception (Brown &
Adler, 2008). Indeed, we proudly admit that some of the instructional ideas in this chapter came about
through discussions with our students. It is crucial for instructors to elicit learners’ suggestions for



refinements to the instructional design and incorporate them situationally.

TABLE 7.8 Principles for Reframing Teaching as Mentorship

Universal Principles Description

Distribute leaming Spread the onus of learning across the entire class community.
In this model, more sendor class members model the process
of leaming.

Distribute teaching Acknowledge and leverage the variations of learner interests
as pedagogical opportunities. The class community should
function as a distributed system; all membes—instructors,
mentors, and leammers—should learn from each other and the
tools they choose to use.

Distribute assessment Expand the objects of assessment to include peer review,
audience reactions, mentor notes, and learmers’ feedback
about the instructional design.

The idea that people naturally learn from each other in a more distributed fashion is not a
revolutionary concept; nonetheless, it has been largely ignored in the design of formal classroom settings
(Thomas & Brown, 2011).~ There seems to be a mismatch between the framework of distributed
instruction, learning, and assessment and ideals of what formal education ought to look like. It is
important to acknowledge that the instructor still serves a function in this model, that s/he is likely the
most expert in course content and pedagogical strategies. These contributions become more apparent
when the instructor orchestrates the classroom environment and interactions among members. Giving
just-in-time lectures on specific topics, structuring critique sessions, and designing rubrics for feedback

are some of the ways that learners can feel confident that the instructor is still steering the ship.~—

The same might be said of more experienced, though less tech-savvy mentors: older students who may
not be technical experts can still very well co-participate with learners in “cognitive apprenticeships”
(Collins et al., 1989); that is, while some learners may have technical expertise, it is likely the case that
they still require help understanding how to engage in critical inquiry and reflection. The job of the more
experienced, though less tech-savvy class community members is to arrange opportunities for interaction
that privilege what every individual brings to the table in the construction of digital artifacts. Table 7.9
summarizes the situational considerations in reframing teaching as mentorship.

TABLE 7.9 Situational Considerations Involved in Reframing Teaching as Mentorship

Situational Considerations Description

Dialogic, flexible design The idea that instruction and the design of it can not be
rigid, top-down activities. As learners grow, create, and
demand new resources, the design of Instruction must
adapt to meet their needs. Instructors should elicit ideas
for these refinements from leamers themselves.

Distribution in education Instructors must reconcile the notion of distribution with
their cwn institutional expectations. Mote that even from
a distributed perspective, teachers retain a central role as
planners and guides of activity.

V. Common Implementation Issues

Many current examples of NLP in action come from out-of-school learning settings (e.g., Chavez &
Soep, 2005; Kafai et al., 2009; Clark & Sheridan, 2010). In our design process, we drew upon insights
from how participants use digital media and technology to learn in these informal settings rather than
using formal education models to inform the design of informal learning spaces. Learning from informal
settings requires a shift in the way we understand the function of technology in instruction; instead of
using technology to fulfill already existing academic goals, we challenge educators to imagine how they
might use technology to reinvigorate educational arrangements. This is not to say we want to pull
informal learning activities, arrangements, and communities directly into formal learning settings—we



already know that this approach is problematic for students (Ito et al., 2010). Rather, we look to the
ethos of informal, digital cultures to inform the design of NLP-based formal learning environments. In
meeting this challenge, educators must contend with a variety of implementation issues.

Finding and Accessing Expertise

Inevitably, when students engage in digital production and share their work with audiences, access to
domain-area expertise becomes a primary concern. When asking students to engage in authentic
production tasks, students will want to have access to people who participate in this form of production
in the normal course of their lives. This creates a potential gap between what instructors know, can do,
and practice, and what students want from teachers and mentors. Informal learning settings often address
this disconnect by involving artists-in-residence as part of the production process. These more
experienced others serve as consultants on the production, creation, and sharing process without taking
on instructor tasks such as assessment and monitoring. Other programs ask experts to participate from a
distance, via Skype or asynchronously. These strategies are not common in formal learning environments
for a variety of logistical reasons as well as a belief that everything students need should be housed
within their classroom walls.

Regardless, as instructors begin to implement NLP strategies, it is crucial to bring people into the
space who are seen as legitimate practitioners of the design grammar students are emulating. During the
course of implementation, these people should offer technical, content, and representational advice. If
domain-area experts are unavailable, then instructors must at the very least be prepared to draw upon,
explain, and apply professional resources. Librarians and other resource professionals may be useful
collaborators in these circumstances.

In our own work in college classrooms, we created a layered instructional model: instructors—who
were not domain experts but rather experts in cognitive apprenticeship—guided student mentors in
learning how to learn (Collins, 2006). In turn, these student-mentors served as learning guides for their
less experienced peers. For design advice, we invited out-of-class experts to share their expertise
through guest lectures and to consult with learners upon their own projects.

As may be clear from this description, our approach is not efficient time-wise or economically. This
is an implementation concern for educators who may see their time with students as limited and their
access to people and resources as highly constrained. Our NLP approach requires that instructors let go
of some of their assumptions about the relationship between efficiency and content coverage and to focus
instead on inefficiency and depth of learning for students.

Access to Resources

NLP is a resource-heavy instructional framework. While digital production software packages are
widely available—often for free—they still require 1) a machine powerful enough to run them
efficiently, and 2) the know-how to use them. Ensuring that all students have access to capable
computers in the classroom becomes a primary implementation concern. While it is common for many
students to bring their own laptop computers to class, instructors cannot expect this to be the case. The
migration toward collaborative design projects using mobile devices and media further complicates this
issue. We suggest adopting cloud computing options whenever possible; such software runs on almost
all machines and allows students to asynchronously work together from various locales.

Public school teachers may find some of this software blocked on school computers; working directly
with a librarian or digital media specialist may help to open up more venues for online production,
collaboration, and storage tools. Furthermore, even if all learners have access to computers and cloud-
based software, instructors cannot expect that they will know how to use these tools effectively. As we
have discussed, understanding of how to use these tools may be distributed across instructors, students,
and online resources; implementation is greatly aided by the understanding that the teacher does not
know the answers to all technical questions all the time, but rather helps to structure the learning



environment so that students may seek out ways to use technologies effectively.

Issues of “Time”

In any instructional framework, educators must reconcile competing demands for time. In NLP, time
becomes a multifaceted, acute concern. Learner-centered production is a lengthy process, involving
iterative cycles of conceiving, creating, debugging, sharing, and refining. Coupling these activities with
scheduled critique and reflection sessions causes the duration of digital media design projects to range
anywhere from a minimum of three weeks to an entire semester. At a maximum, learners commonly

complete no more than three to four projects a semester.~ Consequently, as instructors implement NLP, it
is important to consider the breadth of project assignments. In assigning and implementing NLP projects,

consider first the goals of the course.” If instructors expect students to master a digital genre, a depth
approach is appropriate. If instructors wish to introduce students to New Literacies more generally, we

suggest implementing a variety of projects.”—

In our own use of NLP, we varied the depth of projects so that we could delve into a range of design
grammars. For example, in our course we began with a data visualization using Adobe Illustrator, then
moved to a longer video remixing project using iMovie, and ended with a much deeper design project
during which students made a narrative-based activity on a mobile augmented reality mobile platform.
Balancing the depth and breadth within given time constraints is particularly important in order to
develop both technical and conceptual skills. To aid this balancing act, we offer suggestions based upon
the approach toward implementation. If taking a “breadth™ approach, instructors should assign projects
that consecutively build in complexity or expand upon a theme, concept, or cultural resource. If
instructors prefer the “depth” approach, it is expected that project due dates will extend from weeks to
months. In this case, it is important to track learners’ intra-project progress by asking for drafts of work
and journals so that instructors can ensure the development of learners’ skills and thinking.

VI. Closing Remarks

Taken separately, none of the ideas discussed in this chapter may seem especially original. Educators,
literacy scholars and learning scientists have been arguing for a more project-based, student-centered
approach to teaching since John Dewey. Over the past 30 years Seymour Papert’s constructionism and
the New Literacies movement have re-energized reform efforts to take seriously the role of production in
learning and to turn toward student-centered learning environments. So why, then, does instruction look
largely the same now as it did in 1985? Research hints at a possible cause: educational practitioners and
policymakers typically apply new theory and technologies in ways that support prior assumptions of
how people learn and what new tools are for (Collins & Halverson, 2009). While the tendency to use
new tools for old ideas is a deep problem, evidence indicates that it is primarily an attitudinal rather
than practical obstacle (Scardamalia & Bereiter, 1994). This may be especially true at institutions of
higher education where access to the most up-to-date technologies and tools is not an issue.

We believe trends in digital culture and the convergence of literacy-learning research have shifted
attitudes toward change, opening avenues for participating in the production of meaning and knowledge.
Digital culture, especially within the past five years, is beginning to instigate a shift in attitudes. This
makes NLP a new idea worth considering. To clarify, we point to a simple fact: NLP combines
educational research in a way that aligns with the current affordances of new technologies and the
demands of emerging digital culture.
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Notes

| %

Editors note: In this chapter the authors do not designate a “Values” section, but include discussion of
Sfundamental instructional values in the introduction and theoretical foundations sections.

*  Editors’note: As Toffler (1980) has pointed out, the shift from the Industrial Age to the Information Age is
ushering in many paradigm shifts throughout society.

Editors note: In this section, the authors describe values of authenticity, the New Ethos, and learner-centered
design.

Editors’ note: In this chapter, the authors integrate the description of universal and situational principles in
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this section, rather than describing each in its own section.

| %

Editors note: This is a common theme in the learner-centered paradigm, whereby courses are replaced by
projects as vehicles for mastering standards, as in the Minnesota New Country School. It is unclear here the
extent to which students design, or at least select, their own projects, as in the MNCS.

| %

Editors’ note: This is similar to Principle 5 in Chapter 2, Principles for Competency-Based Education.

**  Editors note: Talking in terms of a class places this within the Industrial-Age paradigm. The more likely unit is
a team (or possibly an individual) working on a project.

**% Editors’note: Just-in-time is another common theme for the learner-centered paradigm (see Chapter 1,
Principle 1, and Chapter 15).

| %

Editors note: For the learner-centered paradigm, student progress should be based on learning rather than
time, so class time and semester time are no longer relevant constraints.

| %

Editors’ note: This is a common method in most learner-centered instruction (see Principle 3 in Chapter 1,

Principle 5 in Chapter 3, Principle 5 in Chapter 4, Principle 5 in Chapter 6, Principle 6 in Chapter 10, Principle
2 in Chapter 11, and Principle 1 in Chapter 12.

| %

Editors note: Of course, in the learner-centered paradigm, student progress is based on learning rather than
time, so there are no such time constraints, except ones that are self-imposed in a student’s personal learning
plan or learning contract.

| %

Editors’ note: This distinction is the same as that described in Principle 4 of Chapter I and is implicit in
virtually all the other chapters in Units 1 and 2.
*  Editors’note: This is an Industrial-Age notion that epitomizes the teacher-centered paradigm of education.

**  FEditors ' note: In a certain sense it is revolutionary, for it is antithetical to the teacher-centered paradigm.

*** Editor s note: Here we disagree. An important aspect of the learner-centered paradigm is self-regulated
learning (see Chapter 9). A good mentor should be helping each learner to steer his or her own ship.

Editors’note: For younger learners, more projects that are smaller are likely to be optimal, as in Montessori
schools.

k

**  Editors note: We look forward to the time when projects replace courses, rather than taking place within them,

as is already being done at the Minnesota New Country School and several other project-based schools.

*** FEditors ' note: We also look forward to when students will make these decisions (with guidance from a mentor as
needed), rather than the instructor making the decisions.
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EDITORS’ FOREWORD
Preconditions (when to use the theory)

Content

» All content.

Learners

o All students.

Learning environments

» Designed environments that have rich, immersive experiences that simulate to some degree
relevant real-world conditions and challenge learners with authentic, situated, and
increasingly difficult problems.

Instructional development constraints

» Likely significant, depending on design decisions regarding the scope of rich media and the
complexity of immersive experiences.

Values (opinions about what is important)

About ends (learning goals)

» The development of situated problem solving skills (which games promote by presenting
learners with obstacles that require reasoned actions to overcome) is highly valued.

» The promotion of transfer to real-world tasks (which games foster through authenticity and
learning by doing) is highly valued.

» The enhancement of feelings of self-efficacy (which games support by providing a safe
environment for risk-taking, by enabling collaboration and social learning, and by providing
various forms of scaffolding) is highly valued.

» The appreciation of play as a fundamental source of learning experiences is highly valued.

About priorities (criteria for successful instruction)

» Effectiveness and appeal are highly valued, but efficiency in terms of the time and expense to
develop a game may affect the decision to use this approach.

» The ability of games to foster intrinsic motivation is highly valued.

About means (instructional methods)

» Aligning the goals of the game with the learning goals is highly valued.

» Using authentic settings and tasks that promote learning by doing is highly valued.

* Providing interesting challenges that are optimized for the learner s current knowledge and
skills to promote immersion and flow is highly valued.

» The learner’s actions should result in natural consequences and, when appropriate, additional
explanatory feedback.



Including scaffolding that adjusts difficulty, provides guidance and support, and offers part-
task practice when needed is highly valued.

Requiring cooperative play and authentic roles for players is highly valued when learning
goals include team development and collaboration skills.

About power (to make decisions about the previous three)

In a rich, immersive game, the learner may have great latitude in choosing which challenges to
undertake as well as when and how.

The learner should have significant control over the frequency of non-diegetic instruction
(instruction that is not an inherent part of the game).

Universal Principles

1. Creating a vision of the game

A holistic, “fuzzy” vision of the game guides design decisions regarding the game space and the
instructional space.

Learning goals: Specify what the learner will know, be able to do, and feel as a result of
undergoing the game-based learning experience.

Authenticity: The dimensions of authenticity should be consistent with whole, real-world tasks,
including portrayal of values, attitudes, beliefs, and cultures and provision of situational
understandings.

Levels of difficulty: A game should be designed as a series of levels of increasing complexity
and difficulty, each of which must be mastered before the next level is “unlocked.” Each level is
a version of the task and is made up of many individual performances of the task that share the
characteristics of that version.

Scaffolding and mastery assessment: A game's instructional overlay encompasses all aspects
that are intended to enhance the effectiveness and efficiency of learning.

Feedback: A game has four different kinds of feedback: natural consequences of
decisions/actions, explanations, debriefing, and immediate feedback in the form of hints or
explanations of causal influences or reasoning.

Motivation: Various aspects of games stimulate intrinsic and extrinsic motivation. Motivation

may be enhanced by collaboration with others, authenticity and relevance of the scenario and
role, and confidence or expectancy for success.

2. Designing the game space

Goals: The actions and strategies needed to succeed in the game should be aligned with those
needed to achieve the desired learning outcomes.

Game mechanics: Conceive or translate the desired learning outcomes into actions (including
cognitive actions) that form the basis for playing the game.

Rules: Rules should generate outcomes and feedback consistent with the real world to promote
transfer.

Players: Create roles for players to engage with the game either alone or in competition or
cooperation with other players and non-player characters.

Environment: Make design decisions regarding the environment based on the learning goals,
the appropriate degree of fidelity, and the type or genre of game.

Objects: Create game objects (components of the game system) that embody and enable the
game mechanics or are affected by the player s use of the game mechanics.

Information: Provide several types of information that players use to make decisions regarding



which actions or choices will lead toward a goal.

Technology: Select equipment (physical objects) required to play the game, likely including a
computing device with various forms of input and output, a network, and data storage.
Narrative: Use narrative to provide both a familiar frame for experience and a cognitive frame
of reference (schema) to promote recall.

Aesthetics: Make design decisions for all of the other game components in such a way as to
create the overall aesthetic experience of the game—the emotional responses and felt
experiences that arise in the player(s) through interaction with/in the game system.

3. Designing the instructional space

Adjusting: Adjust aspects of the game to provide an appropriate level of difficulty for the
player, thereby placing the player in his or her zone of proximal development.

Coaching: Provide coaching (a form of scaffolding) that provides cognitive and/or emotional
support to the player by providing information, tips, or a short demonstration.

Instructing: Instructing should be used just-in-time whenever a significant amount of learning
effort is required. This may include a significant amount of information to be memorized, a
difficult understanding to be acquired, a difficult skill to be acquired, including appropriate
levels of transfer and automatization, or a significant attitude change to be made.

Situational Principles

Considerations for designing the game space

Kinds of game mechanics: Core mechanics are most fundamental in accomplishing the goal(s)
of the game and should be introduced early and recur frequently. Compound mechanics consist
of two or more core mechanics combined by a rule. Peripheral mechanics are optional or non-
vital. Decisions about each of these kinds of mechanics will vary depending on situational
variables for each game.

Parts of the game environment: The game environment consists of structure (discrete or
continuous), dimensionality (linear, rectilinear, 2D, or 3D), perspective (the players view),

physics (how objects move), and time (real, compressed, extended, or variable). Decisions on

each of these parts will vary depending on situational variables for each game.

Kinds of information: Information about avatars, objects, events, the environment, and the
system may be more or less accessible to the player depending on authenticity, level of
difficulty, and cognitive load.

Considerations for designing the instructional space

Kinds of adjusting: Difficulty adjustment may involve sequencing cases from easier to more
difficult, or dynamically adjusting difficulty based on the learner s current zone of proximal
development. Artificial prompts and automated task performance are alternative adjustments
that may be used to scaffold the learner toward the desired performance.

Kinds of coaching: Coaching can take the form of providing information, providing a hint or
tip, or providing an understanding. It is typically provided when the learner just needs a little
help to perform a part of his/her role.

Timing of support: Instructional support may be provided to the player ‘‘just in time,” or it can
be triggered by certain player actions, or the player can request it at any time.

Kinds of learning and appropriate instructional strategies: Different kinds of learning, such as
memorization, skills, understanding, and attitudes and values, require different instructional
and assessment strategies.
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DESIGNING GAMES FOR LEARNING

I. Introduction

The game-based approach to instruction seeks to promote learning through rich, immersive experiences
in designed environments that simulate to some degree relevant real-world conditions and challenge
learners with authentic, situated, and increasingly difficult problems. This approach draws on several
other instructional-design approaches, including the experiential approach (Lindsey & Berger, 2009),
the simulation approach (Gibbons, McConkie, Seo, & Wiley, 2009), and the problem-based approach
(Savery, 2009). Designers undertaking a game-based approach should be familiar with the principles
and methods of these approaches.

Reasons for Using Games for Learning

Games capitalize on the relationship between action and cognition (learning by doing).” A well-
designed game can provide authentic practice in thinking and working in specific roles and contexts.
Rather than acquiring knowledge divorced from instrumentality, a player must use acquired knowledge
(and continue to acquire new knowledge, often on a just-in-time basis) within the game environment to
solve problems in order to overcome obstacles and proceed toward the goal. This generally involves
formulating strategies by using inductive and heuristic reasoning, logic, and hypothesis testing. Through
the gaming experience, players learn to reflect on their failures and successes because those new

insights will be crucial in subsequent attempts as well as in new situations.™

Games promote team development, social learning, and social cohesion. All games provide some
sort of competition, whether it is between a single player and the game system or between multiple
players or multiple teams. However, games can also be designed to require cooperation among players.
Again, the competition may be between a team and the game system or between teams of players.
Multiplayer games provide shared experiences that can be collectively examined, discussed, and
recalled when relevant to new situations. When players take on roles within cooperative games, they
develop and learn to utilize distributed knowledge, that is, they learn to recognize and draw on the
resources of their fellow players, which is a critical component of effective teamwork. Cooperative
gameplay provides practice in these and other teaming skills and leads to increases in the collective

efficacy of the players.”

Games enhance learner engagement and effort. Recent advances in our understanding of the
neurology of learning have found that games trigger our brain’s dopamine-reward system, generating
feelings of pleasure and increasing motivation. The sense of immersion and flow that a player
experiences while playing a well-designed game leads to prolonged and focused engagement. When
learners devote more time to learning tasks, they naturally learn more (Berliner, 1990). In the game cycle
of playing, failing, reflecting, and trying again until success, players gain a sense of control and
autonomy. The resultant feeling of self-efficacy is an important influence on persistence and willingness
to undertake new learning tasks (Schunk, 1991).

Games provide a safe environment for learning.! Many professions that involve hazardous
conditions and/or responsibility for the health and safety of others (e.g., military, police, fire fighting,
surgery) have turned to games and simulations to provide practice in thinking and acting under pressure
in critical situations. While it is necessary eventually to train in real-world settings, games and
simulations can scaffold learners toward the required competencies before risking life and limb.

Games are customizable. Games can be designed so that they provide appropriate and variable
levels of authenticity, which can be useful in reducing cognitive load for novices so that they can focus
on the most critical aspects of a task. At the same time, the level of difficulty can be dynamically



tailored to the learner’s current knowledge and skills to provide optimal challenge. For a game to adapt
appropriately, tasks in the game must be related to learning objectives so that they serve as formative
assessment of the learner’s progress. Furthermore, if the learner is failing to attain the objectives, the

. . . . . . . . . *
game can provide various types of just-in-time instruction via scaffolding.-

When a game incorporates formative assessment combined into scaffolding, the need for human
instructors is greatly reduced, with the potential to greatly lower costs. Furthermore, learners have
greater flexibility for when and where they participate in instruction. While developing a complex game
for learning can be labor intensive, the overall cost efficiency for instruction can make the endeavor
worthwhile if a sufficient number of learners is available.

II. Values

The values considered most important for the design of game-based learning are closely aligned with
many of the reasons cited above for using games for learning, and they inform many of the design
principles that follow.

Values about ends (learning goals) include:

» The development of situated problem solving skills, which games promote by presenting learners
with obstacles that require reasoned actions to overcome.

» The promotion of transfer to real-world tasks, which games foster through authenticity and learning
by doing.

» The enhancement of feelings of self-efficacy, which games support by providing a safe environment
for risk-taking, by enabling collaboration and social learning, and by providing various forms of
scaffolding.

» The appreciation of play as a fundamental source of learning experiences.

In terms of values about priorities, games value effectiveness and appeal over efficiency.
Consideration must be given to both a) the time and cost required to develop the instruction (a game can
take longer and be more expensive than traditional instruction) and b) the time required to reach mastery
(a game with scaffolding can take less time and, given a sufficient number of learners, less expense than
traditional instruction).

Values about means (instructional methods) include:

» The goals of the game should be closely aligned with the learning goals.

» The game should involve authentic settings and tasks that promote learning by doing.

» The game should provide interesting challenges that are optimized for the learner’s current
knowledge and skills to promote immersion and flow.

» The learner’s actions should result in natural consequences and, when appropriate, additional
explanatory feedback.

» The game should include scaffolding that adjusts difficulty, provides guidance and support, and
offers part-task practice when needed.

*  When learning goals include team development and collaboration skills, the game should require
cooperative play and authentic roles for players.

In terms of values about power, the learner should have significant control over the frequency of non-
diegetic instruction (instruction that is not an inherent part of the game).

III. Universal Principles

Universal principles applicable to designing games for learning may be grouped into three categories:
those used for creating a vision of the game, those used for designing the game space, and those used for
designing the instructional space.



Category 1: Creating a Vision of the Game

Games designed to promote learning are instructional systems with myriad components that interact on
the basis of rules. The results of these complex interactions are often unpredictable, and game designers
can quickly become mired in fine-tuning components and rules. Therefore, it is useful to begin by
creating a holistic, “fuzzy” vision of the game that will guide design decisions regarding the game space
and the instructional space. The following six universal principles are intended to assist designers in
creating a vision of the game that focuses on helping learners to achieve the desired learning outcomes.
The six principles are learning goals, authenticity, levels of difficulty, scaffolding and mastery
assessment, feedback, and motivation.

Principle 1.1: Learning goals

Specify what the learner will know, be able to do, and feel as a result of undergoing the game-based
learning experience. Because the primary purpose of designing the game is to promote learning in an
effective and engaging manner, these learning goals should inform other decisions regarding the design
of the game.

Principle 1.2: Authenticity

The dimensions of authenticity should be consistent with whole, real-world tasks, including portrayal of
values, attitudes, beliefs, and cultures, and provision of situational understandings. This means that the
game is usually multiplayer, though non-player characters (NPCs) may be created to play some or all of
the other roles. Many of these dimensions are covered in more detail in the discussion of the game
space.

Scenario. The scenario is a description of the sequence of actions and settings that form the plot.
While a story is not a necessary part of all games, role-playing games generally have some sort of
narrative framework within which the player makes decisions and takes action. The scenario should
have high authenticity, so as to enhance motivation and transfer of expertise to the real world.

Objects. Objects are the components of the game system that embody and enable the game mechanics
(actions governed by rules), including avatars (players’ representation in the game space) and NPCs.
The objects should also have high authenticity, so as to enhance transfer of expertise to the real world.

Roles. A role defines the possible actions that a particular object may employ to effect change on the
game state. An avatar’s role usually includes special abilities and functions. Roles may be played by
NPCs. However, a multiplayer game in which all real-world team members interact can serve an
important team-building function. Each role, whether played by a learner or a NPC, should have high
authenticity to enhance motivation and transfer to the real world.

Tools. Tools are objects that the players are able to manipulate to perform their roles. Authenticity of
tools enhances both motivation and transfer of skills to the real world.

Actions. Actions are moves that can be made by any of the players or NPCs. They should have high
authenticity to enhance transfer.

Causal dynamics (consequences of actions). Causal dynamics are the way the game system responds
to the player’s actions based on the rules that govern the associated game mechanics. Authenticity
enhances the development of mental models and skills that are aligned with the real world.

Setting/contextual factors. The setting is the situation in which the scenario unfolds. It is a set of
contextual factors that may or may not influence the objects and tools available and the actions that are
possible. The setting, with all its contextual factors, should not only be authentic, but also be varied
systematically from one episode of the game to another, to represent the full range of divergence that the
player is likely to encounter in the real world (which enhances motivation and transfer).



Representations. Representation is the fidelity with which visual, audio, tactile, and movement
elements of the game are portrayed. If cognitive or perceptual overload is likely, then the representations
should initially have lower fidelity or authenticity, but should progress to high fidelity by the end of each
level of difficulty.

Principle 1.3: Levels of difficulty

A complex task has many versions of the task. Each version can be thought of as a class of performances
or cases of the task that are similar in many ways. Some versions of the task are more complex and
therefore more difficult than others (Reigeluth, 1999). Instruction that starts with the most complex
version of a task usually creates cognitive overload (Sweller, 1994). Therefore, a game should be
designed as a series of levels of increasing complexity and difficulty, each of which must be mastered

before the next level is “unlocked.”® Each level is a version of the task and is made up of many
individual performances of the task that share the characteristics of that version.~

Versions should be arranged in a progression of difficulty by using the Simplifying Conditions Method
(Reigeluth, 1999) to identify the conditions that distinguish more complex versions from simpler
versions. Levels of complexity should be identified (where the versions all build on each other), but
dimensions of complexity should also be identified (where they do not build on each other, so any
dimension can be done before any other). Different dimensions of complexity offer opportunities for
flexibility in sequencing, based on such factors as learner preferences, frequency of encounter in the real
world, risk to personnel or assets, and much more.

There is often a lot of variation within a version of the task. In such cases, mastery is required by each
learner (role), not just on one performance of the version of the task (the level of difficulty), but on
several divergent performances that represent the full range of “dimensions of divergence” for that
version of the task. Some dimensions of divergence may be more difficult than others, in which case the
performances can be arranged in an easy-to-difficult sequence if cognitive load is a concern. And
cognitive load may be further reduced, if necessary, by reducing representational fidelity.

Principle 1.4: Scaffolding and mastery assessment

A game’s scaffolding encompasses all aspects that are intended to enhance the effectiveness and
efficiency of learning. Support may be provided to the player “just in time,” or it can be triggered by
certain player actions, or the player can request it at any time. Diegetic instruction seamlessly occurs
within the context and actions of the game through naturally occurring consequences. Diegetic instruction
may be improved by tracking the player’s performance and dynamically adjusting the tasks to provide
optimal difficulty and promote immersion and flow. Non-diegetic instruction occurs outside the normal
game activities as coaching (providing cognitive and/or emotional support) or instructing (activities that
do not affect game progress but prepare the learner to perform in the game). Further details regarding the
scaffolding are discussed as principles for designing the instructional space.

When a learner is performing the task in a version of the game, he or she may begin a new part of the
task only to find that he or she lacks certain knowledge, skills, and attitudes (KSAs) to be successful, at
which point he or she (or a virtual mentor) pauses the game and activates the scaffolding. Alternatively,
the virtual mentor may step in prior to the negative consequences and advise the learner that he or she
needs some preparation for the next part of the task. Either way, part-task instruction (van Merriénboer,
1997; van Merriénboer, Clark, & de Croock, 2002) is initiated, and it is fully integrated with an
assessment function—each learner continues to do the practice activities for each of the KSAs in his or
her part of the task until the established criteria (usually for accuracy and/or speed of performance) are
attained. At that point, a record of the attainment is automatically entered into the learner’s file, time is
unfrozen for the game, and the player uses the KSAs just acquired to perform his or her part of the task,
until additional coaching or instruction is needed. This cycle of game play—instruction/assessment, and
game play again—is repeated throughout the game, utilizing both criterion-referenced testing (Cronbach,
1970; Glaser, 1963; Haertel, 1985) and mastery learning (Block, 1971; Bloom, 1968; Carroll, 1963).



It is important to note that the practice and accompanying criteria include the full range of divergence
(Merrill, Reigeluth, & Faust, 1979) expected in the real world (for skills and understandings), the level
of automatization (Anderson, 1983, 1996) required in the real world (for memorization and lower-
level skills), and the level of consolidation (Kamradt & Kamradt, 1999) required in the real world (for
attitudes and values).

Principle 1.5: Feedback

The game has four major kinds of feedback. Foremost is natural consequences (Baek, 2009), which are
built into the logic of the game. This is a major aspect of experiential learning and promotes a variety of
higher-order thinking skills, including anticipation, diagnosis, and strategic planning. A second kind of
feedback is explanations of natural consequences of the learner’s actions and of other learners’
perspectives and actions that are relevant to the learner’s performance. The action is often reviewed
with “instant replays” from a “god’s-eye view” that encompasses the learner’s role and other relevant
roles. The virtual mentor provides this feedback either upon request of the learner or when the system is
programmed to offer it (at which point the learner can reject it). However, this kind of feedback is only
provided when it does not interrupt the flow of the game.

A third kind of feedback is debriefing (Fanning & Gaba, 2007; McDonnell, Jobe, & Desmukes, 1997;
Raemer, Anderson, Cheng, Fanning, Nadkarni, & Savoldelli, 2011), which is similar to explanations
except that the virtual mentor provides it at the end of an episode (which is a part of the whole task for a
given level of difficulty). The virtual mentor attempts to cultivate heuristic reasoning and mental model
formation by eliciting or providing explanations about the performances, not just performances of the
learner, but also of other characters involved in that episode of the task, as well as contextual factors
and cultural issues.

Finally, immediate feedback is provided in the scaffolding. This feedback is often given in the form
of hints or explanations of causal influences or reasoning to encourage more active cognitive processing
and mental model development, but it may also take the form of simple confirmation, and it has
motivational elements when warranted.

Principle 1.6: Motivation

Motivation is key to the acceleration and quality of learning. A motivated learner is enthusiastic,
engaged, focused, and persistent (Garris, Ahlers, & Driscoll, 2002), and games foster these traits by
inducing a state of flow (Csikszentmihélyi, 1990) for extended periods of time. Various aspects of games
stimulate intrinsic and extrinsic motivation. Malone and Lepper (1987) argue that games promote
intrinsic motivation through challenge (providing optimal difficulty for the player), curiosity (providing
novelty, uncertainty of outcomes, and incongruity with existing mental models), control (promoting a
sense of agency in taking on challenges), and fantasy (providing an appealing setting and a compelling
narrative context).

Furthermore, many elements of games contribute to extrinsic motivation. One element is

scorekeeping” The quality of the learner’s performance is reflected by a score that is often displayed
continuously or at the end of an episode of play. In a multiplayer game, each player has his or her own
score, but there may also be a team score. The score may take the form of points or objects (e.g., new
tools or virtual currency) or a variety of other forms. Peer recognition of one’s mastery can be highly
motivating, so individual and team achievements in multiplayer online games are often posted for all to
see.

Motivation is enhanced by collaboration with others—through personal friendships and loyalties,
peer recognition, not wanting to let down one’s teammates, and for some people, the need for affiliation
(McClelland, 1976). Collaboration is appropriate when the real-world task itself entails collaboration.
Motivation is also enhanced by the authenticity and relevance of the scenario and role (Jonassen,
Howland, Marra, & Crismond, 2008). Most people want to be successful in their lives, so the more
authentic and relevant the task is to the real world, the more motivated they tend to be.



TABLE 8.1 Summary of Principles in Category 1: Creating a Vision of the Game

A holistic, “fuzzy™ vision of the game based on the following six principles gnides
design decisions regarding the game space and the instructional space.

1.1 Learning goals Specify what the leamer will know, be able to do, and
feel as a result of undergoing the game-based learning
experience.

1.2 Authenticity The dimensions of authenticity should be consistent with

whole, real-world tasks, including portrayal of values,
attitudes, beliefs, and cultures and provision of situational
understandings.

1.3 Levels of difficulty A game should be designed as a series of levels of increasing
complexity and difficulty, each of which must be mastered
before the next level is “unlocked.” Each level is a version
of the task and is made up of many individual performances
of the task that share the characteristics of that version.

1.4 Scaffolding and A game’s scaffolding encompasses all aspects that are

mastery assessiment intended to enhance the effectiveness and efficiency of
learning. Support may be provided to the player “just in
time,” or it can be triggered by certain player actions, or
the plaver can request it at any time.

1.5 Feedback A game has four different kinds of feedback: natural
consequences of decisions/actions, explanations,
debriefing, and immediate feedback in the form of hints
or explanations of causal influences or reasoning.

1.6 Motivation Various aspects of games stimulate intrinsic and extrinsic
motivation. Motivation may be enhanced by collaboration
with others, authenticity and relevance of the scenario and
role, and confidence or expectancy for success.

Finally, motivation is enhanced by building confidence through appropriate levels of difficulty
(Keller, 1983, 1987). Confidence, or expectancy for success, is an important motivator for learning.
Receiving training that is within their zone of proximal development (Vygotsky, 1978) is important to
building learners’ expectancy for success, and the levels of difficulty help to keep instruction within
their zone of proximal development. Table 8.1 shows a summary of the six principles in Category 1. In
the next section, we describe universal principles related to the elements that create the game space in
which play and learning occur.

Category 2: Designing the Game Space

To transform the fuzzy vision into a designed learning environment, designers must understand the game
space, the essential elements that comprise that space, and the kinds of decisions they must make
regarding those elements.

The game space is the context in which the rules of a game pertain. The game space may encircle a
literal space (e.g., a board, field, or screen) or simply be an agreement among people to play, thereby
transforming their shared space into a magic circle (Huizinga, 1955; Klabbers, 2009). From a systems
perspective, the magic circle is a boundary which players cross to engage with and within the game
system. The game space created by designers contains the potential for experiences that are realized
through rule-based play.

The elements of the game space are all of the aspects of the game that must be designed in order to
create the necessary conditions for the game experience. Various game designers and game scholars
have described the elements of the game space in different ways but with some consistency in
terminology and meaning (Avedon, 1971; Brathwaite & Schreiber, 2009; Koster, 2005; Schell, 2008).
We have synthesized these attempts to identify standard game elements, using as a foundation Jérvinen’s
(2008) approach, which is based on a thorough empirical analysis of over a hundred games of various
types. Our intent is to provide guidance regarding the kinds of decisions that instructional designers must
make in designing games for learning. Therefore, we focus on the elements that must be designed rather
than aspects that emerge during the game experience. For example, game state is the configuration of
game elements at a given time during gameplay. It is an important aspect of gameplay and is useful in



analyzing gameplay, but it is not directly created by the game designers. The ten elements we discuss are
goals, game mechanics, rules, players, environment, objects, information, technology, narrative, and
aesthetics.

There is no single standard or “correct” way to undertake the design of a game. The elements of a
game system are so intricately inter-related that decisions regarding one influence decisions regarding
others. Some games are conceived based on theme or scenario, while others are born of the designers’
desire to explore a (set of) mechanic(s). If the purpose of the game includes identity transformation (not
only learning something but also becoming something; see Brown & Duguid, 2000; Gee, 2003; Shaffer,
2008; Squire, 2006), then the designers may choose to begin by determining an appropriate role for the
player.

Principle 2.1: Goals

The goal of a game is to achieve a configuration of game elements that matches the winning state
defined in the rules. In games for learning, the goal of the game should require accomplishment of the
learning goals identified in the vision of the game. Therefore, the actions and strategies needed to
succeed in the game should be aligned with those needed to achieve the desired learning outcomes. This
kind of activity-goal alignment also helps to ensure that the game elements that are intended to increase
engagement and motivation do not distract from the meaningfulness of the activities from a learning
perspective (Shelton & Scoresby, 2011). If a player is able to achieve the goal of the game without also
achieving the desired learning outcomes, this is a design failure that calls for redesign. This design
failure is avoided by making the goals and tasks of the game functionally the same as the goals and tasks
that the learner must attain in the post-instructional environment (the principle of authenticity).

The subgoals of a game can be conceived as two types. The most common conception is related to
subtasks whereby the performance of all subtasks is combined to perform the task, and the achievement
of all subgoals is combined to achieve the goal of the game. The second conception is related to typical
games in which players master one level before moving on to another level of the game. In this
conception, each subgoal represents a different level—a different version of the task corresponding to
p